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SYNTHESIS OF QUINAIOLINES

JAN BERGMAN,* ANNA BRYNOLF, BJORN ELMAN and EINO VUORINEN

Departaent of Organic Chemistry, Royal Institute of Technology
S-100 44 Stockholm, Sweden

(Received in UK 10 April 1986)

Abstract - Grignard reagents reacted with 2-aminobenzonitrile to give
the intermediate (10), which readily could be cyclized to quinazolines
by rxeaction with carbonyl compounds (e.g. acid chlorides, anhydrides,
formates and oxalates). The intermediate (10) and aldehydes, e.g.
benzaldehyde, gave 1,2-dihydroquinazolines, which readily underwent
dehydrogenation.

The intermediate (10) reacted readily with chloroformate to give
4-phenyl-2-quinazolinone, which could be reduced to 3,4-dihydro-
4-phenyl-2-quinazolinone by sodium borohydride in acetic acid.

In spite of the fact that a vast number of quinazolines has been synthesized in connection with
the evaluation of drugs such as methaqualone (1), quinazodine (2) and proquazone (3) and
studies of natural products such as febrifugin (4) and vasicinon (5), there is only a
relatively limited number of nonfunctional quinazolines (e.g. §) known.1-6

s

3
oy oo o
N/) HO-" N WLR'
s H  on s
2

The available synthetic methods e.g. the Meerwein cyclization, have a limited scope or do
require a relatively high input of experimental manipulations. The most general procedure, the
Bischler cyclization, involves acylation of an 2-aminoacylbenzene followed by heating (200 °C)
with ammonia in a sealed tube. In this paper7 we report a complementary synthesis (in two
variants, Scheme 1 and 2) using anthranilonitriles as starting material.
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Results and Discussion - 2-Aminobenzonitrile (anthranilonitrile) is nowadays readily available
by reaction of 2-nitrotoluene with amsonia in vapour phase8 and by ammoxidation9 of g-toluidine
and related processes. 10 Hence this interesting bifunctional compound has gained importance as
a starting material in organic synthesis. Ketones of the type RCQC684-Q-NE2, can be
prepared1-15 in reasonable yields by addition of RMgX to anthranilonitrile followed by
hydrolysis (Schese 2). The intermediate (1Q) in this synthesis has now been found to be a
suitable precursor for quinazolines (Table 1). The reaction time in the first step should be
relatively short, 2.5 h (for csnanar) and 45 min (for cznslqar), because the anthranilonitrile
(as evidenced by GC) is relatively quickly consumed and prolonged reaction times will cause
formation of byproducts. It thus seems likely that the yields of these industrially interesting
ketones (11) can be improved by reducing the reaction times (in lit.'4 usually 15 h). For the
preparation of quinazolines the method in Scheme 2 is superior to that in Scheme 1 because of
higher flexibility and the generally better yields. Formation of 4(3H)-quinazolinones, as
indicated in Scheme 3, was a disturbing side-reaction in this method, particularly when
methylmagnesium bromide was utilized.
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The method according to Scheme 2 could also be used for the preparation of
quinazolines with certain functional groups in 2-position. In particular the
preparation of quinazolines with a CFa-substituent in 2-position is of interest
because this group should be susceptible to displacements with suitable nucleophilic
reagents (c.f. refs. 16 and 17). As also indicated in Scheme 2 several different types of
functionalized quinazolines such as 12 and 13 could also readily be prepared by this approach.
In connection with the preparation of i3 it was found that this ester could react with a second
molecule of 10 thus giving the known18: 19 2,2'-coupled quinazoline 15a.
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carboxylic esters gemerally reacted with 10 and e.g. ethyl bromoacetate yielded 16. However
the yield was modest (with a-halosubstituted esters) and several by-products were formed
(including 2-bromomethyl-4(3H)-quinazolinone, cf. Scheme 3). The method could also be extended
to the preparation of hetero-fused pyrimidines. Thus addition of phenylsagnesium bromide to the
pyrazole 18 followed by addition of acetic anhydride yielded the pyrazolopyrimidine 19 (Scheme
4).
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The preparation of 2-unsubstituted quinazolines could readily be effected by reaction of the
intermediate 10 with formic acetic anhydride (or alkyl formates). However attempted synthesis
according to Scheme 1 (i.e. with 7, R'=H as reactant) resulted in the formation of the

air-sensitive compound 2,4-diphenyl-1,2-dihydroquinazoline (17). If this compound is
recrystallized from ethanol without air-protection it undergoes dehydrogenation to
2,4-diphenylquinazoline. Compound 17 could also be prepared from 10 (R'CGHS’ and benzaldehyde.
Still another method is outlined in Scheme 5, namely rugtion of csllsllgsx with
benzalanthranilonitrile (20), a compound that actually could be isolated in 20\ yield from
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reaction miztures of ] (R=8) and ClgMedx provided that mot more than 2 equivalemts of the
Grignard reagent was used. In the transformation of 20 to 1] there is & competitive reactios
leading to the mon-cyclized compound 21 which could be hydrolyzed with aqueous BC1l to 22 which
also could be prepared by alkylation of 2-amimobensophenone with diphenylmethyl chloride.
Reaction Detween Czlsm and 20 similarly gave coapound 217.

The more sterically hindered 1,2-dihydroquinazoline (23), which could readily be prepared
from 10 (R = C‘lls) and B-sulphoaylindole-3-carboxaldehyde, is much more stadble than 17 and
could be recrystallised from ethanol without air-protection. Reductioa of 2] with sodium
amalgam with coacomitant cleavage of the beazeaesulphonyl group yielded the known20 coapound
24.

The intermediate 10 could be reduced jn gity with lithius aluminjum hydride and the new
intermediate 25 could be trapped in much the same way as tbe intersediate 10 (Schemse §).
Several derivatives of 25 (e.g. R = c‘ls) had pxoviouolym been ptepu;d by other routes such
as reduction of g-aminobensophenons Oxime.
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In comnection with these studies it was also found that reduction (cf. refs. 21-2)) of 12
wvith sodium borohydride in acetic acid readily yielded 26 (see Table 2).

Experimental part - Elemental analyses were performed by Movo Ricroanalytical Laboratory,
DX-2880 Bagsvaerd, Denmark. All melting points are uncorrected. IR spectra (KBr discs) were
obtained by using a Perkin-Zlmer 257 instrument. MR spectra were recorded on a Bruker WP 200
or a Varian EN-360 instrument (DMSO-d, or CDCl, as solvents and TRS as internal standard). Nass
spectra were obtained with a LKB 9000 (70 eV) Lu spectromseter.

Anthranilonitrile (2-aminobenszoaitrile) and S-chlorocanthranilonitrile of commercial quality
(BASY) were generally used without further purification. All the yields refer to isolated,
crystalliged compounds.
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Table 1
compound mp B mp yleld spectroscopic properties
Pa_ rq ~

3-Ally-4-pbeny - quinazoline ™ 45(A) hg( u;r(o).zn(u' 23), 245(24), 149(100),
135(38).

2-Benzyl-4-methy} 0-1 76> 60(A)

2-Benryl-4-phenyl 167 TI(A)

2-BeazyH4-(p-tolyl)- 100.0-.8 75(B)

2-(1-Bromo-1-ethylpropy)}-4-pheny 0 30(A)}  IR: 2790, 1608, 1560, 1§30, 1380, 1330,
780, 700 em—?.

2-(1-Bromo-1-methy lethy|)-4-pheny - 135" 3X(A)

3-Bromomethyl-4-pbeny 156-7 16(A) IR 2970, 2920, 1615, 1585, 1840, 1490,
1450, 1390, 785, 770, 710 an ™!,

2-(1-Bromopropy|)-4-pbeny}- 110 §3(A)  IR: 7790, 1628, 1588, 1840, 1490, 1300,
1350, 770, 710 cm ™.

2-Buty} 4 pbeny} %7 78(A)

2.(2-Chloro-1,1-dimethylethyl)4-pbecy} 110 45(A)  IR: 2950, 1610, 1540, 1385, 780, 760,
700 ca b,

2-Chlorodifiuoromethyl-4-pbeny}- 101-2 90(A)

¢-Cidoro-2,4-dipbeny - 1044 92A)  MS: 319(39) 318(52) 317(M* 97) 316(97)
282(23) 281(100) 149(71).

6-Chloro-2-ethy |- 4-pheny}- 110 103-4% 28(A)

6.8-Dibromo-2,4-dipbeny}- 2194 88(A)  MS: ¢42(M+ 44) 441(49) 440(100) 399(67)
398(49) 397(27) 382(71) 360(67) 772(47)
I71(82) 177(68).

6,8-Dibromo-2-(3-py ridy!)4-pheay}- 2304 8HA)  MS: 44X M* 51) 442(51) 441(100) 440(74)
430(64) 438(31) 364(20) 363(63) 362(23)
361(63).

1,2-Dihydro-2,4-dipheny}- 80-8 25(A)81(B) see experimental section.

2,4-Dimethyl- 72 TIH0)T  60(A)

2-Dimethylamino-4-pheny!- 127 122 75A)  soe experimental section.

2.4-Dipbenyl- 11920 119-20%*  80{(A)50(B) see experimental sectlon.

4Ethyh 156 156 87(A)

2-Ethyl-4-pheny}- s n» 41(B)  IR: 3050, 2060, 2920, 1618, 1600, 1560,
1548, 1485, 1485, 1450, 1430, 1380, 1350,
1280, 1210, 1138, 1118, 1080, 1070, 1025,
1000, 978, 938, 895, 845, 820, T80, 376,
710, 630 cm~*.

4Ethyl-2-trifluoromethyl (73 42(A)  see experimental section.

2-Metbaxymethyl-4-pbeny} 1ner 84(A)

2-Methy - ¢-pbeny} %9 47.8% 80{A)

2-Methy H4-(p-tolyl)- 93.0-5 92(A),53(B)

2-Napbthyl4 pbenyh 1734° 98(A)

4Pheny} 99100  99-100" 68(A)

2-(gPbenoxy )propy - 4-pbeny 101-2 88(A)

4Pbeny}h2-propy} 100°  99-100% 16(A)  IR:3060, 2960, 2630, 2900, 2870, 1610,
1578, 1668, 1545, 1488, 1465, 1420, 1385,
1385, 1330, 13185, 1260, 785, 770, 750,
708 cm !,

4-Pbeny}-2-atyryl- 1846 63(A)

@PWL}M‘- 145 ”(A MS: 7 M‘

2-Penyh4-(p-totyl)- 120.0-5 128.5-130% n(a; ) IAE I ey )

4 Pbenyt-2-trichlocomethy) 109-10 109%¢ T6(A)

4Pbenyl2-triflucromethyl ] 66(A)  sce experimental section.

4 iso-Propyl-2-pheay)- ] s +

Spirofcyclobexane-1.2'(1'H)- 35(A)  MS: 248(M* 85) 234(100) 220(77) 205(30).

4 'M‘QM‘D" 140° 7(A) :‘ﬁo)(w'u) 2"('7)”‘(”) 333(100)

*CNMR 22.08(t), 35.85(t), 37.07(t),
€9.78(s), 114.43(d), 117.27(d), 117.5%s),
128.08(d), 128.00(d), 129.15{d), 122.37(4),
138.65(s), 145.35(s), 163.30(s) ppen.

Notes: ees table 2.



3702 J. BERGMAN ef al.

Tabie 3
compound mp  Ht. m.p. yleld spectroscopic propecties
rFA rd ™
1-Bemy} ¢-pbeny}2-quinasolinone 1814 88(A) see experimental section.
6-Bromo-4-phenyl- 306-6  321-2%% 76(A) IR: 3600-200, 1650, 1590, 1840, 1460,
1340, 825, 780, 700 ™.
4Butyl 133 18(A) MS: 202(M* 25) 174(17) 173(100) 160(58).
6-Chloro-3,4-dlhy dro-4- pbeny 182 87 e experimental section.
6-Chloro—4-pheny - 318 31022 96(A)
3,4-Dikydro-4-pheny} 194 1934 83  see oxperimental section.
3,4 Dihydro-4-lso- propy 2148 100  ese experimental section.
4Naphthyl 0e-7* I7(A) Mk 272(M* 88) 271(100) 127(20).
4Pyl 260-2  286-6" B3(A) ses experimental sectlon.
4-lso-Propy 188-92¢ 231.2*  T3(A) IR: 3030, 2850, 1700-1660, 1620, 1600,
1440, 1300, 1150, 760, 690 cm—*
'HNMR 1.3(d,6H Jm=35Hs) 3.7(m, 1 H)
7.1-8.0(m 4H) ppm
MS: 183(M+,100) 187(68) 173(67).
4-Pbeay}2-quinasolinethiope 235°  230-2% 16/ MS: 240(18) 239(86) 238(M+,100)

IR: 3040, 2880, 1640, 1610, 1540, 1485,
1420, 1370, 1280, 1240, 1160, 1116, 1030,
1000, 960, 925, 840, 765, 735, 700, 690
™',

2) Recrystallized from dilso-propyletber.

b) Recrystallized from iso-propancl.

¢) Recrystaliized {rom acetoaltrile.

d) Sublimed.

¢) Recrystaliized from ethanol.

f) The method from ref. 32 was used.

g) Hayushi et 61 bave reported only melting point and elemental analysis, i.¢. po spectral data. Structural
evidence was based on further reactions of the product. Thus, *4-soperopyiquinazolinone® treated with
phospbory] chloride gave 2-chloro-4-isopropylquinasoline but even for this compound there Is & lack of
spectral data. As Hayuahl's * 4-sopropyiquinazollpone® Is an axidation product in the reaction between ¢
opropylquinazoline and monoperphbtalic acld we belleve that » possible explasation for the disagreement
(of the meiting points) s that Hayashi's reaction involves la fact an cxidation of the opropy! group.
This type of axidation has been reported for 2-sopropylquinazolinones with hydrogen peraxide in acetic
acid*? as well a0 with chromic acid*s.

2.4-Dichenvlguinazoline
Method A

2-Aminobenzonitrile (11.8 g, 0.1 mol) dissolved in dry ether (100 ml) was added dropwise to
a well-stirred solution of pheaylmagnesiua bromide (from bromobentene, 27.4 =1, 0.2¢ mol and
sagnesius 5.4 g, 0.2 mol) in ether (600 ml) at reflux. After completed addition the mixture was
refluxed for 2 h, whereupon bengoyl chloride (17.4 al, 0.15 m0l) was added dropwise to the
cooled (ice-bath) reaction mixture. The reaction was coampleted by a reflux period (2h). After
cooling ammonium chloride (aq, 20\, 300 ml) was added and the ether phase was separated, vashed
with water, dried and evaporated. The residue, crystallized frog ethanol gave
2,4-diphenylquinazoline, yield 23 ¢ (80\) m.p. 119-120 °C (1it.<4 m.p. 119-120 *C).
IR: 3060, 1615, 1590, 1570, 1540, 1500, 1490, 1460, 1445, 1395, 1370, 13245, 1315, 1260, 1230,
119(‘), 1150, 1080, 1030, 1000, 980, 960, 925, 875, 850, 820, 7%0, 770, 765, 740, 705, 6%0, €70
ca” .
Bethod B

Phenylsagoesius bromide (70 msl, 1N) as a solution in THF was added dropwise during 5 minutes
to a well-stirred solution of g-benzamidobenzonitrile (4.44 ¢, 20 mmol) in THF (150 ml). After
comspleted addition the reaction mixture was refluxed for 4 h, cooled and treated with NE,C1
(aq, 107, SO0 ml) and ether (300 ml). The ether phase was washed wvith water, dried (Na 85 ) and
ovaporated. Crystallization fros ethanol gave 2,4-diphenylquinagoline, yield 2.80 ¢ (53\) a.p.
119-120 *c (1it. 24 119-120 "),

-2- (general procedure).

llnqneuul (2.4 g, 0.1 »0l) was reacted with bromobentzene (13.7 ml, 0.1) ®ol) inm dry ether (50
®m]) under reflux. After completed reaction 2-amimobentonitrile (5.9 g, 0.05 mol) dissolved in
dry ether (40 sl) was added dropwise. After a reflux period (2 h) methyl chloroformate (5.8 ml,
0.075 mol) was added dropwise at 0-5 °C and the solution refluxed (14 h) and then poured into
20 BCl-solution. The mixture was neutralized with RaBCO, (aq, 10\) and the product was
collected and washed with hot ether. Yield: 9.1 ¢ (82\)) m.p. 260-2 *C (1it.22 255-¢ °C)
IR: 3120 (br.), 2960 (br.), 2840 (br.), 1650 (br.), 1600 (br.), 1550, 1495, 1460, 1440, 1370,
1355, 1310, 1290, 1270, 1150, 1135, 1080, 1040, 9%0, 955, 900, 850, 810, 79%, 760, 750, 710,
705, 685 cn”!
This product was also synthesited by Yamada 832 pethod. Yield: 2.05 g (18\), m.p. 260-2 °C.
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l-unzyl—2-uinoben:onitt11ega (4:16 g, 0.02 mole) was dissolved in dry ether (40 ml) and

added dropwise to phenylmagnesium bromide (0.04 mol) at 5 °C. After completed addition the
mixture wvas refluxed (4 h) whereupon methyl chloroformate (3.1 ml, 0.04 mol) was added dropwise
under cooling (0-5 °C). The work-up followed the general procedure. Yield: 3.6 g (58\), =.p.
181 °C.
IR: 3400 (br.), 3020 (br.), 1650, 1600, 1535, 1485, 1445, 1365, 1325, 1305, 950, 935, 845, 805,
770, 760, 740, 730, 700, 675 cu-1,
MS: 313 (24), 312 (M*, 100), 311 (49), 221 (21), 207 (31).

= e ! ).
Magnesium (1.08 g, 0.045 mol) was reacted with bromobenzene (5.1 ml, 0.05 mol) in dry ether (40
ml). 2-Aminobenzonitrile (1.77 g, 0.015 mol) was added and the solution was refluxed for 3 h.
Dichloromethylenedimethylimmonium chloride (3.66 g, 0.023 mole) was added and the solution was
refluxed (15 h). The reaction was quenched with saturated NH,Cl-solution, the product collected
and washed with hot light petroleum. Yield: 3.2 g (75%), m.p. >260 °C.
The free quinazoline was liberated by treatment (reflux) with a mixture of ethanol and Nalco3
(ag., 10%). M.p. 127 *c (1lit.31 122 ‘).
IBR: 3050, 2900 (br.), 2975, 1615, 1550 (bx.), 1480, 1450, 1400, 1380, 1345, 1255, 1430, 1025,
1000, 970, 870, 805, 785, 765, 740, 730, 710, 675, 655 con-l.
2-Dimethylamino-4-phenylquinazoline was also synthesized by refluxing 4-phenyl-2-quinazolinone
in HMPA (4 h).25 yield: 32%, m.p. 124 °C.
1,2-Dihydro-2,4-diphenvlayinazoline (17).
Method A

Benzaldehyde (7.65 ml, 0.075 mole) was added dropwise, under nitrogen to the complex 10 (0.05
mol) (generated from phenylmagnesium bromide and 2-aminobenzonitrile). The solution was
refluxed (21 h) and quenched with 2 M BCl. The crystals formed were collected and washed with
hot light petroleum and recrystallized from ethanol. Yield 7 g (44%\), m.p.. 255 °C of the
hydrochloride of 17.

IR: 3400 (br.), 3140, 3100, 3020, 2960, 2890, 1615, 1560, 1475, 1440, 1405, 1340, 1295, 1265,
1245, 1175, 1150, 1135, 1085, 1070, 1025, 1000, 985, 925, 865, 850, 820, 790, 760, 755, 735,
710, 700 ca-1.

The free base 1] was liberated when the hydrochloride was treated with hot NaOH (aq, 50%) under
nitrogen. Yield: 3.5 g (25%). M.p. 50-5 °C.

IR: 3370, 3230, 3060, 3040, 1610, 1560, 1540, 1470, 1455, 1445, 1420, 1390, 1335, 1245, 1175,
1155, 1120, 1065, 1030, 1000, 965, 915, 850, 785, 755, 700, 670 cm-1.

MS: 284 (M*, 24), 283 (21), 282 (24), 281 (35), 208 (18), 207 (100), 180 (15), 129 (15).

Method B

To a freshly prepared THF solution of phenylmagnesium bromide (30 ml, 0.91 M)
2-formamidobenzonitrile (1.0 g, 6.8 mmol), dissolved in 20 ml of THF was added dropwise at room
temperature. After 14 h reflux, under a dry nitrogen atmosphere, the reaction was terminated by
the addition of 10 ml of saturated aqueous NH,Cl. The crude material (obtained after phase
separation, drying and evaporation of solvent’ was chromatographed on a column, packed with
silica (flash) gel (Merck 0.04-0.063 mm), with a diameter of 3 cm and with EtOB/CH,Cl, (1:99)
as eluent. Compound 17 was obtained 1,58 g(81%) as a yellow oil that crystallized 3n Ztandinq.
1H MMR: 4.29 (s, 1H, NB), 5.89 (2, 1H, 2-quinazolinyl), 6.60 (d, J=8 Hz, 1R, B8-quinazolinyl),
€.69 (t, J=8 Hz, 1H, 6-quinazolinyl), 7.15 (4, J=8 Hz, 1H, S-quinagolinmyl), 7.22 (t, J=8 Hz,
18, 7-quinazolinyl), 7.33-7.40 (m, S5H, phenyl) and 7.51-7.59 (m, SH, phenyl) pps.

Method €

Magnesium (1.92 g, 0.08 mol) was rsacted with bromobenzene (9.5 ml, 0.09 mol) in dry ethexr (40
ml). N-Benzal-2-aminobenzonitrile3d (4.9 g, 0.024 mol) dissolved in dry toluene

(20 ml) was added dropwise at 0-5 °C. The solution was refluxed (5 h) and quenched with 2 M
BCl. The product was collected and washed with hot light petroleum. Yield: 8.8 g of the
hydrochloride of 17, m.p. 255 °C.
Together with the dihydroquinazoline (17) another yellow compound could be isolated in the
chromatographic procedure (0.40 g). As this material was contaminated with small amounts of §
(R=R'=phenyl), it was rechromatographed on silica gel and eluated with petroleum ether/CH.Cl
(25:75), which yielded pure material 0.073 g with the following 1B MMR-data; o 5.72 (d, Jis.i
Hz, 1tH), 6.47 (t, J » 7.5 Hz, 1H), 6.61 (4, J=8.3 Hz, 1H) and 7.09-7.44 (m, 29 H). Treating
this compound with aqueous HCl transformed it to compound 22 whose structure was confirmed by
the comparison with an authentic sample of 22.
The procedure given above for CGE MgBr and benzalanthranilonitrile was used with Czﬂsuqax as
reactant, yield 65%, m.p. 78-9 "C (after recrystallization from 2-propanmol).
13¢ NMR: 203.3 (s), 149.7 (3), 143.3 (s), 134.4 (d), 131.8 (d), 128.4 (d), 126.7 (d), 126.2
(d), 116.7 (s), 114.1 (d), 112.7 (d), 57.3 (d),‘31.6 (t!, 36.9 (t), 10.4 (q), 8.7 (q) ppm.

N-Benzenesulphonylindole-3-carboxaldehyde?’ (5.70 g, 20 mmol) in ether (100 ml) was added
dropwise to phenylmagnesium bromide (50 mmol) in ether (120 ml) at reflux. After completed
addition the reaction mixture was refluxed for 6 h and then quenched by addition of ammonium
chloride {aq, 20%, 80 ml). The ether phase was separated, washed with water, dried, evaporated
and the residue recrystallized from acetonitrile, yield 7.80 g (84%), m.p. 208-210 °C (with
slow decomposition).

IR: 3390, 1615, 1450, 1370, 1185, 1130, 790, 760, 740, 715, 690 e,

MS: 463 (M‘), 322 (75), 321 (base peak).

JEMMR: 4.4 (br. s, 1 H, NH), 6.2 (s, 1 B, CH), 6.7-8.2 (w, 19 H, ar) ppm.
B¢ 1oR: 164.6 (s), 147.4 (s), 137.7 (s), 136.9 (s), 134.8 (d), 134.3 (d), 132.5 (d), 129.6

(d), 129.1 (d), 128.8 (s), 128.5 (d), 127.9 (s), 127.7 (d), 126.3 (d), 124.7 (d), 124.1 (Q),
123.9 (s), 123.1 (Q), 121.6 (d), 116.8 (d), 116.3 (s), 114.4 (d), 113.0 (d), 65.1 (d) ppm.
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2-(3-Indolyl)-4-pd 1-1.2.3.4- ) . L 24).
Compound (23), (4.63 g, 0.01 mol) was dissolved ia DNF (SO ml) containing water (5 ml). Sodium
amalgan (2% g) was added in portions to the stirred mixture during 1 h, whereupon the mixture
was stirred at 40 °C for 4 h. The reaction mixture was filtered, ev-gsntod and the residue
recrystallized from CH.CN, yield 2.95 g (90\), m.p. 128-130 °C (lit. 120-130 °C).

-Di -§- -41-pyxi . S-Amipo-4-cyano-1-phenylpyrasole (14)
(1.84 g, 10 amol) dissolved in dry TEF (15 ml) was added dropwise to a well-stirred solutiom of
phenylmagnesium bromide (26 mmol) in YHF (25 ml) at reflux. After completed addition the
mizture wvas refluxed for 4 h, whereupon acetyl chloride (20 amol) was added dropwise to the
cooled (ice-bath) reaction mixture. The cyclization was completed Dy a reflux-period (3 h).
After cooling smmonium chloride (aq, 20\, 200 al) and ether (250 ml) was added. Whea the
complexes bad decomposed the ether phase was separated, washed with water, dried (Ra 80‘) and
evaporated. The residue crystallized from ethanol, yield 1.95 g (68\) m.p. 159-160 E
IR: 3060, 2970, 1590, 1560, 1500, 1460, 1435, 1410, 1385, 1355, 1295, 1275, 1250, 1180, 1150,
1030, 955, 930, 885, 855, 830, 805, 760, 710, 700, 695 ca~'.

HS: 287 (M + 1, 30), 286 (M*, 100), 285 (30), 149 (83), 142 (30), 135 (30).
2-Aminobentonitrile (4 g, 0.03 »o0l) in ether (50 ml) was added to a solution of ethylmagnesium
bromide (0.1 mol) in ether (50 ml). After a short reflux period (0.5 h) the reactioa mixture
was cooled to O °C and trifluoroacetic anhydride (3 ml) was added dropwise. The mixture

was stirred overnight at ambient tesperature and then refluxed for 0.5 h. The reaction was
quenched with NH,C1 (aq., »40 A, 50 ml). The phases wvere separated and the water phase
extracted wvith eaher. The combined organic phases were dried (MgSO,) and evaporated.
Crystallization from ether-light petroleum gave 2.8 g (42\) m.p. 62 °C.

n:13040 (w), 2990 (w), 2940 (w), 2900 (w), 1615, 1570, 1500, 1400, 1380, 1150, 905, 765, 740

: 226 (WY), 225 (base peak), 149 (84%), 91 (79V).
1 : 174.6 (3), 149.3 (s3), 134.3 (4), 129.7 (d), 129.3 (d), 124.5 (4), 117.) (s), 99.7 (s),
27.6 (t), 12.3 (q) ppa.
This compound was prepared in the same manner as 4-ethyl-2-trifluorosethylquinaszoline. Yield:
66\ n.p. 92 °C.
IR: 3060, 1615, 1570, 1550, 1490, 1400, 1240, 1100, 770, 705 cw"!.
BS: 274 (W'), 214 (69), 145 (100).

- % -0~ 1 ).
g-Aminobentophenone (0.49 g, 2.5 asol) and diphenylmethylchloride (0.5 ml, 2.5 mmol) were
dissolved in DMF (S ml) and the solution was refluxed. When the reaction mizture was poured
into water an oil separated. The solvent was decanted and the oily residue treated with ethanol
gave crystals, yield 0.5 g (55V) m.p. 190 °C.
IR: 3300, 3050, 3010, 1630, 1565, 1510, 1230, 750, 740, 700 -

- -4- i i (11, R=C.H;).
2-Aminobentonitrile (4 g, 0.03 ®ol) in othzt (50 ml1) was added to a stirred solution of
phenylaagoesiua bromide (0.1 mol) in ether (50 wl). After a reflux period (4 h) the mixture was
cooled to O °C and diethyl oxalate (5 ml) was added dropwise. The reaction mixture was stirred
at ambient temperature for 20 h and then poured into NE,Cl (aq, 40\, 100 ml). After 0.5 h the
phases were separated, the water phase was extracted utn other and the combined organic phases
were dried (MgSO,). The solvent was evaporated in vacuus and the residue gave crystals on
treatsent vith edhanol. Yield 3.4 ¢ (41\), m.p. 131-135 °C.
IR: 2970, 1730, 1615, 1560, 1530, 1485, 13%0, 1380, 1240, 780, 705 ol
NS: 278 (W, 4), 206 (100).
2-Carbomethoxy-4-phenvigquinazoline. This compound was prepared in the same manner as
2-carboethoxy-4-phenylquinazoline described above. Yield: 46\, m.p. 154-157 °C.
IR: 3060, 2950, 1730, 1610, 1560, 14%0, 13%0, 1240, 780, 705 ol
KS: 264 (W', 31), 206 (100).

Bethod A.

2-Aminobentonitrile (4 g, 0.03 mol) in ether (50 ml) was added dropwise to a stirred solution
of phenylmagnesium broside (0.1 mol) in ether (50 ml). The reaction mixture was refluxed for 2
h and then cooled to O °C. Diethyl oxalate (S ml) was added dropwise. After a period of reflux
(5 h) the reaction was quenched with l!‘CI (aq, =40\, 100 ml) and then stirred for 1 h. The
solid ;orud was collected, yield 1.2 ¢ (20\) of 2,2'-bis-4-phenylquinazoline. N.p. 300-304 °C
(11e.19 298-29¢ *C).

IR: 3050, 1615, 1565, 1530, 1480, 13%0, 1085, 850, 775, 760, 700 cnV.

BS: 410 (N*, 77), 409 (100), 205 (389).

Bathod B (from 2-carbomethoxy-4-phenylquinazoline).

2-Aminobensonitrile (0.4 g, 3.4 mmol) in ethexr (10 al) was added dropwise to a stirred solution
of pheaylaagnesium dromide (10 mmol) inm ether (20 ml). After completed addition the reactioa
mixture was refluxed (0.5 h) and then 2-carbosethoxy-4-quinazolime (0.4 g, 1.7 mmol) dissolved
in THF (20 ml) was added dropwise. The reaction mixture was stirred at ambient teaperature for
54 h and then poured into NH,Cl (aq, =40\, SO ml). The mizture was stirred for 1 h and the
solid formed was collected ta give 68 »g (10V) of 2,2'-Dis-4-phenylquinagoline.
4-Phenyl-2-quinazolinone (1.11 g, 0.00% m0l) was suspended (under N,) and stirred (1 h) in
acetic acid (20 sl). MaBH, (0.38 g, 0.01 m0l) was added in small po‘tlou during 1 h. After 20
h the suspension was cooltd and MaOH (aq, 508, 15 ll"ul added (pH >10).The crystals forsed
were collected, yield 1.1 g (83V), m.p. 194 °C (lit. Y 193 *c, 197 *C). IR: 3230, 3070, 2910,
1680, 1605, 1455, 1345, 1300, 1270, 1180, 1115, 1080, 103S, 1005, 970, 940, 930, 8¢S, 750, 700,
625 ca” ). BS: 225 (M1, 0.3), 224 (W', 2.4), 223 (1.4), 180 (1.4), 149 (2.8), 148 (1.0),

147 (100). 3,4-Dihydro-4-phenyl-2-quinagzolinone was also synthesized Dy Gabriel's and
Stelzner's!) method (heating of 2-aminobenthydrol with urea).



Synthesis of quinazolines 3705

Yield: 0.95 ¢ (100\), mp 214-5 °C.

MS: 190 (M*, 0.3), 173 (0.5), 149 (2.6), 148 (1.3), 147 (100).

1H MR: 0.87 (4, J=6.8 Hz), 0.99 (4, J=6.9 Hz), 1.96 (m), 4.35 (m), 5.3 (br. s8), 6.6-7.2 (ar),
7.36 (br. s) ppm.

Yield; 0.9 g (87%), mp 182 °C.
IR: 3240, 3100, 2920, 1690, 1605, 1496, 1450, 1400, 1290, 1265, 1180, 1135, 1095, 1080, 1035,
1005, 975, 935, 885, 825, 765, 720, 700, 675 cm~!.

2-Aminobenzophenone (5 g, 0.025 mole) was dissolved in warm ethanol (100 ml) and NaBH, (1.15 g,
0.03 mole) was added in small portions. The solution was kept at 60 °C for t h and aféer 22 h
at 25 °C water (200 ml) was added. The c“suls formed were collected, yield 4.78 g (95%),

m.p. 117 °C (in microscope 105 °C) (lit. 120 °c, 107 °C).

IR: 3450, 3370, 3220 (br.), 3030, 2880, 1635, 1605, 1590, 1495, 14865, 1455, 1320, 1290, 1245,
1185, 1160, 1080, 1035, 1010, 940, 925, 880, 830, 765, 755, 735, 705 cm~l.
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