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peratures, 80-115 °C, 30 ml/min)] showed the hydrolysis products
to have VPC retention times identical with those of authentic sam-
ples of benzaldehyde and acetone. The later eluting product was
isolated from the hydrolysis extracts by preparative VPC on col-
umn B (70 °C and 70 ml/min). This compound’s ir spectrum corre-
lated exactly with that of an authentic sample of benzaldehyde.

2,3-Dimethylindole (29). The indole was isolated by prepara-
tive VPC from an ether solution of the 480 °C pyrolysate of 19d.
The ir spectrum correlated exactly with ir spectrum 911G, Aldrich
Library, for 2,3-dimethylindole: ir 3492, 3060, 2940, 2880, 1625,
1550, 1476, 1346, 1310, 1270, 1253, 1010, 932, 730 cm™!; NMR
(CCly) 6 2.19 (s, 3 H, 3-CHjy), 2.32 (s, 3 H, 2-CH3), 6.50-6.85 (broad,
1 H, NH), 6.90-7.45 (m, 4 H, phenyl).

3,4-Dihydroisoquinoline (27). This compound was isolated by
preparative VPC of the 580 °C pyrolysate of 192 on column C (100
°C, 100 ml/min); ir 3100, 3040, 2970, 2920, 2878, 1626, 1576, 1484,
1452, 1443, 1426, 1294, 1272, 1204, 1188, 1113, 1051, 1029, 1000,
951, 918, 873, 857, 683 cm~!; NMR (CCly) 6 2.67 (t, J = 7.1 Hz, 2
H, NCH,CHy), 3.73 (t of d, J = 7.1, 2.1 Hz, 2 H, NCH,CHy),
6.95-7.42 (m, 4, aromatic), 8.17 (t, J = 2.1 Hz, 1 H, imino H). The
structure proof was confirmed by oxidation at 530 °C over Pd/C in
a quartz flow system. Oxidized product spectra correlated exactly
with those of authentic isoquinoline.

Isoquinoline (28). The 580 °C pyrolysis of 19a produces isoqui-
noline, presumably from: oxidation of 3,4-dihydroisoquinoline.!8
This pyrolysis product was isolated by preparative VPC of a con-
centrated ether solution of the pyrolysate (column C, 100 °C, 100
ml/min): ir 3080, 3002, 2987, 1628, 1589, 1574, 1505, 1382, 1375,
1270, 1247, 1213, 1136, 1033, 1011, 941, 853, 816 cm~!; NMR
(CCly) 6 6.90-8.2 (m, 6 H), 5.58 (d, 1 H), 6.29 (s, 1 H). The spectral
data correlated exactly with the spectra of an authentic sample of
isoquinoline.

3,4-Dihydro-3-methylisoquinoline (26). 26 was isolated from
a concentrated ether solution of 19¢ by preparative VPC on col-
umn C (100 °C, 100 ml/min): ir 3078, 3040, 2980, 2943, 2897, 2840,
1670, 1585, 1500, 1468, 1439, 1390, 1368, 1327, 1304, 1227, 1211,
1141, 1130, 1058, 1043, 960, 943, 930, 898, 820, 709 cm~1; NMR
(CCly) 6 1.31 (d, J = 6.8 Hz, 3 H, -CHjy), 2.68 (d, J = 4.0 Hz, 2 H,
CH3CHCH,-), 3.32-4.90 (m, 1 H, -CHCH3s), 6.90-7.40 (m, 4 H, ar-
omatic), 8.18 (d, J = 2.2 Hz, 1 H, imino H); mass spectrum M* m/e
145, 144, 130, 117, 108, 90, 76, 77, 51, 27. This dihydroisoquinoline
was oxidized in the same manner as described for 3,4-dihydroiso-
quinoline (27). In the course of oxidation, the methyl group was
cleaved, and isoquinoline was obtained.
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The imidazo[1,2-b}isoquinoline-5,10-diones (3) derived from the condensation of equimolar amounts of o-
phthaloyl dichloride (1) and an imidazole (2) in the presence of 2 molar equiv of EtsN, react readily with hydra-
zines ReNHNH; (Rs = H, alkyl, aryl) to form 4-(2-imidazolyl)phthalazones (4), a new class of compounds. The re-
actions of these carbonyl reagents differ from those of nucleophiles such as hydroxide ion, alcohols, and amines
which attack 3 at the lactam carbonyl group and form the carboxylic acid derivatives (5-7).

The patent literature!® describes the condensation of
equimolar amounts of o-phthaloyl dichloride (1) and im-
idazoles or benzimidazoles (2) possessing unsubstituted 1

and 2 positions in CH3CN containing 2 molar equiv of
EtzN to produce imidazo[1,2-blisoquinoline-5,10-diones
(8), which react with nucleophiles such as hydroxide ion,
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alcohols, and amines at the lactam carbonyl group to form
the corresponding carboxylic acids (5), esters (6), and am-
ides (7) (Scheme I). We have verified these observations,
and have included a few representative examples of struc-
tures 3 and 5-7 in the Experimental Section to illustrate
their spectral characteristics, which were not described in
the Bayer patents. We have also shown structure 3 (R; +
R, = CH=CHCH=CH) to be identical with the CrO; oxi-
dation product of «-(2-benzimidazolyl)-o-toluic acid® by
mixture melting point and spectra.

The reaction products of 3 with carbonyl reagents have
not been previously described, and we have discovered a
convenient two-step synthesis of the new 4-(2-imidazol-
yl)phthalazones (4) from 1 as a consequence of this work.
Reactive difunctional carbonyl reagents such as hydrazine
and its monosubstituted analogues (R; = CHs, CgHj3) at-
tack both the ketonic and lactam carbonyl groups of 3 to
form the new heterocyclic ring in 4 and leave the imidazole
moiety as a pendant group. This reaction has some similar-
ities to our recent synthesis of 2-aryl-3,3a-dihydro-8H-py-
razolo[5,1-a)isoindol-8-ones from 3-phenacylphthalides*
where hydrazine attacks both a ketonic and a lactone car-
bonyl group to form a new heterocyclic ring.

A few comments are in order concerning the interconver-
sions of structures 3 and 5-7, which are not evident from
the Bayer work. We have found that the carboxylic acid 5
(R1 = C¢Hs; Ro = H) is readily cyclized to 3 (R; = C¢Hs; Ry
= H) with excess SOCls. Ring opening of the imidazo(1,2-
blisoquinoline-5,10-diones (3) with alcohols does not occur
asreadilyasthat ofthemorestrained 2-aryl-8H -pyrazolo[5,1-
alisoindol-8-ones which we recently described.*5 The latter
compounds have some structural similarity to 3. Attempts
to cleave 3 (R; = Ry = H) with MeOH containing traces of
methoxide at 25° produced recovered 3 on evaporation.®
However, the uv spectrum of 3 in DMF differs from that in
MeOH, indicating that the first step in the methanolysis is
formation of structure 8. Unless considerable amounts of
acid or base are present, 8 reverts to 3. More vigorous con-
ditions, such as refluxing the alcoholic solvent containing 3
and molar amounts of base? or mineral acid, are required to
convert 3 to 6.
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Experimental Section®

Imidazof1,2- blisoquinoline-5,10-dione (3, R; = R; = H) was
prepared from 1 and imidazole according to the literature! in 32%
yield (0.1 mol scale) after recrystallization (DMF). The crude
product is a green powder, but after repeated recrystallization it
forms yellow prisms with mp 238-239 °C dec (lit.! mp 236 °C);
Ymax 1720, 1670, and 1580 cm™!; Apax (DMF) 365 nm (¢ 2040) and
322 (3980); 'H NMR (Me2SO-dg) 6 8.33-7.85 (m) 5 H and 7.48
ppm (d, J = 2 Hz) 1 H. Anal. Calced for C;;HgN309: C, 66.66; H,
3.05; N, 14.14. Found: C, 67.42; H, 3.05; N, 14.25.

2(3)-Phenylimidazo[1,2- blisoquinoline-5,10-dione? (3, R; =
CgH;; Rz = H) was prepared similarly from 1 and 4-phenylimida-
zole (Aldrich) in 32-49% crude yield as a green powder. Recrystal-
lization (DMF) gave pure material as olive-bronze crystals with mp
285-288 °C dec; vmax 1715 and 1670 em™!; Apax (DMF) 402 nm (e
2400) and 274 (23 800); 'H NMR (CDCl3) é 8.58-8.37 (m) and
8.20-7.88 (m) 4 H, 7.67 (m) 4 H, 7.53 (m) and 7.40 ppm (m) 2 H.
Anal. Caled for C17HoN2O2: C, 74.44; H, 3.68; N, 10.21. Found: C,
74.19; H, 3.82; N, 10.26.

Benzimidazo[1,2-blisoquinoline-5,12-dione (3, R; + Ry =
CH=CHCH==CH) was prepared similarly from 1 and benzimid-
azole in 64% yield after recrystallization (DMF). The pure material
was a yellow, crystalline solid with mp 268-271 °C dec (lit.!3 270,
261-262 °C); vmax 1710 and 1670 ecm™!; Amax (DMF) 418 nm (e
2170) and 283 (20 600); 'H NMR (CF3COzH) 6 8.33-7.88 (m) 3 H
and 7.67-7.45 ppm (m) 5 H. Anal. Caled for C,5HgN;Os: C, 72.57;
H, 3.25; N, 11.29. Found: C, 72.46; H, 3.37; N, 11.28.

4-(2-Imidazolyl)phthalazone (4, R; = R; = Rz = H). A mix-
ture of 3 (R; = Rz = H) (10.0 g, 50.5 mmol), EtOH (100 ml), and
hydrazine hydrate (5.0 g, 0.10 mol) was stirred at reflux for 3 h and
cooled to 0 °C, and the crystalline product was filtered. Recrystal-
lization (DMF) gave an 87% yield of colorless, crystalline phthala-
zone with mp >300 °C; vmax 3420 and 1650 cm™!; Apax (CF3CO2H)
310 nm (e 6700), 300 (9600), and 292 nm (10 200); 'H NMR
(CF3CO2H) 6 8.77-8.00 {m) 4 H (C¢H,) and 8.03 ppm (s) 2 H
(CH=CH). Anal. Caled for C1;HgN4O: C, 62.25; H, 3.80; m/e
212.0698. Found: C, 62.20; H, 3.70; m/e 212.0695.

2-Methyl-4-(2-imidazolyl)phthalazone (4, R; = R: = H;Rs =
CH3) was prepared similarly from 3 (R; = Ry = H) and methylhy-
drazine in 55% yield after recrystallization (CH3CN). It formed
colorless crystals with mp 241-242 °C; vmar 1660 cm™1; Apmax
(CF3COzH) 313 nm (¢ 10400) and 302 (12000); 'H NMR
(CF3CO2H) 6 8.65~7.90 (m) 4 H (CgHy), 7.57 (s) 2 H (CH=CH),
and 4.07 ppm (s) 3 H (NCH3s). Anal. Caled for Ci1oHoN4O: C,
63.70; H, 4.46; m/e 226.0854. Found: C, 63.72; H, 4.28; m/e
226.0814.

2-Phenyl-4-(2-imidazolyl)phthalazone (4, R, = R; = H;R3 =
CeHs) was prepared similarly in aqueous HOAc from 3 (R; = R =
H) and phenylhydrazine in 60% yield after recrystallization (50%
DMF). It formed orange crystals with mp 210-211 °C; vpmax 3340,
3210, and 1700 cm™!; Amax (DMF) 443 nm (e 1910) and 284 (3250);
'H NMR (CF3COzH) & 8.58-7.58 (m) 4 H (CgHy), 7.43 (s) 2 H
(CH=CH), and 7.22 ppm (s) 5 H (CgHs). Anal. Calcd for
C17H192N4O-H0: C, 66.65; H, 4.61; N, 18.29. Found: C, 67.37; H,
4.84; N, 18.65.

2-Methyl-4-(4-phenyl-2-imidazolyl)phthalazone (4, R;
CgHs, Re = H, R3 = CHj) was prepared similarly from 3 (R,
CeHs, R = H) and methylhydrazine in 45% yield after recrystalli-
zation (80% DMF). It formed yellow crystals with mp 307 °C dec;
Vmax 3400, 3250, and 1630 cm™!; Apax (DMF) 413 nm (e 2380) and
339 (12 000); 'H NMR (Me S0-dg) & 12.82 (broad) 1 H (NH),
9.75-7.25 (m) 10 H (aromatic), and 3.83 ppm (s) 3 H (NCHj3). Anal.
Caled for C18H14N,4O: C, 71.51; H, 4.67; N, 18.53. Found: C, 71.52;
H, 4.54; N, 18.98.

4-(2-Benzimidazolyl)phthalazone (4, R; + R; = CH=-
CHCH=CH; R3 = H) was prepared similarly from 3 (R; + Ry =
CH=CHCH==CH) and hydrazine hydrate in 87% yield after re-
crystallization (75% DMF). It formed colorless crystals with mp
>8315 °C; vmax 3220 and 1660 cm™!; Apmax (DMF) 324 nm (¢ 18 000)
and 281 (14 100); 'H NMR (CF3;CO:H) 6 8.33-8.12 (m) 1 H and
7.73-7.17 (m) 7 H. Anal. Calcd for C15sH;0N4O: C, 68.69; H, 3.84; N,
21.37. Found: C, 68.79; H, 3.87; N, 21.12.

2-Methyl-4-(2-benzimidazolyl)phthalazone (4, R; + Ry =
CH=CHCH=CH; R; = CHj3) was prepared similarly from 3 (R; +
Ry = CH=CHCH=CH) and methylhydrazine in 81% yield after
recrystallization (45% DMF). It formed yellow crystals with mp
253-255 °C; vmax 3290 and 1630 cm™1; Amex (DMF) 401 nm (¢ 830),
332 (17 700), and 281 (14 100); 'H NMR (CF3CO.H) 6 8.30-8.10
(m) 1 H, 7.72-7.22 (m) 7 H, and 3.67 ppm (s) 3 H (NCHj3). Anal.
Calcd for C16H12N4O: C, 69.55; H, 4.38. Found: C, 69.39; H, 4.32.
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2-(2-Carboxybenzoyl)imidazole (5, R; = Ry = H). A mixture
of 3 (R1 = Ry = H) (5.77 g, 29 mmol), H20 (30 ml), MeOH (30 ml),
and NaOH (2.0 g, 50 mmol) was stirred at 25 °C for 2 h. Neutral-
ization of the resulting solution (pH 7) gave a colorless precipitate
which was recrystallized (210 ml of MeOH) to give 4.31 g (20
mmol, 69%) of product as colorless needles with mp 228--229 °C
dec (1it.2 200 °C); vmax (Nujol) 3290 and 1670 em™1; Apnax (MeOH)
287 nm (e 13300); 'H NMR (MesSO-dg) 6 12.17 (broad) 2 H
(CO2H, NH), 8.03-7.80 (m) and 7.67-7.53 (m) 4 H (CgHy,), and 7.27
ppm (s) 2 H (CH=CH). Anal. Caled for C;;HgN»03: C, 61.11; H,
3.73; N, 12.96. Found: C, 61.17; H, 3.75; N, 13.23.

2-(2-Carboxybenzoyl)-4-phenylimidazole’ (5, R; = CgHs, Ro
= H) was prepared similarly from 3 (R; = Ce¢Hj; Re = H) in 82%
yield after recrystallization from a mixture of MeOH (20 ml),
MesSO (10 ml), and Hz0 (2 ml). The product was a colorless solid
with mp 280 °C dec; vmax (Nujol) 3350 and 1670 cm™1; Apax
(MeOH) 323 nm (e 16 300) and 250 (12 700); *H NMR (Me.SO-dg)
§ 8.00-7.58 (m) 7 H and 7.47-7.17 ppm (m) 3 H. Anal. Caled for
C17H12N203: C, 69.85; H, 4.14; N, 9.59. Found: C, 69.54; H, 4.23; N,
9.32.

2-(2-Carboxybenzoyl)benzimidazole (5, R; + Ry = CH=-
CHCH=CH) was prepared similarly from 3 (R; + Ry = CH==-
CHCH=CH) in 92% yield after recrystallization (67% MeOH).
The product was a colorless solid with mp 270-271 °C (lit.2 250
°C); vmax 3380, 3320, and 1680 cm™!; Apex (MeOH) 310 nm (e
15 300) and 240 (10 200); 'TH NMR (Me2SO-dg) 8 13.40 (broad) 2 H
(COgH, NH) and 8.12-7.17 ppm (m) 8 H (aromatic). Anal. Caled
for Cy1sH10N2Oa: C, 67.66; H, 3.79; N, 10.52. Found: C, 66.86; H,
3.70; N, 10.23.

Cyclization of 2-(2-Carboxybenzoyl)-4-phenylimidazole. A
mixture of 5 (R; = CgHjs; Ry = H) (1.0 g, 3.43 mmol) and SOCl, (20
ml) was warmed on a steam bath for 5 min, then evaporated to
leave 0.8151 g (2.98 mmol, 87%) of 2(3)-phenylimidazo[1,2-b]iso-
quinoline-5,10-dione (3, R; = C¢Hs; Re = H) as a yellow solid, mp
288-290.5 °C. Recrystallized material (DMF) was identical spec-
trally with material prepared from 1 and 2 (R; = CgHs; Re = H)
above.

Treatment of 3 (R; = Ry = H) with MeOH. A mixture of 3 (R;
= Ry = H) (1.0 g, 5.05 mmol), MeOH (20 ml), and a small chip of
sodium was stirred at 25 °C for 1.5 h. The yellow color faded and
the dione went into solution, but isolation by evaporation gave
only starting material. Comparison of the uv spectra of 3 (R; = R
= H) in DMF [Amay 365 nm (e 2040) and 322 (3980)], where no re-
action can occur, and in MeOH [Amax 290 nm (¢ 14 200)] with an
authentic sample of ester 6 (R; = Ra = H; R = CoHj) [Amax (EtOH)
290 nm (e 13 100)] suggests the presence of species 8 in methanol
solutions of 3; 8 reverts to 3 on isolation.

2-(2-Carboethoxybenzoyl)imidazole (6, R; = Ry = H; R =
CyH;) was prepared by stirring a mixture of 3 (R; = Re = H) (5.77
g, 29.0 mmol), EtOH (50 ml), and HySO04 (2 ml) at reflux for 2 h,
during which time the solid dissolved. The mixture was diluted
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(H20) and neutralized (pH 7) to give 8 as a colorless precipitate,
yield 4.97 g (20.4 mmol, 70%) after recrystallization (160 ml of 25%
EtOH). Pure 6 had mp 156-158 °C (lit.2 170 °C); vmax 1700, 1600,
and 1270 cm™L; Ayay (EtOH) 290 nm (e 13 100) and 214 (13 800);
'H NMR (CDCly) § 11.67 (broad) 1 H (NH), 8.42-7.77 (m) 4 H
(CeHy), 7.18 (8) 2 H (CH=CH), 4.12 (q, 4 = 7 Hz) 2 H (OCHy),
and 1.07 ppm (t, J = 7 Hz) 3 H (CHs). Anal. Caled for
C13H12N203: C, 63.92; H, 4.95; N, 11.47. Found: C, 63.81; H, 4.80;
N, 11.84.

2-(2-Carbamoylbenzoyl)imidazole (7, R; = R, = R’ = H). A
mixture of 3 (R; = Ry = H) (5.77 g, 29 mmol) and liquid NH; (100
ml) was stirred at —33 °C for 1 h. The solid dissolved to form a col-
orless solution, evaporation of which gave the crude amide. Recrys-
tallization from a mixture of MeOH (90 ml), Me2SO (70 ml), and
H20 (150 ml) gave 4.59 g (21.4 mmol, 74%) of colorless, crystalline
product with mp 193-194 °C dec; vmay (Nujol) 3290 and 1675 em™1;
Amax (MeOH) 275 nm (e 1265); 'H NMR (MesSO-dg) § 12.22
(broad) 1 H (NH), 9.13 and 7.12 (broad) 2 H (NHy), 7.82-7.42 (m)
4 H (CeHy), and 6.92 ppm (s) 2 H (CH=CH). Anal. Calcd for
CanNstZ C, 61.39; H, 4,22, Found: C, 61.11; H, 4,28,

Registry No.—1, 88-95-9; 2 (R = CgHs; Ry = H), 670-95-1; 2
(R; + Ry = CH=CHCH=CH), 51-17-2; 3 (R; = Ry = H), 36142-
27-5; 3 (R; = CgHs; Re = H), 57594-19-1; 3 (Ry + Rp:.= CH=
CHCH=CH), 6659-72-9;/4 (R; = Ry = R3 = H),157594-20-4; 4!(R,
= Rz = H; R3 = CH3),\57594-21-5;§4 (R1 = Rz = H; R3 = CgHs),
57594-22-8; 4. (R; = CgHj; R2 = H; Rs = CHj3),157594-23-7; 4 (R,
+ Ry = CH==CHCH=CH; Rz = H),|57594-24-8; \4'(R; + R, =
CH=CHCH=-CH; R3 = CHj),|57594-25-9;|5' (R, = Ry = H),
41200-40-2; 5°(R; = CgHs; Ry = H), 57594-26-0; 5 (R + Ry =
CH=CHCH=CH), 41200-57-1; 6 (R; = Ry = H; Ry = CoHp),
41200-53-7;17 (R; = Ry = R’ = H), 57504-27-1; 8, 57694-28-2;
methylhydrazine, 60-34-4; phenylhydrazine, 100-63-0; hydrazine
hydrate, 10217-52-4.
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The kinetics of bromination of 4(3H)-quinazolinone, 3-methyl-4-quinazolinone, and 1,4-dihydro-1,3-dimethyl-
4-oxoquinazolinjum perchlorate have been measured in dilute aqueous acid media. The kinetic order of the reac-
tions, the acidity dependence of the rates, the inverse dependence of the rates on bromide ion, and the relative
reactivities of the substrates are all consistent with a mechanism in which the rate-determining step is attack by
molecular bromine upon the covalent hydrate (or pseudobase) of the substrates.

Relatively little has been done on the mechanistics as-
pects of quinazoline chemistry, although many derivatives
have been prepared for potential medicinal purposes.! It is
known,2 however, that several simple quinazolines show
appreciable covalent hydration,?? particularly in their pro-

tonated forms. In aqueous solution 2(1H)-quinazolinone*
exists to the extent of 25% as the covalent hydrate formed
by addition of water across the C4~N3 double bond,? but
there is no direct evidence for the covalent hydration of
4(3H)-quinazoline (1, R = H). However, it is interesting to



