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treated dropwise with acetyl chloride (1.78 mL, 0.025 mol). The 
precipitate was stirred for 30 min and the solvent was removed 
via a filter stick and washed several times with dry Et20.  The 
residue was suspended in dry DMF (50 mL) and treated with 1 
(3.09 g, 0.01 mol) This mixture was stirred at  ambient temper- 
ature for 1 h and 50 min, cooled in an ice bath, and treated with 
triethylamine (1.39 mL, 0.01 mol). The mixture was kept a t  
ambient temperature for 4 h, poured into cold, dilute NaHC03, 
and extracted with CHCl:,. The extracts were washed with brine, 
dried (Na2S04), and concentrated in vacuo. The residue was 
chromatographed on silica gel (200 g) with MeOH. The first 
material eluted from the column corresponded to recovered 1 by 
TLC and amounted to 1.4 g (crude weight). The second material 
eluted from the column was recrystallized from EtOAc to give 
0.438 g (mp 187-188 "C) and 0.191 g (mp 187-188 "C) of 16. The 
third compound eluted from the column was treated with 1 equiv 
of p-toluenesulfonic acid and crystallized from EtOH-EtOAc to 
give 1.03 g of 2, mp 196--197 "C. 

Reaction of 8-Chloro-l-methyl-6-phenyl-4H-s-triazolo- 
[4,3-a I[ 1,4]benzodiazepine ( 1 )  w i t h  Dimethyl -  
(methy1ene)ammonium Chloride and Acetyl Chloride. Pro- 
cedure D. A stirred solution of 1 (3.09 g, 0.01 mol) in dry DMF 
(50 mL) was cooled in an ice bath, under nitrogen, and treated 
successively with N,N,N',N'-tetramethyldiaminomethane (1.23 
g, 0.012 mol) and then dropwise with acetyl chloride (0.923 mL, 
0.013 mol). The cloudy mixture was kept in the ice bath for 1 
h and 55 min and poured into a mixture of ice and saturated 
NaHC03. The solution was saturated with NaCl and extracted 
five times with CHCl3 The extracts were washed with brine, dried 
(Na2S04), and Concentrated in vacuo. A solution of the resulting 
oil in absolute ethanol was acidified to pH 3.5-4 with a solution 
of p-toluenesulfonic acid (1 equiv) in absolute ethanol. The salt 
was crystallized to give 3.69 g (mp 196-197 "C), 0.612 g (mp 
197-198 "C), and 0.022 g (mp 198.5-199 "C) (79.9%) of 2. 

8-Chloro-l-isopropyl-6-phenyl-4~-s-triazolo[4,3-~][ 1,4]- 
benzodiazepine ( 1 1 ) .  A stirred mixture of 7-chloro-2- 
hydrazino-5-pheqyl-3H- 1,4-benzodiazepinez1 (7.13 g, 0.025 mol) 
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in dry THF (60 mL) was cooled in an ice bath and treated during 
4 min with a solution of isobutyryl chloride (2.65 g, 0.025 mol) 
in T H F  (12 mL). The resulting dark red solution was kept in 
the ice bath for 20 min and at  ambient temperature for 2 h. I t  
was then poured into a stirred mixture of crushed ice and saturated 
NaHC03 The solid was collected by filtration, washed with water, 
and dried in vacuo. A solution of the solid in AcOH (60 mL) was 
placed in an oil bath that had been preheated to 130 "C, refluxed 
for 30 min, cooled, and concentrated in vacuo. The residue was 
mixed with ice and dilute NaHC03 and extracted with CH2C12. 
The extract was washed with brine, dried (Na2S04), and concen- 
trated. The residue was crystallized from EtOAc to give 4.32 g 
(mp 202-202.5 "C) and 1.63 g (mp 200-202 "C) (70.7% yield) of 
11. 
8-Chloro-l-(methoxymethyl)-6-phenyl-4H-s-triazolo[4,3- 

a][ 1,4]benzodiazepine (8). Compound 8 was prepared from 
7-chloro-2-hydrazin0-5-phenyl-3H-1,4-benzodiazepine~~ and me- 
thoxyacetyl chloride in a manner similar to that described for 
compound 11. The yield was 66%. 
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Sensitized photooxygenations of a few A*-oxazolin-5-ones such as 2,4-diphenyl-A'-oxazolin-5-one (3a), 4- 
benzyl-2-phenyl-A'-oxazolin-5-one (3b), and 4-benzylidene-2-phenyl-A2-oxazolin-5-one (17) have been studied, 
using Rose Bengal as a sensitizer. The photooxygenation of 3a in a mixture of benzene and methanol for 0.25 
h gave a mixture of bi-4,4'-(2,4-diphenyl-A2-oxazolin-5-one) (9a, 44%) and benzamide (28%), whereas the 
photooxygenation of 3a in methanol for 0.5 h gave a mixture of dibenzamide @a, 40%) and benzamide (49%). 
In contrast, the irradiation of 3a in either benzene or cyclohexane gave only benzamide. Nickel peroxide oxidation 
of 3a gave a 38% yield of the bioxazolinone 9a. Direct irradiation of 9a in either benzene or acetone gave benzamide, 
whereas the thermolysis of 9a in refluxing o-dichlorobenzene gave a 3% yield of 2,3,5,6-tetraphenylpyrazine (16). 
Photooxygenation of 3b gave a 42% yield of N-benzoylphenylacetamide (8b), whereas the direct irradiation of 
3b gave only benzamide. Nickel peroxide oxidation of 3b gave bi-4,4'-(4-benzyl-2-phenyl-A2-oxazolin-5-one) (9b, 
40% j. Direct irradiation of 9b gave exclusively benzamide. The photooxygenation of 17 in methanol gave a 
mixture of the a-benzamidocinnamate 18 (53%) and benzamide (29%), whereas the direct irradiation of 17 gave 
a mixture of a-benzamidocinnamic acid (20) (31%) and benzamide (52%). Resonable mechanisms have been 
suggested for the formation of the different products in these reactions. 

Although t h e  chemistry of A2-oxazolin-5-ones has been 
fairly well ~ t u d i e d , ~  only very few reports  concerning the 
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photochemistry of these ring systems are  available in  the 
l i t e r a t ~ r e . ~ - ~  Recently, Johnson and Sousa,* for example, 
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have examined the photochemical transformations of both 
4-methyl-4-phenyl-2- ( trifluoromethy1)-A2-oxazolin-5-one 
(1) and 2,4-dimethyl-4-phenyl-Az-oxazolin-5-one (2) and 
have shown that these two oxazolinones behave quite dif- 
ferently under photochemical conditions. The photolysis 
of 1, for example, proceeds with extrusion of carbon dioxide 
to give the corresponding nitrile ylide intermediate, which 
can be trapped in the presence of dipolarophiles. In con- 
trast, the photolysis of 2 has been found to give N-(l- 
methylbenzylidene)acetamide, presumably formed through 
the loss of carbon monoxide.' The difference in the pho- 
tochemical behavior of the two A'-oxazolin-5-ones 1 and 
2 has been attributed to the electronic effects of the tri- 
fluoromethyl substituent in 1. 

We have shown recently that sydnones, which contain 
an azomethine linkage, undergo cycloaddition with singlet 
oxygen, under sensitized photooxygenation conditions, 
leading to a mixture of p r o d ~ c t s . ~  Although A2-oxazolin- 
5-ones are reported to undergo cycloadditions with differ- 
ent dipolarophiles,1@-12 there has been no report so far on 
the use of singlet oxygen as a dipolarophile in these addi- 
tion reactions. The object of the present investigation, 
therefore, has been to examine the photooxygenations of 
a few A2-oxazolin-5-ones with a view to studying the nature 
of products formed in these reactions. 

Results and Discussion 
The A2-oxazolin-5-ones that we have examined include 

2,4-diphenyl-A2-oxazolin-5-one (3a), 4-benzyl-2-phenyl- 
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A2-oxazolin-5-one (3b), and 4-benzylidene-2-phenyl-A2- 
oxazolin-5-one (17). 

Photooxygenation of 2,4-diphenyl-A2-oxazolin-5-one (3a) 
in methanol and in the presence of Rose Bengal (0.5 h) 
gave a mixture of dibenzamide (8a, 40%) and benzamide 
(10,49%), whereas in benzene-methanol(O.25 h) the main 
product was bi-4,4'-(2,4-diphenyl-A2-oxazolin-5-one) (9a, 
44%). The formation of products such as dibenzamide 
@a), benzamide, and the bioxazolinone 9a in the photo- 
oxygenation of 3a can be rationalized in terms of the 
pathways shown in Scheme I. It has been assumed that 
one of the possible transformations of 3a will be its initial 
conversion to the tautomeric oxazolium 5-oxide 4a,*&12 
which in turn reacts with singlet oxygen to give the endo- 
peroxide 5a, as per path a in Scheme I. Subsequent loss 
of carbon dioxide from 5a will result in the formation of 
dibenzamide (sa). An alternative pathway (path b) for the 
transformation of 3a would be through the initial loss of 
carbon monoxide to give N-benzylidenebenzamide (7a) 
which undergoes hydrolysis under the reaction conditions 
to give benzamide. Benzamide in this reaction may also 
arise through the further photolysis of 8a under the reac- 
tion conditions. In order to distinguish between the two 
possible pathways for the formation of benzamide, we have 
examined the direct photolysis of 3a in the absence of 
oxygen. Irradiation of a cyclohexane solution of 3a (1.5 
h) resulted in the formation of a 7370 yield of benzamide 
(lo), whereas irradiation in benzene (4 h) gave a 6870 yield 
of 10. It may be mentioned here that mere refluxing of 
3a in either cyclohexane or methanol (2 h) did not give any 
benzamide. In both of these cases, most of the starting 
material has been recovered unchanged. The formation 
of benzamide in the direct photolysis of 3a would clearly 
indicate that under photochemical conditions 3a undergoes 
facile loss of carbon monoxide to give N-benzylidenebenz- 
amide (7a), which then gives rise to 10, as per path b, 
shown in Scheme I. 

The formation of the bioxazolinone 9a can be rational- 
ized in terms of the radical intermediate 6a, formed 
through the abstraction of a hydrogen atom from the C4 
position of 3a by molecular oxygen. Subsequent dimeri- 
zation of 6a will lead to 9a as shown in Scheme I (path c). 
It may be pointed out here that Huisgen and co-workers12 
have observed the formation of the bioxazolinone 9a when 
air was not excluded in the preparation of 3a. 

If a radical intermediate such as 6a is produced through 
hydrogen abstraction, then we reasoned that the formation 
of the oxidative dimer 9a should be facilitated by reagents 
which are known to bring about facile oxidations. In this 
context we have examined the reaction of 3a with nickel 
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peroxide. Treatment of 3a with nickel peroxide in benzene 
a t  room temperature (0.5 h) gave a mixture of 9a (38%) 
and benzamide (10, 25%). The formation of 10 in this 
reaction may be explained in terms of the hydroxylation 
of the radical intermediate 6a in the presence of nickel 
peroxide to give the hydroxy derivative lla, which can 
undergo further hydrolysis to 12a and subsequent frag- 
mentation to give 10, as shown in Scheme 11. Such hy- 
droxylations of organic substrates in the presence of nickel 
peroxide have been reported in the 1i terat~re . I~ 

For comparing the photochemical behavior of the oxa- 
zolinone 3a with that of its oxidative dimer, we have ex- 
amined the photolysis of 9a. Irradiation of a benzene 
solution of 9a (1.75 h) gave a 73% yield of benzamide (10). 
The photolysis of 9a in acetone (2.5 h), on the other hand, 
gave a 49% yield of 10. The formation of 10 in the pho- 
tolysis of 9a may be understood in terms of the interme- 
diate 13a, formed through the loss of 2 mol of carbon 
monoxide and the subsequent hydrolysis of 13a under the 
reaction conditions (Scheme 111). The thermal transfor- 
mation of 9a, however, has been reported to give poor 
yields of 2,3,5,6-tetraphenylpyrazine ( 16).'236 In the present 
studies we have observed that refluxing of 9a in o-di- 
chlorobenzene (-179 "C)  gives a 3% yield of 16, along with 
a 42% of the unchanged starting material. A reasonable 
pathway for the formation of 16 would involve the initial 
loss of 2 mol of carbon dioxide from 9a to give the bis 
nitrile ylide 14, which can also be represented as the 
carbene intermediate 15. Intramolecular cyclization of 15 
will result in the formation of 16, as shown in Scheme IV. 

In continuation of our studies, we have examined the 
photooxygenation of 4-benzyl-2-phenyl-A*-oxazolin-5-one 
(3b). Photooxygenation of 3b in benzene-methanol, using 
Rose Bengal, (1.75 h) gave benzamide (10, SO%), along 
with some unchanged starting material (3b, 50%). The 
formation of 8b in the photooxygenation of 3b may be 
rationalized in terms of the intermediate 5b, as shown in 
Scheme I. The formation of benzamide in the photolysis 
of 3b, likewise, can be explained in terms of the initial 
formation of 7b, which then suffers hydrolysis in the 
presence of moisture. In contrast to the photoreaction of 
3b, it was observed that refluxing of 3b in benzene for 7h, 

- 
(13) George, M .  V.; Balachandran, K. S. Chem. Reu. 1975, 75, 491. 
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in a blank experiment, resulted in the recovery of the 
unchanged starting material (3b, 90%). 

To ascertain whether the oxazolinone 3b undergoes ox- 
idative dimerization in a manner similar to the reaction 
of 3a, we have examined the nickel peroxide oxidation of 
3b. Treatment of 3b with nickel peroxide in benzene 
solution at  room temperature (12 h) gave a mixture of the 
bioxazoline 9b (40%) and benzamide (10,29%). The IR 
spectrum of 9b showed absorptions at  1839 (C=O) and 
1646 (C=N) cm-'. The mass spectrum (70 eV) of 9b 
showed the most intense peak a t  mle  250, attributed to 
the fragment Cl6HI2NO2, formed by the cleavage of the 
molecular ion. The various fragments observed in the mass 
spectrum of 9b are in tune with the assigned structure for 
this compound. The formation of 9b and benzamide in 
the oxidation of 3b may arise through the initially formed 
radical intermediate 6b, as shown in Scheme 11. 

Photolysis of 9b in benzene (1.5 h) resulted in a 29% 
yield of benzamide; 40% of 9b was recovered unchanged. 
The formation of benzamide from 9b may be explained 
by fragmentation and hydrolysis of the intermediate 13b 
(Scheme 111). 

The photooxygenation of 4-benzylidene-2-phenyl-A2- 
oxazolin-5-one (17) in methanol for 0.25 h gave a mixture 
of products consisting of methyl a-benzamidocinnamate 
(18, 53%) and benzamide (10, 29%). When the photo- 
oxygenation of 17 in methanol, however, was carried out 
for 0.75 h, the only product that could be isolated was a 
45% yield of benzoic acid (17) (Scheme V). The formation 
of 18 from 17 could be understood in terms of a simple 
addition of methanol to 17, whereas products such as ben- 
zamide and benzoic acid could arise through the further 
transformation of 18, as shown in Scheme V. In support 
of the suggestion concerning the formation of 18 from 17, 
we have observed that treatment of 17 with refluxing 
methanol for 5 min gave an 88% yield of the methyl ester 
18. 

Direct irradiation of the oxazolinone 17 in benzene for 
10 h gave a mixture of a-benzamidocinnamic acid (20, 
31%) and benzamide (52%) (Scheme V). The formation 
of 20 from 17 may be explained in terms of the addition 
of moisture to 17 under the reaction conditions, whereas 
benzamide can result from the photofragmentation of 20. 
In support of this assumption, it has been observed that 
the photolysis of 20 in methylene chloride for 10 h gave 
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a 59% yield of benzamide, along with a 20% recovery of 
20. In contrast to the photoreaction of 17, it was observed 
that mere refluxing of 17 in cyclohexane for 10 h resulted 
in the recover)' of an 87% yield of the unchanged starting 
material. 

In contrast LO the facile oxidative dimerizations of the 
oxazolinones 3a and 3b brought about by nickel peroxide, 
it has been observed that 17 is unaffected on treatment 
with nickel peroxide in benzene at  room temperature for 
16 h. 

Experimental Section 
All melting points are uncorrected and were determined on a 

Mel-Temp melting point apparatus. The IR spectra were recorded 
on Perkin-Elmer Model 137 and Model 521 infrared spectrome- 
ters. The electronic spectra were recorded on a Beckman DB 
spectrophotometer. NMR traces were recorded on a Varian A-60 
NMR spectrometer, using tetramethylsilane as an internal 
standard. Au irradiations were carried out with a Hanovia 450-W, 
medium-pressure mercury lamp in a quartz-jacketted immersion 
well. 

Starting Materials. 2,4-Diphenyl-A\2-oxazolin-5-one (3a)12 
(mp 104-105 "C) 4-benzyl-2-phenyl-A2-oxazolin-5-one (3b)14 (mp 
69-71 "C), and 4-benzylidene-2-phenyl-~*-oxazolin-5-0ne ( 17)15 
(mp 165-166 "C) were prepared by reported procedures. Active 
nickel peroxide was prepared by a standard pr0~edure . l~  The 
petroleum ether used was the fraction having a boiling point of 

Photooxygenation of 2,4-Diphenyl-A2-oxazolin-2-one (3a). 
A. In Methanol. A solution of 3a (0.40 g, 1.7 mmol) in methanol 
(175 mL), containing a small amount of Rose Bengal (0.01 g), was 
irradiated under oxygen bubbling for 0.5 h. The residual solid 
obtained after the removal of the solvent under vacuum was 
chromatographed over silica gel. Elution with a mixture (1:4) of 
benzene and petroleum ether gave 0.15 g (40%) of dibenzamide 
(gal, mp 147-148 "C (mmp).16 

Subsequent elution of the column with a mixture (1:l) of 
benzene and petroleum ether gave 0.1 g (49%) of benzamide, mp 
126-128 "C (mmp). 

B. In Benzene-Methanol. A solution of 3a (0.80 g, 3.4 mmol) 
in benzene (450 mL) was mixed with a methanolic solution of Rose 
Bengal (0.03 g in 20 mL), and the resultant solution was irradiated 
for 0.5 h under oxygen bubbling. Workup of the mixture as in 
the earlier case gave a product mixture which was chromato- 
graphed over neutral alumina. Elution with petroleum ether gave 
0.35 g (44%) of bi-4,4'-(2,4-diphenyl-A2-oxazolin-&one) (9a), mp 
194 "C (mmp)." 

Further elution of the column with a mixture (1:l) of benzene 
and petroleum etl-er gave 0.1 g (28%) of benzamide, mp 126-128 
"C (mmp). 

Photolysis of 2,4-Diphenyl-A*-oxazolin-5-one (3a). A. In 
Benzene. A solution of 3a (0.80 g, 3.6 mmol) in benzene (450 
mL) was irradiated under a nitrogen atmosphere for 4 h. Removal 
of the solvent gave a residual mass, which was chromatographed 
over neutral alumina. Elution of the column with a mixture (1:l) 
of petroleum ether and benzene resulted in 0.28 g (68%) of ben- 
zamide, mp 127-128 "C (mrnp). 

60-80 "C.  

No other prodLict would be isolated from this run. 
B. In Cyclohexane. A solution of 3a (0.40 g, 1.8 mmol) in 

cyclohexane (175 mL) was irradiated for 1.5 h, under a nitrogen 
atmosphere, and workup of the reaction mixture as in the earlier 
cases gave 0.15 g (73%) of benzamide, mp 126-128 "C (mrnp). 

Thermolysis of 2,4-Diphenyl-A'-oxazolin-5-one (3a). A. 
In Refluxing Methanol. Refluxing of a solution of 3a (0.20 g, 
0.9 mmol) in methanol (50 mL) for 2 h and workup of the mixture 
in the usual manner gave 0.14 g (70%) of the unchanged starting 
material (3a), mp 104 " (2  (mrnp), after recrystallization from 
petroleum ether. 

B. In Refluxing Cyclohexane. A solution of the oxazolinone 
3a (0.20 g, 0.9 mmol) in (cyclohexane (50 mL) was refluxed for 

Dixit et al. 

(14) Hohr, E.; Stroschein. F. Ber. Dtsch. Chem. Ges. 1909, 42, 2521. 
(15) Gillespie, H. 13.; Snyder, H. R. "Organic Syntheses", Collect. Vol. 

(16) Titherley, A. W. J .  C'hen. SOC. 1904, 85, 1673. 
11; Wiley: New York, NY, 1943; p 489. 

2 h and then the solvent was evaporated under reduced pressure. 
The resulting residual mass was triturated with petroleum ether 
to afford 0.18 g (90%) of the unchanged starting material, mp 
104 "C (mrnp). 

Nickel Peroxide Oxidation of 2,4-Diphenyl-A'-oxazolin- 
&one (3a). A mixture of 3a (0.40 g, 1.8 mmol) and nickel peroxide 
(4 g) in benzene (100 mL) was stirred a t  room temperature for 
0.5 h. After removal of the unchanged nickel peroxide and solvent, 
the residual solid was fractionally crystallized from a mixture (1:l) 
of benzene and petroleum ether to give 0.15 g (38%) of the 
bioxazolinone 9a, mp 194 "C (mrnp). 

The mother liquor left behind after the removal of 9a was 
concentrated to give a product which on recrystallization gave 
0.1 g (25%) of benzamide, mp 127-128 " C  (mmp). 

Irradiation of Bi-4,4'-(2,4-diphenyl-A'-oxazolin-5-one) (9a). 
A. In Benzene. A solution of the bioxazolinone 9a (0.80 g, 1.8 
mmol) in benzene (800 mL) was irradiated under a nitrogen 
atmosphere for 1.75 h. Removal of the solvent under vacuum gave 
a product mixture which was chromatographed over alumina. 
Elution with a mixture (1:l) of benzene and petroleum ether gave 
0.3 g (73%) of benzamide, mp 126-128 "C (mmp). 

B. In Acetone. Irradiation of a solution of the bioxazolinone 
9a (0.80 g, 1.8 mmol) in acetone (800 mL) for 2.5 h and workup 
as in the earlier case gave 0.2 g (49%) of benzamide, mp 126-127 
"C (mrnp). 

Thermolysis of Bi-4,4'-(2,4-diphenyl-A2-oxazolin-5-one) 
(9a). A. In Refluxing Cyclohexane. A solution of 9a (0.80 
g, 1.8 mmol) was refluxed in cyclohexane (50 mL) for 10 h under 
a nitrogen atmosphere. Removal of the solvent under vacuum 
gave 0.72 g (90%) of the unchanged starting material, mp 193-194 
"C (mrnp), after recrystallization from a mixture (1:l) of benzene 
and petroleum ether. 

B. In Refluxing Acetone. A solution of 9a (0.80 g, 1.8 mmol) 
in acetone (50 mL) was refluxed for 2.5 h under a nitrogen atmo- 
sphere and worked up as in the earlier case to give 0.72 g (90%) 
of the unchanged starting material, mp 194 "C (mrnp). 

C. In o-Dichlorobenzene. A solution of 9a (0.47 g, 1 mmol) 
in o-dichlorobenzene (50 mL) was refluxed for 5 h. Removal of 
the solvent under vacuum gave a product which was chromato- 
graphed over alumina. Elution with petroleum ether gave 0.1 g 
(3%) of 2,3,5,6-tetraphenylpyrazine (16), mp 290 "C (mmp)," after 
recrystallization from ethanol. 

Subsequent elution of the column with a mixture (1:3) of 
benzene and petroleum ether gave 0.2 g (42%) of the unchanged 
starting material (9a), mp 193-194 "C (mrnp). 

Photooxygenation of 4-Benzyl-2-phenyl-A'-oxazolin-5-one 
(3b). A solution of 3b (0.25 g, 1 mmol) in benzene (170 mL), 
containing a small amount of Rose Bengal (0.01 g in 10 mL of 
methanol), was irradiated under oxygen bubbling for 1.75 h. 
Removal of the solvent under vacuum gave a product mixture 
which was chromatographed over neutral alumina. Elution with 
methylene chloride gave 0.1 g (42%) of N-benzoylphenylacetamide 
(8b), mp 129-130 "C (mmp),18 after recrystallization from petro- 
leum ether. 

Irradiation of 4-Benzyl-2-phenyl-A'-oxazolin-5-one (3b). 
A benzene solution of 3b (1.0 g, 4 mmol in 450 mL) was irradiated 
under a nitrogen atmosphere for 7 h. Removal of the solvent under 
reduced pressure gave a residue which was chromatographed over 
neutral alumina. Elution with petroleum ether gave 0.5 g (50%) 
of the unchanged starting material, mp 69-70 "C (mrnp). 

Further elution of the column with a mixture (1:l) of benzene 
and petroleum ether gave 0.12 g (50%) of benzamide, mp 126-127 
"C (mrnp). 

Thermolysis of 4-Benzy1-2-pheny1-A2-oxazo1in-5-one (3b). 
A solution of 3b (1.0 g, 4 mmol) in benzene (100 mL) was refluxed 
under a nitrogen atmosphere for 7 h. Removal of the solvent under 
vacuum gave 0.9 g (90%) of the unchanged starting material, mp 
69-70 "C (mmp), after recrystallization from petroleum ether. 

Nickel Peroxide Oxidation of 4-Benzyl-2-phenyl-A'- 
oxazolin-&one (3b). A solution of 3b (0.25 g, 1 mmol) and nickel 
peroxide (2 g) in benzene (20 mL) was stirred at room temperature 
for 16 h. Removal of the unchanged nickel peroxide and solvent 
gave a product which was chromatographed over neutral alumina. 

(17) Japp, F. R.; Davidson, W. B. J .  Chem. Sol. 1895, 67, 32 
(18) Wenner, u'. J .  org. Chem. 1950, 15, 548 
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Elution with petroleurn ether gave 0.1 g (40%) of bi-4,4'-(4- 
benzyl-2-phenyl-A2-oxazolin-5-one) (9b), mp 210 "C, after re- 
crvstallization from a mixture (4:l) of Detroleum ether and benz- 
ene. IR spectrum (KBr). v, 1839 (u,), 1646 (vc=N), 1437,1302, 
1276. 957. 862.676 cm I. 

A h .  Calcd'for C3zH24Nz04: C, 76.80; H, 4.80; N, 5.60. Found: 
C, 77.32; H, 4.49; N, 5.33. 

Further elution of the column with a mixture (1:l) of petroleum 
ether and benzene gave 0.04 g (29%) of benzamide, mp 127-128 
"C (mrnp). 

In a repeat run, a mixture of 0.25 g (1 mmol) of 3b and 2 g of 
nickel peroxide in benzene (70 mL) was stirred at  room temper- 
ature for 16 h. Workup of the mixture as in the earlier case gave 
0.15 g (60%) of 9b, mp 210 "C (mrnp). 

Irradiation of Bi-4,4'-(4-benzyl-2-phenyl-Az-oxazolin-5-one) 
(9b). A solution of 9b (0.50 g, 1 mmol) in benzene (450 mL) was 
irradiated for l.!i h under a nitrogen atmosphere. Removal of 
the solvent under vacuum gave a product mixture which was 
chromatographed over neutral alumina. Elution with petroleum 
ether gave 0.2 g (40%) of the unchanged starting material, mp 
210 "C (mmp), after recrystallization from a mixture (4:l) of 
petroleum ether and benzene. 

Subsequent elution with a mixture (1:l) of benzene and pe- 
troleum ether gave 0.14 g (29%) of benzamide, mp 127-128 "C 
(mmp). 

Sensitized Photooxygenation of 4-Benzylidene-2-phenyl- 
A2-oxazolin-5-one (17), A solution of 17 (0.5 g, 2 mmol) in 
methanol (175 mL)? Containing a small amount of Rose Bengal 
(0.01 g), was irradiated under oxygen bubbling for 0.25 h. Removal 
of the solvent under vacuum gave a viscous material which was 
fractionally crystallized from a mixture (1:l) of benzene and 
petroleum ether to give 0.3 g (53%) of methyl a-benzamido- 
cinnamate (18), mp 139k141 "C ( m m ~ ) . ' ~  

The mother liquor after the removal of 18 was concentrated 
to give a product which was recrystallized from benzene to give 
0.07 g (29%) of benzamide, mp 127-128 "C (mrnp). 

Thermolysis of 4-Benzylidene-2-phenyl-Az-oxazolin-5-one 
(17). A. I n  Refluxing Methanol. A solution of 17 (0.2 g, 0.8 
mmol) in methanol (10 mL) was refluxed for 5 min and the solvent 
was removed under vac:uum. The residual solid that was left 
behind was triturated with a small amount of ethanol to give 0.2 

(19) Buckles, R. E.; Filler, R.; Hilfman, L. J .  Org. Chem. 1952,17, 233. 
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g (88%) of methyl a-benzamidocinnamate (18), mp 140-141 "C 
(mrnp), after recrystallization from a mixture (1:l) of petroleum 
ether and benzene. 

B. In Refluxing Cyclohexane. Refluxing of a cyclohexane 
solution of 17 (0.15 g, 0.55 mmol in 50 mL) for 10 h and workup 
in the usual manner gave 0.13 g (87%) of the unchanged starting 
material, mp 165 "C (mrnp). 

Photooxygenation of Methyl a-Benzamidocinnamate (18). 
A solution of methyl a-benzamidocinnamate (18) (0.26, g, 1 mmol) 
in methanol (175 mL), containing a small amount of Rose Bengal 
(0.01 g), was irradiated under oxygen bubbling for 0.75 h. Removal 
of the solvent under vacuum gave a viscous product which was 
chromatographed over silica gel. Elution with a mixture (1:4) of 
benzene and petroleum ether gave 0.1 g (45%) of benzoic acid, 
mp 121-122 "C (mrnp). 

No other product could be isolated from this run. 
Photolysis of 4-Benzylidene-2-phenyl-A2-oxazolin-5-one 

(17). A solution of 17 (0.6 g, 2.4 mmol) in dry benzene (450 mL) 
was irradiated under nitrogen bubbling for 10 h. Removal of the 
solvent under vacuum gave a product which was chromatographed 
over neutral alumina. Elution of the column with petroleum ether 
gave 0.2 g (31%) of a-benzamidocinnamic acid (20), mp 233-235 
"C (mmp).19 

Further elution of the column with a mixture of (1:l) of pe- 
troleum ether and benzene gave 0.15 g (52%) of benzamide, mp 
126-128 "C (mrnp). 

Attempted Nickel Peroxide Oxidation of 4-Benzylidene- 
2-phenyl-Az-oxazolin-5-one (17). A mixture of 17 (0.3 g, 1 mmol) 
and nickel peroxide (2 g) in dry benzene (70 mL) was stirred a t  
room temperature for 16 h. Removal of the unchanged nickel 
peroxide and solvent gave 0.25 g (85%) of the unchanged starting 
material (17), mp 165 "C (mmp), after recrystallization from a 
mixture (1:l) of benzene and petroleum ether. 
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Proline, pipecolic acid, and hexahydroazepine-2-carboxylic acid have served as starting materials for the efficient 
synthesis of l-azabicyclo[3.3.0]octanes (pyrrolizidines), l-azabicyclo[4.3.0]nonanes (indolizidines), 1-azabicyclo- 
[4.4.0]decanes (quinolizidines), and l-azabicyclo[5.4.0]undecanes. For each ring system, the synthesis proceeded 
by alkylating the cyclic a-amino acid ester with a substituted malonic ester carrying a side chain of appropriate 
length. Iminium ion was then generated by decarbonylation of the a-(tertiaryamino) acid. Ring closure to the 
fused ring system resulted from attack of the nucleophilic malonate on the newly formed electrophilic carbon 
of the iminium ion. 

Iminium salts have served as versatile reactive synthetic 
intermediates3 by vir tue of their  ability t o  yield new car- 
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bon-carbon bonds via nucleophilic a t tack  at the highly 
electrophilic masked carbonyl carbon and have been used 
in many syntheses involving fused-ring heterocycles. Al- 
though these reactive compounds have been used in the 
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