
2-(N-Substituted-amino) -4-phenylquinolines 

adopted in each case, a n d  re f inement  cont inued until n o  calculated 
shi f t  in any parameter exceeded one-tenth o f  t h e  corresponding 
esd. 

Scattering functions for C, N, and 0 were taken f r o m  "International 
'Tables for X - R a y  Cry~ ta l l og raphy"2~  and for H f r o m  the compi lat ion 
of Stewart, Davidson, and S i m p ~ o n . ~ ~  With the exception o f  MULTAN 
and OHTEP,9 for wh ich  a C D C  Cyber 172 computer was used, a l l  cal- 
culations were carr ied ou t  o n  a n  XDS Sigma 2 computer w i t h  p ro -  
grams wr i t t en  in th is  laboratory.  
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Reaction of 2-( 1-Alkoxyethylideneamino) benzophenones with Amines. 
A Novel Synthesis of 2-( N-Substituted-amino)-4-phenylquinolines 
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W h e n  2-(l-alkoxyethylideneamino)benzophenones ( I )  were allowed t o  react w i t h  aminoacetaldehyde d ia l ky l  ac- 
etals (2) in alcohol  using a n  acid catalyst, 3-(2,2-dialkoxyethyl)-3,4-dihydro-4-hydroxy-2-methyl-4-phenylquinazo- 
l i ne  (3) was obtained in 51-70% y ie ld  af ter  sil ica gel co lumn chromatography together w i t h  the  m i n o r  products 2-  
(2,2-dialkoxyethylamino)-4-phenylquinoline (4) a n d  2-aminobenzophenone ( 5 ) .  On the  contrary, t he  react ion o f  
1 w i t h  2 in toluene or xylene af forded a 56-76% y ie ld  o f  4 as the  major  product.  H e a t i n g  o f  a xylene solut ion of 3 w i t h  
a n  acid effected the  conversion o f  3 to  4. Mechanist ic pathways o f  the  above reactions are presented. 

2-(N-Substituted-amino)-4-phenylquinolines have typi- 
cally been ~ynthesizedl-~ from the corresponding 4-phenyl- 

hydrate has been reported to give 3,4-dihydro-4-hydroxy- 
4-phenylq~inazol ines .~~~ 

carbostyrils. In the course of synthetic studies on tricyclic 
diazepine compounds,5 we have investigated the reaction of Results a n d  Discussion 
2-( 1-&koxyethylideneamino)benzophen&es (1) with amines, 
which led to a novel, convenient synthesis of 2-(N-substi- 
tuted-amino)-4-phenylquinolines. The related reaction of 1 
or 5-chloro-2-(acylamino)benzophenones with hydrazine 

0022-3263/78/1943-4865$01.00/0 

Compounds 1 were allowed to react with aminoacetal- 
dehyde dialkyl acetals (2) using p-toluenesulfonic acid or 
sulfuric acid as the catalyst, and the results summarized in 
Table I were obtained. When the reactions were run in etha- 
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Table I. Reaction of 2-( 1-Alkoxyethylideneamino)benzophenones (1) with Aminoacetaldehyde Dialkyl Acetals (2) 

starting material" ____ reaction conditions product ( O h  yieldb) 

imino refluxing dihydrohydroxy aminobenzo- 
rxn  ether amine solvent? period, h catalystd quinazoline quinoline phenone 

1 l a  2a methanol 7 PTS 3a (70) 
2 l b  2a ethanol 12.5 H2S04 3b (52) 4b (11) 5b (16) 
3' IC 2a ethanol 38 PTS 3c (51) 4c (4) 5c (13) 
4 IC 2b ethanol 46 PTS 3d (60) 4d (10) 5c (13) 
5 l a  2a xylene 24 PTS 3a (2) 4a (761) 5a (16) 
6 l b  2a toluene 36 PTS 4b (76f) 5b (21) 
I IC 2a xylene 38.5 PTS 4c (56) 5c (13) 

a The molar ratios of 1 and 2 employed were 1:1.24-1.21. b Unless otherwise noted, yields are those of compounds isolated by silica 
gel column chromatography. The eluents were selected from benzene, benzene-ethyl acetate, ethyl acetate, and ethyl acetate-methanol. 

Dried solvents were employed. d PTS = p-toluenesulfonic acid monohydrate. e 2-Acetamido-2,5-dichlorobenzophenone, which 
was apparently generated by hydrolysis of remaining IC,  was also isolated in 31% yield by chromatography. f Yield of combined 4 obtained 
by crystallization of an oily product with ether and subsequent filtration and by chromatography of the mother liquor. 

n 

nol, the major react] on product was 3-(2,2-dialkoxyethyl)- 
3,4-dihydro-4-hydroxy-2-methyl-4-phenylquinazoline (3), 
obtained in a yield of 51-70%, which was accompanied by the 
minor products 2-( 2,2-dialkoxyethylamino)-4-phenylquino- 
line (4) and 2-aminobenzophenone ( 5 )  (Scheme I). When the 
above reactions were carried out in refluxing toluene or xylene, 
markedly different piroduct ratios resulted, and 4 became the 
major product (in 56-76% yield). 

The IR and NMR spectra of 4 showed the absence of the 
carbonyl and the methyl group, respectively. The NMR 
spectra (in CDC13) exhibited a singlet of 1 H in the range 6 
6.42-6.60 and a broad peak of 1 H centered a t  6 4.94-5.05, each 
assignable to H-3 of the quinoline ring and the NH proton, 
respectively. The disappearance of the NH proton signal 
of 6-chloro-2-(2,2-dimethoxyethylamino)-4-phenylquino- 
line (4b) with added deuterium oxide with concomitant de- 
generation of a triplet due to NHCHZCH to a doublet sup- 
ported the assignment of the NH signal. In the case of 3, the 
observations that neither carbonyl stretching vibration nor 
NH proton signal was present in the IR and NMR spectra, 
respectively, and that a singlet due to the C-2 methyl group 
was exhibited in the NMR spectra are in agreement with the 
structure. 

The dihydrohydroiryquinaolines 3c and 3d were converted 
to the 4-ethoxy derivatives 6c and 6d, respectively, in high 
yields by refluxing in ethanol with p-toluenesulfonic acid. In 
the mass spectrum of 6c a t  70 eV, a peak of 74% relative in- 
tensity was observed a t  mle 377 (Mf - OC2H5) together with 
appropriate isotope peaks a t  mle 379 and 381 due to two 
chlorine atoms. These peaks are ascribable to the species 7, 
and this mass spectral observation is evidence for the 3,4- 
dihydroquinazoline c3tructure of 6c. The UV spectrum9 of 3c 

+ pQg xyI 
7 

[Ama, (2-propanol) 224 nm ( t  18 600), 233 (12 300), 281 
(10 400), 291 (12 6001,321 (3640)], which compared favorably 
with the reported TJV spectra8 of 3-amino-3,4-dihydro-4- 
hydroxy-4-phenylquinazolines, was very similar to that of 6c, 
supporting in turn the 3,4-dihydroquinazoline structure for 
3c. The NMR C-2 methyl signal of 3a-c appeared a t  a con- 
siderably higher magnetic field (6 1.41-1.57) than the corre- 
sponding signal of 6o,d (6 2.44-2.49). 

TLC (silica gel) of the reaction mixture of the above reaction 
of 1 with 2 in alcohol indicated the presence of a substance 

whose Rf value was between those of 3 and 4 (the most polar 
among the three) and equal to that of 6,1° but the substance 
could not be isolated by silica gel column chromatography. 
From the ease of the conversion of 3 to 6 in ethanol as dem- 
onstrated by the experiments mentioned above, it was as- 
sumed that the initially formed 3 was transformed by ethanol 
to 6, which was then hydrolyzed back to 3 during the column 
chromatography. To  substantiate this assumption further, 
the crystalline 4-ethoxy derivative 6c (separately prepared 
from 3c) was chromatographed on silica gel to give the 4- 
hydroxy compound 3c in 98% yield. Finally, in a 38-h reaction 
of the imino ether IC with aminoacetaldehyde dimethyl acetal 
(2a) in refluxing ethanol, the NMR spectrum showed that 3c 
was essentially all in its ethoxy form 6c, and actually crys- 
talline pure 6c was obtained from the product mixture by 
crystallization with the aid of seeding crystalline 6c followed 
by trituration with ether-n-hexane. The pure 6c thus ob- 
tained afforded 3c upon silica gel chromatography. 

The pathway of the reaction of 1 and 2 is envisaged as de- 
picted in Scheme 11. The attack of 2 with the imino ether 

Scheme I 

1 
la, R,=Et: X=Y=H 
b. Rl=Me; X-CI; V=H 
c, R,=Et; X=V=CI xT + ;%.+ x%v / 

/ / 
\ \ \ 

3 4 5 

3,4a, R2=CH2CH(OMe)2; X=V=H 5a. X=Y=H 
b, X=CI: Y = H  
c, x=v  =CL 

b.  R2=CH2CH(CMe),; X=CI; V=H 
R3°H c, R2=CH,CH(OMe),; X=V=CI 

d, R2=CH2CH(OEt)2; X=V=CI I 
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Table 11. Physical and Spectral Data for Dihydrohydroxyquinazolines (3), Quinolines (4),  and 
Alkoxvdihvdroouinazolines (6) 

Table 11. Physical and Spectral Data for Dihydrohydroxyquinazolines (3), Quinolines (4),  and 
Alkoxydihydroquinazolines (6) 

compd" mp, ' C b  1H NMR spectral dataC IR spectral datad compd" mp, ' C b  1H NMR spectral dataC IR spectral datad 

3a 

3b 

3c 

3d 

4a 

4b 

4cf 

4d 

6cR 

6d 

166.0-167.0 

160.0-161.0 

183.5-185.0 

17 1 .O- 172.0 

123.0-123.5 

132.0-133.0 

101.5-102.5 

127.0-128.0 

123.5-124.5 

135.5-136.5 

1.41 (s, 3, CCH3), 2.94-3.23 (m, 2, NCH2), 2.98 (s, 3, 
OCH3), 3.05 (s, 3, OCH3), 3.62-3.80 (m, 1, 0-CH-O), 
6.78-7.84 (m, aromatic H) 

2.81-3.77 (m, 3, NCHz and 0-CH-O), 6.76 (d, J = 2.0 

= 8.0 and 2.0 Hz, H-7), 7.52-7.64 (m, 5, aromatic H) 

3.09-3.67 (m, 3, NCH2 and 0-CH-O), 6.66 (d, J = 2.0 

8.0 and 2.0 Hz, 1, H-71, 7.22-7.53 (m, 4, aromatic H),  
8.34-8.50 (m, 1, aromatic H) 

1.52 (s, 3, CCH3), 2.97 (s, 3, OCH3), 3.07 (s, 3, OCH3), 

Hz, 1, H-5), 7.00 (d, J = 8.0 Hz, I, H-8), 7.17 (dd, 1, J 

1.57 (s, 3, CCHs), 2.94 (s, 3, OCH3), 3.17 (s, 3, OCH3), 

Hz, 1, H-5), 6.96 (d, J = 8.0 Hz, 1, H-8), 7.16 (dd, J = 

0.98 (t, J = 7.0 Hz, 3, CH~CHS), 1.08 (t, J = 7.0 Hz, 3, 
CH~CHB),  1.55 (s, 3, CH3), 3.00 (g, J = 7.0 Hz, 4, 
2CH2CH3), 2.90-3.79 (m, 3, NCH2 and 0-CH-O), 6.69 
(d, J = 2.0 Hz, 1, H-5),6.95-7.55 (m, 5, aromatic H), 
8.37-8.48 (m, 1, aromatic H) 

J = 5.5 Hz, 1, 0-CH-0), 4.94 (broads, 1, NH), 6.42 
(s, 1, H-31, 7.37-7.80 (m, aromatic H) 

J = 5.5 Hz, 1, 0-CH-0), 5.05 (broad t, 1, NH), 6.55 (s, 
1, H-3), 7.32-7.72 (m, 8, aromatic H) 

J = 5.4 Hz, 1, 0-CH-0), 5.05 (broad t, 1, NH), 6.60 (s, 
1, H-3), 7.20-7.84 (m, 7, aromatic H) 

1.24 ( t , J  = 7.1 Hz, 6, 2CH2CH3), 3.45-3.88 (m, 6, 20CH2 
and NCHz), 4.73 (t, J = 5.0 Hz, 1, 0-CH-O), 5.00 
(broad, 1, NH), 6.57 (s, 1, H-3), 7.16-7.72 (m, 7, 
aromatic H) 

(s,3,0CH3),3.18 (s, 3, OCH2), 2.8-3.6 ( m , 4 ,  CH2CH3 
and NCHZ), 3.85 (t, J = 5.8 Hz, 1, 0-CH-0), 6.58 (d, 
J = 2.0 Hz, 1, H-5), 7.02-7.52 (m, 5, aromatic H), 
8.19-8.32 (m, 1, aromatic H) 

3.45 (s, 6, 20CH3), 3.77 (t, J = 5.5 Hz, 2, NCHz), 4.65 (t, 

3.42 (s, 6, 20CH3), 3.72 (t, J = 5.5 Hz, 2, NCHz), 4.60 (t, 

3.45 (s, 6, 20CH3), 3.73 (t, J = 5.7 Hz, 2, NCHz), 4.63 (t, 

1.17 (t, J = 5.0 Hz, 3, CH2CH3), 2.44 (s, 3, C-2 CH3), 3.11 

1.07 (t, J = 6.5 Hz, 3, CHzCHs), 1.11 (t, J = 6.5 Hz, 3, 
CHzCHs), 1.19 (t, J = 5.5 Hz, 3, C-4 (OCH~CHB), 2.49 
(s, 3, C-2 CH3), 2.83-3.66 (m, 8, 30CH3 and NCH2), 
3.90 (t, J = 5.5 Hz, 1,O-CH-0), 6.59 (d, J = 2.5 Hz, 
1, H-5), 7.03-7.47 (m, 5, aromatic H),  8.19-8.32 (m, 1, 
aromatic H) 

1590,1559,1484,1451,1429,1404 

1600,e 1586,1552,1477,1449,1407 

1602,' 1587,1550, 1481, 1439,1407 

1601,' 1586,1558, 1479, 1435, 1402 

3360,1610, 1598,e 1520,1500,1394 

3350,1614,1601, 1527, 1407 

3395,1618,1523,1408 

3320,1618,1593,1525,1407 

l603,158l,l554,1481,1437. 1400 

1604,1585,1560,1478,1428,1402 

Satisfactory analytical data (50.4% for C, H, and N) were obtained for all compounds listed in the table. Melting points are for 
crystals obtained by recrystallization from methylene chloride-n-hexane. Values are given in 6 units relative to tetramethylsilane 
as an internal standard. All spectra were recorded in CDC13. d Values are given in cm-I units. All spectra were recorded in KBr. 
e Shoulder. The mass spectral 
data of this compound: m/e (relative intensity) (426 (I) ,  424 (3), and 422 (5)] (M) [381 ( lo) ,  379 (49), and 377 (74)] (M - OCzHd, 380 
(13), 378 (21), 267 (26), 89 (28), 88 (26), 75 (100). The UV spectral data of this compound: A,,, (2-propanol) 224 nm ( t  19 9001, 232 
(12 400), 280 (11 700),290 (13 500), 319 (3510). 

NMR spectral data were obtained on a Varian EM 360 nuclear magnetic resonance spectrometer. 

9 

moiety of 1 gives the intermediate 8,7 which, depending on 
which of the two C-N bonds or the C-0 bond is cleaved, col- 
lapses to 1,5, or the amidine 9. The acyclic amidine 9 takes the 
cyclic form 3. The conversion of 9 to 3 is reversible, and under 
forced reaction conditions (i.e., continued heating in toluene 
or xylene) the quinoline 4 is obtained from 9 (regenerated from 
3) by acid-catalyzed, dehydrative cyclization. Another possible 
mechanistic pathway from 1 and 2 to  4, ring closure of 1 be- 
tween the methyl and carbonyl groups to form 2-alkoxy-4- 
phenylquinoline (10) followed by the nucleophilic attack on xT; 

\ 

10 

loa, R,=Et: X=Y=CI 
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___ Table 111. Analytical Data for 3,4, and 6 

C, % H, % N, Oh 

compd no. formula calcd found calcd found calcd found 

3a 
3b 
3c 
3d 
4a 
4b 
4c 
4d 
6c 
6d 

69.91 
63.24 
57.73 
59.58 
73.99 
66.57 
60.49 
62.23 
59.58 
61.20 

10 by 2 to afford 4, warS excluded by an experiment of refluxing 
a solution of IC and a catalytic amount of p-toluenesulfonic 
acid in xylene; in the worked up reaction mixture neither 6- 
chloro-4-(2-chloropE~enyl)-2-ethoxyquinoline (loa) nor 6- 
chloro-4-(2-chlorophenyl)carbostyril, which may arise from 
10a during the workup process, was detected by NMR spec- 
troscopy. According to the reaction pathway shown in Scheme 
IT, the dihydroquinazolines 3 are converted to the quinolines 
4 under the reaction conditions employed in the reaction of 
1 with 2. Actually, the isolated 3c was heated at  reflux in XY- 
lene with p-toluenesulfonic acid for 24.5 h with the result that 
4c was obtained in a yield of 74% after column chromatogra- 
phy. c,Tc; c \ q J c ~ ~ c H ( o M e ) ~  

‘CbCH(OMe), - 
\ \ 

3c 4c 

On substituting benzylamine for aminoacetaldehyde dialkyl 
acetals (2), 2-henzylamino-6-chloro-4-phenylquinoline3 (1 1) 
was obtained by hea.ting a solution of 1 and benzylamine in 
xylene with p -toluenesulfonic acid as catalyst. 

Experimental Section 

Melting points were taken with a Yanagimoto hot-stage apparatus 
and are uncorrected. Combustion analyses were carried out by the 
Analytical Chemistry Laboratory of Central Research Institute, Teijin 
Ltd. IR spectra were recorded on a Hitachi EPI-S2 spectrophotom- 
eter. UV spectra were measured on a Hitachi 323 spectrophotometer. 
NMR spectra were obtained on a JEOL JNM-MH-100 spectrometer 
unless otherwise noted, and chemical shifts are expressed in parts per 
million (6) relative to tetramethylsilane as an internal standard. Mass 
spectra were run on a LKB 9000 spectrometer a t  an ionizing voltage 
of 70 eV. In the workup described below, the reaction mixture, after 
changing the solvent system when necessary. was washed with satu- 
rated aqueous sodium bicarbonate solution and aqueous sodium 
chloride solution and dried over anhydrous sodium sulfate. 
Reaction of 2 4  1-Alkoxyethy1ideneamino)benzophenones (1) 

with Aminoacetaldehyde Dialkyl Acetals (2) in an Alcohol 
(Tables 1-111). Typical Procedure and Result. A stirred solution 
of 2’,5-dichloro-2-(1-ethoxyethylideneamino~benzophenone (IC; 9.15 
g, 27.2 mmol), aminoacetaldehyde diethyl acetal (2b; 5.00 g, 37.5 
mmol), and p-toluenesulfonic acid monohydrate (40 mg) in absolute 
ethanol (25 mL) was heated at  reflux for 46 h. The solvent was evap- 
orated, and the residue was taken up in benzene (50 mL), washed, 
dried, and evaporated The residue was chromatographed on silica 
gel. The column was eluted first with benzene to give 0.97 g (13%) of 
2-arnino-2’,5-dichlorobenzophenone (5c), then with benzene-ethyl 
acetate (19:l) to give .l.04 g (go/) of 6-chloro-4-(2-chlorophenyl)-2- 
(2.2-diethoxyethy1amino)quinoline (4d), and finally with benzene- 
ethyl acetate (21) to igive 6.93 g (60%) of 6-chloro-4-(2-chlorophe- 
nyl)-3-(2,2-diethoxyethyl)-3,4-dihydro-4-hydroxy-2-methylquina- 
zoline (3d). The physical and spectral data are shown in Table 11, and 
the analytical data are given in Table 111. 
Reaction of 1 with 3 in Toluene or Xylene (Tables 1-111). 

Typical Procedure and Result. A stirred solution of 5-chloro-2- 
i 1-methoxyethy1ideneamino)benzophenone (lb; 4.01 g, 13.9 mmol), 
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aminoacetaldehyde dimethyl acetal (2a; 2.00 g, 19.0 mmol), and p -  
toluenesulfonic acid monohydrate (20 mg) in dry toluene (20 mL) was 
heated at  reflux for 36 h. The cooled reaction mixture was diluted with 
benzene (20 mL), washed, dried, and evaporated. The residual oil was 
crystallized with ether, and 2.50 g of colorless crystalline 6-chloro- 
2-(2,2-dimethoxyethylamino)-4-phenylquinoline (4b) was collected 
by filtration. The filtrate was evaporated, and the residue was chro- 
matographed on silica gel. The column was first eluted with benzene 
to give 0.666 g (21%) of 2-amino-5-chlorobenzophenone (5b) and then 
with benzene-ethyl acetate (9:l) to give 1.14 g of 4b [3.64 g (76%) in 
total]. The physical and spectral data are shown in Table 11, and the 
analytical data are given in Table 111. 
6-Chloro-4-(2-chlorophenyl)-3-(2,2-dimethoxyethyl)-4-eth- 

oxy-3,4-dihydro-2-methylquinazoline (612). (a) A stirred solution 
of 6-chloro-4-(2-chlorophenyl)-3-(2,2-dimethoxyethyl)-3,4-di- 
hydro-4-hydroxy-2-methylquinazoline (3c; 253 mg, 63.9 mmol) and 
p-toluenesulfonic acid monohydrate (30 mg) in absolute ethanol (12.5 
mL) was heated a t  reflux for 3 h. The solvent was evaporated. The 
residue was taken up in benzene (15 mL), washed, dried, and evapo- 
rated. The residual material was recrystallized from methylene 
chloride-n-hexane to give 185 mg (68%) of 6c. The physical and 
spectral data are shown in Table 11. and the analytical data are given 
in Table 111. 
(b) A stirred solution of IC (1.13 g, 3.36 mmol), 2a (0.428 g, 4.07 

mmol), and p-toluenesulfonic acid monohydrate (20 mg) in absolute 
ethanol (50 mL) was heated a t  reflux for 38.5 h. The mixture was 
evaporated, and the residue was taken up in benzene (40 mL), washed, 
dried, and evaporated. The residue was crystallized by seeding with 
6c, prepared as described in (a) above and triturated with ether-n- 
hexane. Crystalline 6c (0.447 g, 31% yield) was collected by filtration. 
Recrystallization from methylene chloride-n -hexane gave colorless 
prisms of mp 123.5-124.5 “C, showing identical IR and NMR spectra 
with those of 6c prepared from 3c. 
6-Chloro-~-(2-chlorophenyl)-3-(2,2-diethoxyethy~)-4-eth- 

oxy-3,4-dihydro-2-methylquinazoline (6d). A stirred solution of 
3d (510 mg, 1.20 mmol) and p-toluenesulfonic acid monohydrate (20 
mg) in absolute ethanol (15 mL) was heated at  reflux for 1 h. The 
solvent was evaporated. The residue was taken up in benzene (25 mL), 
washed, dried, and evaporated. The residue was crystallized by 
treating with ether to give 497 mg (92%) of 6-chloro-4-(2-chlorophe- 
nyl) -3-(2.2-diethoxyethyI)-4-ethoxy-3,1-dihydro-2-methylquinazoline 
(6d). The physical and spectral data are shown in Table 11, and the 
analytical data are given in Table 111. 
Conversion of 6c to 3c. Compound 6c (158 mg. 0.373 mmol) was 

chromatographed on silica gel (8 g). The column was eluted succes- 
sively with benzene (100 mL), benzene-ethyl acetate (9:1,100 mL), 
ethyl acetate (100 mL), ethyl acetate-methanol (9:1, 100 mL), and 
ethyl acetate-methanol (7:3 ,  200 mL). Fractions eluted with ethyl 
acetate and thereafter were combined and evaporated to give 144 mg 
(98%) of 3c as colorless crystals. The IR and NMR spectra were 
identical with those of 3c obtained by the reaction of IC with 2a. 
Conversion of 3d to 4d. A stirred solution of 3d (500 mg, 1.18 

mmol) and p-toluenesulfonic acid monohydrate (30 mg) in dry xylene 
( 5  mL) was heated at  reflux for 24.5 h. The cooled reaction mixture 
was diluted with benzene (15 mL), washed, dried, and evaporated. 
The residue was chromatographed on silica gel with methylene 
chloride and then benzene-ethyl acetate (9:1! as eluent to give 355 
mg (’74%) of Id as colorless crystals, mp 123-1% O C .  The IR and NMR 
spectra were identical with those of 4d obtained by the reaction of IC 
with 2b. 
2-Benzylamino-6-chloro-4-phenylquinoline3 ( 11). A stirred 

solution of 5-chloro-2-(l-ethoxyethylideneaniino) benzophenone (IC; 
500 mg, 1.66 mmol), benzylamine (267 mg, 2.49 mmol!, and p-tolu- 
enesulfonic acid monohydrate (5 mg) in dry xylene (4  mL) was heated 
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at reflux for 2.25 h. The cooled reaction mixture was diluted with 
benzene (5 mL), washed, dried, and evaporated. The residue was 
chromatographed on silica gel with n-hexane-benzene (1:4) and then 
with benzene as eluent to afford 271 mg (47%) of 11, which was re- 
crystallized from benzene-n-hexane to give colorless needles: mp 
127-128.5 "C (lit.3 mp 124-125 "C); NMR (CDC13) 6 4.71 (d, J = 5.6 
Hz, 2, CH2), 4.92-5.20 (broad, 1, NH), 6.36 (s, 1, H-31, 7.08-7.84 (m, 
13, aromatic H); mass spectrum, mle (relative intensity) 346 (M+, 23), 
345 (23), 344 (M+. 69), 343 (21), 239 (31), 106 (loo), 91 (35), 28 
149). 

Anal. Calcd for C22HLTClN2: C, 76.62; H, 4.97; N, 8.13. Found: C, 
76.51: H, 4.98; N, 7.95. 
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Ethyl benzoylazocarboxylate reacts regiospecifically at room temperature with ketene acetals to give 2-phenyl- 
4-carboethoxy-6,6-dialkoxy-5,6-dihydrooxadiazines together with varying amounts of l,l-dialkoxy-2-(~V-carboe- 
thoxy-N'-benzoylhydraziny1)ethylenes. Reaction of ketene thioacetals with ethyl benzoylazocarboxylate gives only 
the hydrazinylketene dialkyl thioacetals. 1,l-Di(N-morpholiny1)ethylene reduces ethyl benzoylazocarboxylate to  
the dianion and a paramagnetic species, believed to be the cation radical of the aminal. 

Diethyl and dimethyl azodicarboxylate esters have been 
shown to react with ketene acetals, ketene thioacetals, and 
ketene aminals to give 5,6-dihydrooxadiazines (1) and/or 
hydrazinylketene acetals, hydrazinylketene thioacetals, or 
hydrazinylketene aminals (2).' I t  was shown that in the case 

COLR" 
1 

kO,R" 

2 

of the reactions of phenylketene dimethyl acetal with dimethyl 
and diethyl azodicarboxylate that the 5,6-dihydrooxadiazine 
1 (X = 0, R = CH3, R' = CsH5, R" = CH3 or CzH5) is formed 
initially but undergoes ring opening and irreversible proton 
transfer to give the corresponding hydrazinylketene acetal 2. 
No 1,2-diazetidines were detected in these reactions. This was 
surprising, because 1,2-diazetidines have been reported as 
products in the reactions of azocarboxylate esters with vinyl 
e t h e r ~ , ~ ~ ~ , ~ J ~  vinyl t h i o e t h e r ~ , ~ , ~ , ~  e n a m i n e ~ , ~ g ~ J ~  vinyl ace- 
tates,2 perfluoroethylenes,SlO tetramethoxyethylene,ll and 
tetramethoxyallene.12 The report that  1,2-diazetidines are 
formed with indene14 is incorrect.15J6 

Reaction of ethyl benzoylazocarboxylate with phenylketene 
dimethyl acetal in benzene a t  room temperature, followed by 

0022-3263/78/1943-4869$01,00/0 

chromatography of the reaction mixture on alumina, gave two 
solids, A and B, mp 88-90 and 116.5-113.5 "C, respectively. 
Elemental analyses indicated that A was a 1:1 adduct and that 
B was a hydrolysis product of a 1:l adduct. Compound A on 
standing in air or on heating with 5% hydrochloric acid is hy- 
drolyzed to B. Compound B was identified as N-(carbo- 
methoxybenzy1)-N-carboethoxy-"-benzoylhydrazine (3) .  

CH ~O,CCH(C,H~)NNHCCK~,H. 
I 

COLCLHS 
3 

I t  was synthesized by reaction of methyl 2-chlorophenylace- 
tate with benzoylhydrazine, followed by acylation of the 
product with ethyl chloroformate. The samples were shown 
to be identical (IR, NMR, mixed melting point). 

Compounds 4-6 could be reasonably expected to give 3 on 
hydrolysis and were considered as candidates for compound 
A. However structure 4 was eliminated by the absence of N-H 
peaks in the IR and NMR. The NMR spectrum of A contained 
peaks a t  1.30 (t, 3 H),  3.35 (s, 6 H),  4.23 (4, 2 H),  5.72 (s, 1 H) ,  
and 7.3-8.1 ppm (m, 10 H). The ultraviolet spectrum of A 
contained a maximum a t  278 nm ( 6  1.47 X lo4). 

Fir1 and Sommer studied the reaction of dibenzoyldiimide 
with styrene, vinyl thioethers, vinyl ethers, and enaminesT and 
concluded that  the products had the 5,6-dihydrooxadiazine 
structure, analogous to 6. Their structural assignments were 
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