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Ring opening of lithio derivatives of N-(a-alkoxyalky1)benzotriazoles 9 and 22 and subsequent 
extrusion of nitrogen at  -78 "C gave novel o-iminoDhenvl anions which enable svntheticallv useful 
preparations of ortho-substituted anilines (19 
and 26). 

Ortho-substituted anilines are important starting ma- 
terials for heterocyclic compounds and pharmaceuticals.la-c 
Although the electrophilic substitution of N-acylated 
anilines is feasible, the formation of isomers can be 
synthetically unattractive. Directed ortho-metalations 
have evolved as an important alternative and regiospe- 
cific strategy: variations include reactions of anilinodi- 
chloroborane with electrophilesla and heteroatom-facili- 
tated dilithiation of aromatic amines followed by electro- 
philic substitution.za,b In recent contributions from our 
laboratory, carbon dioxide has been successfully used as 
an easily introducable and removable protecting group 
for the conversion of N-alkylaniline~~ and of N-methyl-l- 
and N-methyl-2-naphthylamines4 into ortho-substituted 
N-alkylanilines and N-alkyl-2-naphthylamines, respec- 
tively. For ortho-metalation of N-unsubstituted anilines, 
the NHz group of the aniline has been converted into an 
amide which then undergoes dilithiation: p-chloro- and 
o-methoxy-substituted N-pivalanilines smoothly undergo 
ortho-lithiation with butyllithium in THF at 0 "C, but 
the dilithiation of unsubstituted N-pivalaniline requires 
forcing conditions (at 20 "C) and either a 50% excess of 
butyllithium to make up for its consumption by the 
solventza or the use of t-BuLiSzb Moreover, the competing 
N-alkylation of l a  leading to formation of byproducts of 
dialkylationza is another drawback of this method. An 
alternative strategy for the 0-alkylation of anilines would 
be to use 0-protected amides lb; however, we located no 
literature report of 0-protected anions lb. 

Benzotriazole is a highly stable compound. Most 
reported ring openings require forcing conditions such 
as pyrolysis or photolysis, and extrusion of nitrogen often 
gives complex rearranged products via ionic or radical 
fragmentati~n.~"-' We found that Grignard reactions of 
a-benzotriazolylalkyl ethers at 110 "C can result in the 
loss of a single nitrogen atom after the ring cleavage to 
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and 25)" and of benzoheterocycl& (14, 20,"21, 24, 

give o-aminoaniline derivatives.6 Recently, ring opening 
of benzotriazole was achieved under milder conditions 
using reactants bearing electron-donor groups at the 
carbon adjacent to the benzotriazole ring: thus, the ring 
opening, rearrangement, and loss of nitrogen from 2-(ben- 
zotriazol-1-yllenamines 2 was achieved in refluxing 
toluene giving quina~olines,~ and furthermore, ring 
fragmentation of the diarylbenzotriazolylmethane anion 
3 was accomplished at  room temperature.s Both of these 
ring-opening reactions involve cleavage of the bond 
between the N-1 and the N-2 atoms followed by extrusion 
of nitrogen to give an o-iminophenyl anion such as 4, and 
in both cases the resulting o-iminophenyl anion under- 
went, at the temperatures required for ring opening, 
immediate intramolecular reactions, affording useful 
preparations of heterocycles. The corresponding o-imi- 
nophenyl anion intermediates thus formed would be 
difficult to trap with external electrophiles because these 
intermediates readily undergo intramolecular reactions, 
dimerizations, polymerization, etc. 

We have now identified lithio derivatives of N-(a- 
alkoxyalky1)benzotriazoles (9a,b and 22a-c) which un- 
dergo ring opening at  low temperatures and have been 
able to trap the generated ortho-iminophenyl anion 
intermediates with a variety of electrophiles. In effect, 
we have found that o-iminophenyl anions of type lb  can 
conveniently be prepared from the ring opening of readily 
available N-(a-alkoxyalkyllbenzotriazoles. 

Results and Discussion 

JV-(a-Alkoxyalky1)benzotriazoles 9a,b9 and 22a1° were 
previously prepared from this laboratory. Novel com- 
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Scheme 1 
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Table 1. Preparation of Compounds 12, 14,19-22, and 24-26 
CHN analysis, found (required) 

compd R W - 1 )  Ar yield (%) molec formula C H N 
12 57 CmHisNO 84.36 (84.19) 5.35 (5.30) 4.85 (4.91) 
14a Me 44 C ~ ; H & N ~ O ~  81.23 (81.20) 
14b Et 46 C3zHzsNzOz 80.99 (81.33) 

Cz3HziNOz 80.49 (80.44) 19a Ph Ph 57 
CieHigNOz 76.51 (76.84) 19b Me Ph 17 

20aa p-tolyl Ph 55 CziHi7NO 84.02 (84.25) 
20ba Ph Ph 70 Cz6HigNO 86.50 (86.40) 
20ca Ph Ph 60 CziHi7NO 83.93 (84.24) 
20d b Ph 53 CigHigNO 82.22 (82.28) 
21aa Ph Ph 83 Cz6HzoNz 86.39 (86.64) 
21ba p-MeOCsH4 Ph 80 CzsHz4Nz0 82.91 (83.14) 

C3zHz6Nz 87.93 (87.64) 
22b p-tolyl 80 Ci~HigN30 72.64 (72.51) 
22c 1-naphthyl 56 CzoHi9N30 75.45 (75.69) 

CzoHi4Nz 84.91 (85.06) 24a Ph Ph 8 1  
24b p-tolyl Ph 47 CziHi6Nz 85.48 (85.11) 
2Sa Me Ph 77 Ci7HigNO 80.98 (80.60) 
2Sb n-Bu Ph 88 C z o H z 5 N 0 81.68 (81.31) 

CziHisNzS 77.01 (76.80) 26a p-tolyl 67 
26b 1-naphthyl 74 Cz4HisNzS 79.30 (79.09) 
a RZ(Ar2) = H (20a); Ph (20b), Me (20~); Ph (21a); p-MeC& (21b), p-MeC& (21~) .  

21ca p-MeCsH4 1-naphthyl 79 

b Rl RZ = - , 

pounds 22b,c were prepared according to a literature 
methodlo and were characterized by NMR spectroscopy 
and elemental analyses. 

Previous work from this laboratoryll demonstrated 
that treatment of compound 9a or 9b with n-BuLi at -78 
"C for 1 or 2 min gave green solutions of 10 which could 
be trapped by immediate treatment with electrophiles 
such as aldehydes and halides to give alkylated adducts 
7 in good yield; this provides a versatile synthesis of aryl 
and heteroaryl ketones of type 8. We now find that if 
the lithio derivative of 9 is allowed to stand at  -78 "C 
for 3 h, or to warm to -30 "C (instead of immediate 
trapping with electrophiles), the green solution changed 
to brown, and subsequent treatments either with ethyl 
crotonate or with methyl crotonate each gave similar 

(11) Katritzky, A. R.; Lang, H.; Wang, 2.; Zhang, Z.; Song, H. J. 
Org. Chem. 1995, 60, 7619. 

5.71 (5.71) 
5.95 (5.97) 
6.23 (6.16) 
6.84 (6.81) 
5.71 (5.72) 
5.21 (5.30) 
5.83 (5.73) 
6.92 (6.90) 
5.69 (5.59) 
6.27 (5.98) 
5.98 (5.98) 
6.82 (6.81) 
6.02 (6.03) 
4.99 (5.00) 
5.51 (5.44) 
7.69 (7.56) 
8.81 (8.53) 
4.94 (4.91) 
4.58 (4.42) 

-(CH2)5- (20d). 

6.06 (6.11) 
5.86 (5.93) 
4.01 (4.08) 
5.12 (4.98) 
4.55 (4.68) 
3.75 (3.88) 
4.89 (4.68) 
4.96 (5.05) 
7.71 (7.77) 
6.70 (6.93) 
6.34 (6.39) 

14.97 (14.93) 
13.24 (13.24) 
9.89 (9.92) 
9.41 (9.45) 
5.40 (5.53) 
4.34 (4.74) 
8.49 (8.53) 
7.76 (7.69) 

compounds 14a and 14b, respectively, in 44-46% yield, 
instead of the expected product of type 7 (Scheme 1). The 
structures of products 14a,b were supported by NMR 
spectroscopy and CHN analyses (Table 11, and 14a was 
confirmed by single crystal X-ray crystallography (Figure 
1). The benzoxazine system is planar and has a bonding 
geometry similar to that found in previously reported 
structures of 3,l-benzoxazin-4-0nes.~~~-~ The attached 
phenyl ring is nearly coplanar, the angle between the 
respective meanplanes being 9.7". The geometry of the 
exocyclic double bond is 2, while the geometry of the 

(12) (a) Etter, M. C.; Errede, L. A,; Vicens, J. Cryst. Struct. Commun. 
1982, 11, 885. (b) Kashino, S.; Nakashima, S.; Haisa, M. Acta 
Crystallogr., Sect. B 1978, 34, 2191. ( c )  Gilman, N. W.; Blount, J. F.; 
Fryer, R. I. J. Org. Chem. 1976, 41,  737. (d) Pink, M.; Sieler, J.; 
Gutschow, M. 2. Kristallogr. 1993, 207, 319. (e) Molina, P.; Alajarin, 
M.; Vidal, A.; Foces-Foces, M. C.; Cano, F. H. Tetrahedron 1989, 45, 
4263. 
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Scheme 2 
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Figure 1. Perspective view of the X-ray structure of 3,l- 
benzoxazine 14a. 

imidate system is E. The C-phenyl ring is inclined to 
the imidate mean plane at an angle of 46.4", while the 
N-aryl ring mean plane is inclined at  an angle of 128". 
There are no unusual bsnd lengths or angles or short 
intermolecular atom contacts. 

The mechanism for the formation of 14a,b probably 
involves intermediates 11 which were formed from 10 
by ring opening of the benzotriazole moiety followed by 
loss of Nz. 1,a-Additions of anion 11 to methyl or ethyl 
crotonate forms an a,/3-unsaturated ketone 16. The 
crowded environment of the carbonyl group of 16 directs 
the second molecule of 11 to undergo 1,4-addition to give 
enolate 15, which undergoes ring closure via intramo- 
lecular displacement of the ethoxide or methoxide group 

C 
d 20 

AI' 

A+ 21 
Ar'CHCNAf - a N Ar b 

21 C 

R' Ar 

ml-h H Ph 
Ph Ph Ph 
Ph Me Ph 

-(CH2)5- Ph 

by the enolate oxygen to form 14. Intramolecular sub- 
stitution by C-C bond formation involving the enolate 
carbon of 15 was not observed, presumably because of 
steric hindrance. The formation of anion 11 was further 
supported by reaction with benzaldehyde, which gave 
product 12 (35%) by nucleophilic addition of the anion 
11 to benzaldehyde followed by intramolecular displace- 
ment of the ethoxide or methoxide by the newly gener- 
ated anionic oxygen. Compared with the ring opening 
of the diarylbenzotriazolylmethane anion 3,8 which re- 
quires a temperature of 20 "C, the present benzotriazole 
ring opening of 10 a t  -78 "C perhaps reflects electronic 
destabilization of the carbanion by the electron pair of 
the alkoxy group. 

Encouraged by these results, we turned our attention 
to the isopropyl analogs 22a-c of the methyl and ethyl 
derivatives 9a,b. As expected, 22a-c are lithiated by 
butyllithium and subsequent ring opening a t  -78 "C 
generates the o-iminophenyl lithiums 23a-c (Scheme 2). 
Ring opening of the lithio derivatives of the sterically 
more hindered compounds 22a-c (each with an isopropyl 
group) was even faster than that of the carbanions 10a,b 
(with an ethyl or methyl group on the oxygen atom). 
When compound 22a was treated with butyllithium, the 
deep green solution that formed upon addition of butyl- 
lithium disappeared with the evolution of Nz in less than 
1 min to give a brown color. Under the same conditions 
as previously used for the preparation of compounds 7 
(in which lithiation of 9 was immediately followed by 
reaction with an aldehyde or halide),'l treatment of the 
lithio derivative of 22a with benzaldehyde gave no 
detectable product of type 7. By contrast, the isolated 
yield of 12 was increased from the 35% obtained using 
ethoxy compound 9b to 57% when 22a was used. Simi- 
larly, treatment with ketones of the anion 23a derived 
from 22a resulted in the formation of 20b-d in 53-70% 
yield. Compounds 20 are all stable, and the possible 
intermediates of the addition of the anion 23a to the 
aldehydes and ketones prior to ring closure were not 
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detected, demonstrating that the isopropoxide in 23a is 
a good leaving group. We believe that the more sterically 
hindered isopropyl in 22a-c (as compared with ethyl or 
methyl in 9a,b) plays three roles: (i) the isopropoxide 
renders the lithio derivatives of 22a-c more crowded, 
thus completely preventing its direct alkylation, (ii) the 
steric relief gained by formation of anions 23a-c acceler- 
ates the ring openings of the litho derivatives of 22a-c, 
and (iii) the bulky isopropyl group renders the isopro- 
poxide a better leaving group, thus facilitating ring 
closure of the initial addition adducts of 23a-c with the 
appropriate electrophiles. 

From a synthetic point of view, the ring-opening 
reaction of compounds 22 provides a new method for the 
preparation of benzoxazines of type 20 with the breaking 
of two bonds and the formation of two new bonds in a 
one-pot procedure. Benzoxazines 20 were previously 
prepared by reactions (i) of N-(0-acylpheny1)imidates with 
organometallics,13 (ii) of allenic nitriles with 2-aminoben- 
zyl and (iii) from 2-(aroy1amino)benzophenones 
and PBr3.15 The present one-pot procedure can poten- 
tially generate a wide variety of benzoxazines 20 derived 
from either aldehydes or ketones. 

Anion 23a was shown to react with halides and esters 
to give compounds 19a,b and 25a,b, respectively, in 
which the isopropoxy group is retained. Compound 19b, 
derived from the enolizable acetate, was obtained in a 
low yield probably because the anion 23a behaves as a 
base to convert the ester to an enolate. Previous prepa- 
rations of N-arylimidates have included (i) alkylation of 
amides at  the oxygen atom,16 (ii) reaction of arylamines 
with alkyl orthonates,16 and (iii) reaction of chromium 
carbenes with ~u1finimines.l~ Our one-pot preparation 
of imidates 19a,b and 25a,b provides isopropoxy- 
substituted imidate functionality and also forms a new 
C-C bond ortho to the nitrogen atom in the phenyl ring. 

Additions of the anions 23a-c to an electrophile 
followed by ring closure were shown to be a general route 
for the preparation of benzoheterocycles, many of which 
(including 20) are of pharmacological i n t e re~ t . l~J~" ,~  Thus, 
treatment of the anions 23a,c with diarylimines gave 3,4- 
dihydroquinazolines 21a-c in 7 9 4 3 %  yield. 2,3,4- 
Triaryl-3,4-dihydroquinazolines similar to 21 were pre- 
viously prepared by condensing 2 equiv of aroyl chlorides 
with primary arylamines at 200-220 "C,I9 but these 
products necessarily have two identical substituents at  
the 2- and 4-positions. Our one-pot approach to 21 can 
introduce different aryl substituents at the 2-, 3-, and 
4-positions and proceeds under milder conditions. 

When the anion 23a was reacted with nitriles, quinazo- 
lines 24a,b were obtained in 47-81% yield. We have 
previously reported preparations of diarylbenzoquinazo- 
lines of type 24 by the ring-opening rearrangement of 
2-(benzotriazol-l-yl)enamines in refluxing to1uene.I An- 

(13) Hajjem, B.; Chihi, A,; Baccar, B. Synth. Commun. 1992, 22, 
295. 
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(15) Schmidt, R. R.; Beitzke, B. Chem. Ber. 1983, 116, 2115. 
(16) Tennant, G. In Comprehensiue Organic Chemistry; Barton, S. 

D., OKs, W. D., Eds.; Pergamon Press: New York, 1979; Vol. 2, p 385. 
(17) Alcaide, B.; Dominguez, G.; Plumet, J.; Sierra, M. A. Organo- 

metallics 1991, 10, 11. 
(18) (a) Ismailov, B. I. Vopr. Onkol. 1964, 10,29; Chem. Abstr. 1964, 

61, 15234h. (b) Karminski, W.; Kulicka, J.; Miernik, J. J. Enuiron. Sci. 
Health, Part B 1983, B18, 599; Chem. Abstr. 1984, 100, 34492%. 

(19) Novak, B.; Babic, D.; Japelj, M.; Tisler, V.; Kardelja, E.; Krka, 
D. Hem. Ind.  1980, 34, 330; Chem. Abstr. 1981, 94, 191845~. 

ions 23 provide an alternative approach to compounds 
of type 24 under milder conditions (-78 to 20 "C). 

Similarly, when the anions 23a,b were treated with 
isothiocyanates, compounds 26a,b were isolated in 67- 
74% yield. Preparation of compounds of type 26 were 
reported in the literature by reaction of 3,l-benzothiaz- 
ine-4-thione with primary amines.20a,b The present method 
for the preparation of compounds 26 commences with 
readily available starting materials. All compounds 20, 
21,24,25,19, and 26 showed the expected NMR spectra, 
and their structures were confirmed by CHN analyses. 

In summary, N-(a-isopropoxyalky1)benzotriazoles 22 
form novel phenyl anions 23 which react with a variety 
of electrophiles and can advantageously be used in place 
of the previously reported anion la:2a (i) anions 23 are 
more conveniently prepared than l a  under normal 
lithiation conditions (1 equiv of butyllithium at -78 "C), 
(ii) use of 23 avoids formation of the byproducts of 
dialkylation which can arise with la,  and (iii) anions 23 
can be visualized as the isopropyl-protected la; thus, they 
are well suited to the synthesis of heterocycles (isopro- 
poxide is a convenient leaving group). We have described 
the synthesis of a number of heterocycles and ortho- 
substituted anilines via 23. 

Experimental Section 
lH and 13C NMR spectra were recorded in CDC13. THF was 

freshly distilled from sodium-benzophenone ketyl immedi- 
ately before use. Lithiations were carried out in an argon 
atmosphere created by evacuating the flask using a vacuum 
pump followed by filling it with argon several times. Column 
chromatography was carried out on MCB silica gel (230-400 
mesh). Most analytically pure compounds 19-26 were ob- 
tained by column chromatography using ethyl acetatehexane, 
1:5 as solvent, without further recrystallization. As com- 
pounds 22a-c were not very stable upon column chromatog- 
raphy, they were usually used directly in subsequent reactions. 
The samples of 22b,c for CHN analyses were obtained by 
recrystallization (vide infra). Compound 22a was obtained 
according to the literature procedure.1° 

Preparation of 2,4-Diphenyl-4H-3,1-benzoxazine (12). 
Benzotriazole derivative 9b (2.5 g, 10.0 mmol) was stirred with 
butyllithium (2 M, 5.5 mL, 11 mmol) in THF (100 mL) at  -78 
"C for 3 h. Benzaldehyde (1.1 g, 10 mmol) was added at  -78 
"C, and the mixture was stirred at -78 "C for 3 h and at 20 
"C for 12 h. The reaction was quenched with HzO (30 mL) 
and extracted with Et20 (3 x 30 mL). The extract was washed 
with NaOH (2  N, 25 mL) and dried (MgS04) and the solvent 
removed to give an oil which was purified by column chroma- 
tography (ethyl acetatehexane, 1 5 )  t o  give a yellow solid (1.0 
g, 35%). Compound 12 was also prepared from 22a and 
benzaldehyde in 57% yield: mp 114-115 "C; lH NMR 6 6.38 
(s, 1 H), 6.79 (d, J = 7.7 Hz, 1 HI, 7.07-7.13 (m, 1 H), 7.28- 
7.44 (m, 10 H), 8.13 (d, J = 6.6, 2 H); 13C NMR 6 78.3, 124.9, 
125.0, 125.1, 126.4, 127.6, 128.0, 128.1, 128.6, 128.7, 129.0, 
131.3, 132.5, 139.3, 139.7, 156.7. 

Preparation of 4H-3,l-Benzoxazines 14. Representa- 
tive Procedure for 4-{2-[a-[ (Methoxybenzylidene)aminol- 
phenyl]propylidene)-4H-S,l-benzoxazine (14a). Benzot- 
riazole derivative 9a (3.6 g, 15 mmol) was stirred with 
butyllithium (2  M, 8 mL, 16 mmol) in THF (75 mL) at  -78 "C 
for 3 h. Ethyl crotonate (1.7 g, 15 mmol) was added at -78 
"C, and the mixture was stirred at  -78 "C for 3 h and at 20 
"C for 12 h. The reaction was quenched with HzO (30 mL) 
and extracted with diethyl ether (3 x 30 mL). The extract 
was washed with NaOH (2 N, 25 mL) and dried (MgS04) and 
the solvent removed to give an oil which was purified by 
column chromatography (ethyl acetatehexane, 1 5 )  to give a 

(20) (a) Legrand, L.; Lozac'h, N. Bull. SOC. Chim. Fr. 1960, 2088. 
(b) Latif, N.; Zeid, I. F.; Mishriky, N.; Assad, F. M. Tetrahedron Lett. 
1974, 1355. 
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yellow solid (3.0 g, 44%): mp 130-131 "C; 'H NMR 6 1.32 (d, 
J = 7.1 Hz, 3 H), 3.76 (s, 3 H), 4.36-4.51 (m, 1 H), 5.30 (d, J 
=9.2Hz,lH),6.36(d,J=7.1Hz,lH),6.82-7.3O(m,15H), 
8.04 (dd, J = 7.0, 1.3 Hz, 2 H); 13C NMR 6 21.2, 30.4, 53.7, 
107.4, 121.2, 121.4, 121.5, 123.1, 126.2, 126.5, 127.1, 127.6, 
127.7, 127.8, 128.1, 129.0, 129.6, 129.8, 130.8, 131.4, 131.5, 
136.5, 138.5, 143.3, 145.9, 154.8, 157.3. 
4{ 2- [u-(Ethoxybenzylideneamino)phenyllpmpylidene}- 

4H-3,l-benzoxazine (14b) was prepared from 9b as a yellow 
solid (46%): mp 94-95 "C; lH NMR 6 1.22 (t, J = 7.1 Hz, 3 

4.60 (m, 1 H), 5.40 (d, J = 9.2 Hz, 1 H), 6.47(d, J = 7.0 Hz, 1 
H), 6.95-7.04 (m, 2 H), 7.05-7.14 (m, 3 H), 7.15-7.21 (m, 1 
H), 7.23-7.27 (m, 2 H), 7.28-7.35 (m, 3 H), 7.36-7.51 (m, 4 
H),8.14(d,J= ~ . O H Z , ~ H ) ; ~ ~ C N M R ~  14.2,21.2,30.5,62.3, 
107.5, 121.3, 121.5, 121.6, 123.0, 126.3, 126.4, 126.5, 127.2, 
127.7, 127.8, 128.2, 129.0, 129.6, 129.7, 131.2, 131.4, 131.6, 
136.6, 138.6, 143.3, 146.2, 154.9, 157.1. 
Preparation of Benzotriazole Derivatives 22. Repre- 

sentative Procedure for N-(a-Isopropoxyl-4-methylben- 
zy1)benzotriazole (22b). Benzotriazole (14.3 g, 120 mmol), 
p-tolualdehyde (12.0 g, 96 mmol), isopropyl alcohol (9.0 g, 150 
mmol) and p-toluenesufonic acid (0.15 g) were heated under 
reflux for 5 h in benzene (150 mL). The reaction mixture was 
washed with NaOH (1 N, 50 mL) and dried (MgSOd and the 
solvent removed to give a yellow oil which was recrystallized 
(from hexane-EtzO) to  give white needles (80%): mp 57-58 
"C; 'H NMR 6 1.00 (d, J = 6.2 Hz, 3 H), 1.36 (d, J = 6.1 Hz, 
3 H), 2.32 (s, 3 H), 3.72-3.84 (m, 1 H), 7.14 (d, J = 8.0 Hz, 2 
H), 7.28-7.32 (m, 5 H), 7.36-7.37 (m, 1 HI, 8.03-8.07 (m, 1 
H); 13C NMR 6 21.0,22.6, 70.6,87.5, 111.8,119.7, 124.0, 125.8, 
127.1, 129.1, 131.0, 133.9, 138.6, 146.9. 
N-[a-Isopropoxy-a-(naphth-2-yl)methyllbenzotria- 

zole (22~) was prepared in THF from 1-naphthaldehyde and 
recrystallized from hexane/EtzO to give colorless needles 
(56%): mp 160-161 "C; IH NMR 6 1.05 (d, J = 6.0 Hz, 3 H), 
1.41 (d, J = 6.0 Hz, 3 H), 3.86-3.93 (m, 1 HI, 7.19-7.25 (m, 2 
H), 7.30-7.33 (m, 1 H), 7.38-7.43 (m, 2 H), 7.60 (t, J = 7.5 
Hz, 1 H), 7.79-7.82 (m, 1 H), 7.87-7.93 (m, 1 H), 7.95 (s, 1 
H), 7.97-8.00 (m, 1 H), 8.08-8.14 (m, 1 H), 8.27 (d, J = 7.2 
Hz, 1 H); 13C NMR 6 21.2, 22.7, 70.8,85.1, 111.6, 119.8, 122.6, 
123.9, 124.6, 124.7, 125.8, 126.9, 127.2, 128.8, 130.1, 130.2, 
131.3, 131.4, 133.7, 146.9. 
General Procedure for Imidates 19 and 26, 4H-3,l- 

Benzoxazines 20, 3,4-Dihydroquinazolines 21 and 26, 
and Quinazolines 24. Benzotriazole derivative 22 (10 mmol) 
was stirred with butyllithium (2 M, 5.5 mL, 11 mmol) in THF 
(100 mL) at  -78 "C for 15 min. An appropriate electrophile 
(10 mmol), i.e., an ester for 19, an aldehyde or a ketone for 
20, an imine for 21, a nitrile for 24, a halide for 25, and phenyl 
isothiocyanate for 26, in THF (10 mL) was added at -78 "C, 
and the mixture was stirred at  -78 "C for 3 h and at 20 "C for 
12 h. The reaction was quenched with H2O (30 mL) and 
extracted with Et20 (3 x 30 mL). The extract was washed 
with NaOH (2 N, 25 mL) and dried (MgS04) and the solvent 
removed to  give an oil which was purified by column chroma- 
tography (ethyl acetatehexane, 15) to give an oil or solid as 
the product. 
Isopropyl N-(2-benzoylphenyl)benzaimidate (19a) was 

prepared from 22a and ethyl benzoate as a white solid (57%): 
mp 103-104 "C; IH NMR 6 1.15 (d, J = 6.2 Hz, 6 H), 4.78- 
4.86 (m, 1 H), 6.72 (d, J = 7.8 Hz, 1 H), 7.02 (t, J =  7.1 Hz, 1 
H), 7.13-7.40 (m, 9 HI, 7.48-7.53 (m, 1 H), 7.69 (d, J = 6.9 
Hz, 2 H); 13C NMR 6 21.6, 69.0, 122.0, 122.5, 127.9, 128.0, 
129.1, 129.6, 129.8, 131.2, 131.4, 131.6, 132.4, 137.8, 147.4, 
158.5, 197.4. 
Isopropyl N-(2-acetylphenyl)benzaimidate (19b) was 

prepared from 22a and ethyl acetate as a yellow oil (17%): 'H 
NMR 6 1.45 (d, J = 6.2 Hz, 6 H), 2.53 (s, 3 H), 5.36-5.45 (m, 
1 H), 6.56 (d, J =  8.3 Hz, 1 H), 6.99 (t, J =  7.7 Hz, 1 H), 7.18- 
7.22 (m, 3 H), 7.26-7.29 (m, 3 H), 7.64 (d, J =  7.8 Hz, 1 H); 
13C NMR 6 22.0, 30.1, 69.1, 122.2, 122.9, 127.9, 129.0, 129.2, 
129.9, 131.0, 131.6, 132.3, 148.0, 157.9, 200.5. 
2-Pheny1-4-p-tolyl-4H-3,l-benzoxazine (20a) was pre- 

pared from 22a andp-tolualdehyde as a white solid (55%): mp 

H ) , 1 . 4 6 ( d , J = 7 . 1 H ~ , 3 H ) , 4 . 3 6 ( q , J = 7 . 1 H ~ , 2 H ) , 4 . 4 8 -  

80-81 "C; 'H NMR 6 2.25 (s, 3 H), 6.31 (6, 1 HI, 6.76 (d, J = 
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7.7 Hz, 1 H), 7.03-7.11 (m, 3 H), 7.21-7.25 (m, 2 H), 7.26- 
7.41(m,5H),8.10-8.14(m,2H);13CNMR621.0,78.1, 124.8, 
125.0, 125.1, 126.3, 127.5, 127.9, 128.0, 128.9, 129.2, 131.2, 
132.5, 136.8, 138.5, 139.3, 156.6. 
2,4,4-Triphenyl-4H-3,l-bemoxazine (20b) was prepared 

from 22a and benzophenone as a white solid (70%): mp 222- 
223 "C; lH NMR 6 6.74 (d, J = 7.4 Hz, 1 H), 7.11-7.17 (m, 1 
H), 7.21-7.31 (m, 10 H), 7.35-7.49 (m, 5 H), 8.20-8.22 (m, 2 
H); 13C NMR 6 86.1, 124.9, 126.0, 126.8, 127.9, 128.0, 128.1, 
128.2, 128.3, 128.6, 129.2, 131.4, 132.6, 139.9, 142.8, 156.8. 
2,4-Diphenyl-4-methyl-4H-3,l-benzoxazine (20c) was 

prepared from 22a and acetophenone as a yellow oil (60%): 
IH NMR 6 2.08 (9, 3 H), 7.09 (d, J =  7.8 Hz, 1 H), 7.16-7.31 
(m, 4 H), 7.32-7.49 (m, 7 HI, 8.21 (d, J = 7.8 Hz, 2 HI; 
NMR 6 27.8, 81.2, 124.3, 125.1, 125.8, 126.4, 127.8, 127.9, 
128.2, 128.8, 129.8, 131.3, 132.7, 139.2, 144.0, 156.7. 
2-Phenyl-l-( 1,5-pentylidene)-4H-3,l-benzoxazine (20d) 

was prepared from 22a and cyclohexanone as a white solid 
(53%): mp 87-88 "C; lH NMR 6 1.25-1.45 (m, 1 H), 1.66- 
1.79 (m, 4 H), 1.84-2.01 (m, 3 H), 2.19-2.30 (m, 2 H), 7.11- 
7.21 (m, 2 HI, 7.22-7.33 (m, 2 H), 7.43-7.49 (m, 3 H), 8.23 (d, 
J = 7.8 Hz, 2 H); 13C NMR 6 21.3,25.2,36.1, 79.0,122.2, 125.0, 
126.5, 127.8, 128.2, 128.3, 131.2,131.3, 133.2, 139.0, 156.3. 
2,3,4-Triphenyl-3H,4H-quinazoline (21a) was prepared 

from 22a and N-benzylideneaniline as a yellow solid (83%): 
mp 148-149 "C; 'H NMR 6 5.85 (s, 1 H), 6.91-7.00 (m, 3 H), 
7.06-7.12 (m, 4 H), 7.22-7.36 (m, 7 H), 7.45-7.53 (m, 3 H), 
7.66-7.69 (m, 2 H); 13C NMR 6 66.0, 124.2, 124.5,125.1, 125.6, 
125.7, 125.8, 126.5, 127.9, 128.1, 128.2, 128.6, 129.2, 129.6, 
136.5, 141.0, 144.7, 146.2, 155.0. 
2-Phenyl-3-ptolyl-4-(p-methoxypbenyl)-W,M-qbazo- 

line (21b) was prepared from 22a and N-(p-methylben- 
zy1idene)pmethoxyaniline as a yellow solid (80%): mp 82- 
83 "C; lH NMR 6 2.20 (s, 3 H), 3.75 (8 ,  3 H), 5.76 (s, 1 H), 
6.81-6.91 (m, 6 H), 7.01-7.04 (m, 1 H), 7.07-7.13 (m, 1 H), 
7.20-7.30 (m, 4 H), 7.40-7.47 (m, 3 H), 7.62-7.65 (m, 2 H); 
13C NMR 6 20.8, 55.2, 65.6, 114.4, 124.4, 125.0, 125.6, 125.7, 
126.8, 127.0, 128.0, 129.2, 129.4, 129.6, 134.4, 136.7, 137.4, 
141.1, 143.8, 155.1, 159.2. 
2-(1-Naphthyl)-3,4-di@-tolyl)-3H,4H-quinazoline (214 

was prepared from 22c and N-@-methylbenzy1idene)pme- 
thylaniline as a yellow solid (79%): mp 129-130 "C; 'H NMR 
6 2.03 (s, 3 H), 2.33 (s, 3 H), 5.83 (s, 1 H), 6.66 (d, J =  8.3 Hz, 
2H),6.73(d,J=8.2Hz,2H),6.95(d,J=7.4Hz,lH),7.05- 
7.13 (m, 1 H), 7.15-7.22 (m, 3 HI, 7.23-7.31 (m, 1 H), 7.37- 
7.47 (m, 6 H), 7.65 (d, J = 8.2 Hz, 1 HI, 7.71 (d, J = 7.8 Hz, 1 
H), 8.45 (d, J =  8.2 Hz, 1 H); I3C NMR 6 20.7,21.1,66.4, 124.6, 
125.1, 125.5, 125.6, 125.7, 125.9, 126.0, 126.4, 126.7, 127.8, 
128.1, 128.2, 129.0, 129.2, 129.8, 131.9, 133.7, 134.2, 135.3, 
137.8, 141.0, 142.5, 142.6, 155.0. 
2,4-Diphenylquinazoline (24a) was prepared from 22a 

and benzonitrile as a brown solid (81%): mp 119-120 "C; 'H 
NMR 6 7.49-7.60 (m, 7 H), 7.83-7.89 (m, 3 H), 8.09-8.16 (m, 
2 H), 8.62-8.71 (m, 2 H); 13C NMR 6 121.7,127.0,128.5,128.6, 
129.1, 129.9, 130.2, 130.5, 133.5, 137.7, 138.2, 152.0, 160.2, 
168.3. 
2-Phenyl-4-p-tolylquinazoline (24b) was prepared from 

22a and p-methylbenzonitrile as a yellow solid (47%): mp 

H), 7.49-7.57 (m, 4 H), 7.81 (d, J = 8.0 Hz, 2 HI, 7.85-7.90 
(m, 1 H), 8.13-8.17 (m, 2 H), 8.68-8.72 (m, 2 HI; 13C NMR 6 
21.5, 121.8, 126.8, 127.1, 128.5, 128.7, 129.1, 129.2, 130.2, 
130.4, 133.4, 135.0, 138.3, 140.1, 152.0, 160.3, 168.3. 
Isopropyl N-(2-methylphenyl)benzimidate (25a) was 

prepared from 22a and iodomethane as a yellow solid (77%): 
mp 54-55 "C; 'H NMR 6 1.42 (d, J = 6.2 Hz, 6 HI, 2.16 (s, 3 
H), 5.31-5.42 (m, 1 H), 6.45 (d, J = 7.7 Hz, 1 HI, 6.81-6.90 
(m, 1 H), 6.90-6.97 (m, 1 H), 7.08 (d, J = 7.1 Hz, 1 H), 7.13- 
7.27 (m, 5 H); 13C NMR 6 18.3, 21.9, 68.4, 120.7, 122.4, 126.3, 
127.8, 128.8, 129.7, 130.1, 132.2, 147.4, 156.8. 
Isopropyl N-(2-butylphenyl)benzaimidate (2Sb) was 

prepared from 22a and iodobutane as a yellow oil (88%): IH 
NMR 6 0.93 (t, J = 7.2 Hz, 3 H), 1.35-1.43 (m, 2 H), 1.43 (d, 
J=6.3Hz,6H),1.55-1.65(m,2H),2.60(t,J=7.7Hz,2H), 
5.35-5.45 (m, 1 H), 6.38-6.41 (m, 1 H), 6.87-6.91 (m, 2 H), 
7.12-7.35 (m, 6 H); 13C NMR 6 14.0, 21.9, 22.8, 31.9, 68.3, 

100-101 "C; 'H NMR 6 2.50 (s, 3 H), 7.41 (d, J = 8.0 Hz, 2 
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71.9, 121.0, 122.5, 126.2, 127.8, 129.0, 129.3, 129.6, 132.0, 
133.7, 146.8, 156.5. 
2-(p-Tolyl)-3-phenyl-3H,4H-quinazoline-4thione (26a) 

was prepared from 22b and phenyl isothiocyanate as a yellow 
solid (67%): mp 242-243 "C; lH NMR 6 2.25 (s,3 H), 6.99 (d, 
J=7.8Hz,2H),7.12-7.20(m,4H),7.24-7.36(m,3H),7.50- 
7.60 (m, 1 H), 7.80 (d, J = 4.7 Hz, 2 H), 8.81-8.85 (m, 1 H); 
13C NMR 6 21.2,128.3,128.4,128.5,128.8,129.1,129.3,131.3, 
132.9, 134.8, 139.2, 142.2, 142.4, 154.6, 190.6. 

2 4  l-Naphthyl)-3-phenyl-3H,4H-quinazoline-4-thione 
(26b) was prepared from 22c and phenyl isothiocyanate as a 
yellow solid (74%): mp 179-181 "C; 'H NMR 6 6.86 (d, J = 
4.5 Hz, 2 H), 7.01-7.07 (m, 1 HI, 7.22-7.25 (m, 2 H), 7.29 (d, 
J = 8.0 Hz, 1 H), 7.32-7.35 (m, 1 HI, 7.42-7.51 (m, 2 H), 7.58- 
7.64 (m, 1 H), 7.68-7.75 (m, 3 H), 7.83-7.85 (m, 2 H), 8.89- 
8.92 (m, 1 H); 13C NMR 6 124.3, 124.8, 126.2, 127.0, 127.3, 
127.4, 128.3, 128.4, 128.7, 128.8, 129.2, 129.3, 129.5, 130.6, 
131.3, 132.6, 133.0, 135.0, 141.7, 142.2, 153.6, 190.4. 
X-Ray Crystallography for 4-{2-[a-[(Methoxybenzylide- 

ne)amino]phenyl]propylidene}-4H-3,l-benzoxazine (14a). 
Crystal Data: C31H26N202, M ,  = 458.5, yellow plate, 0.73 x 
0.33 x 0.04 mm; triclinic, P-1; a = 7.156(3) A, b = 10.278(5) 
A, c = 16.851(7) A a = 95.37(4)", p = 94.34(4)", y = 108.71- 
(4)", V = 1161(1) A3; T = -143 "C, D, = 1.31 g cm+; 2 = 2, 
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F(000) = 484,2&, = 48"; 317 parameters, R = 0.127 for 1909 
data with F, > 4dFJ. 
Data Collection, Structure Solution and Refinement. 

All measurements were made with a Nicolet P4s diffractome- 
ter using graphite-monochromatized Mo Ka ( I  = 0.710 73 A) 
radiation. Intensities were corrected for Lorentz and polariza- 
tion effects but not for absorption. The structure was solved 
by direct methods using SHELXS-9021 and refined on F using 
all data by full-matrix least-squares procedures with SHELXL- 
93.22 All non-hydrogen atoms were refined with anisotropic 
displacement parameters. Hydrogen atoms were included in 
calculated positions with isotropic displacement parameters 
1.3 times the isotropic equivalent of their carrier carbons. The 
function minimized was Xw(Fo2 - FC2), with w = [u2((F,2) + 
0.73P2 + 4.30Pl-1 where P = [max(FJ2 + 2Fc2j/3. Full tables 
of atom coordinates, thermal parameters, bond lengths and 
bond angles and structure factors are available from P.J.S. 
and have been deposited with the Cambridge Crystallographic 
Data Base. 
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