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The direct catalytic reaction between an enolizable carbonyl 

compound and an electrophile under proton-transfer conditions has 

emerged as a challenging versatile transformation in organic 

synthesis.[1] Over the last years several chiral Brønsted bases have 

been developed to promote this transformation diastereo- and 

enantioselectively.[2] However, successful examples are mostly 

limited to 1,3-dicarbonyl compounds and acidic carbon analogs as the 

pronucleophilic reaction partners. 5H-Thiazol-4-ones, on the other 

hand, have been well known for a long time and have found several 

applications in pharmaceutical and medicinal chemistry.[3] Although 

structurally related to 5H-oxazol-4-ones,[4] and 4H-oxazol-5-ones 

(azlactones)[5], 5H-thiazol-4-ones have, as far as we know, been never 

explored in asymmetric synthesis in spite of the fact that their may be 

easily deprotonated[6] and the importance of thiols and organosulfur 

compounds in organic synthesis[7] and chemical biology.[8] In this 

context, whilst chiral secondary thiol derivatives have been the 

subject of most investigations, tertiary thiols have remained scarcely 

explored owing to the insufficient catalytic enantioselective 

methodology for their preparation in optically pure form.[9]  

The most general practice for the synthesis of organosulfur 

compounds involves reaction of a sulfur nucleophile with an 

electrodeficient olefin acceptor.[10] By this way Zhang and 

coworkers[11] reported an efficient catalytic asymmetric synthesis of 

tertiary thiols using chiral Brønsted bases and substituted 

ethoxycarbonyl nitroalkene acceptors. Inversely, tertiary thiols 

may be produced through conjugate additions of sulfur based carbon 

pronucleophiles.[12] For instance, using rhodanines as carbon 

pronucleophiles and  iminium catalysis, Ye and coworkers[13] have 

recently reported the  conjugate addition and the Diels-Alder reaction 

to unsaturated ketones and 2,4-dienals, respectively. Tertiary 

thiols have also been accessed through enantioselective -

sulfenylation of aldehydes,[14a] 1,3-dicarbonyl compounds,[14b] -keto 

phosphonates,[14c] and 3-substituted oxindoles.[14d-h] Other methods 

include thiofunctionalization of unactivated alkenes,[15a] amination of 

3-thiooxindoles[15b]  and the aldol[15c] and Mannich[15d] reactions of -

sulfanyl lactones. Accordingly, whilst many methodologies for the

enantioselective synthesis of secondary thiols exist, approaches for

Scheme 1. Organocatalytic Michael approaches to -disubstituted -

mercapto carboxylic acids mediated by chiral Brønsted bases (BB*). a) 
asymmetric construction of C-S bond. b) asymmetric construction of C-C 

bond. 

the asymmetric synthesis of tertiary thiols are clearly necessary to 

help to fill this important gap in organic chemistry. The inherent 

difficulty associated with the stereoselective construction of 

quaternary stereogenic centers is probably the reason that justifies this 

limited number of studies.[16] In connection with our efforts directed 

towards the asymmetric synthesis of organosulfur compounds, ie. 

disubstitued mercapto carboxylic acids[17a,b] and thiiranes[17c] 

we now focused on the enantioselective generation of a quaternary 

stereogenic center at  position of mercapto carboxylic acids.[18] 

We report here the first highly diastereo- and enantioselective direct 

Michael addition of 5H-thiazol-4-ones to nitroolefins, Scheme 1, that 

provides a quick entry to functionalized tertiary thiols. To this end, 

design and synthesis of ureidopeptide based Brønsted bases, a novel 

subfamily of organic catalysts, are also documented for the first time. 

We began our study by evaluating several Brønsted bases for the 

reaction of the readily available thiazolone 1[19] with nitroolefin 5a 

(R: Ph).[20] Initially, the reaction was explored using several 

representative cinchona alkaloids such as quinine, 9-epi-quinine, 

quinidine and (DHQ)2PYR in CH2Cl2 at -60 ºC. In every case product 

6a (R: Ph) was obtained but with disappointing chemical and 

stereochemical results (12-40% ee’s).[21] Next, on the basis of 

pioneering studies of Takemoto and subsequent seminal works by 

Jacobsen, Connon, Dixon and Soós on bifunctional (urea)thiourea-

tertiary amine catalysts,[22] we examined catalysts I, II and III. 

However, as the results in Table 1 show catalyst I led to almost 
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Scheme 2. Conjugate addition of 5-methyl 5H-thiazol-4-ones to nitro olefins 

promoted by chiral Brønsted bases. 

racemic 6a (entry 1), whilst no improvement was essentially observed 

either with catalyst II or with catalyst III (entries 2,3).  

At this stage and in view of these results focus was then turned on 

catalyst design. Like catalysts I, II, and III most thiourea (urea) based 

Brønsted bases, known to date, display the 3,5-

(bis(trifluoromethyl)phenyl group, a structural motif that was 

introduced first by Schreiner and Wittkopp in 2002 for hydrogen bond 

catalysis.[23] Recently, Schreiner and co-workers have also suggested 

that the success of these catalysts may be attributed in part to the 

participation of both N-H bonds of the thiourea unit and the ortho-

CH bond of the aryl group during the substrate activation event.[24] 

Based on this observation and given the proved efficacy of synthetic 

peptides for fine tuning of reactivity and selectivity of several 

significant synthetic transformations[25] we wondered  

Scheme 3. Ureidopeptide-based Brønsted bases: Catalysts preparation. 

whether the urea derivatives IV-IX might be more appropriate 

catalysts for promoting the above reaction. These products display as 

new features  the presence of a N,N´-diacyl aminal unit, in place of 

the bis(trifluoromethyl)phenyl group, and an urea moiety as hydrogen 

bond donors and both in close proximity to an additional 

stereodirecting group. This type of structures closely resembles to 

ureidopeptides, Scheme 3, which have been recognized for their 

ability to develop hydrogen bond interactions.[26] It was expected that 

the replacement of the -amino acid terminus by an amino cinchona 

moiety in ureidopeptides should result in new bifunctional Brønsted 

base catalysts with several sites amenable for structural modification. 

Table 1. Catalyst screening for the 1,4-addition of 5H-thiazol-4-ones 

1-4 to nitrostyrene 5a (R: Ph).[a]

Entry Comp. Cat. Prod. 

(R: 

Ph) 

t, h Yield 

(%)[b] 

dr[c] ee[d] 

1 1 I 6a 48 53 83:17 20 

2 II 20 53 60:40 35 

3 III 20 48 54:46 40 

4 IV 20 88 91:9 40 

5 V 20 92 95:5 66 

6 VI 20 90 94:6 70 

7 VII 20 86 90:10 78 

8 VIII 20 80 93:7 80 

9 2 VIII 7a 20 93 95:5 96 

10 3 VIII  8a 20 65 85:15 55 

11 4 VIII 9a 20 55 75:25 68 

[a] Reactions conducted at 60 ºC on a 0.3 mmol scale in 0.6 mL of CH2Cl2 

(mol ratio nitro olefin/thiazolone/catalyst 2:1:0.2). [b] Yield of the isolated
major isomer. [c] Determined by 1H NMR (300 MHz) analysis on the crude 

product. [d] Determined by chiral HPLC.

Although, from this design several different classes of 

ureidopeptide-based catalysts may be made readily accessible from 

the available pools of both -amino acids (or peptides) and primary-

tertiary diamines, we intended first to take advantage of the tunable 

aminal moiety for catalyst optimization. To the best of our knowledge 

this family of ureidopeptide based Brønsted base catalysts have not 

been previously reported. Thus, starting from valine and tert-leucine 

derivatives 10a and 10b, catalysts IV-IX were easily prepared by 

reaction of the respective intermediate isocyanates 11[26b] with 9-epi-

9-amino-9-deoxyquinine or 9-epi-9-amino-9-deoxyhydroquinine in

isolated yields within the range of 70-80% for the latter step. A single

crystal X-ray analysis of V shows that N-H groups, in the N,N´-diacyl

aminal and the urea moiety, are oriented in the same direction and

that neither of them display any apparent tendency to develop

intramolecular hydrogen bonds, Figure 1.[21] 

Figure 1. ORTEP representation for V depicted at 50% probability. 

Hydrogen atoms (except H3A, H4 and H5A) omitted for clarity. 

Experiments with these catalysts revealed an improvement in 

diastereoselectivity. Also, by increasing the size of the aminal 

substituent from isopropyl to tert-butyl, catalysts IV and V, 

enantioselectivity raised up to 66%, but still insufficient (Table 1, 

entries 4, 5). Further improvements in the reaction selectivity were 
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observed with catalyst VI and VII (entries 6,7) and the best result was 

produced with catalyst VIII that provided product 6a in 80% yield 

and 80% ee (entry 8). In subsequent experiments it was found that 

using quinoline-derived thiazolone 2 and catalyst VIII the 

corresponding product 7a (entry 9) was produced in 93% yield as a 

95:5 mixture of diastereomers and with 96% ee for the major isomer. 

On the other hand, using thiazolones 3 and 4 the corresponding  

Table 2. Conjugate addition of thiazolone 2 to nitro olefins 5 

promoted by catalyst VIII.[a-d] 

 
[a]  Reactions conducted on a 0.3 mmol scale in 0.6 mL of CH2Cl2 (mol ratio 

nitro olefin/thiazolone/catalyst 2:1:0.2) at -60ºC for 20-24h. [b] Yields refer to 

the isolated major isomer. [c] dr´s determined by 1H NMR (300 MHz) analysis 
on the crude product. [d] ee´s determined by chiral HPLC. Data in parentheses 

were obtained after crystallization from diethyl ether or diisopropyl ether. 

Using 10 mol% of catalyst loading essentially same results for 7c, 7f and 7o 

were attained. 

addition products 8a and 9a (entries 10,11) were formed in lower 

diastereomeric ratios and ee’s, results that seem to indicate that the 

pyridine and quinoline nitrogen atoms of thiazolones 1 and 2 play a 

significant role on reaction stereocontrol. A representative selection 

of nitroolefins was evaluated in order to establish the generality of 

this asymmetric route to tertiary thiols. As the survey collected in 

Table 2 shows, nitroolefins bearing -aryl substituents with either 

electron-donating or electron-withdrawing groups are almost equally 

tolerated giving the corresponding adducts with good diastereomeric 

ratios, typically greater than 95:5 and ee´s up to 96%. For example, 

performing the reaction with  substrates 5b, 5c, and 5d, products 7b, 

7c and 7d were essentially produced as single diastereomers and with 

ee´s within the range 91-94%. Nitroolefins 5e, 5f and 5g with 

inductively electron-withdrawing fluoro, bromo, and chloro 

substituents also provided excellent chemical and stereochemical 

results whereas  nitrostyrenes 5h and 5i bearing mesomeric electron-

withdrawing substituents gave the corresponding 7h and 7i with 

slighthly reduced enantioselectivities. The method also works with 

nitroolefins with heteroaromatic substituents such as 5k, 5l and 5m 

to afford adducts 7k, 7l and 7m with good yields and 

stereoselectivities. Even the recalcitrant -alkyl substituted 

nitroolefins participate in this reaction to give the desired adducts 

essentially as single diastereomers albeit in modest chemical yields, 

typically 40%. Unbranched aliphatic nitroolefin 5n led to the product 

7n with modest 76% ee whereas branched aliphatic substrates 5o and 

5p provided 7o and 7p in 91% ee. In this study we have employed 20 

mol% of catalyst but it is mention to note that using 10 mol% of 

catalyst loading the reactions proceeded equally well without 

compromising either selectivity or chemical yield (Table 2 and 

experimental section).  

 

Table 3.Thiazolone scope.[a-d] 

 

[a]  Reactions conducted on a 0.3 mmol scale in 0.6 mL of CH2Cl2 (mol ratio 

nitroalkene/thiazolone/catalyst 2:1:0.2). [b] Yields refer to the isolated major 
isomer. [c] dr´s determined by 1H NMR (300 MHz) analysis on the crude 

product. [d] ee´s  determined by chiral HPLC. 

Thiazolones with short, large and branched alkyl chains, also 

participate in this reaction, Table 3, and in all cases good to excellent 

yields were observed and the products were obtained with high 

enantioselectivity. The 5-ethylthiazolone 12, for example, afforded 

products 15-18, essentially as sole diastereomers with excellent yields, 

and 91-97% ee’s. Similarly, the hexyl and benzyl thazolones, 13 and  

14, provided adducts 19, 20 and 21 in very good yields and diastereo- 

and enantioselectivities.  

A practical aspect of the present methodology is the general 

crystallinity of the starting susbtrates, thiazolones 2, 12-14 and 

nitroolefin 5, a property that is readily translated to the resulting 

products 7, 15-21. Thus, a single crystallization, generally from 

diethyl ether or diisopropyl ether, provided products with increased 

enantiomeric purity. The absolute configuration of the adducts was 

established by a single crystal X-ray analysis of 7f[21] and by 

assuming a uniform reaction mechanism .  

Transformation of the adduct 7a into the disubstituted 

mercapto carboxylic acid derivative 22, by simple ring opening 

under mild acid conditions and subsequent saponification of the 

resulting thioester intermediate, illustrates the utility of the method. 

Thus, unlike the majority of procedures for the preparation of 
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organosulfur compounds that generally give aryl or alkyl thioethers,[9-

15] our method provides a quick entry to mercapto compounds with 

the thiol group in its free form, Scheme 4. Therefore, the question that 

we examined next was to establish whether these adducts could be S-

alkylated without affecting the nitro group. Besides steric constraints, 

there is the fact that upon exposure to benzyl halides and base, nitro 

compounds are cleanly reduced to oximes.[27] Gratifyingly, treatment 

of adduct 22 with a series of halides in the presence of sodium hydride 

furnished, the corresponding S-alkylated adducts 23, in 75-93% 

yields. Therefore, our approach also provides rapid access to a variety 

of thioether derivatives from a single common intermediate, a 

practical aspect that, in its turn, facilitates access to more elaborated 

products as exemplified in the formation of the tetrahydrothiopyran 

fused isoxazoline 24 from 23b. On the other hand, oximes such as 

25c, may also be obtained in good yields by treatment of the 

respective thioether adduct with SnCl2 /PhSH/Et3N system[28] whilst 

exposure to H2 over Pd on charcoal under 50 psi enabled reduction of 

the nitro group to the amino function leading to -lactams.  
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Scheme 4. Elaboration of adducts to -disubstituted -mercapto carboxylic 

acid derivatives. 

 

Concerning the mechanism of these reactions,[29] we believe that 

the quinoline nitrogen atom of these thiazolone substrates could 

interact through hydrogen bond with one of the three accessible N-H 

protons of the catalyst, likely with one of the aminal moiety thereby 

providing a well ordered transition state during reaction.This 

assumption nicely accounts for the best behavior of quinolyl 

thiazolone substrates versus 2-naphthyl thiazolone 4. Further support 

for this assumption was provided from the amination reaction of 

thiazolones 2, 4 and 12 with tert-butylazodicarboxylate, Scheme 5. 

Whilst in this case enantiocontrol proceeded better with catalyst IX 

rather than with catalyst VIII, thiazolones bearing the quinoline 

moiety, 2 and 12, furnished once again better stereochemical outcome 

than the 2-naphthyl thiazolone 4. Despite these observations, however, 

the actual activation model of these bifunctional Brønsted bases at 

this stage of our investigation[30] remains to be clarified. Whereas the 

above assumption appears 

reasonable for enolate ions having additional Lewis basic 

functionality, there is evidence from this laboratory that this structural 

element in the pronucleophile is not a prerequisite for catalyst 

efficiency and that these bifunctional ureidopeptide-based Brønsted 

bases are advantageous for a variety of transformations that are 

currently under study. [31]       

       

 

 

 

 
 

 

 

 

 

 

 

 

Scheme 5. Catalytic enantioselective -amination of thiazolones. 

 

In summary, we have realized the first direct catalytic Michael 

reaction of -mercapto carboxylate surrogates with nitroolefins 

involving a fully substituted -carbon atom construction. The method 

demonstrates the efficacy of 5H-thiazol-4-ones as a new class of S-

carrying pronucleophiles providing disubstituted mercapto 

carboxylic acid derivatives with good yields and high diastereo- and 

enantioselectivity and, consequently, the method contributes to 

broaden the currently limited methodology available for the catalytic 

enantioselective synthesis of tertiary thiols. From an intuitive design 

we have also introduced for the first time a new family of Brønsted 

base catalysts whose architecture can be easily modified by simply 

choosing the appropriate amino acid (or peptide) derived 

isocyanate and a survey of naturally or synthetically primary/tertiary 

diamines. Since strong substrate dependence is quite common in 

reactions promoted by Brønsted bases we believe these new catalysts 

may be a good help to address this challenging issue. 

Experimental Section 

To a mixture of 5-methyl-2-(quinolin-2-yl)thiazol-4-ol (2) (242.3 mg, 
1.0 mmol, 1 eq.) and nitrostyrene 5a (298.3 mg, 2.0 mmol, 2 eq.) in 
dichloromethane (2.0 mL) cooled to -60 ºC  catalyst VIII (67.6 mg, 0.1 
mmol, 10 mol%) was added. The resulting suspension was stirred at the 
same temperature, until consumption of the thiazolone (16h) 
(monitored by 1H-NMR by disappearance of the methyl signal at 1.46 
ppm). After this time the crude material was directly purified by flash 
column chromatography on silica gel (eluting with dichloromethane) to 
give adduct 7a as a yellow solid. Yield: 364 mg, 93%.  
 
7a: [α]D

25= - 100.5 (c= 1.00, 96% ee, CH2Cl2). m.p. 156-158 ºC. 1H 
NMR (300 MHz, CDCl3), δ: 8.38–8.16 (m, 3H), 7.95–7.78 (m, 2H), 
7.76–7.64 (m, 1H), 7.43–7.32 (m, 2H), 7.31–7.12 (m, 3H), 5.19 (dd, J 
= 13.2, 4.6 Hz, 1H), 5.00 (dd, J = 13.2, 10.7 Hz, 1H), 4.22 (dd, J = 10.7, 
4.6 Hz, 1H), 1.85 (s, 3H). 13C NMR (75 MHz, CDCl3), 195.9, 194.2, 
148.7, 147.7, 137.4, 134.2, 134.2, 130.7, 130.4, 130.4, 129.5, 129.0, 
128.7, 128.5, 127.8, 76.0, 65.1, 50.3, 24.0. UPLC-DAD-QTOF: 
C21H17N3O3S [M+H]+ calcd.: 392.1069, found: 392.1065. The 
enantiomeric purity of the major diastereomer was found to be 96% 
(98% ee after crystallization from diethyl ether) and was determined by 
HPLC analysis (Daicel Chiralpak AD-H, hexane/ isopropanol / ethanol 
85/14/1, flow rate= 0.5 mL/min, retention times: 45.5 min (min.) and 
57.2 min (major.)).  
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