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Abstract

A convenient route for the synthesis of bis-1,2,4-oxadiazoles is described. One-pot reaction of diazidoglyoxime
esters and triphenylphosphine produced bis-1,2,4-oxadiazole derivatives in good overall yields by subsequent
Staudinger/aza-Wittig reaction. All compounds were characterized by IR, tHNMR, 3CNMR and HRMS and the
structure of key product was unequivocally confirmed by X-ray diffraction analysis.
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Introduction

Oxadiazoles and their derivatives are an important class of heterocyclic compounds and are widely used in
medicine, pesticide chemistry and other fields as bioisosters of esters or amides. Oxadiazoles have been
associated with a diverse range of pharmacological and biological activities, such as anticancer!*, antimicrobial®,
antioxidant’, antibacterial activity®!!, antiviral agents'?, antifungal agents'34, HIV integrase inhibitors®®.

There were many synthetic methods'¢-2° of oxadiazole, but there were only few literatures on the synthesis
of bisoxadiazole ring. diaminoglyoxime, as the only basic starting material, was used to obtain bis-1,2,4-
oxadiazole derivatives through condensation and cyclization reaction with various reagents, such as triethyl
orthoformate?'??, triethyl orthoacetate??, trifluoroacetic acid®!, trifluoroacetic anhydride?®> or acetoxyacyl
chloride?®3¢ and chloroacyl chloride?* in the existed literatures. A frequently applied strategy is to modify the
substituents of bis-1,2,4-oxadiazole with nitrogenous groups to design metal complexes?! or energetic
materials?#3®, but the substituents on the bis-1,2,4-oxadiazole ring are very limited. Study on the synthesis
methodology of bis-1,2,4-oxadiazole curiously has been ignored. (Scheme 1)
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Scheme 1. Approaches to bis-1,2,4-oxadiazole derivatives.

Page 148 ©AUTHOR(S)



Arkivoc 2022, ix, 147-157 Xie, H. et al.

The Staudinger reaction?” is between azides and triphenylphosphine (PhsP) to give iminophosphoranes(P=N).

The aza-Wittig reactions of iminophosphoranes with aldehydes, ketones and esters provide an important
tool for the construction of C=N double bond under mild and neutral conditions2>2¢. Especially the
intramolecular version of the aza-Wittig reaction has been applied widely in the synthesis of nitrogen containing
heterocyclic compounds?’-28, In addition, Catalytic aza-Wittig reaction has also become a new method to
construct some new heterocycles?>3, Recently we have been interested in the synthesis of various heterocycles
via aza-Wittig reaction3'3>, In this work, we developed a new simple and efficient method for the synthesis of
bis-1,2,4-oxadiazole derivatives from diazidoglyoxime esters via subsequent Staudinger and aza-Wittig reaction
(Scheme 1).

Results and Discussion

Initially diazidoglyoxime 1 was obtained through the direct nucleophilic substitution reaction using
dichloroglyoxime and sodium azide as the starting substrate in DMF, and the reaction was successfully carried
out in high yield according to the literature3’. Diazidoglyoxime 1 is unstable and needs to be stored in a
refrigerator at low temperature. And diazidoglyoxime 1 was treated with various aromatic acyl chlorides to
obtain diazidoglyoxime esters 2a-2j in high yield using dichloromethane as solvent in the ice-water bath. The
reaction was promoted by using triethylamine as acid acceptor, the reaction was completed in about half an
hour. (Scheme 2) Diazidoglyoxime esters 2 are also unstable because they contain an azide group. They should
be reacted as soon as possible or stored at low temperature.
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Scheme 2. Preparation methods of diazidoglyoxime esters 2a-2j.

According to one literature procedure,® diazidoglyoxime 1 reacts with acetyl chloride to give 1,1'-diacetoxy-
5,5'-tetrazole 5 instead of diazidoglyoxime ester 2k. However, according to another new method provided in
the literature, diazidoglyoxime ester 2K was successfully obtained by reaction of diazidoglyoxime 1 and acetic
anhydride.( Scheme 3)

/OAC -

/N\ O O
'\{ N AcCl HO-N N-OH (Ac),0 HsCA/< >~CH3
J\ﬁ Y T T bN. NG
/

N N3 N3 \>_</
N\N’/N N3 N3

5 1 2k

Scheme 3. Preparation methods of diazidoglyoxime esters 2k.
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Table 1. Preparation of diazidoglyoxime esters 2a-2k

Compound R?! R? Melting point(°C) Yield(%)®!
2a Ph Ph 174-176 92
2b 2-CICeH4 2-ClCsH4 169-170 89.5
2c 4-BrCeHa4 4-BrCsHs 195-196 82
2d 4-CH3CeHa 4-CH3CgHa 183-185 83
2e 4-FCgH4 4-FCe¢Hs 179-180 98
2f 4-OCH3CgH4 4-OCH3CgH4 182-183 93
2g 4-ClICgH4 4-ClCeHa 193-194 90
2h 4-CF3CgH4 4-CF3CeHa 176-177 89
2i 4-FCeH4 4-CICeH4 182-183 80
2j 4-CH3CeHa 4-BrCsHs 184-185 76
2k CHs CHs 121-122 71

Xie, H. et al.

[a] Isolated yields.

Diazidoglyoxime esters 2 and triphenylphosphine underwent Staudinger reaction in anhydrous toluene at
room temperature to give the key intermediate iminophosphoranes 3, which were not to be isolated.
Subsequently the reaction system was heated at reflux (115°C), and the bis-1,2,4-oxadiazoles 4a-4h were
obtained by intramolecular aza-Wittig reaction without catalyst.

With this information of these successful reactions in hand, we attempted to expand this methodology to
the synthesis of bis-1,2,4-oxadiazoles with asymmetric substituent groups. When two different acyl chlorides
were added to the reaction system in batches, the reaction was successful; diazidoglyme esters 2i and 2j with
asymmetric substituent groups were obtained. Asymmetric bis-1,2,4-oxadiazoles 4i and 4j were successfully
obtained by intramolecular aza-Wittig reaction when applying asymmetric diazidoglyme esters 2i and 2j.

Bis-1,2,4-oxadiazole 4a, white crystals, was synthesized as the first example of this type of compound. The
structure of 4a was identified by IR, tHNMR, 13CNMR and HRMS. The IR of the reaction product showed aromatic
C=N at 1608 cm™ and the characteristic peaks of benzene ring can also be found at the corresponding positions.
The *H NMR showed it can be found the signal for the aromatic protons at d 7.51-8.31 ppm. Furthermore, their
structures were supported by 3C NMR. In addition, a single crystal of 5,5'-diphenyl-3,3'-bi(1,2,4-oxadiazole) 4a
was obtained from the CH,Cl,/petroleum ether solution of 4a, and X-ray structure analysis verified the proposed
structure (Figure 1). The preparation and characterization of other compounds 4b-4k were described in detail
in this paper. (Table 2)
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Table 2. Preparation methods of diazidoglyoxime esters 4
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R! R2 Melting point (°C)  Yield(%)?!
4a Ph Ph 240-242 64
4b 2-CICeH4 2-ClCsH4 178-180 58
4c 4-BrCeHa4 4-BrCsHs >300 51
4ad 4-CH3CeHa4 4-CH3CeHa 213-214 53
4e 4-FCgHa 4-FCsH4 247-249 59
af 4-OCH3CgH4 4-OCH3CgH4 176-178 51
4g 4-ClCgHa 4-ClCeHa 273-275 65
4h 4-CF3CgHa 4-CF3CsHa 253-255 58
4i 4-FCeHa 4-ClCeHa 255-256 52
4j 4-CH3CeHa 4-BrCeHs 291-293 58
4k CHs CHs 160-162 63

[a] Isolated yields.

Figure 1. X-ray structures of 5,5'-diphenyl-3,3'-bi(1,2,4-oxadiazole) 4a CCDC 2117162.

Conclusions

Xie, H. et al.

In conclusion, we described a new efficient synthesis of fully substituted bis-1,2,4-oxadiazoles, which are of
considerable interest as potential biological active compounds or functional explosive materials. This new
procedure has the advantages of available starting material, simple operation, and mild reaction conditions.
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Experimental Section

General. All reagents used in the reaction are commercial chemical pure or analytical pure; N,N-
dimethylformamide (DMF) was dried with anhydrous magnesium sulfate for one week, triethylamine (EtsN) was
dried with calcium hydride and then distilled under atmospheric pressure, and toluene (CsHsCH3) was dried with
anhydrous calcium chloride for one week; Dichloroglyoxime, benzoyl chloride, sodium azide,
triphenylphosphine, anhydrous sodium sulfate and the common solvents are commercially available analytical
purity and can be used directly without purification.

All melting points were determined on a X-4 model melting point apparatus and were uncorrected previously.
'H NMR and 3C NMR spectra were obtained with AVANCE NEO 500M spectrometer and resonances relative to
TMS. Infrared spectra were recorded on a Perkin Elmer-Spectrum One spectrometer as KBr pellets and were
reported in cm™. High-resolution mass spectra (HRMS) were recorded by an Agilent 6224 TOF LC/MS
spectrometer. Silica gel (HSGF254) was used for TLC and Silica gel (200-300 mesh) was used for short column
chromatography.

Synthesis of diazidoglyoxime. Sodium azide (1.26 g, 19.38 mmol) was added to a solution of dichloroglyoxime
(1.5 g, 9.56 mmol) in DMF (20 mL). The reaction mixture was stirred at room temperature for 3 h and was then
poured into 100 mL of cold water. The aqueous suspension was mixed continually for about 10 minutes until a
large amount of white solid was precipitated from the solution. The crude product was collected by filtration
and washed with petroleum ether and fully dried to yield diazidoglyoxime (1.44g, 89%) as white solid, mp 159
°C.

General procedure for synthesis of diazidoglyoxime esters (2a-2h, 2k). Diazidoglyoxime (0.51 g, 3mmol) was
dissolved in anhydrous CH,Cl; (10 mL) and aromatic acyl chlorides (6.3 mmol) were added. The reaction mixture
was stirred in the ice-water bath for 5 minutes, a solution of redistilled triethylamine (0.67 g, 6.6 mmol) and
CHCl; (2 mL) was added drop wise into the system, and then after dropping the reaction system was stirred at
room temperature for about 0.5-1 hours. When the starting materials were consumed, the mixture was poured
into 100 mL of cold water and extracted three times with dichloromethane (20 mLx3), the extracted solution
was washed once with saturated salt water. The combined organic layers were dried by Na,SO4, the solvent was
evaporated under reduced pressure and the residue was purified by column chromatography (Petroleum
ether/AcOEt v/v=7:1) to give diazidoglyoxime esters.

Compound 2a-2h used in this study were prepared by the above procedure. Diazidoglyoxime ester 2k was
prepared by the previously reported method3%.

General procedure for synthesis of asymmetric diazidoglyoxime esters (2i, 2j). One of aromatic acyl chlorides
(3 mmol) was added drop by drop to diazidoglyoxime (0.51 g, 3 mmol) in anhydrous CH,Cl, (10 mL) at 0 °C, a

solution of redistilled triethylamine (0.67 g, 6.6 mmol) and CH,Cl; (2 mL) was added into the system drop by
drop. When the aromatic acyl chloride was consumed, another aromatic acyl chloride(3 mmol) was added drop
by drop to the reaction solution. When the depletion of the starting material diazidoglyoxime was observed by
TLC, the mixture was poured into 100 mL of cold water, and extracted three times with dichloromethane (20
mLx3), the extracted solution was washed once with saturated salt water. The combined organic layers were
dried by Na;SOs, the solvent was evaporated under reduced pressure and the residue was purified by column
chromatography (Petroleum ether/AcOEt v/v=7:1) to give diazidoglyoxime esters 2i or 2j. The carbon spectra of
diazidoglyoxime esters 2c, 2f, 2g, 2i and 2j are missing due to poor solubility in the solvents deuterated
chloroform, deuterated DMSO and deuterated DMF.
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N,N'-Bis(benzoyloxy)oxalimidoyl diazide(2a). White solid (yield 0.70g, 92%) , mp 174-176°C; IR(KBr): 2162,
1781, 1588, 1486, 1400, 1317, 1239, 1180cm™; *H NMR (500 MHz, CDCl3) 6 8.11-8.13 (m, ArH, 4H), 7.62 (d, J 7.5
Hz, ArH, 2H), 7.51-7.66(m, ArH, 4H); 3C NMR (125 MHz, CDCl5) § 162.0, 143.5, 134.2, 130.1, 128.8, 127.3
N,N'-Bis((2-chlorobenzoyl)oxy)oxalimidoyl diazide(2b). White solid (yield 0.92g, 89.5% ) , mp 169-170°C;
IR(KBr): 2141, 1768, 1585, 1472, 1438, 1319, 1271, 1220, 1166, 1134, 1087cm™*; H NMR (500 MHz, DMSO) &
7.93 (t, ArH, 2H), 7.73-7.67 (m, ArH, 4H), 7.53-7.59 (m, ArH, 2H); 13C NMR (125 MHz, DMSO) & 166.7, 164.6,
160.6, 144.9, 132.6, 132.5, 123.5, 123.4, 116.5, 116.4.

N,N'-Bis((4-bromobenzoyl)oxy)oxalimidoyl diazide (2c). White solid(yield 1.30g, 82%) mp 195-196°C; IR(KBr):
2162, 1775, 1587, 1481, 1399, 1315, 1239, 1177, 1078cm*; *H NMR (500 MHz, DMSO) & 7.98 (d, J 10.0 Hz, ArH,
4H), 7.86 (d, J 10.0 Hz, ArH, 4H).

N,N'-Bis((4-methylbenzoyl)oxy)oxalimidoyl diazide(2d). White solid (yield 0.85g, 83%),m.p.183-185°C; IR(KBr):
2133, 1759, 1591, 1507, 1410, 1301, 1239, 1176, 1118, 1078cm™; *H NMR (500 MHz, CDCl3) § 8.04 (d, J 10.0 Hz,
ArH, 4H), 7.32 (d, J 5.0 Hz, ArH, 4H), 2.46 (s, CHs, 6H);'3C NMR (125 MHz, DMSO) 6 161.5, 145.1, 144.6, 129.7,
129.5, 124.0, 21.2.

N,N'-Bis((4-fluorobenzoyl)oxy)oxalimidoyl diazide(2e). White solid (yield 0.90g, 98%), mp 179-180°C; IR(KBr):
2141, 1760, 1600, 1508, 1413, 1319, 1236, 1158, 1080cm™; *H NMR (500 MHz, DMSO) 6 8.08-8.15 (m, ArH, 4H),
7.33-7.50 (m, ArH, 4H); 3C NMR (125 MHz, DMSO) 6 160.7, 145.1, 134.2, 132.2, 131.1(Jcr = 26.3 Hz), 127.4(Jc
=50.0 Hz).

(1Z,22)-N",N"-Bis((4-methoxybenzoyl)oxy)oxalimidoyl diazide(2f). White solid (yield 1.10g, 93%), mp 182-183
°C; IR(KBr): 2173, 1758, 1605, 1514, 1426, 1256, 1170 cm™*; *H NMR (500 MHz, CDCls) § 8.07 (d, J 10.0 Hz, ArH,

4H), 6.99 (d, J 10.0 Hz, ArH, 4H), 3.87 (s, OCHs, 6H).

N,N'-Bis((4-chlorobenzoyl)oxy)oxalimidoyl diazide(2g).

White solid (yield 1.00g, 90%) , mp 193-194°C; IR(KBr): 2167, 1780, 1590, 1487, 1403, 1324, 1240, 1179, 1095cm"
1. 1 NMR (500 MHz, DMSO) & 8.26 (d, J 10.0 Hz, ArH, 4H), 7.79 (d, ) 10.0 Hz, ArH, 4H).
N,N'-Bis((4-(trifluoromethyl)benzoyl)oxy)oxalimidoyl diazide(2h). White solid (yield 1.20g, 89%), mp 176-177
C; IR(KBr): 2164, 1768, 1587, 1512, 1414, 1322, 1236, 1176, 1137, 1069cm™*; *H NMR (500 MHz, CDCl3) 6 8.25
(d, J 5.0 Hz, ArH, 4H), 7.80 (d, J 10.0 Hz, ArH, 4H); 3C NMR (125 MHz, CDCls) § 160.8, 143.9, 135.6 (Jcr = 32.5
Hz), 130.5 (Jor = 7.5 Hz), 125.9 (Jer = 10.0 Hz), 124.4, 122.3.
N-((4-Chlorobenzoyl)oxy)-N'-((4-fluorobenzoyl)oxy)oxalimidoyl diazide(2i). White solid (yield 0.95g, 80%) , mp
182-183°C; IR(KBr): 2142, 1758, 1596, 1506, 1410, 1319, 1240, 1160, 1186, 1031cm™; *H NMR (500 MHz, CDCl5)
§ 8.13-8.17 (m, ArH, 4H), 7.19-7.22 (m, ArH, 4H).
N-((4-Bromobenzoyl)oxy)-N'-((4-methylbenzoyl)oxy)oxalimidoyl diazide(2j). White solid (yield 0.98g, 76%) ,
mp 184-185°C; IR(KBr): 2162, 1776, 1610, 1588, 1481, 1398, 1315, 1238, 1178, 1078cm; *H NMR (500 MHz,
CDCls) 6 7.97-8.01 (m, ArH, 4H), 7.67 (d, ArH, 2H), 7.32 (d, J 10.0 Hz, ArH, 2H), 2.45 (s, CHs, 3H).

4.5 General procedure for synthesis of bis-1,2,4-oxadiazole derivatives (4a-4k). To a well stirred solution of
diazidoglyoxime esters (2 mmol) in anhydrous toluene (15 mL) was added triphenylphosphine (1.10 g, 4.19
mmol), large numbers of bubbles were formed and stirring was continued at room temperature (25°C). When
the depletion of the starting material and the formation of iminophosphorane were observed by TLC, the
reaction mixture was continuously heated to 115°C for 8-12h, the solvent was evaporated under reduced
pressure and the dark red residue was purified by column chromatography (Petroleum ether/AcOEt mixtures
as eluent v/v=8:1) to give the corresponding product.
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5,5'-Diphenyl-3,3'-bi(1,2,4-oxadiazole) (4a). White solid (yield 0.37g, 64%), mp 240-242°C; IR (KBr): 1608, 1561,
1481, 1451, 1412,1237, 1168, 1067, 1031cm™; *H NMR (500 MHz, CDCl3) 6 8.31 (d, J 10.0 Hz, ArH,4H), 7.67-7.57
(m, ArH, 6H); 13CNMR (125 MHz, CDCl5) § 177.3, 160.6, 133.5, 129.2, 128.9, 128.5, 128.1, 123.2; HRMS(ESI) m/z:
calcd. for: C16H10N40O> [M+H]+: 291.0882; found 291.0880.

5,5'-Bis(2-chlorophenyl)-3,3'-bi(1,2,4-oxadiazole) (4b). White solid (yield 0.43g, 58%), mp 178-180°C;
IR(KBr):1591, 1535, 1457, 1434, 1413, 1307, 1236, 1099, 1051cm™; *H NMR (500 MHz, DMSO) & 8.26 (d, J=10.0
Hz, ArH,2H), 7.83 — 7.76 (m, ArH, 4H), 7.66 (d, J 15.0 Hz, ArH, 2H); 3C NMR (125 MHz, CDCl3) § 176.1, 160.3,
134.2, 133.9, 132.4, 131.6, 127.2, 122.7; HRMS(ESI) m/z: calcd. for: C16HsCl2N4O2 [M+H]*:360.1738 ; found
360.1722

5,5'-Bis(4-bromophenyl)-3,3'-bi(1,2,4-oxadiazole) (4c). light yellow solid (yield 0.45g, 51%), mp over 300°C;
IR(KBr): 1602, 1573, 1477, 1438, 1421, 1400, 1306, 1274, 1229, 1084, 1067 cm™; *H NMR (500 MHz, CDCl3) 6
8.17 (d, J 10.0 Hz, ArH, 4H), 7.75(d, J 10.0 Hz, ArH, 4H); HRMS(ESI) m/z: calcd. for: C16HsBraN4O; [M+H]*:
448.9072; found 448.9103

5,5'-Di-p-tolyl-3,3'-bi(1,2,4-oxadiazole) (4d). White solid (yield 0.34g, 53%), mp 213-214°C; IR(KBr): 1612, 1590,
1561, 1497, 1437, 1421, 1317, 1229, 1182cm™; *H NMR (500 MHz, CDCl3) 6 8.19 (d, J 10.0 Hz, ArH, 4H), 7.38 (d,
J10.0 Hz, ArH, 4H), 2.47 (s, CHs, 6H); 3C NMR (125 MHz, CDCl3) § 177.5, 160.7, 144.5, 129.9, 128.6, 120.6, 21.9;
HRMS(ESI) m/z: calcd. for: C1gH14N4O2 [M+H]*: 319.1195; found 319.1188.
5,5'-Bis(4-fluorophenyl)-3,3'-bi(1,2,4-oxadiazole) (4e). light yellow solid (yield 0.42g, 59%), mp 247-249°C;
IR(KBr): 1611, 1567, 1497, 1423, 1314, 1297, 1277, 1230, 1160, 1101, 1077cm*; *H NMR (500 MHz, CDCl3) &
8.32 (d, J 5.0 Hz, ArH, 4H), 7.28 (d, J 15.0 Hz, ArH, 4H); 13C NMR (125 MHz, CDCl3) & 176.5, 166.0 (Jc.r = 32.5 Hz),
131.1 (Jer = 32.5 Hz), 119.6 (Jc.r = 2.5 Hz), 116.8 (Jc.r = 22.5 Hz); HRMS (ESI) m/z: calcd. For Ci6HgF2N4O2
[M+H]*:327.0693; found 327.0702.

5,5'-Bis(4-(oxo-16-methyl)phenyl)-3,3'-bi(1,2,4-oxadiazole) (4f). light yellow solid (yield 0.37g, 51%), mp 176-
178°C; IR(KBr): 1686, 1606, 1585, 1519, 1430, 1302, 1260, 1168cm™; *H NMR (500 MHz, CDCI3) § 8.07 (d, J 10.0
Hz, ArH, 4H), 6.99 (d, J 10.0 Hz, ArH, 4H), 3.90 (s, OCHs, 6H); 13C NMR (125 MHz, CDCI3) § 171.4, 163.9, 132.3,
132.2,132.1,128.6,121.8,113.7,55.5; HRMS(ESI) m/z: calcd. for:C1sH14N4O4 [M+H]*: 351.1093; found 351.1098
5,5'-Bis(4-chlorophenyl)-3,3'-bi(1,2,4-oxadiazole) (4g). light yellow solid (yield 0.45g, 65%), mp 273-275°C;
IR(KBr): 1610, 1580, 1558, 1478, 1426, 1311, 1273, 1229,1081cm™; *H NMR (500 MHz, DMSO) &6 8.26 (d, J 10.0
Hz, ArH, 4H), 7.79 (d, J 10.0 Hz, ArH, 4H); HRMS(ESI) m/z: calcd. for: C1HsCl2N4O2 [M+H]*:360.0102; found
360.0118.

5,5'-Bis(4-(trifluoromethyl)phenyl)-3,3'-bi(1,2,4-oxadiazole) (4h). light yellow solid (yield 0.46g, 58%) ,
m.p.253-255°C; IR(KBr): 1566, 1503, 1414, 1319, 1236, 1176, 1063, 1018cm™; *H NMR (500 MHz, CDCl3) §
8.46 (d, J 5.0 Hz, ArH,4H), 7.89 (d, J 5.0 Hz, ArH, 4H).3C NMR (125 MHz, CDCl3) § 176.2, 160.7, 135.0, 129.0,
126.4, 123.3(Jcr = 271.25 Hz); HRMS(ESI) m/z: calcd. for: CigsHsFsN4O2 [M+H]*: 427.0629; found 427.0621.
5-(4-Chlorophenyl)-5'-(4-fluorophenyl)-3,3'-bi(1,2,4-oxadiazole) (4i). light yellow solid (yield 0.36g, 52%) mp
255-256°C; IR(KBr): 1615, 1572, 1500, 1432, 1314, 1232, 1158, 1078cm™; *H NMR (500 MHz, CDCl3) § 8.34-8.30
(m, ArH, 4H), 7.29 (d, J 10.0 Hz, ArH, 4H); 13C NMR (125 MHz, CDCl3) § 176.5, 166.0(Jcr = 253.75 Hz), 160.7,131.0
Ucr = 8.75 Hz), 119.6(Jcr = 2.5 Hz), 116.8(Jcr = 21.25 Hz); HRMS(ESI) m/z: calcd. for: C16HsCIFN4O, [M+H]*:
343.0398; found 343. 0414.

5-(4-Bromophenyl)-5'-(p-tolyl)-3,3'-bi(1,2,4-oxadiazole) (4j). light yellow solid (yield 0.44g, 58%), mp 291-
293°C; IR(KBr): 1601, 1554, 1477, 1420, 1402, 1304, 1277, 1233, 1069, 1012cm™; *H NMR (500 MHz, CDCl3) 6
8.17(d, J 10.0 Hz, ArH, 4H), 7.75 (d, J 10.0 Hz, ArH, 4H), 2.48 (s, CH3, 3H); HRMS(ESI) m/z: calcd. for: C17H11BrN4O;
[M+H]*: 384.2130; found 384.2092.
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5,5'-Dimethyl-3,3'-bi(1,2,4-oxadiazole) (4k). White solid (yield 0.21g, 63%), mp 160-162°C; IR(KBr): 1692, 1614,
1570, 1501, 1439, 1355, 1117cm™; *H NMR (500 MHz, CDCl3) § 2.73 (s, CHs, 6H).13C NMR (125 MHz, CDCl3) 6
178.4, 160.0, 12.4; HRMS(ESI) m/z: calcd. for: CeHgN2O2 [M+H]*: 167.0569; found 167.0560.
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