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Abstract Reactions of N-isocyaniminotriphenylphosphorane (Ph3PNNC) with aromatic bis-
aldehydes (isophthalaldehyde and terphthalaldehyde) in the presence of 3-phenyl-2-propynoic
acid and secondary amines proceed smoothly at room temperature and in neutral conditions to
afford sterically congested 1,3,4-oxadiazole derivatives in high yields. The reaction proceeds
smoothly and cleanly under mild conditions and no side reactions were observed.

Keywords N-isocyaniminotriphenylphosphorane; bis-aldehydes; 3-phenyl-2-propynoic acid;
secondary amines; 1,3,4-oxadiazole

INTRODUCTION

A multicomponent reaction (MCR) is a chemical reaction where three or more
compounds react to form a single product. By definition, MCRs are those reactions whereby
more than two reactants combine in a sequential manner to give highly selective products
that retain majority of the atoms of the starting material. The development of novel MCRs
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is receiving growing interest from industrial chemistry research groups and represents a
challenge for organic chemists.!? The drive toward the ideal synthesis embracing step count,
ideally just one, and yield, ideally 100%, has been pursued aggressively since scientists
began to construct molecules. Of course, there are many other factors that affect these two
aspects of synthesis, including cost; starting material availability; safety; environmental
concerns; and overall ease of the process, including work up and purification.® The nature
of the synthesis project also plays a role. Complex molecule, total synthesis is often
driven by step count while showcasing innovative chemistry. Traditional structure-activity
relationship evaluations in medicinal chemistry typically involve the preparation of an
advanced intermediate that can be analoged readily to introduce the molecular diversity
necessary to prepare a collection, or library, of structurally related compounds. One strategy
that potentially meets the goals of total synthesis and library production is MCR chemistry,
in which three or more starting materials are brought together in a highly convergent
approach to rapidly build up molecular structure and complexity.*

1,3,4-Oxadiazoles have attracted interest in medicinal chemistry as surrogates of
carboxylic acids, esters, and carboxamides. They are an important class of heterocyclic
compounds that have a wide range of pharmaceutical and biological activities including
antimicrobial, anti-fungal, anti-inflammatory, and antihypertensive.>~

Several methods have been reported in the literature for the synthesis of 1,3,4-
oxadiazoles. These protocols are multistep in nature.'"'> The most general method involves
the cyclization of diacylhydrazides with a variety of reagents, such as thionyl chloride, phos-
phorus oxychloride, or sulfuric acid, usually under harsh reaction conditions. Few reliable
and operationally simple examples have been reported for the one-step synthesis of 1,3,4-
oxadiazoles, especially from readily available carboxylic acids and acid hydrazides.'®-!

In recent years, several synthetic methods have been reported for the preparation
of N-isocyaniminotriphenylphosphorane (PhsPNNC) 4.!2!3 There are several reports on
the use of N-isocyaniminotriphenylphosphorane (Ph;PNNC) 4 in the synthesis of metal
complexes.'>!3 However, the application of 4 in the synthesis of organic compounds is
fairly rare.>=3! In recent years, we have established a one-pot method for the synthesis of
organophosphorus compounds.'#*?? As part of our ongoing program to develop efficient
and robust methods for the preparation of heterocyclic compounds,?=3> we wish to re-
port the synthesis of a disubstituted 1,3,4-oxadiazole derivatives 5 by a four-component
condensation of N-isocyaniminotriphenylphosphorane (PhsPNNC) 4 with bis-aldehydes
(isophthalaldehyde and terphthalaldehyde) in the presence of 3-phenyl-2-propynoic acid
and secondary amines followed by a aza-Wittig cyclization in CH,Cl, at ambient temper-
ature in excellent yields (Scheme 1).
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RESULTS AND DISCUSSION

The imine intermediate generated by the reaction of secondary amine derivatives
3 with bis-aldehydes (isophthalaldehyde and terphthalaldehyde) 2 is trapped by the
N-isocyaniminotriphenylphosphorane (Ph3PNNC) 4 in the presence of an 3-phenyl-2-
propynoic acid 1 to lead to the formation of disubstituted 1,3,4-oxadiazole derivatives §
and triphenylphosphine oxide 6 (Scheme 1 and Figure 1). The reaction proceeds smoothly
and cleanly under mild conditions and no side reactions were observed.

The structures of the products were deduced from their IR, Mass, H NMR, and 3c
NMR spectra. The mass spectra of these compounds displayed molecular ion peaks at the
appropriate m/z values. The H NMR spectrum of 5a consisted of a triplet at § = 1.14 (Jyy
=7 Hz) for CHj; of ethyl group, tow multiplet at 2.44-2.57 and 2.70-2.79 for CH, of ethyl
group, a AB-quartet for CH, of benzyl group (8 = 3.56 and 3.89, 2Jyy = 14 Hz), a singlet
at 6 = 5.47 for CH aliphatic, a multiplet at 7.28-7.90 for the aromatic protons and a singlet
for CH of aldehyde group (8 = 10.13). The "H-decoupled '*C NMR spectrum of 5a is
in agreement with the proposed structure. In view of the success of the above-mentioned
reaction, we explored the scope of this promising reaction by varying the structure of
the bis-aldehyde, and secondary amine component (Table 1). Owing to the great diversity
of substitution patterns, this reaction may be used in the production of combinatorial
libraries.

A mechanistic rationalization for this reaction is provided in Scheme 2. It is con-
ceivable that, the initial event is the condensation of the bis-aldehydes 2, Secondary amine
derivatives 3, and 3-phenyl-2-propynoic acid 1 entities to an iminium intermediate 7. Nucle-
ophilic addition of the N-isocyaniminotriphenylphosphorane (Ph;PNNC) 4 to the iminium
intermediate 7, leading to nitrilium intermediate 8. This intermediate may be attacked by
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Figure 1 Synthesis of disubstituted 1,3,4-oxadiazole derivatives Sa-g.
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6

conjugate base of the acid 1 to form 1:1:1 adduct 9. This adduct may undergo intramolecular
aza-Wittig reaction of iminophosphorane moiety with the ester carbonyl group to afford
the isolated 2,5-disubstituted 1,3,4-oxadiazole S by removal of triphenylphosphine oxide 6
from intermediate 10.

Table 1 Synthesis of disubstituted 1,3,4-oxadiazole derivatives Sa—g from 3-phenyl-2-propynoic acid 1, bis-
aldehyde 2 and Secondary amine 3 in the presence of N-isocyaniminotriphenylphosphorane 4

Yield®
Compounds Acid 1 Bis-aldehyde 2 Secondary amine 3 (%)
S5a 3-phenyl-2-propynoic acid Terephthalaldehyde N-benzyl-N-ethylamine 83
5b 3-phenyl-2-propynoic acid Isophthalaldehyde N-benzyl-N-ethylamine 79
Sc 3-phenyl-2-propynoic acid Terephthalaldehyde N,N-dibenzylamine 75
5d 3-phenyl-2-propynoic acid Isophthalaldehyde N-benzyl-N-methylamine 73
Se 3-phenyl-2-propynoic acid Terephthalaldehyde N-benzyl-N-isopropylamine 76
5f 3-phenyl-2-propynoic acid Terephthalaldehyde N-benzyl-N-methylamine 78
S5g 3-phenyl-2-propynoic acid Isophthalaldehyde N-benzyl-N-isopropylamine 80

%Yield of isolated products.
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EXPERIMENTAL
General

Starting materials and solvents were obtained from Merck (Germany) and Fluka
(Switzerland) and were used without further purification. The methods used to follow the
reactions are TLC (thin layer chromatography) and NMR, which indicated that there is no
side product. IR spectra were measured on a Jasco 6300 FTIRspectrometer. 'H and '3C
NMR spectra were measured (CDCl3) with a BRUKER DRX-250 AVANCE spectrometer
at 250.0 and 62.5 MHz, respectively. Elemental analyses were performed using a Heraeus
CHN-O-Rapid analyzer. Mass spectra were recorded on a FINNIGAN-MAT 8430 mass
spectrometer operating at an ionization potential of 70 eV. Flash chromatography columns
were prepared with Merck silica gel powder.

General Procedure for the Preparation of Compounds 5a-g

A mixture of N-isocyaniminotriphenylphosphorane 4 (1 mmol, 0.302 g), aromatic
bis-aldehyde 2 (1 mmol; 0.134 g), and secondary amine 3 (1 mmol; 0.121 g (R = methyl),
0.197 g (R = benzyl), 0.149 g (R = Isopropyl), and 0.135 g (R = ethyl)) in CH,Cl,
(5 mL) was added dropwise a solution of 3-phenyl-2-propynoic acid 1 (1 mmol; 0.146 g)
in CH,ClI, (5 mL) at room temperature over 15 min. The mixture was stirred for 5 h. The
solvent was removed under reduced pressure and the viscous residue was purified by flash
column chromatography (silica gel (F»s4); petroleum ether—AcOEt (10:2). The solvent was
removed under reduced pressure and the products were obtained. The characterization data
of the compounds are given below:

4—-{[Benzyl(ethyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5a. Yellow oil, Yield 349 mg (83%); Ry = 0.25 (petroleum
ether—AcOEt (10:2); IR (neat) (Vmax /cm™1): 3066 (m), 2864 (m), 2235 (m), 1704 (s), 1542
(m), and 760 (m) cm~'. "H NMR (CDCls, 250 MHz): 8y (ppm) 1.14 (t, 3H, 3Jyy = 7 Hz,
CHj of Et), 2.44-2.57 and 2.70-2.79 (2m, 2H, CH; of Et), 3.56 and 3.89 (AB quartet,
2H, 2/uy = 14Hz, CH, of benzyl group), 5.47 (s, 1H, CH aliphatic), 7.28-7.90 (m, 14H,
H-arom), 10.13 (s, 1H, CHO). *C NMR (CDCls, 62.5 MHz): 8¢ (ppm) 12.7 (CH3), 44.6
(CH; of Ethyl group), 54.5 (CH, of benzyl group), 60.2 (CH, aliphatic), 72.9 and 97.3
(2C, acetylene), 127.3, 128.5, 128.7, 128.7, 128.8, 129.9, 130.8, and 132.4 (14CH-Ar),
119.6, 136.2, 138.5, and 143.6 (4C-Ar), 151.5 and 164.9 (2C=N of oxadiazole), 191.6
(C=O0 of aldehyde). MS: m/e (%) 422 (M, 4), 342 (33), 288 (72), 252 (12), 134 (100), 91
(93), 65 (9). Anal. Calcd for Cy7H23N30; (421.49): C, 76.94; H, 5.50; N, 9.97. Found: C,
76.88; H, 5.54; N, 9.92.

3-{[Benzyl(ethyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5b. Yellow oil, Yield 333 mg (79%); Ry = 0.28 (petroleum
ether—AcOEt (10:2); IR (neat) (vpax /cm™1): 2982 (m), 2861 (m), 2234 (m), 1700 (s),
1540 (m), and 760 (m) cm~'. "H NMR (CDCls, 250 MHz): 8y (ppm) 1.14 (t, 3H, 3Jun
= 7 Hz, CH; of Et), 2.47-2.55 and 2.71-2.79 (2m, 2H, CH, of Et), 3.57 and 3.88 (AB
quartet, 2H, 2Juy = 14Hz, CH, of benzyl group), 5.48 (s, 1H, CH aliphatic), 7.28-7.96
(m, 14H, H-arom), 10.12 (s, 1H, CHO). '3C NMR (CDCl;, 62.5 MHz): §c (ppm) 12.5
(CH3), 44.6 (CH; of Ethyl group), 54.4 (CH; of benzyl group), 59.9 (CH, aliphatic), 72.6
and 97.6 (2C, acetylene), 128.5, 128.7, 129.4, 129.6, 129.9, 130.8, 131.0, 132.4, 134.6,
and 136.0 (14CH-Ar), 119.6, 127.4, 134.2, and 136.7 (4C-Ar), 151.5 and 164.9 (2C=N of
oxadiazole), 191.9 (C=0 of aldehyde). MS: m/e (%) 421 (M™, 3), 288 (11), 262 (7), 170
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(15), 134 (100), 105 (59), 91 (33), 77 (54), 51 (43), 43 (15). Anal. Calcd for Cy7H,3N30,;
(421.49): C, 76.94; H, 5.50; N, 9.97. Found: C, 76.90; H, 5.47; N, 9.91.
4-{(diBenzylamino)[(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5¢. Yellow oil, Yield 362 mg (75%); Ry = 0.38 (petroleum
ether—AcOEt (10:2); IR (neat) (vmax /cm~"): 2865 (m), 2233 (m), 1704 (m), 1541 (m),
and 758 (m) cm~'. 'H NMR (CDCls, 250 MHz): 8y (ppm) 3.58 and 3.86 (AB quartet,
4H, %Jyy = 13.75Hz, 2CH, of dibenzyl group), 5.46 (s, 1H, CH aliphatic), 7.33-8.06
(m, 19H, H-arom), 10.02 (s, 1H, CHO). '3C NMR (CDCls, 62.5 MHz): §c (ppm) 54.6
(2CHj; of benzyl group), 59.7 (CH, aliphatic), 71.9 and 97.1 (2C, acetylene), 127.5, 128.2,
128.6, 128.8, 128.8, 129.3, 129.0 and 132.4 (19CH-Ar), 128.6, 128.0, 129.0, and 138.1
(5C-Ar), 152.7 and 164.8 (2C=N of oxadiazole), 191.6 (C=O0 of aldehyde). Anal. Calcd
for C3,H,5N30, (483.56): C, 79.48; H, 5.21; N, 8.69. Found: C, 79.52; H, 5.27; N, 8.65.
3-{[Benzyl(methyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5d. Yellow oil, Yield 297 mg (73%); Ry = 0.34 (petroleum
ether—AcOEt (10:2); IR (neat) (vimax /cm™'): 2859 (m), 2234 (m), 1702 (s), 1540 (m),
and 759 (m) cm~!. 'TH NMR (CDCls, 250 MHz): 8y (ppm) 2.30 (s, 3H, CH3), 3.63 and
3.70 (AB quartet, 2H, 2Jun = 13.75Hz, CH, of benzyl group), 5.31 (s, 1H, CH aliphatic),
7.28-8.08 (m, 14H, H-arom), 10.04 (s, 1H, CHO). *C NMR (CDCl;, 62.5 MHz): 8¢
(ppm) 39.2 (CH3), 58.9 (CH; of benzyl group), 63.6 (CH, aliphatic), 71.0 and 98.2 (2C,
acetylene), 127.5, 128.4 (CH and C), 128.5, 128.8, 129.6, 129.6, 129.8, 132.5 (CH and
C), 134.4 and 136.8 (14CH-Ar), 122.5 and 126.7, (2C-Ar), 152.3 and 164.7 (2C=N of
oxadiazole), 191.8 (C=O0 of aldehyde). Anal. Calcd for CpcH,1 N30, (407.46): C, 76.64;
H, 5.19; N, 10.31. Found: C, 76.69; H, 5.22; N, 10.24.
4—-{[benzyl(lsopropyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5e. Yellow oil, Yield 331 mg (76%); Rf = 0.29 (petroleum
ether—AcOEt (10:2); IR (neat) (vmax /cm™'): 2976 (m), 2877 (m), 2235 (m), 1703 (s),
1540 (m), and 758 (m) cm~!. 'TH NMR (CDCls, 250 MHz): 8y (ppm) 0.93 (d, 3H, *Juy
= 6.62 Hz, CH; amin), 1.16 (d, 3H, 3Juy = 6.62 Hz, CH; amin), 3.09-3.20 (m, 1H, CH
amin), 3.80 and 3.89 (AB quartet, 2H, 2Juu = 14.75Hz, CH, of benzyl group), 5.48 (s,
1H, CH aliphatic), 7.28-8.09 (m, 14H, H-arom), 10.14 (s, 1H, CHO). '3C NMR (CDCl;,
62.5 MHz): 8¢ (ppm) 18.8 and 19.7 (2CH3), 49.9 and 58.8 (2CH, aliphatic), 51.3 (CH; of
benzyl group), 71.7 and 97.2 (2C, acetylene), 127.3, 128.3, 128.3, 128.7, 128.0, 130.1 (CH
and C), 132.3 and 139.0 (14CH-Ar), 119.6, 131.7 and 136.2 (3C-Ar), 151.7 and 163.3
(2C=N of oxadiazole), 191.5 (C=0 of aldehyde). Anal. Calcd for C,5H,5N30, (435.52):
C,77.22; H,5.79; N, 9.65. Found: C, 77.27; H, 5.74; N, 9.68.
4-{[Benzyl(methyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5f. Yellow oil, Yield 317 mg (78%); Ry = 0.38 (petroleum
ether—AcOEt (10:2); IR (neat) (viax /cm™1): 2855 (m), 2235 (m), 1701 (s), 1542 (m) and
760 (m) cm~'. '"H NMR (CDCl;, 250 MHz): 8y (ppm) 2.28 (s, 3H, CH3), 3.61 and 3.68
(AB quartet, 2H, 2Juu = 13.37Hz, CH; of benzyl group), 5.29 (s, 1H, CH aliphatic),
7.29-7.93 (m, 14H, H-arom), 10.05 (s, 1H, CHO). '*C NMR (CDCls, 62.5 MHz): 8¢
(ppm) 39.2 (CHj3), 58.9 (CH; of benzyl group), 63.9 (CH, aliphatic), 72.9 and 97.4
(2C, acetylene), 127.5, 128.5, 128.7 (CH and C), 128.8, 129.1, 130.1, 130.8 and 132.4
(14CH-Ar), 119.6, 136.4 and 137.8 (3C-Ar), 151.9 and 164.5 (2C=N of oxadiazole),
191.6 (C=O0 of aldehyde). Anal. Calcd for Co6Hy; N30, (407.46): C, 76.64; H, 5.19; N,
10.31. Found: C, 76.59; H, 5.24; N, 10.35.
3-{[benzyl(lsopropyl)amino][(5-(2-phenyl-1-ethynyl)-1,3,4-oxadiazol-2-
yllmethyl}benzaldehyde 5g. Yellow oil, Yield 348 mg (80%); Ry = 0.32 (petroleum
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ether—AcOEt (10:2); IR (neat) (Vmax /cm™!): 2981 (m), 2867 (m), 2237 (m), 1701 (s),
1542 (m), and 760 (m) cm~'. 'H NMR (CDCls, 250 MHz): 8y (ppm) 0.94 (d, 3H, *Jyy =
6.50 Hz, CH;3 amin), 1.17 (d, 3H, 3Jgg = 6.50 Hz, CH; amin), 3.10-3.20 (m, 1H, CH
amin), 3.80 and 3.88 (AB quartet, 2H, 2Jun = 14.75Hz, CH, of benzyl group), 5.49 (s,
1H, CH aliphatic), 7.28-8.18 (m, 14H, H-arom), 10.12 (s, 1H, CHO). 13C NMR (CDCl;,
62.5 MHz): é¢ (ppm) 18.7 and 19.4 (2CH3), 48.9 and 58.7 (2CH, aliphatic), 50.1 (CH,
of benzyl group), 72.9 and 98.1 (2C, acetylene), 126.0, 128.3, 128.3, 128.7, 129.4, 129.5,
129.6, 130.7, 132.3 and 136.7 (14CH-Ar), 119.6, 132.4, 134.2 and 136.5 (4C-Ar), 152.9
and 165.1 (2C=N of oxadiazole), 191.9 (C=O0 of aldehyde). Anal. Calcd for C,gH»sN30,
(435.52): C,77.22; H, 5.79; N, 9.65. Found: C, 77.19; H, 5.85; N, 9.58.

CONCLUSIONS

The reported method offers a mild, simple, and efficient route for the preparation of
sterically congested 1,3,4-oxadiazole derivatives 5 from aromatic bis-aldehydes 2, secondry
amines 3, N-isocyaniminotriphenylphosphorane 4 and 3-phenyl-2-propynoic acid 1. Its ease
of work-up, high yields and fairly mild reaction conditions make it a useful addition to
modern synthetic methodologies.
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