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ulfur is a ubiquitous element for life with wide presence in 
natural products and medicines.1 One class of such sulfur- 
containing molecules contains 1,3-thiazines and the related 

thiazinones, heterocycles containing four carbons, one nitro- 
gen, and one sulfur atom (Figure 1a). For example, the 

thiazine-fused β-lactam Cefaclor belongs to the class of β- 
 

 

 

 
 

 

 

 
 

  

Figure 1. Thiazinones and our NHC-catalyzed synthetic method. 

lactam antibiotics used for the treatment of bacterial 
infections.2 The thiazinone-containing chlormezanone is a 
commercial drug used as an anxiolytic and a muscle relaxant.3 
The BTZ043 is used to kill Mycobacterium tuberculosis.4 Many 
methods have been developed to prepare these thiazines and 
their derivatives, mostly as achiral molecules or in racemic 
forms.5 

N-Heterocyclic carbenes (NHC) as organic catalysts have 
found impressive success in enantioselective reactions that turn 
readily available starting materials to optically enriched 
products.6 For example, research from Ye,7 Xu,8 and Du9 
showed that the sulfur atom from thiophenol could undergo 
enantioselective addition to catalytically generated α,β- 
unsaturated acylazolium intermediate via NHC catalysis to 
prepare sulfur-containing heterocycles. Similar addition re- 
action of thiophenol could also be mediated by chiral 
isothiourea catalyst, as disclosed by Asano and Matsubara.10 
In the area of chiral amine iminium catalysis, enantioselective 
Michael addition of thiols to enals was reported by 
Jørgensen,11a Wang,11b,c He,11e and Melchiorre.11d 

Here, we disclose a carbene-catalyzed enantioselective 1,4- 
addition of thioamide sulfur atoms to α,β-unsaturated 
acylazolium intermediates generated from α-bromoenals 
(Figure 1b). The thioamide can behave as  dinucleophiles  
with the nitrogen atom as another nucleophile to react with the 
acylazolium moiety of the enal-derived intermediate and form 
an amide bond. The overall catalytic process converts 
thioamides and bromoenals to thiazinone derivatives with 
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ABSTRACT: A carbene-catalyzed reaction between α-bromoenals and 
thioamides was developed. Key steps include enantioselective 1,4-addition 
of thioamide sulfur atoms to α,β-unsaturated acyl azolium intermediate. 
Subsequent intramolecular annulation eventually affords thiazinone 
heterocycles with high optical purities. The introduction of Lewis acid 
additives such as Cu(OTf)2 to this NHC catalytic reaction could provide 
small but consistent improvements to reaction enantioselectivities. 
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high optical purities. The introduction of Lewis acid 
additives12 such as Cu(OTf)2 to this NHC catalytic reaction 
could provide small while consistent improvements to reaction 
enantioselectivities. Both thioamides and bromoenals are 
readily available and easy to handle starting materials, and   
our method provides efficient and enantioselective access to 
thiazinones. It is important to note that near the completion of 
our study, Biju et al. reported the carbene-catalyzed annulation 
of thioamides and α-bromoenals for the synthesis of chiral 
thiazinones.13 In Biju’s reaction products were obtained in 
good yields (up to 90%) and enantioselectivity (ee up to 88%). 
In our system, with Lewis acid used as an additive, our 
reactions afford the products with excellent yields (up to 96%) 
and enantioselectivities (ee up to 96%). 

We started by using α-bromocinnamaldehyde 1a and 
thiobenzamide 2a as the model substrates with azolium salt 
A14 as a NHC precatalyst and Cs2CO3 as a base (Table 1, 

 
 

Table 1. Initial Studies and Condition Optimization 

amounts of NHC B and NaOAc used as the reaction catalyst 
and base, Cu(OTf)2 as the additive in toluene at 40 °C (entry 
10). It is worth noting that both the product yield and ee value 
dropped without addition of Cu(OTf)2 under otherwise 
identical reaction conditions (entry 11). 

With the optimized conditions in hand, the scope of α- 
bromo enals 2 was then examined (Scheme 1). The efficiencies 

 
 

Scheme 1. Variation of α-Bromoenals 
 

 
 

  
 

 
  

 
 

 

entry NHC base additive solvent 
yield 
(%)b 

ee 
(%)c 

1 A Cs2CO3 THF 37 0 
2 A Cs2CO3 DCM 12 14 
3 A Cs2CO3 toluene 56 64 
4 A DIPEA toluene 35 64 
5 A NaOAc toluene 12 84 
6 B NaOAc toluene 11 88 
7d B NaOAc toluene 15 88 
8d B NaOAc Cu(OTf)2    toluene 20 94 
9d,e B NaOAc Cu(OTf)2    toluene 65 94 
10d,e,f B NaOAc Cu(OTf)2    toluene 95 94 
11d,e,f B NaOAc toluene 88 88 

aGeneral conditions (unless otherwise specified): 1a (0.12 mmol), 2a 
(0.1 mmol), NHC (0.005 mmol), base (0.05 mmol), additive (0.005 
mmol), and solvent (2.0 mL) at 25 °C for 5 h. bIsolated yield of 3a. 
cThe ee values were determined via HPLC on chiral stationary phase. 
dUsed 50 mg 4 Å MS. eNHC (0.02 mmol), base (0.12 mmol). 
fTemperature at 40 °C for 5 h. 

 
 

entries 1−3). Toluene was found as the best solvent and gave 
the desired product in moderate yield and enantioselectivity 
(entry 3). Different organic and inorganic bases could work for 
this catalytic process (e.g., entries 4 and 5). The reaction 
enantioselectivity could be dramatically improved by switching 
Cs2CO3 to NaOAc, although with a drop on the product yield 
(entry 5). The enantioselectivity of the product 3a could be 
increased to 88% when using NHC B15 as the reaction catalyst 
(entry 6). The product yield could be slightly increased with 
the addition of 4 Å molecular sieves (MS) to the catalytic 
system (entry 7). Lewis acids have been frequently used as 
effective additives for enhancing the product enantioselectiv- 
ities in NHC organocatalytic reactions.12 We therefore 
examined the effects of different Lewis acids  on our  reaction 
and found that Cu(OTf)2 could provide the product 3a with a 
94% ee (entry 8). Finally, our desired product 3a could be 
afforded in 95% yield with 94% ee value with increased 

 
 

and enantioselectivities of this reaction were relatively 
insensitive when α-bromo enals 2 bearing different substituents 
or substitution patterns were used (3a−j). All of the 
corresponding products were afforded in good to excellent 
yields and enantioselectivities. The β-phenyl group of substrate 
1a could also be replaced with a 2-furan group, although the 
product 3k could only be afforded in moderate yield and ee 
value under the current reaction conditions. To our delight, 
aliphatic α-bromoenals could also be used in this trans- 
formation with the target products afforded in good yields with 
good to excellent optical purities (3l−3n). 

The   scope   of   the   thioamide   substrates   (2)   was also 
examined to react with α-bromocinnamaldehyde 1a (Scheme 
2). Both electron-withdrawing (4a−d) and electron-donating 
substituents (4e−f) were well tolerated on the p-position of 
the phenyl group, with the desired products afforded in good 
to  excellent  yields  with  excellent  enantioselectivities.   Sub- 

 

 

  



 

9495 

 

 

■ 

Scheme 2. Variation of Thiobenzamide 
 

 

 
  

 
 

  

 

Table 2. Control Experiments to Understand the Role of 
Additivesa 

 

 

 
 

 
 

   

 

entry additive equiv (mol %) yield (%) ee 

1 no additive  88 88 
2 Cu(OTf)2 5 95 94 
3 Cu(OTf)2 20 66 94 
4 Cu(CF3COO)2 5 80 89 
5 Cu(OAc)2 5 81 80 
6 NaOTf 10 83 93 
7 CH3SO3Na 10 92 86 

aUnless otherwise specified, condition as in Table 1, entry 10. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
  

 

stituents on the m- or o-positions of the phenyl rings gave the 
desired products in good yields with good to excellent ee 
values (4g−j). Replacement of the phenyl group with a 2- 
naphthyl (4k) group had little effect on the reaction outcome. 
The use of hetero thioamide could give corresponding product 
4l with moderate yield and ee value. Replacing the phenyl 
group of the thiobenzamide with alkyl group resulted in slight 
drops on the product yield and optical purity (4m). 

Our catalytic reaction could also be carried out at gram scale 
with the desired product 3a afforded in good yield and 
excellent enantioselectivity (Scheme 3). 

 
 

Scheme 3. Gram Scale Synthesis of 3a 
 

 
 

To further understand the role of the additives, we 
performed several additional control experiments (Table 2). 
Our optimal conditions used 20 mol % NHC catalyst and 5 
mol % Cu(OTf)2 additive (Table 2, entry 2, same as Table 1, 
entry 10). The loading of the Cu salt additive (e.g., the ratio 
between NHC and Cu salt) had clear influence on the reaction 
yields without affecting enantioselectivities (Table 2, entry 3). 
The drop on reaction yield with high loading of Cu(OTf)2 is 
most likely attributed to the formation of Cu−NHC complex 

that consumes part of the active NHC organic catalyst, as 
indicated via high resolution mass spectrometry anlysis of the 
reaction mixture (see Figure S1). Similar Cu−NHC complex 
formation has been observed in our earlier report on 
cooperative NHC and Cu relay catalysis.12d,16 It appeared 
the triflate anion of the Cu(II) salt played important roles for 
the improvements of reaction yields and ee values, as the use of 
Cu(CF3CO2)2 or Cu(OAc)2 as the additive did not lead to 
enhanced results (entries 4 and 5). Interestingly, the use of 
NaOTf additive could also improve the reaction ee value from 
88  to  93%  without  affecting  the  reaction  yield  (entry  5). 
Analysis of the reaction mixture via 1H NMR suggested 
hydrogen-bonding interactions between the triflate anion and 
thioamide (see Figure S2), although it remains unclear how 
such interactions could affect the reaction outcomes. Our 
current experiments (Tables 1, 2) indicated that both the 
Cu(II) cation and triflate anion affected the reaction outcomes. 
Their exact interactions with the NHC catalyst, substrates, and 
intermediates during the rather complex catalytic reaction will 
require substantial additional studies. 

In summary, we developed an enantioselective organic 
catalytic method for the synthesis of thiazinone heterocycles. 
Both thioamides and α-bromoenals are readily available and 
easy to handle starting materials. A broad scope of functional 
groups are well tolerated on both of the α-bromoenal and 
thioamide substrates with all the corresponding products 
afforded in good to excellent yields and enantioselectivities. 
The introduction of Lewis acids (such as Cu(OTf)2) as 
additives provided small but consistent improvements to 
reaction enantioselectivities. Detailed mechanistic studies and 
further investigations of cooperative catalysis for asymmetric 
synthesis are in progress in our laboratories. 
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