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Abstract---We have developed an effortless and extremely efficient 
procedure for the synthesis of quinazolin-4-one derivatives via 

palladium-catalyzed C-Ccoupling of aryl amide with isocyanides. The 
reactions are operationally simple and avoid using toxic carbon 
monoxide and acid chloride, which must be used in an anhydrous 
system. The structure of the novel compounds was confirmed based 
on spectral data. We also demonstrated the biological potential of 

these compounds as novel Antifungal Activity. Based on the MIC 
results, the most active is 3g.  
 
Keywords---isoquinolines, N-acyl anthranilamides, potential 
antimicrobial. 
 
 

Introduction 
 
Over the last several decades, researchers have accomplished noteworthy 
progress in the field of organ metallic chemistry. The development of metal 
catalyzed cross-coupling reactions represents a paradigm shift in chemical 
synthesis, and today synthetic chemists can readily access carbon-carbon and 

carbon-heteroatom bonds from an enormous array of starting compounds. 
Although we cannot understate the importance of these methods, the required 
pre-functionalization to carry out these reactions adds cost and reduces the 
availability of the starting reagents.The Pd-catalyzed cascade reactions with 
carbon-carbon and carbon-heteroatom bond formation have made a great 
contribution to the recent development of organic synthesis.1Recently, much 
attention has been paid toward the development of Pd-catalyzed insertion 
reactions, in which isocyanides is inserted between the two coupling partners due 
to the capability of Pd- PHWDO�FRPSOH[�WR�UHDFW�ZLWK�WKH�Ñ-system of isocyanide.2   
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Recently, Ji et. al. reported a Pd-catalyzed synthesis of isocoumarins and 
phthalides via tert-butyl isocyanide insertion.4 We have also developed a diversity 

oriented synthesis of isoquinolines-one and isoindolinone via the ligand free Pd-
catalyzed coupling cascade reaction with insertion of isocyanides into amide.5,6 
Inspired by the above literature and our previous report, we envisaged that the 
insertion of isocyanides into amide to synthesize substituted N-Acyl 
Anthranilamide and quinazolin-4-one derivatives might be possible (Scheme 1). 
  
The atom-economical synthesis of N-acyl anthranilamides from readily available 
anilides and isocyanates is of significant practical utility given that this structural 
motif is found in numerous drugs and drug candidates7(Figure 1). 
Anthranilamides are typically prepared from the corresponding anthranilic acids; 
however, this approach is inherently restricted by the limited selection of 

commercially available anthranilic acids8. Moreover, both N-acyl anthranilamides 
and enamine amides are poised to undergo cyclodehydration reactions to provide 
quinazolinone and pyrimidinone frameworks, which are also a common feature in 
approved drugs and drug candidates.9     
 

 
Scheme 1. Recent approaches using isocyanides as a coupling partner 
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Figure 1. Some biologically active molecules and natural products containing N-

Acyl anthranilamide, quinazolin-4-one motif 

 
Quinazolinone is a building block of naturally occurring alkaloids and utilized as 
a drug like scaffold in several natural products10-14 (Trypanthrine, rutaecarpine 
and luotonin A, Figure 1), as these possess a wide range of biological activities 
including antitumor, anticonvulsant,15 antiviral,16 antiinflammatory, analgesic,17 
antimicrobial,18 antifungal,19 antimalarial, antidiabetic,20  cytotoxicity21 and 
angiotensin II AT1 receptor antagonists.22 Recently we have developed an efficient 
and facile methodology for the preparation of this privileged quinazolinone 
scaffold.23    

 

Owing to the synthetic importance of quinazolin-4-one, based on our continuing 
interest towards the synthesis of biologically important heterocycles using 
isocyanide based chemistry, herein, we disclose a Pd-catalyzed tandem C-C/C-N 
coupling reaction affording a variety of functionalized quinazolin-4-one derivatives 
in high yields using amide and isocyanides as coupling partner. Here we are also 
going to disclose the antimicrobial agent potential of these compounds.  
 
Experimental 
 
General information 
 
All reagents and solvents were purchased from commercial sources and used 
without purification. NMR spectra were recorded with 300 MHz spectrometers for 
1H NMR and 50 MHz for 13C NMR on Bruker Supercon Magnet Avance DRX-300 
spectrometers in deuterated solvents with TMS as internal reference (chemical 
VKLIWV�Å�LQ�SSP��FRXSOLQJ�FRQVWDQW�J in Hz.). Multiplicities are reported as follows: 

singlet (s), doublet (d), triplet (t), multiplet (m), and broad singlet (br s). Mass 
spectra and HRMS were taken in the ESI positive ion mode. The reaction progress 
was monitored by thin layer chromatography (TLC) on pre-coated silica gel plates. 
Column chromatography was performed over Merck silica gel (230-400 flash). All 
compounds were characterized by TLC, 1H NMR and 13C NMR, MS and HRMS. 
 
General Procedure for the synthesis of substituted isoindolines 3a-h 
  
Amide 3 (1 mmol), isocyanide 2 (1.2mmol), Pd(OAc)2 (10 mol %), Cs2CO3 (2 
mmol.), PPh3(10 mol %) and DMF/H20 ( 10/1 ,2 mL) as a solvent were added in a 
10 mL reaction glass vial containing a stirring bar under the nitrogen 
atmosphere, the vial was sealed tightly with a Teflon cap and placed in microwave 
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cavity for 45 min at a pre-selected temperature of 160 °C. After completion of the 
reaction as indicated by TLC, the resulting mixture was filtered through a pad of 
celite, and the celite was rinsed with EtOAc. The solvent was evaporated under 
reduced pressure and the residue was purified by flash column chromatography 
on silica gel (eluent: hexane/ EtOAc) affording the corresponding coupling 
product 3a-h in 84-71% yields.  
 
Characterization of compound 
 
2-phenylquinazolin-4(3H)-one (3a)  
 

Solid, Yield = 84%, mp = 176-178 0C  FT-IR (KBr) Q (cm-1): 3425, 2943, 2354, 
1637, 1123, 761, 1H NMR (400 MHz, DMSO-d6): 12.5 (br s, 1H), 8.20 (t, J = 8.4 

Hz, 3H), 7.86 (t, J = 7.6 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.59-7.50 (m, 4H) ppm, 
13C NMR (100 MHz, DMSO-d6): 162.7, 152.7, 149.2, 135.0, 133.1, 131.8, 129.0, 
128.2, 127.9, 127.0, 126.3, 121.4 ppm, HRMS (ESI) Calcd. for C14H10N2O [M+H]+ 
223.0793 Found 223.0864. 
 
2-(3,4,5-trimethoxyphenyl)quinazolin-4(3H)-one (3b)  
 

Solid, Yield = 81%, mp = 182-184 0C  FT-IR (KBr) Q (cm-1): 3414, 2913, 2354, 
1627, 1106, 779, Yield = 61%, 1H NMR (400 MHz, DMSO-d6): 8.58 (d, J = 8.4 Hz, 

1H), 8.37 (br s, 1H) 7.64-7.62 (m, 2H), 7.26-7.22 (m, 1H), 7.16 (s, 2H), 3.95 (s, 
6H), 3.93 (s, 3H) ppm, 13C NMR (100 MHz, DMSO-d6): 165.3, 153.7, 142.1, 140.9, 
134.5, 132.2, 129.2, 124.4, 121.1, 116.7, 104.7, 102.3, 61.1, 56.5 ppm, HRMS 
(ESI) Calcd. for C17H16N2O4 [M+H]+ 313.1110 Found 313.1185. 

 
2-(4-methoxyphenyl)quinazolin-4(3H)-one (3c)  
 

Solid, Yield = 74%, mp = 173-175 0C  FT-IR (KBr) Q (cm-1): 3315, 2933, 2324, 
1604, 1026, 761, 1H NMR (400 MHz, DMSO-d6���Å������ �EUV���+�������-8.13 (m, 
3H), 7.84 (t, J=8.4 Hz, 1H), 7.72 (d, J=8.0 Hz, 1H), 7.51 (t, J=8.0 Hz, 1H), 7.10 (d, 
J=8.8 Hz, 2H), 3.88 (s, 3H) ppm, 13C NMR (100 MHz, DMSO-d6���Å���������������

151.8, 148.9, 134.5, 129.4, 127.3, 126.1, 125.7, 124.7, 120.7, 113.9, 55.4 ppm, 
HRMS (ESI) Calcd. for C15H12N2O2 [M+H]+ 253.0899 Found 253.0970. 
 
2-(4-fluorophenyl)quinazolin-4(3H)-one (3d)  
 

Solid, Yield = 81%, mp = 165-167 0C  FT-IR (KBr) Q (cm-1): 3425, 2943, 2344, 
1629, 1124, 789, 1H NMR (400 MHz, DMSO-d6���Å�������EU�V���+�������-8.24 (m, 
2H), 8.16 (d, J = 8.0 Hz, 1H), 7.86-7.22 (m, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.54 (t, J 
= 7.2 Hz, 1H), 7.41 (t, J = 8.8 Hz, 2H) ppm, 13C NMR (100 MHz, DMSO-d6): 122.6, 

151.8, 149.1, 135.1, 130.9, 130.8, 129.7, 127.9, 127.0, 126.3, 121.3, 116.2, 
115.9 ppm, HRMS (ESI) Calcd. for C14H9FN2O [M+H]+ 241.6999 Found 241.0774. 
 
2-(2-Chlorophenyl)-3H-quinazolin-4-one (3e) 
 
This was obtained in 52% yield as white solid, mp. 188²190° C. 1H NMR (400 
MHz, DMSO-d6��Å��������EUV���+���������G��J = 7.1 Hz, 1H), 7.91 ² 7.79 (m, 1H), 
7.78 ² 7.38 (m, 6H); 13C NMR (100 MHz, DMSO-d6��Å�����������������������������
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133.8, 131.6, 131.5, 130.8, 129.6, 127.4, 127.2, 127.0, 125.8, 121.2 ppm, HRMS 
(ESI) 257.00 [M+H]+. 
 
2-(4-Ethyl-phenyl)-3H-quinazolin-4-one (3f) 
 
This was obtained in 79% yield as White solid mp 267-269 OC; 1H NMR (400 MHz, 
CDCl3) Å�11.56 (s, br, 1H), 8.36 (d, J = 7.76 Hz, 1H), 8.20 (d, J =7.96 Hz, 2H), 
7.80-7.86 (m, 2H), 7.50-7.54 (m, 1H), 7.43 (d, J=7.92, 2H), 2.78 (q, J = 7.52 Hz, 
2H), 1.33 (t, J=7.56, 3H). 13C NMR (100 MHz, CDCl3) Å�163.77, 151.78, 149.65, 

148.44, 134.82, 130.22, 128.60, 127.93, 127.38, 126.57, 126.38, 28.86, 15.30. 
MS (ESI) m/z: 251.14 [M+H]+. 
 
2-(4-Isopropyl-phenyl)-3H-quinazolin-4-one (3g) 

 
This was obtained in 77% yield as White solid mp 233-235 OC; 1H-NMR (400 MHz, 
CDCl3) Å�11.26 (s, br, 1H), 8.36 (d, J = 7.68 Hz, 1H), 8.16 (d, J =8.28 Hz, 2H), 

7.86-7.80 (m, 2H), 7.54-7.50 (m, 1H), 7.41 (d, J=8.2, 2H), 2.74-2.70 (m, 1H), 
1.78-1.70 (m, 3H), 1.02-0.99 (m, 3H). 13C-NMR (100 MHz, CDCl3) Å� 163.54, 
151.71, 149.62, 146.98, 134.84, 130.22, 129.25, 127.94, 127.18, 126.61, 
126.40, 37.94, 24.31, 13.76. MS (ESI) m/z: 266.00 [M+H]+. 
 
2-(2-Chlorophenyl)-3H-quinazolin-4-one (3h) 
 
This was obtained in 52% yield as white solid, mp. 188²190° C. 1H NMR (400 
MHz, DMSO-d6��Å��������EUV���+���������G��J = 7.1 Hz, 1H), 7.91 ² 7.79 (m, 1H), 
7.78 ² 7.38 (m, 6H); 13C NMR (100 MHz, DMSO-d6��Å�����������������������������

133.8, 131.6, 131.5, 130.8, 129.6, 127.4, 127.2, 127.0, 125.8, 121.2 ppm, HRMS 
(ESI) 257.00 [M+H]+. 
 
Materials and Methods 
 
)XQJXV�FRORQLHV�ZHUH�VXEFXOWXUHG�RQWR�6DERXUDXG;V�GH[WURVH�DJDU��6'$��0HUFN��
Germany) and respectively incubated at 37 °C for 24 h and 25°C for 2-5 days. 
Suspensions of fungal spores were prepared in sterile PBS and adjusted to a 
concentration of 106cells/mL. Dipping a sterile swab into the fungal suspension 
and rolled on the surface of the agar medium. The plates were dried at room 
temperature for 15 min. Wells of 10 mm in diameter and about 7 mm apart were 
punctured in the culture media using sterile glass tube. 0.1 mL of several 
dilutions of fresh extracts was administered to fullness for each well. Plates were 

incubated at 37 °C. After incubation of 24 h bioactivities were determined by 
measuring the diameter of inhibition zone in mm. All experiments were made in 
triplicate and means were calculated. 
 

Table 1: Proton and carbon chemical shift data of compound-3c 
 

Carbon position 13C Chemical shift (ppm) 1H Chemical shift (ppm) 

C-2 151.9  

3-N-H - 12.40 (s) 

C-4 162.3 - 

C-4a 120.7 - 
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C-4b 148.9 - 

C-5 125.7 8.13 (d, J = 7.85 Hz) 

C-6 126.0 7.49 (t, J = 7.90 Hz)  

C-7 134.4 7.81 (t, J = 7.90 Hz) 

C-8 127.2 7.70 (d, J = 8.18 Hz) 

C-1´ 124.7 - 

C-2´, C-6´ 129.4 8.19 (d, J = 8.90 Hz) 

C-3´, C-5´ 113.9 7.08 (d, J = 8.90 Hz) 

C-4´ 161.8 - 

C-4´-OCH3 55.4 3.88 (s) 

 

 
Figure 2: Important HMBC and nOe correlations 

 
The complete 1H and 13C NMR signal assignments and connectivitywere 
determined from a combination of COSY, NOESY, HSQC, and HMBC data. COSY 
correlations established the two spin systems, which were H-5 to H-8 in ring-B 
and H-2´´,6´´ to H-3´´,5´´ in ring C. HMBC correlations of  H-5 to C-4 and H-2´´,6´´ 
to C-2 showed that ring B and ring C are connected with ring A. An important 
nOe correlation between 3-N-H and H-2´determined the proximity of protons and 
strengthened the connectivity between ring A and ring C. 
 

 
Figure 3: COSY spectrum of 3c 
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Figure 4: NOESY spectrum of 3c 

 

 
Figure 5: HSQC spectrum of 3c 

 
Figure 6:  HMBC spectrum of 3c 
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Results and Discussion 
 
Chemistry 
 
Based on our research interest in palladium catalysis, we found a few reported 
examples concerning palladium-catalyzed aminocarbonylation for the synthesis of 
amides from aryl halides.27 However; the use of toxic carbon monoxide limited the 
scope of this kind of reaction.We initiated the study by using amide 1a and tert-

butyl isocyanide 2a as a model substrates for the optimization of palladium-
catalyzed tandem C-C/C-N coupling reaction.  
 

 
Scheme 1. Direct efficient cyclodehydration of N-acyl anthranilamides to 

quinazolinone respectively 
 

Literature methods are available for the efficient cyclodehydration of N-acyl 
anthranilamides to quinazolinone, respectively. However, we postulated that by 
conducting the Pd- catalyzed reaction at high temperature, both the isocyanide 
coupling and cyclization might be accomplished in a single step. Indeed, heating 
amides 2a with tert-butyl isocyanide at 160 0C in with acceptable conditions 

directly provided the corresponding quinazolin-4-ones (3a- 3h) in good yields. 

 
Table 2: Antifungal activity of quinazolinone GHULYDWLYHV��0,&�LQ�ÍJ�PO� 

 

Antifungal Activity MFC (µg/ml) 

Compound 
C. Albicans 

MTCC 227 

A. Niger 

MTCC 282 

A. Clavatus 

MTCC 1323 

3a 500 >1000 500 

3b >1000 250 500 

3c 250 >1000 500 

3d 1000 500 >1000 
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3e 1000 1000 >1000 

3f 500 500 500 

3g 250 250 >1000 

3h 1000 500 500 

Nystatin
b
 100 100 100 

Greseofulvin
b
 500 100 100 

aMIC = Minimum inhibitory concentration, the lowest concentration of the 
compound which inhibits the growth of the bacterium by at least 99%. 
bStandard drug 
  
From Table 2, the synthesized compounds showed significant activity against the 
WHVWHG� IXQJDO� VWUDLQV�� L�H��� �F� DQG� �J� �0,&�  � ���� ÍJ�P/�� DJDLQVW� C. Albicans. 
Equivalent inhibitory activity as compared to Greseofulvin was shown by 

compounds 3a and 3f having simple oxindole ring system (MIC = 500 ÍJ�P/� 
against C. Albicans. Compound 3b and 6g having on quinazolinone ring system 
VKRZ�VLJQLILFDQW�DFWLYLW\��0,&� �����ÍJ�P/��DJDLQVW�A. Niger. On the other hand, 

rest of the compounds showed poor MIC values compared to the reference 
compounds Nystatin and Greseofulvin. 

 

 
Figure 7: s: 1H NMR spectrum of compound 3c 
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Figure 8: 2s. 13CNMR spectrum of compound 3c 

 
Conclusion  
 

In summary, we have demonstrated a simple and highly efficient protocol for the 
synthesis of quinazolin-4-one derivatives via palladium-catalyzed C-C coupling of 
aryl amide with isocyanides for the first time, which is clearly different from the 
conventional procedures. The reactions are operationally simple and avoid using 
toxic carbon monoxide and acid chloride, which must be used in an anhydrous 
system. Most importantly, this transformation may be used to discover new 
nature products and significant pharmaceuticals. We also demonstrated the 
biological potential of these compounds as novel Antifungal Activity. Studies 
aimed at developing related transformations are underway. 
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