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In spite of the fact that a vast nuuber of guinazolines has been synthesized in connection with 
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Abstract - Grignard reagents reacted with 2-aBinobenronitrile to give 
the intemsdiate (j.Q), which readily could be cyclized to guiuazolines 
by reaction with carbonyl coupounds (e.g. acid chlorides, auhydrides, 
fomates and ozalates). The intemediate (1Q) aud aldehydes, e.g. 
benzaldehyde, gave 1,2-dihydroguiuazolines, which readily uuderuent 
dehydrogenation. 
The intomediate (1Q) reacted readily with chlorofozsate to give 
I-phenyl-2quinatolinone, which could be reduced to 3,4-dihydro- 
I-phenyl-2-guinarolinone by scdiw borohydride in acetic acid. 

the evaluation of drugs such as uethagualone (11, guiuazodine (2) aud proguazone (1) and 

studies of natural products such as febrifugin (11 awl vasicinon (11, there is only a 

relatively lisited mmber of nonfunctional guiuazolines (e.g. 51 knom.1-6 

Ph 

The available synthetic uethcds e.g. the Meenein cyclization, have a liuited scope or do 

reguire a relatively high input of experisental Bauipulations. The sost general procedure, the 

.Bischler cyclization, involve8 acylation of an 2-arinoacylbenzene follmted by heating (200 ‘Cl 

with amonia in a sealed tube. In this papery we report a cosplucntary synthesis (in tuo 

variants, Scheme 1 and 2) using anthrauilonitriles as starting Baterial. 
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Results and Discussion - 24sinobenzonitrilc (anthranilonitrile) is nowadays readily available 

by reaction of 2-nitrotoluene uith ammonia in vapour phase6 aud by amsoxidationg of p-toluidine 

and related processes.10 Aence this interesting bifunctfonal compound has gained importance as 

a starting material in organic synthesis. Ketones of the type RCC~C~D,-Q-NX~, can be 

prepared11-15 in reasonable yields by addition of X&$X to anthranilonitrile followed by 

hydrolysis (Scheme 2). The intermediate (1Q) in this synthesis has now been found to be a 

suitable precursor for quinatolines (Table 1). The reaction time in the first step should be 

relatively short, 2.5 h (for C6H516gBrl and 45 min (for C2E5PlgBr), 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 improvsd by reducing the reaction times (in lit.14 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(3X)-quinazolinones, as 

indicated in Scheme 3, was a disturbing side-reaction in this method, particularly when 

methylmagnesium bromide was utilized. 

Scheme 3 

The method according to Scheme 2 could also bs used for the preparation of 

quinazolines with certain functional groups in 2-position. In particular the 

preparation of quinazolines with a CF3-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 qufnazolines such as 2 and 11 could also readily be prepared by this approach. 

In connection with the preparation of u it was found that this ester could react with a second 

molecule of 1Q thus giving the kno~n~*~~~ 2,2’-coupled quinazoline a. 

a 
X 

Ph J!& 

& 0 x=H 
b X=CI 
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Carborylic esters generally reacted with 1Q aud e.g. ethyl bremacetite yielded lb. Rouever 

tL* yield uas modest (with a-halosubstituted esters) aud several by-products were formed 

(imcluding 2-bromaetbyl-4(3(l)-quinarolinone, c f. Scbem 3). the ~thod could also be utended 

to the preparation of hetero-fused pyrimidines. 91~s addition of pbenylmagnesium bromide to the 

pyratole 18 followed by addition of acetic anhydride yielded the pyrarolopyrimidine u (Scheme 

4). 

A A 
AE P 

Scheme b 

The preparation of 2-unsubstituted quinarolines could readily be effected by reaction of the 

intermediatea with formic acetic anhydride (or alkyl formates). Rouever attempted synthesis 

according to Scheme 1 (i.e. with 1, R’=R as reactant) resulted in the formation of the 

air-sensitive compound 2,4-diphenyl-1,2-dihydroquinaroline (II). If this compound is 

recrystallized from ethanol without air-protection it undergoes dehydrogenation to 

2,4-diphenylquinasoline. Compound 11 could also be prepared from 1Q (R-C6ES) and benzaldehyde. 

Still another method is outlined in Schems 5, namely reaction of CSRgWgRr with 

bensalanthranilonitrile (Zp), a compound tbat actually could be isolated in 20\ yield from 

Ph 

FlMgBr 

FW4gBr 

NH4CI (aql 
/ 

I Phk!@r 

Ph 

Ph 

Scheme 5 
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ructioa mixturw oi 1 m-1) ubd c68pw8r provided tbnt not mom than 2 eqmiulats of the 

Grignud reagent II wed. In the trensformtioa of ZQ to 11 t.boro ir l -tithe reactioo 

lerdie9 to the eoo-cyclird mmyuM fi ubicb muld be hydrolfld with aqueous RCl to p &A& 

l leo uxld be prrpud by l lkyletioa of 2-ulnokaso9heoow rlth Oiwyloetbyl chloride. 

Ructioe betweo C2H+Br aad 19 similarly 9ave B u. 

Ybr more rteriully hidered 1,2-dibydroquimroline (21, mbich could readily be prepared 

from jQ (I - C6B5) end ~-rulgboaylildolo-3-urboluld~~e, lr much more rtable than fl aad 

coald be recryrtallite4 from rtbaaol ritbout air-protection. Rducrioo of 11 with radium 

urlgu rith cowomitaat cleave90 of the beatawrulpboayl 9roop yielded thr krmun20 m 

a. 

Ybe intarwdieta 19 could be r&aced u aitb litbirv l luminim hydride end the mu 

iatrrndiete tl. could be treppd in much the eem uey es ttn intormedieto 1p (scheme 0. 

Severe1 derivetivar of fi (a.9. I l C&l had pre*iourly20 been prepared by other route. ouch 

aa reduction of Q-uieobmropheoocbe orin. 

Et 

In cmmctioo uith tbemo rtudirr it uea l leo fomd tbet redaction (cf. refr. 21-23) of U 

uith ecdium boroh~ride in l cetlc acid reedily yielded fi (OH Table 2). 

v - Ileaentel melyear mere perform4 by kvo Nicrowmlytiul Laboratory, 
OX-2890 Begrveerd, Dermrk. All meltiog point. l re uncorrected. II spectra (KDr disca) wre 
obtained by uric+9 l Perkin-X1-r 257 lartruwat. WU rpectre were recorded on l Bruker Ip 100 
or l Verien FS-36G iastnment Wt9D-d or CDCl es solvrntr end IWS Ed ioternal rtmlerd). Mrr 
spectra were obtaioe0 ritb l m 9ooO’~70 00) Lee spectrometer. 

&threailwitrile (2-uino&ntonitrAle) end 5-chloroentbreailonitrile of comerciel welity 
(MSY) mere 9eauelly ued ritbout further purificatioa. All the yiolde refer to ieoleted, 
cryrtellited wmpoundr. 
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lk 2790,1606,1MO. lEho,l2m. 13% 

720.700 an-l. 

Ik 2970,2920,1016,16d6.1640,1490. 

1460, cm. 726, no. 710 cm-‘. 

IR: 2790.1626.1666,16a 149O,l=J, 

1264,770,710 cm-‘. 

IR: 2960.1610. 1640,1?s6,780,760. 

700 cm-‘. 

mslq39)slq62)317(ht+97)slq97) 

202(P) 281(100) 14q71). 

MS: 442(64+.44)441(49)440(100)399(61) 

=@‘)W27)=t71)36o(‘W7207) 
271(m) 177(06). 

he3z442(ht+s1)442(61)441(100)*(0(74) 

00(~)4wv64o)3bY~~~~) 
261(Q). 

w apcrlmental satbo. 

lk &360,2960.2920.1616. mm, 1660. 
1646.1486.1486.1460.1430.12eO. 1260. 
1280; 1210;1166;1116;1000; 1070; 1026; 
1000,976.926,896,846.820, m. 276, 

71o.m cm-‘. 
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44 

WA) IkXW 2960,293). 29U3.2870. 1610, 
1676,16O6,1646,1466,1406.1420.1266. 
1366.1230,1316.1260.786,770. T&30. 
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wwaba 
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m nz(M+ps) m(m) 127(20). 

uwrctba 

lk !mo, m&o. ltoo1am. 1m.1600, 
1440,lmo. 1160,760.690cm-' 
'HNhtR 1.3(d,6HJ-3.6Hz)3.7(m,lH) 
T.l~.qm.uI)ppn 
h6i 168(ti,lOO) 187(68) 173(67). 

MS: 24ql6) 230(W) 238@4+.100) 
IR: SDIO. aBB.J. 1640.1610.1640.1486, 
1420,1370.1280.1240,1160* 1116.1030, 
1000, OBO. 92&W, 706,736, too, 6#) 
cm-‘. 

2-A8inobentonitrila (11.6 g, 0.1 ~01) dirrolved in dry ether (100 ml1 wes added dropire to 
l wll-stirred solution ol phaaylvgneritm braid. (from broaobentme, 27.4 ml, 0.26 wl end 
uqaerium 5.4 g, 0.2 ~1) in ether (600 ml) et reflux. After ccmpleted addition the mixture was 
retluxed for 2 h, whereupon benroyl chloride (II.4 ml, 0.15 ~1) ~8 added dropwise to the 
cooled (ice-htb) rewtion mixture. the rwction -0 completed by l reflux period (2b). After 
coolinq uonirn chloride feq, Hn, 300 ml) w8 added end the ether pbrc ues repereted, rarhed 
uith ueter, dried ud evaporated. The reridue, cryrtillired fr 

74 
ethuwl qeve 

2,4-diphenylquiolroline, yield 23 g OO\) m.p. 119-120 'C flit. D.P. 119-120 'Cl. 
II: 3060, 1615, 1590, 1570, 1540, 1500, 1490, 1460, 1445, 1395, 1370, 1345, 1315, 1260, 1230, 
1190, 1150, 1060, 1030, 1000, 980, 960, 925, 875, 850, 620, 7)0, 110, 765, 740, 705, 690, 670 
a‘(. 

Phenylugnerium bromide (70 ml, 1M) l l solution in TRY uu added droprise during 5 riouter 
to l wll-rtirrad rolutioe of Q-bea~ui&beatonitrilo (4.44 9, 20 roll in Tilt (150 ml). After 
capleted l ddltion the rewztion mixture ues refluxed for 4 b, cooled end truted rith ME Cl 
(aq lo\ 500 ml) end ether (XK) ml). The ether phre we8 weshed uith uatar, dried fk sd 1 rad 
e&rat&. Cryrulliretion fra ethnol qwe 2,4-diphenylquineroline, yield 2.60 9 (5h)‘m.p. 
119-120 'C flit.24 llFl20 ‘Cl. 
I-)benrl (general procedure). _- 
kgaesium (2.4 g, 0.1 wl) UM reacted uith braobentene (13.7 d, 0.13 ~1) in dry ether (SO 
ml) under reflux. After coapletd ruction 2-uinoknsoaitrrle (5.9 q, 0.05 ~1) dirsolved ia 
dry ether 00 ml) UN &dcd dropwire. After l reflur period (2 h) wtbyl cbloroforute (5.8 ml, 
0.075 wl) IW added dropuire rt O-S ‘C end the solution refluxed (14 h) end then poured into 
2W PCl-mlution. The mixture uw neutralized uitb MBC03 feq, lo\) end the p;jd;;;_e!,, 
collected rnd uerhed uith hot ether. Yield: 9.1 g (8281, m.p. 260-2 ‘C flit. 
n: 3120 (br.), 2960 (br.), 2840 fbr.), 1650 (br.1, 1600 (br.1, 1550, 105, 1460, 1440, 1370, 
1355, 1310, 1290, 1270, 1150, 1135, 1060, 1040, 990, 955, 900, 650, 810, 795, 760, 750, 710, 
705, 665 m-l. 
Thir product VU l lm ryntherired by Teude’s32 wthod. Yield: 2.05 g (IO\), l .p. 260-2 ‘C. 
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Il_Bexxyl-l-amino 116 9, 0.02 mole) uas dirsolved in dry ether (40 81) and 
added dropuise to pbesylmaqnesium bromide (0.04 mnl) at 5 ‘C. After completed addition the 
mixture was refluxad (4 b) whereupon methyl chloroformate (3.1 ml, 0.04 ml) wan added dropwise 
under cooling (O-5 ‘Cl. The work-up followed the general procedure. Yield: 3.6 9 (58\), x.p. 
181 ‘C. 

i: 3400 (br.), 3020 (br.1, 1650 1600, 1535, 1485, 1445, 1365, 1325, 1305, 950, 935, 845, 805, 
170, 760, 140. 130. 700. 675 n-i. 
E: 313 i24);312 iM+, iOO,, 311 (491, 221 (211, 207 (31). 
QI . - _ 
kqnerium (1.08 9, 0.045 mol) was react& with bromobenzene (5.1 ml, 0.05 mol) in dry ether (40 
ml). 2Aminohenronitrile (1.77 9, 0.015 mol) was added and the solution was refluxed for 3 h. 
Dichloromethyleaedimethylimmonium chloride (3.66 9, 0.023 mole) was added and the solution war 
refluxed (15 h). Tbc reaction was quenched with saturated Dli4C1-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 DalKD3 
(an., 10;). H.p. 127 ‘C (lit.31 122 ‘C). 
n: 3050, 2900 (br.1, 2915, 1615, 1550 (br.1, 1480, 1450, 1400, 1380, 1345, 1255, 1130, 1025, 
lOCQ, 970, 870, 605, 785, 765, 140, 730, 710, 675, 655 cm-l. 
2-Dimethylamino-4-phenylquinazoline was also synthesized by refluxinq I-phenyl-2quinarolinone 
in EWA (4 h).25 Yield: 32t, B.P. 124 ‘C. 

e (12). 

Benzaldehyde (7.65 ml, 0.075 mole) was added dropwise, under nitrogen to the complex 1p (0.05 
mol) (pencrated from phenylmaqnerium bromide and 2-aminobenzonitrile). The solution w5 
refluxed (21 h) and quenched with 2 II Xl. The crystals formed were collected and washed with 
hot light petroleum and recrystallized froa ethanol. Yield 7 9 (II\), B.P.. 255 ‘C of the 
hydrochloride of 12. 
m: 3400 (br.1, 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 cm-l. 
The’free base 2 was liberated when the hydrochloride was treated with hot HaOD (aq, 50%) under 
nitrogen. Yield: 3.5 a (25\). M.D. 50-5 ‘C. 
m: 3310, 3230, 3060,-3C40;1610; 1560, 1540, 1410, 1455, 1445, 1420, 1390, 1335, 1245, 1115, 
1155, 1120, 1065, 1030, loo0, 965, 915, 850, 185, 755, 700, 670 cm-l. 
s: 284 (76+, 241, 283 (211, 282 (241, 281 (35), 206 (181, 207 (lDO), 180 (151, 129 (15). 
Bethod B 
To a freshly prepared T7W solution of phenylmaqnesium bromide (30 ml, 0.91 W) 
2-formamidobenzonitrile (1.0 9, 6.8 ~011, dissolved in 20 ml of TDP was added dronwise 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 Dll Cl. 
separation, dryinq and evaporation of solvent t 

The crude material (obtained after phase 
was chromatoqraphed on a column, pecked with 

silica (flash) qel Wsrck 0.04-0.063 mm), with a diameter of 3 cm and with EtOII/CE Cl (1:99) 
as eluent. Compound 11 was obtained 1,58 9(8l\) as a yellow oil that crystallized an kandinq. 
1~ ?DlR: 4.29 (I, 18, DE), 5.89 (2, 18, 2quinazolinyl1, 6.60 (d, J=8 Hz, lD, 8-quinarolinyl), 
6.69 (t, J=8 Rz, lE, 6-quinaxolinyl), 7.15 (d, J-8 Et, 18, 5quinazolinyl), 7.22 (t, J-8 Bz, 
177, ‘I-quinazolinyl), 7.33-7.40 (B, 5H, phenyl) and 7.51-7.59 (m, 58, phenyl) ppm. 
l!kthod C 
Maqnesium (1.92 9, 0.08 mol) was r acted with bromobenzene (9.5 ml, 0.09 mol) in dry ether (40 
ml). &Benral-2-aminobenzonitrile 38 (4.9 9, 0.024 mol) dissolved in drv toluene 

(20 ~1) was added dropwise at O-5 ‘C. The solution was refluxed (5 h)‘and quenched with 2 14 
ECl. The product was collected and washed with hot liqht petroleum. Yield: 8.6 9 of the 
hydrochloride of 11, m.p. 255 ‘C. 
Toqether with the dihydroquinazoline (1L) another yellow compound could ba isolated in the 
chromatoqraphic procedure (0.40 9). As this material was contzminated with small amounts of 5 
(R=R’=phenyl), it was rechromatoqraphed on silica gel and eluated with petroleum ether/C8 Cl 
(25:75), which yielded pure material 0.073 9 with the followinq 111 MA-data; o 5.72 (d, 525.1 
Ez, 181, 6.47 (t, J * 7.5 Hz, 170, 6.61 (d, J-8.3 IIz, 18) and 7.09-7.44 (m. 29 8). Treatina 
this compound with aqueous EC1 transformed it to compound 12 whose structure was-confirmed-by 
the coaparison with an authentic sample of 12. 
- . ___ . . 

9 (271 
The procedure given above for C6E5nQ8r and benzalanthranilonitrile was used with C2E5HqBr as 
reactant, yield 65\, m.p. 78-9 C (after recrystallization from 2-propanol). 

128.4 (d), 126.7 (d), 126.2 13c WIIR: 203.3 (I), 149.7 (51, 143.3 (51, 134.4 (d), 131.8 (d), 
.I (q), 0.7 (q) ppm. 

(100 ml) was added 
dropwise to phenylmzqnesium 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 9 (84\), m.p. 208-210 ‘C (with 
slow decomposition). 
u: 3390, 1615, 1450, 1370, 1185, 1130, 790, 760, 740, 715, 690 cn-l. 
ES: 463 (w)), 322 (751, 321 (base peak). 
m: 4.4 (br. 5, 1 B, NE), 6.2 (8, 1 E, CE), 6.7-8.2 (8, 19 8, ar) pm. 
13C m: 164.6 (I), 147.4 (51, 137.7 (51, 136.9 (s), 134.8 (d), 134.3 (d), 132.5 (d), 129.6 
(d), 129.1 (d), 128.8 (I), 128.5 (d), 127.9 (~1, 127.7 (d), 126.3 (d), 124.7 (d), 124.1 cd), 
123.9 (51, 123.1 (d), 121.6 (d), 116.8 (d), 116.3 (51, 114.4 (d), 113.0 (d), 65.1 (d) pm. 
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