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Abstract  

 

The aim of this project was the synthesis of 3-thiazolines from the modified Asinger 

Reaction, the combination of the Asinger/Ugi reaction using as starting materials the 

synthesized 3-thiazoline ring and the cyclization of the Ugi product with NaH. 

However, as a result of the pandemic Covid-19 it wasn’t possible the completion of 

the experimental research, therefore, it was carried out bibliographic study of the 

reaction. The aim of the bibliographic study was to write a review about the history, 

the different types of reactions and the post modification of the Asinger Reaction. 

Some points of the review will also be mentioned in the present project. 

 

1. Introduction  

 

Multicomponent Reactions (MCRs) are reactions where more than two starting 

materials react to form a product. The product includes all the atoms of the educts.1 

MCRs can categorize for example, according to the reactions mechanisms, the 

components that involved, or their intrinsic variability.2 Depending, on the number of 

the components MCRs can be classified as 3CR, 4CR, etc. However, the main 

classification of the MCRs is based on the isocyanide scaffold. So, there are two 

categories; the isocyanide-based MCRs (IMCRs) and the non isocyanide-based 

MCRs (non IMCRs). In the IMCRs are included mainly the Ugi reaction and its 

variations. In the non IMCRs are included a diversity of reactions such as the 

Mannich, Gewald and Asinger reaction, etc.  

Friedrich Asinger (1907-1999) after years in exile in the Soviet Union and studies on 

rocket fuels in 1956 illustrated the structure of a novel one-pot three component 

reaction. It was the reaction of elemental sulfur, gaseous ammonia and penta-3-one 

at room temperature in normal pressure.3 Asinger, just had discovered access to the 

Δ3-thiazolines (Figure 1), which until that time only one compound of this class had 

been reported, that was the degradation product from uscharin.4 The Asinger 

reaction belongs to the non IMCRs and is one of the rare reactions of elemental 

sulfur with other components in Organic Chemistry. Other reactions that are use 

sulfur are the Willgerodt-Kindler5 and Gewald reaction.6  

 

 

Figure 1. The first 3-thiazoline discovered by Asinger. 

There are mainly two variations of the Asinger Reaction, which both of them were 

discovered from Asinger. The first variation is the classical Asinger four-component 

reaction (“pseudo” 4CR with the collaboration of two molecules of the same 

oxocomponent). The second variation is the modified Asinger three-component 

reaction, known as “resynthesis” which is mainly based on the reaction of α-sulfanyl 

ketones and a second oxocomponent (Scheme 1). 
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Scheme 1. The classical 4CR and modified 3CR Asinger Reaction. 

 

The 3-thiazolines can be found as intermediates in a plethora of pharmaceutically 

active molecules.4 They can also be converted into a large number of different 

products by functionalizing their reactive C=N double bond7,8,9. Usually, the 3-

thiazolines are used as precursors for the synthesis of other active molecules.10–14  

The alkyl-substituted 3-thiazolines usually are colorless liquids with fusty odor. As the 

molecular weight of the scaffold increases, the odor becomes similar to that of 

terpene and finally almost completely disappears.8 A remarkable exception is the 3-

thiazoline that is synthesized using as starting material the cyclohexanone. This 

scaffold is crystalline and almost odorless.15 However, the 3-thiazolines that are 

formed by cyclopentanone16 and from the reaction of α-mercaptocyclopentanone with 

cyclopentanone and ammonia16 are again liquids. The 3-thiazolines that are formed 

from aromatic substrates are frequently obtained in a crystalline form.8 Usually, the 

heterocyclic scaffolds have melting point between 90 and 150 oC. It is worth 

mentioning that the 3-thiazolines are insoluble in water but soluble in alcohols, 

chlorinated hydrocarbons, ether, benzene and petroleum ether.8  

  

2. Asinger Reaction 

 

In general, the Asinger MCR especially the modified one has a great scope, giving 

rise but not limited to diverse thiazoline derivatives. In Figure 2 a brief description of 

the different components that are used are presented  

 

 

Figure 2. The oxo, sulfur and amino components used for the synthesis of the 3-thiazolines. 
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2.1 Asinger classical four-component reaction (A-4CR) 

 

The combination of elemental sulfur, gaseous ammonia and a variety of carbonyl 

compounds with at least one α-H atom to the carbonyl group yields substituted Δ3-

thiazolines, in good yields.3,8 (Scheme 2) 

 

 

Scheme 2. The 3-thiazolines that arise from the A-4CR. 

 
F. Asinger, proposed a mechanism that contained two steps; the first step is an α-

thiolation catalyzed by an amine for the formation of an α-sulfhydryl ketone. The 

second step is an α-aminoalkylation of an SH acid and subsequent stabilization by a 

ring closure with elimination of water. However, there were two limitations with that 

mechanism. Firstly, NH3 is not strong enough to abstract an α-proton from the ketone 

and moreover there were not given any details about the formation of the final 3-

thiazolines. Therefore, an alternative mechanism is proposed, as shown in Scheme 

3.8,17 

 

 

Scheme 3. The mechanism followed for the synthesis of the 3-thiazolines. 

 

A typical experimental procedure for the synthesis of A-4CR 3-thiazolines is at it 

follows; excess of ammonia is added into a well-stirred suspension of ketone and 

sulfur at room temperature. The temperature often rises to about 60oC, the reaction 

mixture then becomes brown, while the reaction is completed after 3-4 hours.8 

Depending on the ketone that is used the experimental conditions may vary in order 

for the product to be produced at maximum yields. For example, when the 

oxocomponent is the methyl isopropyl ketone18 the reaction is carried out in 

anhydrous benzene. In the case of the 7-tridecanone19 the reaction is carried out in 

pyridine at 60oC. Generally, the Asinger reaction is depended of the exact nature of 

the oxocomponent (pKa, lipophilicity, solubility, etc.). The diversity that can therefore 

be achieved is based on the oxocomponent. The variety of them than can be used 
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are aliphatic, alicyclic, mixed aliphatic-alicyclic and heretocyclic ketones with at least 

one α-H atom to the carbonyl group.8 

The aliphatic ketones that have been used are mainly acyclic such 3-pentanone20, 

ethyl-6-oxoheptanoate21 (compounds 2 and 3, respectively) or cyclic such as 

cyclohexanone15 and cyclooctanone22 (compounds 4 and 5, respectively Figure 3). 

Also, the heterocyclic ketones 1-thia-4-cyclohexanone22 and 1-methyl-4-piperidone23  

have been reported as substrates in the A-4CR. 

 

 
 
Figure 3. Some of the 3-thiazolines synthesized by an A-4CR. 

 

Ketones with α-methyl group, due to di- or trithiolation, give multiple adducts along 

with the expected ones. For example, the classical Asinger reaction of 

acetophenone24 besides the Asinger thiazoline (8), the 2-methyl-2,4-diphenyl-3-

imidazoline-5-thione (9)8,24–26 and the thiophene (10)8 are also obtained as minor 

adducts.4 Under optimized conditions all compounds could be obtained in good 

yields. refs Other interesting example is acetone, as the Asinger product (11) is 

obtained only in 8% yield together with the by-products 2,2,4,6,6-pentamethyl-1,3-

dihydrothiazine (6% yield, 12). Under optimized conditions, the 2,2,4-trimethyl-3-

imidazoline-5-thione (13) is formed in yields up to 70%, as a result of trithiolation.4,8,27 

Reaction with asymmetric ketones with at least one thiolatable H atom in each of the 

positions α to the carbonyl group can give two isomeric α-mercapto ketones on 

thiolation. The ring-closure step thereafter produces two isomeric Δ3-thiazolines. 

Studies on asymmetric ketones had shown that the direction of the thiolation was 

strongly dependent of the temperature. For example, in 20 oC: CH2>>CH>CH3 and in 

80 oC: CH2>CH3>CH.8,28 
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Figure 4. The products and by-products formed from the A-4CR of acetophenone and acetone. 

 

However, the classical Asinger thiazoline synthesis has its restrictions, for example, 

cyclopentanone give polymeric by-products. Also, it has not been yet described the 

formation of Δ3-thiazolines from camphor, stearone and isophorone.8,29 

Other carbonyl compounds such as keto acids and their esters produce 3-thiazolines 

only when the keto group and the carbonyl group are so far apart that they do not 

affect each other (e.g. 6-oxohexanecarboxylic acid and its esters).21 

The Asinger reaction with aldehydes using the same conditions with ketone gives 

products in poor yields (10% maximum). However, a remarkable exception is 

isobutyraldehyde, which reacts very smoothly and forms the 2-isopropyl-5,5-

dimethyl-3-thiazoline, but in the case of other aldehydes 2,3,5-trialkylated pyridines 

are formed as by-products in yields 20-35%8. It is mentioning that 2-isopropyl-5,5-

dimethyl-3-thiazoline is the starting material for the Asinger Reaction of D-

penicillamine30,31 further, analysis will presented below. 

 

 

Figure 5. 3-thiazoline is the precursor of the D-penicillamine. 

 

2.2 Modified Asinger (“resynthesis”) reaction 

 

The modified Asinger reaction is based on the reaction of α-mercapto-ketones or 

aldehydes (either isolated or in situ) with ammonia and an oxocomponent. This class 

of the Asinger reaction includes greatly the diversity and complexity of the produced 

scaffolds and overcomes the restrictions of the classical Asinger reaction.4  In the 

“resynthesis”, generally any α-mercapto oxocomponent, ammonia and carbonyl 

compound that has a variety of functional substituents can be utilized and because of 

that today this is the most used variation of the Asinger reaction (Scheme 4).  
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The α-mercapto oxocomponents can be accessed by two different methods. At first, 

they can either be prepared and isolated by the reaction of α-halogeno carbonyl 

compound with sodium hydrogen sulfide in alcoholic solution (Scheme 4A),32,33 or 

can either be formed in situ in a four component MCR setup (Scheme 4 B). 

Otherwise, hydrolysis of any 3-thiazoline derivative can produce the desired a-

mercapto aldehyde or ketone which can be further be converted to another 3-

thiazoline derivative via a new or second Asinger multicomponent reaction.34 

 

 
Scheme 4. Methods to access the α-mercapto oxocomponents.  

 

A typical experimental procedure followed for the synthesis of 3-thiazolines using as 

starting materials sodium hydrogen sulfide hydrate, acetone, 2-chloro-2-

methylpropanal and gaseous ammonia is; in a suspension of sodium hydrogen 

sulfide hydrate at dry dichloromethane a solution of acetone and 2-chloro-2-

methylpropanal was added under argon atmosphere. After, that the suspension was 

cooled to –15°C, gaseous ammonia was added dropwise in the reaction mixture for 

15 min. The suspension was warmed up to room temperature and stirred for 12 h. 

Water was added and the aqueous layer was extracted with three portions of 

dichloromethane. The combined organic layers were dried with magnesium sulfate 

and the solvent was removed with the help of a rotary evaporator.35,36 

 

Similarly to the classical A-4CR, in the modified A-3CR is equally important the 

nature of the oxocomponent. The choice of the substituents is easier compared to 

the classical version because the α-halogeno carbonyl compounds can be easily 

synthesized.37,38 It is noteworthy, that Asinger and Offermanns synthesized almost 

180 3-thiazolines8, in order to show the potential of the resynthesis. The ketones and 

aldehydes that they used are formaldehyde39, propionaldehyde29, 

cyclohexanecarboxaldehyde39,butanone40, cyclohexanone39 and benzaldehyde.33  

Here are presented indicatively, six of them (Figure 6). 

 

Figure 6. Some of the modified 3-thiazolines synthesized by Asinger and Offermanns. 
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Aliphatic ketones produce 3-thiazolines in high yields also, in the modified Asinger 

reaction. Furthermore, acetone and acetophenone are also used as starting 

materials in the “resynthesis”. The cyclic ketones, cyclopentanone and 

cyclohexanone produce 3-thiazolines in higher yields compared to the A-4CR8 

(Figure 7). Heterocyclic ketones such as tetrahydro-4H-pyran-4-one and 1-thia-4-

cyclohexanone have been used in both classical and modified Asinger reaction8 

(Figure 7). It is worth mentioning that the 3-thiazolines 24 and 26 didn’t isolated and 

they were used in post modification procedures.41,42 

 

Figure 7. Some of the ketones used for the “resynthesis”. 

 

On the contrary to the classical Asinger, here aldehydes successfully participate in 

the reaction; aliphatic ones such as acetaldehyde, propionaldehyde8,29 and even 

formaldehyde8,39. Moreover, pivalaldehyde,13 cyclohexyl formaldehyde8,39  and 

isobutyraldehyde13 have also been reported. Regarding aromatic aldehydes, 

benzaldehyde8,33 has been used as starting material (Figure 8). 

 

Figure 8. 3-thiazolines produced using as starting materials aldehydes.  

 

For the synthesis of 3-thiazolines using as starting materials aldehydes13,43,44 the 

experimental procedure is at follows; sodium hydrosulfide monohydrate, ammonia-

solution and aldehyde are mixed and cooled to 0°C. α-Chlorinated aldehyde is 

dissolved in dichloromethane and added to the yellow mixture, keeping the 

temperature under 10°C. The reaction mixture is stirred overnight at room 

temperature, phases are separated, and the aqueous phase is extracted with 

dichloromethane. The combined organic phases are dried over magnesium sulfate; 

the solvent is extracted with a rotary evaporator and the crude product is purified by 

flash column chromatography. 
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Εnantiomerically pure 3-thiazolines have been also synthesized using chiral carbonyl 

compounds such as (R)-citronellal (compound 36), tartaric acid 

derivative(compound 37)45, protected (R)-glyceraldehyde (compound 38)46 and a 

galactose derivative (compound 39) 47 as starting materials (compounds 36-39, 

Figure 9).  

 

Figure 9. Some of the enantiomerically pure 3-thiazolines that have been synthesized. 

 

In the most studies that “resynthesis” is used the α-halogenated aldehyde is the 2-

chloro-2-methylpropanal10,11,52,53,12,13,35,47–51, (R,S)-2-chloro-2-phenylpropanal,10 1-

chlorohexanecarbaldehyde12,48–52,54,55, 3-chloro-3-methyl-2-one,42,41 2-bromo-2-

methylpropanal56 or chloroacetaldehyde44 (Figure 6-9). 

 

The crystal structure of the 3-thiazoline bearing a galactose moiety 39 is shown 

below  

 

Figure 10. The X-ray structure of compound 39 (CCDC 146345). 

 
 

3. Post-modification of the Asinger Reaction 

 
3.1 Industrial synthesis of the D-penicillamine. 

 

The most famous application of the Asinger Reaction in the industry is the synthesis 

of the D-penicillamine.31 As it shown in the Scheme 5,57 two molecules of the 

isobutyraldehyde react with sulfur and ammonia to provide access to the 3-thiazoline 

scaffold, in which the imine bond is added by hydrogen cyanide for introducing a 

cyano group to be converted into the carboxylic acid group with hydrolysis. The 

synthesized 2-isopropyl-5,5-dimethylthiazolidine-4-carboxylic acid is further 
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hydrolyzed with the help of a water-vapor providing access to the racemic 

penicillamine. The racemic penicillamine then react with acetone in order to form the 

2,2,5,5-tetramethylthiazolidine-4-carboxylic acid. After, it is held racemic resolution 

with chiral agents such as L-lysine, (-)-norephedrine and (-)-pseudonorephedrine for 

the synthesis of the D-penicillamine. The L-penicillamine can be re-racemized and 

the aforementioned racemic resolution is repeated to give the D-penicillamine. It is 

worth mentioning that the Asinger reaction is a ‘’green’’ chemical procedure that 

exhibits high efficiency in the use of atoms in the reagents.58  

 

Scheme 5. Synthesis of the D-penicillamine. 

 

 

 

3.2 Reduction of Thiazolidine scaffold 

 

It is worth mentioning that some of the 3-thiazolines when they react with BF3 

produce stable adducts8.  When the 3-thiazolines reacts with LiAlH4 they can be 

hydrogenated (hydrogenation of the azomethine bond), and they can also form N-

substituted cystamines (40).59   

Because, 3-thiazolines are stable they can be stored for long periods without 

distortion. However, the derivatives from the cycloaliphatic ketones can be 

synthesize with air the 3-thiazoline S-oxides (41).22 The 3-thiazolines that are 

synthesized from alkylcyclohexanones and 2,2-pentamethylene-4,5-tetramethylene-

3-thiazoline are used as antioxidants for polyolefins.8 The predominance of their 

properties contrasted with those of other molecules that contain sulfur is because 

these thiazolines can be easily autoxidize to form S-oxides. However, the structure 

that Asinger found was wrong. In 2014 Brockmeyer et al.60 found the correct 

structure (41) during the regioselective air oxidation of sulfides to O,S-acetals with 

the use of a bubble column starting from 3-thiazolines. 

The derivatives 3-thiazolines from primary or secondary α-mercapto ketones or 

aldehydes, aldehydes and ammonia, which have C-H bonds in positions 2 and 5 can 

be dehydrogenated to thiazoles (42), preferably by heating with sulfur at 130oC61–63, 

FeCl3, K3[Fe(CN)6], K2Cr2O and hydrogen peroxide are less suitable than sulfur 

powder for this novel thiazole synthesis. The yields are about 80%.  



12 
 

It is worth mentioning that the 3-thiazolines that produced from acetophenone and 

ring-substituted acetophenones with sulfur and ammonia8 can be pyrolysed by 

heating at 250oC for to 5 to 15 hours; the observed products are the 2,4-

diarylthiophenes.8 When the R2
 or R3 is Ar-C6H5 the yield is 56% (43).  

When the anhydrous hydrogen cyanide reacts with the 3-thiazoline ring at room 

temperature the azomethine bond is hydrogenated.64 The produced thiazolidine-4-

carbonitriles (44) are more or less stable, depending on their purity and on the nature 

and number of substituents in positions 2 and 4; however, they are always stable in 

the form of their hydrochlorides. No relationship could be found between structure 

and stability. Thiazolidine-4-carbonitriles that are not quite pure decompose much 

more rapidly.  

It is worth mentioning that 3-thiazolines can undergo hydrolysis with aqueous acids 

with formation of α-mercapto ketones or aldehydes, oxo compounds and ammonium 

salts (reversal ring formation).34 The rate of hydrolysis is depending of the nature and 

position of the substituents of the thiazole ring. 

 

 

Scheme 6. Reactions of the thiazoline ring. 

 

4. Ugi Reaction 

The Ugi Reaction was discovered by Ivar Ugi in 195965, and it is an isocyanide-based 

multicomponent reaction.66 The reaction has a result the synthesis of an α-Ν-

acylamino amide (Scheme 7). 
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Scheme 7. The Ugi reaction. 

The reaction is performed in the presence of a polar protic solvent such as methanol. 

It has been also used water, having successful results.67 However, the reaction has 

been adequately studied in the last 20 years because; there was limited availability of 

isocyanides and poor stereocontrol. It is worth mentioning that in the mid 1900’s only 

a few isocyanides were available, these days about 380 isocyanides are 

commercially available.68  

Development of stereocontrol has been difficult due to incomplete knowledge of the 

reaction mechanism. The control of the enantioselectivity in the Ugi reaction involves 

Lewis acids catalysts and chiral auxiliaries.  

Two possible mechanisms for the Ugi reaction have been proposed.69 The first step, 

in both mechanisms includes condensation of the aldehyde (1) and the amine (2), 

followed by protonation of the imine by (3), (Scheme 8). The discuss is whether the 

follow step includes introduction of the carboxylic acid to (10) causing the isocyanide 

(4) to react with the (11) via an SN2 mechanism or whether the isocyanide (4) first 

undergoes nucleophilic addition to the imine (6), followed by the addition of the 

carboxylate (8) to the (7) (Scheme 8). 

 

Scheme 8. The two proposed mechanisms of the Ugi reaction.  

 

Experiments supporting the formation of the intermediate (7) versus the (11) have not 

been yet performed.70 
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5. Results and Discussion 

 

Our primary target was to synthesize the fused thiazolo-piperazine derivatives 6 

(Scheme 9). Thus, we first synthesized different 3-thiazoline derivatives 4 via a 

modified Asinger-4CR (Scheme 12). Then, we employed the 3-thiazolines as starting 

materials in Ugi-Jullié (Scheme 13). At the end, we performed cyclization of the Ugi 

products with NaH (Scheme 9, 14). 

 

Scheme 9. General procedure that was followed in this project.  

 

5.1 Chlorination  

 

During the Asinger-4CR, the chloroacetaldehyde was used as starting material, 

however, in order to investigate more of the Asinger-4CR the chlorination of other 

aldehydes was attempted (Figure 10).  Although there were used two different 

synthetic routes37,38 and aldehydes for the chlorination, in both case the desirable 

product wasn’t obtained.  

 

Figure 11. Chlorination of the aldehydes. 

 

 

5.2 Formylation-Synthesis of the Formamides 

 

In order to synthesize the isocyanides that shown in Scheme 11, we performed the 

formylation of the 2,4-dichlroananiline and the 3,4-dichloroaniline with formic acid 

(Scheme 10).  
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Scheme 10. Formylation with formic acid. 

 

5.3 Synthesis of the Isocyanides 

 

2-isocyano-1,3-dimethylbenzene was used as starting material for the Ugi-3CR. In 

order to further investigate the Ugi-3CR, two more isocyanides were synthesized 

from the formamides that synthesized according to Scheme 10. However, due to the 

covid-19 pandemic it wasn’t possible to held the Ugi-3CR using as starting materials 

the synthesized isocyanides.   

 

Scheme 11. Synthesis of the isocyanides. 

 

 

 

5.4 Asinger Reaction-Synthesis of the 3-thiazolines  

 

The main purpose of this project was the thorough study of the Asinger-4CR. As it 

seems in Scheme 12, the following 3-thiazolines 4a-i were synthesized from various 

aldehydes, ketones, chloroacetaldehyde, NaSH and ammonia solution (aqueous). As 

mentioned above it was attempted unsuccessfully to chlorinate other aldehydes in 

order to use them as starting materials in A-4CR. However, not all the ketones 

obtained the desirable products. For example, in case of the 2-adamantone, the 4-

tert-butylcyclohexanone, the bicyclo[2.2.1]heptan-2-one, 1-ethyl-4-piperidone and the 

2-tert-butylcyclohexanone the desirable products were not observed. The 3-

thiazolines 4f-i weren’t synthesized because of solubility issues of the ketones that 

were employed. 

After 3-thiazolines were synthesized they were not purified with column 

chromatography due to their instability in acidic conditions and they were used 

directly utilized as starting materials in the Ugi-3CR. However, in certain 3-thiazolines 
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(these from cyclohexanone 4a and isobutyraldehyde 4c), it was decided to be 

filtrated through silica pad before further used in the Ugi-3CR.  

 

 

 

Scheme 12. The A-4CR and the A-3CR reaction. 

 

5.5 Ugi Reaction 

 

For the Ugi-3CR they were used as starting materials the synthesized imines 4, the 

2-isocyano-1,3-dimethylbenzene and chloroacetic acid, MeOH as solvent while the 

reaction was performed in room temperature (Scheme 12). Usually in the Ugi MCR 

are used polar and protic solvents (e.g., methanol, ethanol, or trifluoroethanol). The 

preferences for protic solvents rely on the fact that the intermediates noted in the 

general mechanism (Scheme 8) are polar derivatives (prone to H-bond formation) 

that are consequently stabilized in these solvents.71 

 

Scheme 13. The Asinger/Ugi combination reaction. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6977082/#sch2


17 
 

 

5.6 NaH cyclization 

 

The final step of the reactions that were performed for this project is the cyclization of 

the Ugi product with NaH using THF as solvent towards the targeted thiazolo-

piperazine derivatives. Unfortunately, due to the COVID-19 pandemic, the work had 

to be stopped. Therefore, the final adducts were not purified, although we verified 

their synthesis in crude NMRs. Moreover, we didn’t synthesize large number of 

different products. In future we will perform all the necessary purifications and build a 

large library of compounds 6.  

 

Scheme 14. Cyclization of the Ugi products. 

 

5.7 Tetrazoles  

 

Another object of this project was the synthesis of tetrazoles scaffolds using the 

Asinger-Ugi tetrazole union (Scheme 15), from the synthesized 3-thiazoline 4 by the 

A-4CR. The reaction which was held in methanol at room temperature resulted only 

traces of the product according to the 1H NMR spectroscopy. It is worth mentioning 

that union of an Asinger reaction with other MCRs is known to be low yielding.72,73 

Therefore due to the limited time that existed for the completion of the project this 

object was abandoned. It is worth mentioning that because the products were 

detected in traces they were not purified with column chromatography therefore their 

yield and purity isn’t known. 
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Scheme 15. Synthesis of the tetrazoles using the Asinger-Ugi tetrazole union. 

 

6. Experimental Section 

 

General Procedure for the chlorination of the aldehydes37, 36 

 

For the chlorination of the aldehydes two different experimental procedures were 

followed.  

1. In a flask equipped with a dropping funnel, stirrer and reflux condenser, 1 equiv of 

the isobutyraldehyde was placed. To the aldehyde, 1 equiv of freshly distilled 

SOCl2 was added slowly with agitation at room temperature. After the addition 

was completed, the reaction was heated for 2h, and the stirring was continued for 

another 2h. The reaction mixture was stirred at room temperature overnight. 

Afterwards the reaction mixture was diluted with CH2Cl2 and H2O. The two 

phases were separated (each one washed twice) and the organic phase was 

collected. It was then dried over with MgSO4, filtrated and concentrated with the 

use of a rotatory evaporator. According to 1H NMR spectroscopy the desired 

product wasn’t obtained.37 

 

2. To the neat aldehyde (2 equiv), in a flask equipped with an air cooler, was added 

thionyl chloride (2,10 equiv). The reaction mixture stirred at room temperature for 

three hours. After, the reaction was completed the resulting mixture was then 

poured into water and the phases were separated. The aqueous phase was 

extracted with DCM three times. The combined organic fractions were washed 

with water and dried over sodium sulfate. The solvent was removed with a 

rotatory evaporator. According to 1H NMR spectroscopy the desired product 

wasn’t obtained.38 

 

General Procedure for the Formylation 

 

In a flask equipped with a stirrer the formic acid and the amine (10 g, 1 equiv) were 

added. The reaction mixture then was placed in an oil bath and left stirring and 
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heating at 120 oC in reflux conditions. The reaction completed after two hours. 

According to NMR 1H spectroscopy the desirable product was obtained. 

 

Notes 

1. The reaction mixture was left heating because the formic acid has boiling 

point 100,8oC. 

2. The formamides were dark brown solids. 

3. When the formed formamide comes in contact with the room temperature is 

solidifies. 

 

General Procedure for the synthesis of the isocyanides 

 

In a flask equipped with a stirrer and dropping funnel, the formamide (2a-b, 5 g, 1 

equiv), 50 ml of CH2Cl2, and triethylamine (18,35 ml, 5 equiv) were added. Next was 

added dropwise the phosphoryl chloride (3,05ml, 1equiv). The reaction mixture 

placed in an ice bath and left stirring for a 1 hour, then, the pH checked if it was 

basic. The reaction mixture was left stirring at room temperature overnight. After, the 

reaction was completed, the pH checked again for basicity and then the reaction 

mixture transferred in a conical flask. In the conical flask were added a suspension of 

NaHCO3(s), water, ice and the reaction mixture, they were left stirring for 

approximately 30 minutes. Afterwards, the reaction mixture, passed from vacuum 

filtration in order for the Et3Cl to be removed. Water was added and the aqueous 

layer was extracted with two portions of dichloromethane. The combined organic 

layers were dried with magnesium sulfate and the drier was removed with vacuum 

filtration. The solvent was removed the rotary evaporator. The residue was stored in 

the fridge so that it can be used in following experiments. According to NMR 1H 

spectroscopy the desirable product was obtained.  

 

Notes 

1. The ice was added because the reaction was exothermic, also, with parallel 

stirring the reaction mixture was brought in room temperature.  

2. The formed isocyanides have strong odor and are colored solids.  

 

General Procedure for the synthesis of the 3-thiazolines 4 using as starting 

material ketones 

 

In a flask equipped with a stirrer, a suspension of sodium hydrogen sulfide hydrate 

(0,56 g, 1 equiv), solution of ammonium hydroxide (25% in water, 3,84 ml, 2 equiv), 

and ketone (2 equiv) were added. The reaction mixture was cooled to ~0 °C and the 

chloroacetaldehyde (1,29 ml, 1 equiv) was added dropwise over the course of 10 

minutes. The reaction mixture was left stirring for 45 minutes in room temperature. 

After, water was added and the aqueous layer was extracted with two portions of 

dichloromethane. The combined organic layers were dried with magnesium sulfate 

and the solvent was removed a rotary evaporator. The residue was stored in the 

fridge so that it can be used following experiments. In case that it’s left out of the 

fridge there is a risk of polymerization.  
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General Procedure for the synthesis of the 3-thiazolines 4 using as starting 

material aldehydes13,43,44 

 

Sodium hydrosulfide monohydrate (0,56g, 1 equiv), ammonia-solution (25% in water, 

3,84 ml, 2 equiv), and aldehyde (2 equiv) are mixed and cooled to 0°C. The 

chloroacetaldehye (1,29 ml, 1 equiv) was dissolved in dichloromethane and was 

added to the yellow mixture, keeping the temperature under 10°C. The reaction 

mixture was left stirring overnight at room temperature. Then the phases were 

separated, and the aqueous phase was extracted with dichloromethane. The 

combined organic phases were dried over with magnesium sulfate; the solvent was 

removed with rotatory evaporator. The residue was stored in the fridge so that it can 

be used following experiments. In case that it’s left out of the fridge there is a risk of 

polymerization.  

 

Notes 

1. In some cases when the organic phase was washed with water an emulsion was 

formed (possible formation due to vigorous shaking). In order, to dissolve it 

saturated NaCl was added. 

2. All the 3-thiazolines smell like garlic and they are colored liquids. 

3. The desirable products were obtained with NMR 1H spectroscopy.  

4. 2-adamantanone was used as starting material twice however both times the 

desirable product didn’t obtained.  

 

General Procedure for the synthesis of the 3-thiazoline 4 using as starting 

material the 1-ethyl-4-piperidone23 

 

First an ice-bath solution of 1-ethyl-4-piperidone (1,72 equiv) was prepared. Sulfur 

was added and the ammonia was added dropwise. As more ammonia was added, 

the more the viscosity of the 1-ethyl-4-piperidone was lowered, plus the sulfur 

becoming more soluble. The mixture was left stirring at room temperature overnight. 

Then, the reaction mixture was washed with diethyl ether and the two phases were 

separated and washed twice with ether and water. The organic phase dried over with 

MgSO4 and concentrated with the use of the rotatory evaporator.  

 

Notes  

1. The obtained product was a yellow solid. 

2. According to the 1H NMR spectroscopy the desirable product wasn’t obtained.  

 

Purification of the 3-thiazolines with vacuum filtration  

 

At first the filter funnel (Gooch filter) was filled with SiO2. Then the 3-thiazoline was 

added and washed with petroleum ether (3:1 and 1:1). The product was separated in 

fractions and with the use of the TLC chromatography and the 1H NMR spectroscopy 

was determined in which fraction the impurities were left and where the 3-thiazoline 

was remained. 
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General Procedure for the Ugi CR 

 

In a solution of the respective imine 4 (1 equiv) in anhydrous MeOH (1.0 ml per mmol 

of imine) were added the chloroacetic acid (1 equiv) and the respective isocyanide (1 

equiv). The reaction mixture was left stirring for 2 days in room temperature. Each 

day the reaction was checked with TLC chromatography if it was completed. The 

solvent was removed by rotary evaporator. The residue was stored in the fridge so 

that it can be used following experiments. The desirable products were obtained with 

NMR 1H spectroscopy.  

 

General Procedure for the NaH cyclization  

 

To a suspension of the respective Ugi product 5 (1 equiv), which was dissolved in 

THF was added the NaH (1 equiv). The reaction mixture was left stirring overnight at 

room temperature. Water was added and the aqueous layer was extracted with three 

portions of dichloromethane. The combined organic layers were dried with 

magnesium sulfate and the solvent was removed with the rotatory evaporator. The 

residue was stored in the fridge.  

 

General Procedure for the synthesis of the tetrazoles 

 

At first the 1 equiv thiazoline 4 was dissolved in 1 equiv MeOH. After, 5 min 1 equiv 

of the isocyanide 3a was added and the reaction mixture was left stirring for 10 min 

at room temperature. Then 1 equiv of TMS azide was added and the reaction mixture 

was left stirring at room temperature for 2 days. Each day the reaction was checked 

with TLC chromatography if it was completed. The reaction mixture was diluted with 

CH2Cl2 and H2O; the two phases were separated (each one washed twice) and the 

organic phase was collected. It was then dried over with MgSO4, filtrated and then 

concentrated with the use of a rotatory evaporator.  

 

NMR Spectrums of the products  
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Scheme 16. The NMR spectra of the product 2a. 

 

 

 

Scheme 17. The NMR spectra of the product 3a. 



23 
 

 

Scheme 18. The NMR spectra of the product 4b. 
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Scheme 19. The NMR spectra of the product 4a. 
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Scheme 20. The NMR spectra of the product 4b. 
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Scheme 21. The NMR spectra of the product 4c. 
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Scheme 22. The NMR spectra of the product 4e. 
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Scheme 23. The NMR spectra of the product 5a. 
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Scheme 24. The NMR spectra of the product 5c. 
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Scheme 25. The NMR spectra of the product 6a. 
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Scheme 26. The NMR spectra of the product 6b. 

 

Conclusions  

Based on what has been reported in the present project it is observed that the 

Asinger reaction can be used alone or in combination with other reactions such as 

the Ugi reaction. It was found that the reaction products are widely used, especially in 

pharmaceutical chemistry. A typical example is the industrial composition of the D-

penicillamine. As for the substrates that can be used for the Asinger reaction, it has 

been observed that stereochemically inhibited ketones such as 2-

tertbutylcyclohexanone do not lead to a successful reaction. It was also observed 

that the 3-thiazoline ring can for example hydrogenate and dehydrogenated. Part of 

the project was successfully completed; synthesis of the 3-thiazoline ring, 

combination of the Asinger/Ugi reaction using as starting materials the synthesized 3-

thiazolines and finally the cyclization of the Ugi product with NaH. However, due to 

the covid-19 pandemic the purification of the finals products wasn’t possible.  
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