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Abstract- The ueatment in a sodium methoxide/methanol solution of u,p-un- 

saturated enones or aldehydes with propanedinitrile in a 1:2 molar ratio led to 

2-aminobenzene-1.3-dicarbonitriles. These compounds afforded 4-amino- 

8-cyanoquinazolines by reaction with formamide or guanidine. 

Our group has recently reported the formation of 2-aminobenzene-l,3-dicarbonitriles (3) as by-products in the 

reaction between enones or enals and propanedinitrile in a sodium methoxide/methanol solution (Scheme I).' 

I 

R1 R1 

2 3 (by-product) 

Scheme 1 

The benzene ring of compounds(3)contains an o,o'-dicyano substituted amino group and, consequently, they 

may be used as antecedentsZ of quinazolines using guanidine and formamide as reagenk3 In connection with 

this, we wish to repon here an improvement in the yields of formation of compounds(3)and the synthesis of 

some quinazolines by reaction with guanidine or formamide. 

2-Aminobenzene-1.3-dicarbonimles (3) were initially obtained as by-products in the synthesis of 

3-cyano-2-methoxypyridines (2) from carbonyl compounds and propanedinitrile in NaOMe/MeOH. However, 

we observed that the ratio between 2 and 3 varies depending on the experimental conditions employed. Thus, 

increasing the amount of propanedinitrile in relation to 1, the formation of 3 with respect to 2 is increased. In 

particular, 3 was predominantly obtained by using a 2:l molar ratio between propanedinitrile and 1 (Table 1): 

These reaction conditions cause both an increase in the amount of 3 and a decrease in the quantity of 2. 
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Table 1 

1 RI R2 R3 Product Yield of 3 (36) Yield of 2 

i Lower than 3%. 

"In this case, piperidine was used as the base instead of sodium rnethoxide. 

Nevertheless, (Q-1.3-diphenylpropenone (If) as an exception did not lead to the desired 

2-aminobenzene-1.3-dicarbonitrile (30 but to the pylidrne (20. However, compound (3f) was obtained when 

piperidine was used as the base instead of sodium methoxide, the formation of 2f being thus precluded. 

Once compounds (3a-f) were obtained, we studied their conversion into quinazolines by reaction with 

formamide or guanidine. Although compounds (3) may lead to two isomeric quinazolines depending on which 

cyano group undergoes the cyclization process, the treatment of 3s-f with fonnamide yielded a single 

4-amino-8-cyanoquinazoline whereas the reaction with guanidine gave a single 8-cyano- 

2.4-diaminoquinazoline (Table 2). 

Thus 3c-f afforded a single quinazoline by treatment with fonnamide or guanidine (Entries 1 to 7) due to the 
fact that both possible isomers (5 and 6) are the same compound when RI = R3. 

On the other hand, treatment of the unsymmehical 2-amino-4-methylbenzene-1,3-dicarbonitrile (3a) (Entry 8, 

R, ?c R3) with fonnamide afforded only one of the two possible isomers (Scheme 2). We have assigned to this 

product the less sterically hindered quinazoline structure (5aA). This structure has been unequivocally 

established by using the NOE technique. Upon irradiating the 'H-nmr signal of the amino group an 

enhancement of one signal of the AB aromatic system (the one located at 6= 8.33 ppm) was observed, a result 

which is only compatible with the smcture (5aA). A detailed study of the partially decoupled 13C-nmr 

specmm of 5aA led to the same assignment.5 
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4A, formamide: G1=H. G= 0 

48 ,  guanidine: GI= NH2, G- NH 
Table 2 

Entry Stanlng A, R2 A, Reagent G, final yleld (%) 
material product 

formamide 

formamide 

formamide 

formamide 

guanidine 

guanidine 

guanidine 

formamide 

'The result was always a mixture of the starting material and the corresponding quinazoline. 

Scheme 2 
Two tentative mechanistic rationalizations for the formation of 5 are depicted in Scheme 3 (formation of 6 
could be also rationalized in a similar way considering the other cyano group in 3). 
The fust one bathway l) involves addition of the amino group of 3 to the sp2 carbon of 4. This step is followed 

by intramolecular addition onto the cyano group and elimination of water (in the case of formamide GH2 = 

HzO) or ammonia (in the case of guanidine GH2 = NH,) to yield 5. In the second one @arhway 11) the order of 

the addition to the sp2 carbon of 4 and the cyclization is reversed. 

Although pathway I is most likely for formamide, the high nucleophilicity of the nitrogen atoms of guanidine 
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GI= H. G= 0 for formamide 

8 Gl=NH,, G=NH for guanidine 

Scheme 3 

rends difficult to consider the attack of the benzene amino group as the first step of the cyclization process, 
pathway I1 being in that case not rejectable. Further studies have been planned to confirm this hypothesis. 

EXPERIMENTAL 

Melting points were determined on a Biichi-Tottoli apparatus, and are uncorrected. The ir spectra were 

obtained in a Bomem Michelson-100 F - I R )  or a Perkin-Elmer 683 apparatus. The 'H-nmr spectra were 

recorded on Bruker AC-80 or Bmker AC-300 spectrometers in DMSO-d6 unless otherwise stated. The "C-nmr 

spectra were recorded on Bmker AC-80, Bmker AC-300 or Varian XL-200F-19 spectrometers in DMSO-d6 
unless otherwise stated. Chemical shifts are given in ppm (6) and in the case of ' ~ - n m r  and partially decoupled 

13C-nmr signals are expressed as s (singlet), d (doublet), m (multiplet) or br s (broad signal). Mass spectra were 

obtained on Hewlett-Packard 5995 A or Hewlett-Packard 5998 A mass spectrometers. Microanalyses were 

performed on Carlo-Erba CHNS-O/EA 1106 or CHNS-O/EA 1108 analyzers. "Preparative column 

chromatography" refers to Flash chromatography using 230-400 mesh silica gel (Macherey-Nagel Reagent) 

unless otherwise stated. Uv spectra were recorded in a Perkin-Elmer Lambda 2 instrument. Carbonyl 

compounds (la), (lb), (lc) and (10 were obtained from Fluka. The remaining carbonyl compounds (ld)6 and 
(le)7 were prepared following known procedures. 

General procedure for 3a-e: Propanedinitrile (13.2 g, 0.2 mol) in 25 ml of MeOH was added to a freshly 

prepared NaOMe solution at O°C [4.6 g (0.2 mol) of sodium in 100 ml of MeOH]. After stirring for 5 min, 0.1 

mol of the corresponding carbonyl compound (la-e) in 25 ml of MeOH was added dropwise (2 h). The mixture 
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was refluxed for 90 min and the solvent was removed in vacuo. The resulting oil was dissolved in 250 ml of 
water and exaacted with 10 x 50 ml of CH2C12 The organic layer was dried (MgSO,,) and the solvent was re- 
moved. The desired product (3a-e) was purified by preparative column chromatography with CH2CI2 as the 

eluent. In some cases, the corresponding 2-methoxypyridine-3-carbonimle (2) is separated as a minor fraction 

that has the higher Rf. 
2-Amino4-methylbenzene-1,3-dicarbonitrile (3a); yield: lo%, mp 158-159 "C (lit.? 158-159). 

2-Amino4-phenylbenzene-1,3-dicarbonitrile (3b); yield: lo%, mp 149-150 'C (lit.,' 149-150). 

2-Amino-5-methylbenzene-13-dicarbonitre (3c); yield: 590, mp 178-179 OC (lit.? 179). 
2-Amino-5-phenylbenzene-1,3-dicarbonitrie (3d); yield: 10% mp 233-234 OC (lit.,' 233-234). 

2-Amino-4.6-dimethylbenzene-1.3-dicarbontrie (3e); yield: 15% mp 195-197 '"C. Analytical data are in 

agreement with the reportedones.'O 
2-Amino-4,6-diphenylbenrene-1,3-dicarbonitrie (30: A mixture of 20.8 g (0.1 mol) of (E)-1,3-diphenyl- 
propenone (If), 13.2 g (0.2 mol) of propanedinimle and 300 ml of anhydrous ethanol was cooled to 2 OC. Then, 

34 g (0.4 mol) of piperidine was added dropwise at a rate which maintains the temperature below 5 "C. The 

resulting mixture was warmed until room temperature and the stirring was maintained for 12 h. Then the 
solution was cooled at 0 OC for 2 h. The solid was filtered, washed with cold ethanol and recrystallized from 

ethanol to yield 5.9 g (20%) of 3f; mp 223-224 "C (lit.,12 226). Spectroscopic and analytical data are in 

agreement with the reported ones." 
When the. filtrate obtained in the recrystallization was chromatographed on column using CH2C12 as the eluent, 
1.2 g (2.5 mmol, 5%) of 3-benzoyl4-hydroxy-2,4,6-triphenyl-1,1-~y~l0he~anedi~arb0nifrile were obtained: mp 

212-214 OC (lit.,I3 213-215). A change of the eluent to a CH2C12:AcOEt mixture (1:l) afforded an extra crop of 

3f (1.5 g, 5%). 

General procedure for the reaction between 3 and formamide: A mixture of 6 mmol of the corresponding 
2-aminobenzene-1,3-dicarbonitile (3) and 20 ml (22.6 g, 0.5 mot) of formamide was heated at reflux for 24 h. 

The reaction mixture was cooled and poured in 50 ml of water. The solid formed was filtered, washed with 

water and recrystallized from ethanol using decolourising charcoal. 

4-Amino-8-qano-6-methylquinaroline (5cA=6cA); yield 70%; mp >300 OC. Ir (KBr): u,,: 3400 cm-', 3340 

(weak) and 3080 (N-H), 2240 (CeN), 1665 (N-H), 1580, 1555 and 1510 (C=C and C=N). 'H-Nmr (80 MHz): 

6= 2.50 ppm (s, 3H, Me), 8.06 (br s, 2H, exchangeable with D20, NH2), 8.19 (s, lH, H-C5), 8.37 (s, IH, 

H-C7), 8.48 (s, lH, H-C2). I3C-Nmr (50 MHz): 6= ppm 20.5 (Me), 109.5 (CS), 114.3 (C4a)*, 116.9 (CN)', 

128.2 (C5), 134.8 (C6), 139.8 (C7). 148.2 (C8a), 156.4 (C2), 161.3 (C4) (* Interchangeable assignments). Ms 

(70 eV): mlz (70): I84 (100.0) [M*], 183 (6.11, 168 (9.2), 167 (2.0), 157 (47.7). 156 (41.1). 130 (4.1), 129 

(10.3). Uv (MeOH): La= 212 nm (log t= 4.77), 233 (4.38), 295 (3.97), 339 (4.10). Anal. Calcd for C10H8N4: 

C65.21,H4.38,N30.42.Found:C65.36,H4.34,N30.19. 
4-Amino-8-cynno-6-phenylq~~inozoline (5dA=6dA); yield 75%; mp >300 OC. Ir (KBr): v,,,: 3405 cm-', 3320 

and 3100 (N-H), 2240 (C=N), 1670 (N-H), 1580, 1550, 1520, 1500 and 1480 (C=C and C=N), 695 and 760 
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(Ph). 'H-Nm (80 MHz): 6= 7.49-9.13 ppm (m, panially exchangeable with D20, 9H, H-C5 + H-C7 + Ph + 
MI2), 8.61 (s, lH, H-CZ). 13C-~mr (50 MHz): 6= 110.5 ppm (C8), 114.8 (C4a)*, 117.0 (CN)', 126.4-137.3 (Ph 
+ C7 + C6 + C5), 149.2 (C8a), 157.3 (CZ), 162.0 (C4) (* Interchangeable assignments). Ms (70 eV): mlz (%): 

246 (1W.O) [Mf], 245 (5.4). 230 (2.0), 219 (43.3, 192 (4.4), 191 (7.3). Uv (MeOH): La= 211 nm (log t= 

4.67), 246 (4.48). 309 (4.09). 351 (3.96). Anal. Calcd for CI5H1,N4: C 73.16, H 4.09, N 22.75. Found: C 73.46, 
H 4.21, N 22.48. 

4-Amino-8-cyano-5,7-dimethylquinazoline (5ek6e.4); yield 50%; mp ,300 'C. Ir (KBr): u,,: 3490 cm-', 

3330 and 3120 (N-H), 2230 (CkN), 1640 (N-H), 1605, 1580, 1555 and 1550 (C=C and C=N). 'H-Nmr (80 

MHz, DMSO-d6 + CF3COOD): 6=2.67 ppm (s, 3H, Me), 2.92 (s, 3H, Me), 7.55 (s, lH, H-C6), 8.61 (s, lH, 
H-(2). 13C-~mr (50 MHz, DMSO-d6 + CF3COOD):.6= 20.5 and 23.4 ppm (Me), 129.7 (C6), 156.4 (C2). Ms 

(70 eV): mlz (%): 198 (100.0) [Mf], 197 (32.0), 181 (41.7), 180 (5.3, 171 (20.8), 170 (20.8), 143 (8.2), 144 

(2.5). Uv (MeOH): L,= 219 nm (log c= 4.67). 239 (4.33), 302 (3.99), 332 (4.09). Anal. Calcd for C11HI$J4: 
C66.65,H5.08,N28.26. Found: C66.37,H4.93,N28.00. 

4-Amino-8-cyaw-5,7-diphenylquinazoline (5fA=6fA); yield 50%; mp 260-261 "C. Ir (p. KBr): u,,: 3480 

cm-', 3285 and 3140 (N-H), 2230 (CzN), 1640 (N-H), 1585,1555 and 1490 (C=C and C=N), 780,770,710 and 
700 (Ph). 'H-Nmr (80 MHz): 6= 7.39-8.27 ppm (m, partially exchangeable with D20, 13H, H-C6 + Ph + Ph + 
NH,), 8.59 (s, 1H. H-C2). I 3C-~mr  (50 MHz): 6= 110.6 ppm (C8). 116.5 and 116.6 (C4a, CN), 127.0-138.5 

(Ph + Ph + C6), 149.6 (C8a)*, 153.2 (C7)*, 156.3 (CZ), 161.0 (C4), (* Interchangeable assignments). Ms (70 
eV): m/z (%): 322 (73.4) [M+l, 321 (loo), 305 (1.6), 294 (1.1), 267 (1.5). Uv (MeOH): La,= 203 nm (log t= 

4.55),254 (4.26), 415 (3.99). Anal. Calcd for C21HI$J4: C 78.24, H 4.38, N 17.38. Found: C 77.92, H 4.61, N 
17.26. 

4-Amino-8-cyano-7-methylquinazoline (5aA); yield 55%; mp >300 OC. Ir (KBr): u,,: 3430 cm-I, 3340 and 

3060 (N-H), 2220 (GN),  1665 (N-H), 1610, 1580 and 1560 (C=C and C=N). ' H - ~ m  (300 MHz): 6= 2.60 

ppm (s, 3H. Me), 7.45 (d, 3JHH= 8.5 Hz, lH, H-C6), 8.03 (br s, 2H, exchangeable with D20, NH3, 8.33 (d, 

3 ~ ~ ~ =  8.5 Hz, lH, H-C3, 8.44 (s, lH, H-C2). I3C-Nmr (75 MHz): 6= 20.9 ppm (Me), 109.5 (C8), 112.4 (C4a), 
116.2 (CN), 127.1 (C6). 128.2 (C5), 149.3 (C7), 150.7 (C8a), 157.4 (CZ), 161.8 (C4). l 3 c - ~ m r  (75 MHz, with 

'H completely coupled): 6= 20.9 (qxd, 'JM,.,,,= 128.4 Hz, 3~Me.H6= 4.2 HZ, Me), 109.5 (m, 3~c8.cH,= 5.5 Hz, 

4 J ~ 8 . ~ 5 =  1.5 HZ, ?Ic~.H~= 7.2 HZ, C8), 112.4 (dxd, 3JC4a.H5= 8.0 HZ, 3Jaa.NHz= 4.9 HZ, C4a), 116.2 (s, CN), 
127.1 (qxd, ? I ~ 6 . ~ 6 =  160.5 HZ, 3~C6.Cb= 4.9 HZ, C6), 128.2 (dxd, 'JC5.~5= 162.8 Hz, 2JC5.H6= 1.1 HZ, C5), 
149.3 (m, 2 ~ ~ 7 ~ ~ , =  6.1 HZ, 3~c7.H5= 8.9 HZ, 'JC7.H6= 1.9 HZ, C7), 150.7 (dxd, 3JC8a.H2= 10.8 HZ, 3JC8a.H5= 6.3 

HZ, C8a), 157.4 (d, 'JC~.H~= 197.8 HZ, C2), 161.8 (dxd, 3~C4.H2= 9.9 Hz, 3JC4.H5= 3.3 HZ, C4). Ms (70 eV): m/z 

(%): 184 (lW.0) [My, 183 (21.0). 168 (5.4), 167 (2.4), 157 (37.8), 156 (17.3). Uv (MeOH): Lk= 216 nm (log 

t= 4.35). 233 (4.09), 248 (4.15), 297 (3.71), 330 (3.94). Anal. Calcd for CloH8N4: C 65.21, H 4.38, N 30.42. 
Found: C 65.02, H 4.25, N 30.39. 

8-Cyano-2.4-diamino-6-phenylquinazoline (5dB=6dB): 0.9 g (5.0 mrnol) of guanidine carbonate were. added to 

a mixture. of 0.24 g (10.4 mmol) of sodium in 20 ml of methanol. The resulting mixture was stirred for 10 min 

and then was heated at reflux for 30 min. The sodium carbonate formed was filtered and washed with 40 ml of 
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methanol. 1.2 g (5.4 mmol) of 3d were added to the filtrate and the resulting solution was heated at reflux for 
24 h. The precipitate formed was filtered, washed with water and recrystallized from ethanol to yield 710 mg 

(50%) of SdB=6dB, mp >3M) "C. Ir (KBr): u,,: 3480 cm-I, 3440, 3360 and 3260 (N-H), 2230 ( G N ) ,  1675, 
1650, 1620, 1570 and 1520 (N-H, C=C and C=N), 750 and 690 (Ph). 'H-Nm (80 MHz, DMSO-d6 + 
CF3COOD): 6= 7.35 - 9.14 ppm (m, H-C5 + H-C7 + Ph). 13C-Nmr (50 MHz, DMSO-d6 + CF3COOD): 6= 

106.5 ppm (C8), 111.2 (C4a), 118.2 (CN), 126.3-138.0 (C5 + C6 + C7 + Ph), 153.1 (C8a). 161.9 (C2)*, 162.6 
(C4)*, (* Interchangeable assignments). Ms (70 eV): mil (%): 261 (100.0) [M+], 260 (3.5), 219 (23.0), 193 

(10.3), 192 (7.5), 191 (9.7), 165 (8.9), 164 (13.4). Uv (MeOH): h,&= 201 nm (log t= 4.62). 248 (4.57), 306 

(4.30). 380 (3.85). Anal. Calcd for CISHllNS: C 68.95, H4.24, N 26.80. Found: C 68.97, H 4.41, N 26.70. 

8-Cyano-2,4-diamino-5.7-diphenylquinazoline (5fB=6fB): Procedure as described for 3e hut using 0.86 g (2.9 
mmol) of 3f. The reaction mixture was heated at 140 OC for 24 h to yield 440 mg (45%) of 5fB=6fB, mp 267-8 

OC. Ir W r ) :  u,,: 3510 cm-I, 3480, 3350 and 3060 (N-H), 2225 ( G N ) ,  1660, 1620, 1570 and 1500 (N-H, 
C=C and C=N), 775 and 700 (Ph). 'H-Nm (80 MHz): 6= 3.37 and 6.64 ppm (br s, 2H, exchangeable with 

D20, NH2), 6.89 (s, lH, H-C6), 7.58 (s, 10H, Ph + Ph). 1 3 C - ~ m  (20 MHz): 6= 104.8 ppm (C8), 107.5 (C4a). 
117.3 (CN), 123.4 (C6), 128.6 - 139.8 (Ph + Ph + C5), 143.8 (C7), 149.0 (CSa), 161.2 (C2)*, 161.8 (C4)*, (' 

Interchangeable assignments). Ms (70 eV): mlr (%): 337 (100.0) [Mt], 336 (84.3), 294 (2.0), 268 (1.0), 267 

(2.1). 240 (1.7). Uv (MeOH): &,= 204 nm (log t= 4.74), 265 (4.63), 316 (4.49). Anal. Calcd for CZ1Hl5NS: C 
74.76,H4.48, N20.76. Found: C74.61,H4.44, N20.79. 
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