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A series of compounds containing both 1,3,4-oxadiazole and thiohydantoin were synthesized as a promising

scaffold for application in medicinal chemistry. The key step of the synthesis is a microwave-assisted

cyclization of semicarbazides possessing a thiohydantoin moiety at one of the acyl termini using POCl3 as a

dehydrating reagent. A wide range of semicarbazides were prepared through the substitution of hydrazides with

an N-acylated thiohydantoin derived from the cyclization of the corresponding isothiocyanate with an amino

acid and subsequent N-acylation of the resultant thiohydrantion. Consequently, the 58 number of 1,3,4-

oxadiazole derivatives having a thiohydantoin substituent were prepared in good overall yields.
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Introduction

Heterocyclic compounds serve as ideal scaffolds to which

pharmacophores can be appended to yield potent and

selective drugs.1 This is particullarly true for five-membered

heterocyclic compounds, which are core components of a

large number of substances that possess interesting bio-

logical activities. Among this family, 1,3,4-oxadiazoles and

thiohydantoins have been used as “privileged” scaffolds to

produce intriguing substances in numerous therapeutic areas

including anti-inflamatories,2 antimicrobial,3 anti-diabetes,4

and anti-cancer.5 In this context, we previously reported that

1,3,4-oxadiazole derivatives show potent biological activity

in a canonical Wnt signaling pathway.6 Moreover, there have

been reports that 1,3,4-oxadiazoles substituted with other

heterocyclic unit such as pyrazole,7a 1,2,3-triazole,7b and

pyridine7c also show potent biological activity. Along these

lines, we became interested in the synthesis of 1,3,4-oxadia-

zole derivatives equipped with a thiohydrantoin moiety as a

heterocyclic unit. While synthetic methods for both thio-

hydantoin8 and 1,3,4-oxadiazole9 derivatives have been

studied well, synthetic routes for the preparation of 1,3,4-

oxadiazoles possessing a 2-thiohydantoin moiety are un-

precedented in the literature. To this end, we developed a

reliable and expedient synthetic route for the preparation of

1,3,4-oxadiazole derivatives possessing a thiohydantoin moiety.

Microwave irradiation in chemical synthesis has been well

recognized both for increasing reaction rates and for re-

ducing side reaction. It can generate the desired compound

in a relatively short time, compared to conventional thermal

heating conditions, and with low cost. Thus a broad range of

applications of microwave irradiation have been reported

in combinatorial chemistry,10 peptide synthesis,11 polymer

chemistry,12 green chemistry,13 and carbohydrate chemistry.14

aThese authors contributed equally to this work.

Figure 1. Biologically active compounds containing 1,3,4-oxadiazole, thiohydantoin, and 1,3,4-oxadiazole equipped with heterocyclic unit.
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We sought to develop an efficient synthetic method for the

preparation of various drug-like 1,3,4-oxadiazole derivatives

equipped with a thiohydrantoin substituent employing micro-

wave irradiation. Herein, we report our recent progress on

this project, which includes a microwave-assisted dehydrative

cyclization process for the 1,3,4-oxadiazole derivatives 7.

Results

The sequence used to prepare the thiohydantoin 3 employs

the isothiocyanate 1 as the first diversity element. Treatment

of isothiocyanates 1 with various amino acids 2, which are

second diversity element, in the presence of triethylamine at

room temperature leads to production of the corresponding

cyclized thiohydantoin 3 under a thermodynamic condition.

However when R1 is benzyl, 2,4-dimethoxy benzyl, and

ethyl, reaction time was long (10-12 h) for converting to

thiohydantoin despite heating to 100 oC (data not shown).

We therefore modified reaction condition by using micro-

wave irradiation. Before we conducted microwave assisted

cyclization, we prepared thiourea intermediate under thermo-

dynamic condition (Table 1). Et3N was added slowly to the

mixture of isothiocyanates 1 and amino acids 2 in 1,4-

dioxane-H2O (1:1, v/v) and then the reaction mixture was

stirred for 1 h at room temperature. We checked formation of

thiourea intermediate by thin layer chromatography (TLC).

Next, concentrated HCl was added to the reaction mixture

until the pH became ~215 and then it was irradiated with

microwave radiation. The cyclization was concluded within

2 min. The results are summarized in Table 1.

As the strategy for preparation of semicarbazide 6, thio-

hydantoin 3 was acylated with 4-nitrophenyl chloroformate

in the presence of i-Pr2NEt/cat DMAP in CH2Cl2 at room

temperature. It generated the corresponding acylated thio-

hydantoin 4 in a good yield. The results of N-acylation of

thiohydantoin are summarized in Table 2.

For the synthesis of semicarbazide 6, we used various

hydrazides 5 as the third diversity element. The substitution

reaction was smoothly going well with a pyridine in a

tetrahydrofuran (THF) at 60 oC for 8 h. The results of the

substitution reactions of compounds 4 are summarized in

Table 3.

To investigate suitable methods for effective synthesis of

1,3,4-oxadiazoles 7, dehydrative cyclization of semicarba-

zide 6a was investigated by using various dehydrating

reagents such as trimethylsillyl chloride (TMSCl),16 p-

Scheme 1. Synthetic route for the synthesis of 1,3,4-oxadiazoles equipped with a thiohydantoin moiety.

Figure 2. Building blocks.
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toluenesulfonyl chloride (p-TsCl),17 and phosphorus oxy-

chloride (POCl3)
18 in various conditions. The results of the

dehydrative cyclization of 6a are summarized in Table 4.

First, we used TMSCl as a dehydrating agent in various

condition (Table 4, Entries 1-3), but we could not obtain the

desired product 7a. On the other hand, the side product 8a

was obtained with Et3N (Table 4, entry 3). We checked the
1H and 13C NMR spectrum of side product 8a (Figure 1 in

the supporting information) and proposed the reaction

mechanism (Scheme 2). In this side reaction, thiohydantoin

act as a leaving group instead of trimethyl silanol.

Next, we used p-TsCl for the dehydrative cyclization with

various base (Table 4, Entries 4-7). In the case of pyridine,

there was a no reaction (Table 4, Entry 4) and side product

8b was obtained with i-Pr2Net or Et3N (Table 4, Entries 6,

7). Only with DMAP (Table 4, Entry 5), we could obtain

desired product 7a in a low yield with the side product 8b.
1H/13C NMR, and LC/MS spectrum of 8b are showed in

Figure 2 of supporting information and proposed mechanism

is described in Scheme 3. In the case of p-TsCl, side product

8b was also obtained in the similar manner of TMSCl.

We therefore searched another dehydrating reagent which

only afford desired product 7a without side product 8. In

various organic synthesis, POCl3 has been used as a de-

hydrating reagent.18 We therefore used POCl3 as both a de-

hydrative reagent and a solvent. In our study POCl3 gene-

rated only desired product 7a without side product 8 in a

moderate yield (Table 4, Entries 8). However, POCl3 has a

high toxicity and difficult to quench. Accordingly, we used

stoichiometric amounts of POCl3 with pyridine as a scavenger

in dichlroethane (DCE) (Table 4, Entry 9). However, there

was a long reaction time and low yield. To overcome these

problems, we used microwave irradiation for the efficient

dehydrative cyclization. As a result, semicarbazide 6a was

converted to the 1,3,4-oxadiazole 7a with a microwave

irradiation in a short time and high yield (Table 4, Entry 10).

To compare reaction time and conversion between thermo-

dynamic condition (Table 4, Entry 9) and microwave irradia-

tion (Table 4, Entry 10), we used HPLC analysis. In the

result of HPLC analysis, we confirmed that semicarbazide

Table 1. Yields of the cyclization reaction of isothiocyanates 1 with amino acids 2a 

No R1 R2 Yieldb (%) No R1 R2 Yieldb (%)

3a Ph Me 93 3h Bn Me 80

3b Ph Bn 84 3i Bn Bn 82

3c Ph i-Bu 84 3j 2,4-DiMeO-Ph Me 77

3d 4-MeO-Ph Me 91 3k 2,4-DiMeO-Ph Bn 69

3e 4-MeO-Ph Bn 85 3l Ethyl Me 71

3f 3-CF3-Ph Me 94 3m Ethyl Bn 78

3g 3-CF3-Ph Bn 81

aReaction condition : Amino acid 2 (1.0 equiv) was added to a solution of isothiocyanate (1.0 equiv) in the 1,4-dioxane–H2O (1:1, v/v) and cooled to 0
oC. Et3N (2.0 equiv) was added slowly to the reaction mixture and the solution was stirred for 1 h, followed by the addition of conc. HCl (3.0 equiv) at 0
oC until the pH reached ~2. The reaction mixture was transferred into a sealed vessel and microwave radiated at 160 oC for 2 min. bIsolated yield. MWI
: Microwave irradiation.

Table 2. Yields of the N-acylation of thiohydantoins 3a

No R1 R2 Yieldb (%) No R1 R2 Yieldb (%)

4a Ph Me 82 4h Bn Me 76

4b Ph Bn 90 4i Bn Bn 86

4c Ph i-Bu 83 4j 2,4-DiMeO-Ph Me 83

4d 4-MeO-Ph Me 67 4k 2,4-DiMeO-Ph Bn 84

4e 4-MeO-Ph Bn 84 4l Ethyl Me 69

4f 3-CF3-Ph Me 83 4m Ethyl Bn 77

4g 3-CF3-Ph Bn 88

aReaction condition : Thiohydantoin (1.0 equiv) was added to the solution of 4-nitrophenyl chloroformate (1.3 equiv) and DMAP (0.01 equiv) in
CH2Cl2. After 30 min, i-Pr2Net (1.0 equiv) was added slowly to the reaction mixture and the solution was stirred for 2 h. bIsolated yield.
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6a was smoothly converted to the 1,3,4-oxadiazole 7a with

microwave irradiation within 30 min, while under thermo-

dynamic conditions a large amount of starting material still

remained after 24 h (Figure 3).

Next, several representative semicarbazides 6 were used to

compare reaction time and conversion with both microwave

irradiation and thermodynamic conditions (Table 1 in Sup-

porting Information). Most of results show that microwave

irradiation reduced the reaction time and increased the yield.

Consequently, we utilized POCl3/pyridine with microwave

irradiation for the dehydrative cyclization of semicarbazide

6. Next, we explored the various substrate to afford various

1,3,4-oxadiazole derivatives 7 and obtained our desired

compounds 7 in a good yield. The results are summarized in

a Table 5.

Finally, we turned our attention to the evaluation of the

potential drug properties of 1,3,4-oxadiazole derivatives 7.

In the drug discovery process, the ultimate goal is synthesis

of orally available drug. To this end, Lipinski’s Rule19 and

similar formulations serve as guideline to an estimation of

the physicochemical properties of the 1,3,4-oxadiazole

derivatives 7. The key bioavailability parameters including

molecular weight, lipophilicity, number of hydrogen bond

donors and acceptors, number of rotatable bonds, and the

polar surface area are displayed in the Figure 4. As can be

seen by viewing the data, even though lipophilicity (ALogP)

is slightly high, most of the key parameters of 1,3,4-oxa-

diazole derivatives 7 fall within the range of those predicted

for reasonable oral bioavailable drugs by using the common-

ly known guidelines.

Conclusions

In conclusion, we developed efficient synthetic route for

Table 3. Yields of substitution reaction of N-acylated thiohydantoin 4 with hydrazide 5a

No R1 R2 R3 Yieldb (%) No R1 R2 R3 Yieldb (%)

6a Ph Me Ph 80 6ad 3-CF3-Ph Me 4-NO2-Ph 34

6b Ph Me Me 76 6ae 3-CF3-Ph Bn Ph 48

6c Ph Me 4-MeO-Ph 70 6af 3-CF3-Ph Bn Me 47

6d Ph Me 4-NO2-Ph 48 6ag 3-CF3-Ph Bn 4-MeO-Ph 55

6e Ph Me 4-Me-Ph 63 6ah 3-CF3-Ph Bn 4-NO2-Ph 59

6f Ph Me 4-F-Ph 76 6ai Bn Me Ph 76

6g Ph Bn Ph 69 6aj Bn Me Me 75

6h Ph Bn Me 76 6ak Bn Me 4-MeO-Ph 73

6i Ph Bn 4-MeO-Ph 86 6al Bn Me 4-NO2-Ph 73

6j Ph Bn 4-NO2-Ph 61 6am Bn Bn Ph 69

6k Ph Bn 4-Me-Ph 91 6an Bn Bn Me 59

6l Ph Bn 4-F-Ph 69 6ao Bn Bn 4-MeO-Ph 67

6m Ph i-Bu Ph 81 6ap Bn Bn 4-NO2-Ph 65

6n Ph i-Bu Me 71 6aq 2,4-DiMeO-Bn Me Ph 81

6o Ph i-Bu 4-MeO-Ph 73 6ar 2,4-DiMeO-Bn Me Me 83

6p Ph i-Bu 4-NO2-Ph 65 6as 2,4-DiMeO-Bn Me 4-MeO-Ph 83

6q Ph i-Bu 4-Me-Ph 77 6at 2,4-DiMeO-Bn Me 4-NO2-Ph 70

6r Ph i-Bu 4-F-Ph 61 6au 2,4-DiMeO-Bn Bn Ph 75

6s 4-MeO-Ph Me Ph 78 6av 2,4-DiMeO-Bn Bn Me 79

6t 4-MeO-Ph Me Me 69 6aw 2,4-DiMeO-Bn Bn 4-MeO-Ph 78

6u 4-MeO-Ph Me 4-MeO-Ph 70 6ax 2,4-DiMeO-Bn Bn 4-NO2-Ph 72

6v 4-MeO-Ph Me 4-NO2-Ph 77 6ay Ethyl Me Ph 72

6w 4-MeO-Ph Bn Ph 77 6az Ethyl Me Me 84

6x 4-MeO-Ph Bn Me 84 6ba Ethyl Me 4-MeO-Ph 93

6y 4-MeO-Ph Bn 4-MeO-Ph 86 6bb Ethyl Me 4-NO2-Ph 86

6z 4-MeO-Ph Bn 4-NO2-Ph 62 6bc Ethyl Bn Ph 84

6aa 3-CF3-Ph Me Ph 84 6bd Ethyl Bn Me 88

6ab 3-CF3-Ph Me Me 42 6be Ethyl Bn 4-MeO-Ph 85

6ac 3-CF3-Ph Me 4-MeO-Ph 62 6bf Ethyl Bn 4-NO2-Ph 74

aReaction condition: N-acylated thiohydantoin 4 (1.0 equiv) was added to the mixture of hydrazide (1.05 equiv) and pyridine (1.05 equiv) in THF at
room temperature. The reaction mixture was heated to 60 oC and then stirred for 8 h. bIsolated yield.
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synthesis of 1,3,4-oxadiazole derivatives having thiohydan-

toin moiety with a three diversity point via microwave

assisted organic synthesis. Various isothiocyanates, amino-

acids, and hydrazideds were used as building block. Con-

sequently, 58 1,3,4-oxadiazole derivatives equipped with

thiohydantoin moiety were synthesized and fully charac-

terized. Finally the calculated physicochemical properties of

our synthesized library are well distributed within reason-

able oral acceptable drug-like ranges. We believe that these

molecules will serve valuable library for medicinal chemistry.

Table 4. Optimization of reaction condition for the dehydrative cyclizationa

Entry Dehyrdrating reagent Solvent Temp. Time
Yieldb

7a 8

1 TMSCl DCE 60 oC 4 h N.R.

2 TMSCl/pyridine DCE 60 oC 4 h N.R.

3 TMSCl/Et3N DCE 60 oC 2 h − 54%(8a)

4 p-TsCl/pyridine DCE 60 oC 8 h N.R.

5 p-TsCl/DMAP DCE rt 8 h 39% 20%(8b)

6 p-TsCl/i-Pr2NEt DCE rt 8 h − 37%(8b)

7 p-TsCl/Et3N DCE rt 6 h − 36%(8b)

8 POCl3 neat 80 oC 8 h 64% −

9c POCl3/pyridine DCE 80 oC 24 h 58% −

10 POCl3/pyridine DCE MWI, 160 oC 0.5 h 88% −

aA mixture of semicarbazide 6 (1.0 equiv), POCl3 (1.2 equiv), and pyridine (2.2 equiv) in DCE in a vessel was loaded into a microwave. The vessel was
sealed and irradiated with stirring at a 160 oC at 4 bar for 30 min. bIsolated yield. cPOCl3 (1.2 equiv) was added to the reaction mixture of semicarbazide
6 (1.0 equiv) and pyridine (2.2 equiv) in DCE at room temperature. The reaction mixture was heated to 80 oC and then stirred for 24 h. N.R: No reaction.
MWI: Microwave irradiation.

Scheme 2. Proposed mechanism of side reaction by TMSCl/Et3N in DCE.

Scheme 3. Proposed mechanism of side reaction by p-TsCl/Et3N in DCE.
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Figure 3. Comparison of reaction time and conversion between thermodynamic and microwave irradiation condition.

Table 5. Results of the dehydrative cyclization of semicarbazide 6a

No R1 R2 R3 Yieldb (%) No R1 R2 R3 Yieldb (%)

7a Ph Me Ph 88 7ad 3-CF3-Ph Me 4-NO2-Ph 53

7b Ph Me Me 84 7ae 3-CF3-Ph Bn Ph 54

7c Ph Me 4-MeO-Ph 78 7af 3-CF3-Ph Bn Me 75

7d Ph Me 4-NO2-Ph 64 7ag 3-CF3-Ph Bn 4-MeO-Ph 68

7e Ph Me 4-Me-Ph 66 7ah 3-CF3-Ph Bn 4-NO2-Ph 44

7f Ph Me 4-F-Ph 67 7ai Bn Me Ph 77

7g Ph Bn Ph 70 7aj Bn Me Me 65

7h Ph Bn Me 90 7ak Bn Me 4-MeO-Ph 85

7i Ph Bn 4-MeO-Ph 84 7al Bn Me 4-NO2-Ph 72

7j Ph Bn 4-NO2-Ph 71 7am Bn Bn Ph 74

7k Ph Bn 4-Me-Ph 80 7an Bn Bn Me 85

7l Ph Bn 4-F-Ph 75 7ao Bn Bn 4-MeO-Ph 88

7m Ph i-Bu Ph 85 7ap Bn Bn 4-NO2-Ph 60

7n Ph i-Bu Me 86 7aq 2,4-DiMeO-Bn Me Ph 86

7o Ph i-Bu 4-MeO-Ph 97 7ar 2,4-DiMeO-Bn Me Me 79

7p Ph i-Bu 4-NO2-Ph 65 7as 2,4-DiMeO-Bn Me 4-MeO-Ph 85

7q Ph i-Bu 4-Me-Ph 71 7at 2,4-DiMeO-Bn Me 4-NO2-Ph 71

7r Ph i-Bu 4-F-Ph 62 7au 2,4-DiMeO-Bn Bn Ph 80

7s 4-MeO-Ph Me Ph 91 7av 2,4-DiMeO-Bn Bn Me 88

7t 4-MeO-Ph Me Me 94 7aw 2,4-DiMeO-Bn Bn 4-MeO-Ph 84

7u 4-MeO-Ph Me 4-MeO-Ph 83 7ax 2,4-DiMeO-Bn Bn 4-NO2-Ph 75

7v 4-MeO-Ph Me 4-NO2-Ph 64 7ay Ethyl Me Ph 73

7w 4-MeO-Ph Bn Ph 76 7az Ethyl Me Me 85

7x 4-MeO-Ph Bn Me 91 7ba Ethyl Me 4-MeO-Ph 74

7y 4-MeO-Ph Bn 4-MeO-Ph 97 7bb Ethyl Me 4-NO2-Ph 69

7z 4-MeO-Ph Bn 4-NO2-Ph 68 7bc Ethyl Bn Ph 84

7aa 3-CF3-Ph Me Ph 62 7bd Ethyl Bn Me 83

7ab 3-CF3-Ph Me Me 78 7be Ethyl Bn 4-MeO-Ph 94

7ac 3-CF3-Ph Me 4-MeO-Ph 65 7bf Ethyl Bn 4-NO2-Ph 74

aReaction condition: A mixture of semicarbazide 6 (1.0 equiv), POCl3 (1.2 equiv), and pyridine (2.2 equiv) in DCE in a vessel was loaded into a
microwave. The vessel was sealed and irradiated with stirring at a 160 oC at 4 bar for 30 min. bIsolated yield.
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Experimental Section

General Procedure for Synthesis. All chemicals were

reagent grade and used as purchased. Reactions were moni-

tored by TLC. Flash column chromatography was carried

out on silica gel (230-400 mesh). 1H NMR and 13C NMR

spectra were recorded in d units relative to deuterated

solvent as an internal reference using a 500 MHz NMR

instrument. Liquid chromatography tandem mass spectro-

metry analysis was performed on an electrospray ionization

(ESI) mass spectrometer with photodiode-array detector

(PDA) detection. High-resolution mass spectrometry spectra

were obtained using TOF LC/MS system. 

Representative Procedure for the Preparation of 5-

Methyl-3-phenyl-2-thioxo imidazolidin-4-one (3a). DL-

Alanine 2a (623.6 mg, 7.0 mmol, 1.0 equiv) was added to a

solution of phenyl isothiocyanate 1a (936.3 mg , 7.0 mmol,

1.0 equiv) in 1,4-dioxane–H2O (15 mL; 1:1, v/v) at 0 oC.

Et3N (1.42 g, 14.0 mmol, 2.0 equiv) was added slowly to the

reaction mixture and the solution was stirred for 1 h at room

temperature, followed by the addition of concentrated HCl

(2.13 mL, 21.0 mmol, 3.0 equiv) at 0 oC until the pH reached

~2. The reaction mixture was transferred into a 20 mL sealed

reactor vessel and irradiated with stirring at 160 oC for 2

min. After cooling to room temperature, the reaction mixture

was neutralized with saturated NaHCO3 until the pH became

~6. The precipitate formed was filtered and dried to yield the

desired compound 3a (1.34 g, 93%); white solid. 1H NMR

(500 MHz, DMSO) δ 10.55 (br s, 1H), 7.62–7.38 (m, 3H),

7.29 (dd, J = 5.3, 3.3 Hz, 2H), 4.46 (q, J = 7.1 Hz, 1H), 1.39

(d, J = 7.1 Hz, 3H); 13C NMR (126 MHz, DMSO) δ 182.0,

175.0, 133.5, 128.9, 128.7, 128.6, 55.1, 16.2. HRMS (ESI):

m/z [M+1]+ calcd for C10H10N2OS : 207.0587, found: 207.0584.

Representative Procedure for the Preparation of 4-

Nitrophenyl 5-Methyl-4-oxo-3-phenyl-2-thioxoimidazoli-

dine-1-carboxylate (4a). A 2-thiohydantoin 3a (1.03 g, 5.0

mmol, 1.0 equiv) was added to the solution of 4-nitrophenyl

chloroformate (1.31 g, 6.5 mmol, 1.3 equiv) and DMAP (6.1

Figure 4. Calculated Physicochemical Properties of the 1,3,4-oxadiazole Derivatives 7.
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mg, 0.05 mmol, 0.01 equiv) in CH2Cl2 (15 mL). After stirr-

ing 30 minutes, i-Pr2NEt (646.2 mg, 5.00 mmol, 1.0 equiv)

was slowly added and the solution was stirred at room

temperature for 2 h. The reaction mixture was washed with

H2O (10 mL), after which the aqueous layer was removed.

The aqueous layer was back-extracted with CH2Cl2 (3 × 10

mL). The combined organic layers were dried over MgSO4.

The organic layers were evaporated to afford crude product

mixture and then triturated by n-hexane/diethyl ether to yield

compound 4a (1.52 g, 82%); white solid. 1H NMR (500

MHz, DMSO) δ 8.38 (d, J = 9.1 Hz, 2H), 7.64 (d, J = 9.1 Hz,

2H), 7.56 (t, J = 7.5 Hz, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.37

(d, J = 7.4 Hz, 2H), 5.11 (q, J = 6.9 Hz, 1H), 1.77 (d, J = 7.0

Hz, 3H); 13C NMR (126 MHz, DMSO) δ 179.7, 172.2, 154.3,

147.7, 145.5, 133.2, 129.4, 129.2, 128.9, 125.6, 123.0, 58.6,

16.7. mp 195−197 °C. LC/MS (ESI): m/z = 372.1 [M+1]+.

HRMS (ESI): m/z [M+1]+ calcd for C17H13N3O5S: 372.0649,

found: 372.0646.

Representative Procedure for the Preparation of N'-

Benzoyl-5-methyl-4-oxo-3-phenyl-2-thioxoimidazolidine-

1-carbohy-drazide (6a). Benzoic hydrazide (143.0 mg,

1.05 mmol, 1.05 equiv) and pyridine (83.1 mg, 1.05 mmol,

1.05 equiv) in THF(1.5 mL) was stirred for 30 minutes and

then compound 4a (371.4 mg 1.0 mmol, 1.0 equiv) was

added to the reaction mixture at room temperature. The

reaction mixture was heated to 60 oC and then stirred for 8 h.

The mixture was cooled to room temperature and extracted

with EtOAc (4.0 mL) and H2O (2 mL), after which the

aqueous layer was removed. The aqueous layer was back-

extracted with EtOAc (3 × 4 mL). The combined organic

layers were dried over MgSO4. The organic layers were

evaporated to afford crude product mixture and then tri-

turated by n-hexane/diethyl ether to yield semicarbazide 6a

(294.7 mg, 80%); white solid. 1H NMR (500 MHz, CDCl3) δ

11.73 (s, 1H), 8.30 (s, 1H), 7.85 (d, J = 7.3 Hz, 2H), 7.59–

7.41 (m, 6H), 7.28 (dd, J = 8.1, 1.3 Hz, 2H), 4.95 (q, J = 6.9

Hz, 1H), 1.81 (d, J = 6.9 Hz, 3H); 13C NMR (126 MHz,

CDCl3) δ 180.9, 171.9, 165.6, 151.1, 132.7, 132.2, 131.5,

130.1, 129.7, 129.0, 128.5, 127.5, 58.5, 17.5. mp 176−179

°C. LC/MS (ESI): m/z = 369.1 [M+1]+.

Representative Procedure for the Preparation of 5-

Methyl-3-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)-2-thi-

oxoimidazolidin-4-one (7a). A mixture of semicarbazide 6a

(184.2 mg, 0.5 mmol, 1.0 equiv) and Pyridine (87.0 mg, 1.1

mmol, 2.2 equiv) in DCE (3.0 mL) was stirred for 30 min.

POCl3 (92.0 mg, 0.6 mmol, 1.2 equiv) was slowly added to

the reaction mixture at room temperature. The reaction mix-

ture was transferred into a 5 mL sealed reactor vessel and

irradiated with stirring at 160 oC for 30 min. After cooling to

room temperature, the reaction mixture was quenched with

saturated NaHCO3 until the pH became 6-7. The mixture

was extracted with DCM (5.0 mL) and H2O (3 mL), after

which the aqueous layer was removed. The aqueous layer

was back-extracted with DCM (3 × 4 mL). The combined

organic layers were dried (MgSO4) and concentrated. The

crude product was purified by column chromatography on

silica gel (eluent: EtOAc–hexane, 2:5) and then triturated by

n-hexane/diethyl ether to yield the 1,3,4-oxadiazole 7a

(154.2 mg, 88%); white solid. 1H NMR (500 MHz, CDCl3) δ

8.09 (d, J = 6.7 Hz, 2H), 7.63–7.47 (m, 6H), 7.35 (d, J = 7.3

Hz, 2H), 5.09 (q, J = 6.9 Hz, 1H), 1.86 (d, J = 7.0 Hz, 3H);
13C NMR (126 MHz, CDCl3) δ 178.5, 171.7, 163.4, 156.5,

132.6, 132.2, 130.0, 129.7, 129.3, 128.5, 127.0, 123.4, 60.1,

16.3. mp 124−126 °C. LC/MS (ESI): m/z = 351.1 [M+1]+.

HRMS (ESI): m/z [M+1]+ calcd for C18H14N4O2S: 351.0910,

found: 351.0909.
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