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I r rad iat ion of N- iminoqu ino l in ium yl ide dimers 7a-i, prepared f rom N-aminoquinol in ium mesitylenesulfonates 
5a-i b y  treatment w i t h  base, in methylene chloride solut ion containing acetic acid afforded the fully unsaturated 
lH-1,2-benzodiazepines Sa-i in moderate yields. T h e  photoproducts 8a and 8c were reduced w i t h  lithium alumi-  
num hydr ide t o  the 2,3-dihydrobenzodiazepines 12a and 12c, which were further hydrogenated over pa l lad iumhar -  
b o n  t o  give the 2,3,4,5-tetrahydrodiazepines 13a and 13c, respectively. T h e  reduced 1,2-benzodiazepines gave the  
corresponding mono-  (14, 15) and diacetyl (16, 17) derivatives. Based o n  NMR studies in CDCla-acetic acid solu- 
t i o n  which demonstrate an equi l ibr ium between the dimers 7 and the corresponding N- iminoqu ino l in ium ylides 
6, a mechanism for the format ion of the 1,2-benzodiazepines 8 via the diazir idine (25) and 2H-1,2-benzodiazepine 
(9) intermediates is proposed. 

Streith2 first showed in 1968 that the photolysis of N- 
acyliminopyridinium ylides (1) yields the previously unknown 
lH-1,2-diazepines (2) (Scheme I). Concurrent inyestigations 
by Sasaki3 and by Snieckus? and more recently by Abramo- 
vitch,5 provided additional examples of this photoinduced ring 
expansion reaction. At present, this constitutes the only 
general route to simple, fully unsaturated lH-1,2-diaze- 
pines.6-8 

In contrast, the analogous N-acyliminoquinolinium (3)9-11 
and -isoquinolinium10-12 ylides have been shown to rearrange 
upon irradiation into 2-aminoquinoline and 1-aminoisoqui- 
noline derivatives, respectively, as well as to undergo N-N 
fragmentation to the respective parent heterocycles.'3 The 
formation of 1,2-benzodiazepines 4 from ylides 3 (Scheme I) 

as a result of photochemical ring expansion and solvent in- 
corporation represents the two isolated exceptions to the 
above generalization.gJ0 

We report on the general photochemical synthesis of the 
hitherto unknown fully unsahrated lH-1,2-benzodiazepines 
8 from the N-iminoquinolinium ylide dimers 7. Of the six 
theoretically possible benzodiazepines,'* the 1,4-benzodi- 
azepines have been most widely investigated owing to their 
useful biological activity.15 The 1,5-benzodiazepines have also 
received substantial attention,16 whereas the corresponding 
1,3, 2,4, and 2,3 isomers have been neglected in cdmpari- 
son.14*17 As for the 1,2 isomers, prior to the present work, only 
fused cyclopentano-3H-1,2-beniodiazepines had been re- 
ported.l8 
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Table I. Preparatim of IH- 1,2-Benzodiazepines (8) by Irradiation of the N-Iminoquinolinium Ylide Dimers (7) 

Registry Reaction Yield,b NMR (CDCls), 6" 
no. Compd time, h % Mp, O C C  3-H 4-H 5-H Misc 

264-60-8 8a~ 
61702-22-5 8b 
54507-50-5 80 
59065-95-1 8Cl 
59065-96-2 8 ~ !  
59065-97-3 8f' 
61702-23-6 8g 
59065-99-5 8h 
59066-00-1 8i 

8 
8 

10 
9 
5 

10 
15 

7 
20 

61 
60 
79 
47 
5 

50 
38 
70 
62 

63-64d 7.07 (d) 5.97 (dd)i 6.86 (d) 
87-8gd 6.97 (s) 6.65 (d) 1.92 (d, Me)j 

63.5-64e 7.07 (d) 6.03 (m) 2.20 (br, Me) 
94.5-95.5f 7.08 (d) 5.97 (dd) 6.89 (d) 2.24 fbr, Me) 
94.5-95.5d 7.08 (d) 6.02 (dd) 6.87 (d) 3.75 (s, OMe) 

114-115d 7.06 (d) 5.96 (dd) 6.88 (d) 3.90 (s,COOMe) 
93.5-95g 7.05 (d) 5.92 (dd) 6.81 (d) 2.21 (br, Me) 
103-104.5g 7.05 (d) 5.85 (dd) 6.79 (d) 3.77 (s,OMe) 

73-74g 7.05 (d) 5.94 (dd) 6.86 (d) 

Satisfactory analytical data (f0.4% for C, H, and N) were obtained for all compounds listed. Yields are of isolated products. 
Red prisms. 

See Experimental Section. Multiplicities are indicated by the usual symbols. 53,4 
A broad signal (NH, 6 6.6-6.7) and multiplet signals (ArH, 6 6.2-8.0) appear in all spectra. 

c All compounds were recrystallized from isopropyl ether except 8g, which was obtained from isopropyl ether-benzene. 
e Yellow prisms. Red plates. g Red needles. 
= 4 and J4,5 = 11 Hz. I J 5 , 4 . ~ ~  = 1 Hz. 

Scheme I Scheme I1 

-0 h $  

+ Y  R = CO 2 R '  YN 
0 -  

R 
= COMe 

-NR 

1 = SOZAr 2 

h J  

R = C 0 2 E t ,  

COMe -NR 

3 R'= Me, E t  4 

Results 
The N-aminoquinolinium mesitylenesulfonates (5) 

(Scheme 11) were prepared by N-amination of the corre- 
sponding quinolines with O-mesitylenesulfonylhydroxyl- 
amine according to the method of Tamura and co-workers.1° 
Treatment of the salts 5 with potassium carbonate in di- 
methylformamide according to the method of Okamoto and 
co-workers19 afforded in good yield the N-iminoquinolinium 
ylide dimers 7 presumably via the N-iminoquinolinium ylides 
6. 

Irradiation of the dimers 7 in methylene chloride solution 
containing acetic acid resulted in the formation of the corre- 
sponding 1H-1,2-benzodiazepines 8 in the yields shown in 
Table I. In addition, small amounts of 2-aminoquinoline de- 
rivatives and parent quinolines were also isolated. 

The reaction times, yields, and physical data of the new 
1,2-benzodiazepines 8 are collected in Table I. The lH NMR 
spectral data, summarized in Table I, are consistent with the 
proposed structures and eliminate from further consideration 
the tautomeric 2H- (9), 3H- and 5H- (11) benzodi- 

9 10 11 

azepine structures as well as the diaziridine structure 25 
(Scheme V). Complete characterization by IR, UV, and mass 
spectrometry was carried out for compounds 9a-c (see Ex- 

I I  

R1 R2 R3 R4 

a H  H H H 

h Me H H H 

c H  Me H H 

d H  H Me H 

e H  H OMe H 

f H  H c1  P 

g H  H C02Me y 
h H  H H Me 

i H  H H OMe 

perimental Section). Further confirmation of structure was 
achieved by the following chemical studies. 

Lithium aluminum hydride reduction of 8a,c afforded in 
quantitative yields the 2,3-dihydrodiazepines 12a and 12c, 
respectively, which upon further catalytic hydrogenation gave 
the corresponding tetrahydrobenzodiazepines 13a and 13c 
(Scheme 111). Treatment of 12a,c and 13a,c with acetic an- 
hydride at room temperature provided the expected21 2-acetyl 
derivatives 14a,c and 15a,c, respectively, which upon reflux 
with the same reagent gave the corresponding 1,2-diacetyl- 
1,2-benzodiazepines 16a,c and 1 7 a , ~ . ~ ~  Compounds 16a,c and 
17a,c could also be directly prepared from 12a,c and 13a,c, 
respectively, using the latter conditions. Catalytic hydroge- 
nation of 14a,c and 16a,c yielded the tetrahydro derivatives 
15a,c and 17a,c, respectively. Finally, acylation of 12a,c with 
methyl chloroformate in the presence of sodium hydride af- 
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forded respectively the 2-methoxycarbonyl-2,3-dihydro- 
benzodiazepines 18a,c which were also directly obtained from 
the photoproducts 8a,c by reductive carbomethoxylation as 
shown in Scheme 111. 

Scheme I11 

8a,c ClCOOMe NaBH4 & N- 

H C02Me 
/ 

/ ClCOOMe 

H2, Pd-C -&  
K-H 

12 13 1 Ac20 
r.t. 

1 Ac20 
r.t. 

R R 
H2, Pd-C 

H Ac 
1 4  1 5  1 *c2O 

heat 
1 Ac20 

heat 

& H2, Pd-C & 
Ak N+ Ac A'c - q A C  

16 a: R = H; c: R = Me 17 

Whereas the ilbove metal hydride reduction proceeded 
without rupture of the heterocyclic ring, catalytic hydroge- 
nation of 8a,c resulted in the formation of the parent quino- 
lines 21a,c in ~ W O  yields (Scheme IV). Since the formation of 
ammonia was detected, these reactions may proceed by initial 
reductive N-N bond fission to give 19a,c which upon cycli- 
zation (20a,c) and elimination of ammonia leads to the 
quinoline derivatives 21a,c. 

Ring contraction without expulsion of one nitrogen atom 
was observed when compounds 8a and 8c were subjected to 
treatment with excess sodium ethoxide in ethanol to give in 
high yield 2-aminoquinoline (23a) and 2-aminolepidine (23c), 
respectively. These results have excellent analogy to obser- 
vations made with l-acyl-lH-1,2-diazepines (2)23 and may be 
similarly explained by invoking C-3 proton abstraction con- 
comitant with N-N bond cleavage to give intermediate 22 
which upon cyclization and tautomerization leads to the ob- 
served products 23a and 23c. The absence of quinoline 
products (21a,c) speaks against equilibration of 8a,c with the 
energy-demanding, dearomatized diaziridine valence isomers 
24a,c under these reaction conditions. On the basis of previous 
o b ~ e r v a t i o n , ~ ~  the species 24a,c would have been expected to 
lose nitrene fragments to give compounds 21a,c. 

The irradiation of N-iminoquinolinium ylide dimers 8a and 
8c was studied in methylene chloride and in methylene chlo- 
ride with added acetic acid and diethylamine, respectively. 

Table 11. Effect of Solvent on Product Yields in the 
Photolysis of Dimers 7a and 7c 

Yields, 96 

CH2Clz Solvent CH2C12 
Compd Product AcOH CHzClz EtZNH 

Diazepine 8a 61 32 22 

2-Aminoquinoline 0.1 1.5 3 

2-Aminolepidine 0.2 1.2 

7a Quinoline 7.5 18 28 

Diazepine 8c 79 52  17 
7c Lepidine 4 13 17 

Scheme IV 

q$ 
H 

2 4  

NaOEt F 
NaOEt I 

[ *q] 
22 

I 

23 21 
a: R = H 

c: R = Me 

The results of product distribution, summarized in Table 11, 
show that the effect of diethylamine is to increase the amount 
of quinoline derivatives a t  the expense of the corresponding 
benzodiazepines. On the ,other hand, the formation of the 
benzodiazepines is increased and that of the quinolines is di- 
minished in the presence of acetic a ~ i d . ~ 5  Consequently, acetic 
acid has a favorable effect on the overall transformation 7 -. 
8. Okamoto has previously shown that the N-iminoquinoli- 
nium ylides 6 formed by base treatment of the corresponding 
salts 5 are unstable and can only be isolated as the dimers 7.19 
We now provide evidence that in CDCl3-acetic acid solution 
these dimers exist in equilibrium with the ylides 6. 

The NMR spectrum of 7a in CDC13 (Figure la) shows, aside 
from an unassigned multiplet a t  6 6.4-7.5 (4 H), two doublets 
and one quartet in the region 6 5.4-5.8 (3 H) which are as- 
signed to Ha, Hb, and H,. Assignments were confirmed by 
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6 a  

7a 

/+- I f  
10 9 8 7 6 5 ( PPm) 1 1  

Figure 1. NMR spectra of 7a in (a) CDC13 solution, (b) CDC13 solution containing 1 equiv of CD&OOD, and (c) CDC13 solution containing 5 
equiv of CD&OOD. 

spin-decoupling experiments. These spectral features are 
consistent with the presence of dimer 7a in CDCl3 solution. 
However, in CDC13 containing 1 molar equiv of acetic acid 
(Figure lb) ,  the spectrum is significantly different in that a 
number of new signals appear at low field. A limiting spectrum 
was observed upon addition of 5 molar equiv of acetic acid 
(Figure IC) which no longer showed evidence for the presence 
of the dimer 7a and instead exhibited a distinct set of signals 
consistent with the presence of the monomeric structure 6a: 
6 9.85 (d, HI), 7.86 (dd, Hz),  8.58 (d, H3), 8.90 (d, H8), and 
7.9-8.25 (m, H4, H5, and HG), 51,2 = 6 and J2 ,3  = 8 Hz. Strong 
support for these proton assignments and thus for structure 
6a was obtained by spectral comparison with N-ethoxycar- 
bonyliminoquinolinium ylide,lg which shows 6 9.35 (d, HI), 
7.63 (dd, Hz), 8.34 (d, H3), 8.92 (d, He), and 7.7-8.1 (m, Hq, H5, 
and H&, J 1 , 2  = 6 and J 2 , 3  = 8 Hz. 

Discussion 
On the basis of the above results, we suggest that methylene 

chloride-acetic acid solutions of dimer 7 contain equilibrium 
concentrations of N-iminoquinolinium ylide 6 and that it is 
this species which, by analogy with previous mechanistic 
proposals for the photochemical rearrangement of N-acyli- 
minopyridinium ylides,6a undergoes internal 1,3-photocy- 
cloaddition to give the diaziridines 25 and then valence tau- 
tomerization to yield the o-quinonoid 2H- 1,2-benzodiazepine 
9.26 Aromatic stability considerations would dictate that the 
latter would rapidly undergo a photochemically allowed [1,7] 
sigmatropic hydrogen shift to give the observed product (8) 
(Scheme V). 

Schmitz and OhmeZ7 have reported that the pyrolysis of 
3,4-dihydro-N-iminoisoquinolinium ylide dimer gives 4,5- 
dihydro-3H-2,3-benzodiazepine. This reaction may be rea- 
sonably envisaged to proceed via a diradical intermediate 
resulting initially from homolytic N-N bond fission. In the 
present photochemical reaction, the thermal formation of 
diaziridine 25 from dimer 7 via the intermediate diradical26 
is unlikely in view of the fact that separate pyrolysis of 7 gave 
the parent quinoline as the sole product without detectable 
amounts of ring expansion or rearrangement products. 

Examination of Table I does not reveal a qualitative trend 

Scheme V 

6 - 7 
AcOH 

I 1 

f w 25 N, * - - - -  . .  
I H  26 

z 8 9 

in the effect of substituents on the photochemical rear- 
rangement. Thus electron-donating substituents a t  C4 and 
C7 provide good yields of benzodiazepines (8c, 8h, 89, whereas 
both electron-donating and -withdrawing groups a t  C6 give 
lower or poor yields of products (8d-g). In view of the small 
number of cases studied and the potential variation in the 
photochemical instability of the products as a function of 
substituent, no conclusions regarding these effects can be 
drawn at  this time. 

Finally, a number of other 2- and 4-substituted N-ami- 
noquinolinium salts (2-Me, 2-C1,2-Ph, 4-C1,4-N0z1 4-OMe) 
were also prepared. However, upon treatment with base, these 
did not yield the corresponding dimers. Attempts to obtain 
benzodiazepines by treatment of the salts with aqueous po- 
tassium carbonate-methylene chloride followed by irradiation 
of the organic phase (presumably containing the N-imi- 
noquinolinium ylides) were not successful. 

In conclusion, we have described a photochemical synthetic 
entry into the previously unknown lH-1,2-benzodiazepines 
(8) class of heterocycles. These compounds are now available 
for further physicochemical studies. An analogous preparative 
route for 2,3-benzodiazepines from N-aminoisoquinolinium 
salts has not been successful to date. 
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Table 111. N-Aminoquinolinium Mesitylenesulfonates (5) and N-Iminoquinoline Dimers  (7) a 
~ ~ ~~ 

5 7 
Compd MP, "C Yield, % Registry no. MP, "C Yield, % Registry no. 

a 131-133b 94 39996-55-9 154-1 56 62 7184-52-3 
b 136-137 92 61702-25-8 187-188 84 61702-36-1 
C 151-152 96 57489-82-4 186-187 56 54507-49-2 
d 142-143 94 61702-27-0 155-157 77 59066 - 14 - 7 
e 163-165 95 61740-70-3 142-145 55 59066- 15-8 
f 229-231 93 61702-29-2 184-186 86 59066-16-9 
g 192-194 89 61702-31-6 200-202 93 61702-37-2 
h 217-219 94 61702-33-8 149-150 52 59066- 18- 1 
i 170-172 95 61702-35-0 154-156 59 59066-19-2 

a Satisfactory analytical data (f0.4% for C, H, and N) were obtained for all new compounds listed in the table. b Lit.10 m p  132-133 
"C. Lit.lg m p  155-156 "C. 

Experimental Section 

Melting points were measured on a Yamato Model MP-21 appa- 
ratus and are uncorrected. Infrared spectra were determined in KBr 
pellets with a JASCO IRA-2 spectrophotometer. Mass spectra were 
obtained on a JEOL-D100 instrument. NMR spectra were recorded 
on Hitachi R-20, R-22, and JEOL JNM-MH-100 spectrometers in 
deuteriochloroform solution using tetramethylsilane as internal 
standard unless otherwise stated. Spectral assignments were con- 
firmed by spin-decoupling experiments and, in the case of NH pro- 
tons, by exchange with DzO. Ultraviolet spectra were recorded on a 
Hitachi Model 323 spectrophotometer in ethanol solution. Micro- 
analyses were performed by the Microanalytical laboratory, Showa 
University, Tokyo, Japan. Column and thin layer chromatography 
were carried out with alumina and silica gel obtained from Merck Co. 
Ltd. 

Photolyses were carried out under a nitrogen atmosphere using an 
immersion apparatus equipped with a 400-W high-pressure mercury 
lamp (Nikko Sekiei Co., Japan) and a Pyrex filter, which was cooled 
internally with running water. 

Materials. Quinoline, 4-, 6-, and 7-methylquinoline, 6-chloroqui- 
noline, 2-aminoquinoline, and 2-aminolepidine were obtained from 
Tokyo Kasei Kogyo Co., Japan. 3 - M e t h ~ l - , ~ ~  6 - m e t h o ~ y - , ~ ~  6-meth- 
oxycarbonyl-,30 and 7-methoxyquinoline31 were prepared by literature 
procedures. 

Preparation of N-Aminoquinolinium Mesitylenesulfonates 
(5a-i). General Procedure. The procedure of Tamura and co- 
workers1° for the preparation of 5a was employed. A solution of 0- 
mesitylenesulfonylhydroxylamine (0.1 1 mol) in methylene chloride 
(150 mL) was added dropwise to a solution of quinoline derivative (0.1 
mol) in methylene chloride (100 mL) with constant stirring in an ice 
bath. The reaction mixture was stirred further for 30 min at  room 
temperature and then cooled in an ice bath. After addition of ether 
(200-500 mL) to the mixture, the resulting crystalline precipitate was 
collected and recrystallized from ethanol or ethanol-ethyl acetate to 
give the salt (5). 

The results are presented in Table 111. 
Preparation of N-Iminoquinoline Dimers (7a-i). General 

Procedure. The procedure was adapted from that of Okamoto and 
co-workers.lg 

To a solution of the N-aminoquinolinium salt (5,70 mmol) in di- 
methylformamide (200-300 mL) was added solid potassium carbonate 
(10.6 g, 77 mmol) in small portions with stirring at  room temperature. 
After stirring for an additional 2 h, 300-600 mL of ice-cooled water 
was added slowly to the reaction mixture. The resulting crystalline 
precipitate was collected by filtration and washed with cold water and 
then with several portions of methanol to give the dimer (7), which 
was used in the following photolysis without further purification. 
Further reprecipitation,with 5% aqueous potassium hydroxide solu- 
tion from an aqueous 5% hydrogen chloride solution of the dimer 
furnished an analytical sample. The results are presented in Table 
111. 

Preparat ion of lH-1,Z-Benzodiazepines (8a-i). General 
Photolysis Procedure. A solution of the dimer 7 (5 mmol) and acetic 
acid (3 g, 50 mmol) in methylene chloride (300 mL) was irradiated 
under a nitrogen atmosphere. The photolysis was followed by the 
disappearance of the absorption at  230-250 nm due to 7 in the UV 
spectrum and was complete in 5-20 h. After acetic acid was removed 
by extraction with saturated aqueous sodium bicarbonate, the reac- 
tion solution was washed with water, dried over MgS04, and evapo- 

rated to dryness. The resulting residue was chromatographed over 
alumina using n-hexane-methylene chloride (1:l) as eluent. Re- 
crystallization from isopropyl ether-benzene gave the diazepines 
(8 ) .  

Reaction times of the photolysis, yields, and physical data of 8 are 
collected in Table I. NMR spectral data are also collected in Table 
I while salient IR and mass spectral data of 8a-c are described below. 
8a: 3270 cm-l (NH); mass spectrum mle (re1 intensity) 144 (M+, 100), 
117 (68), and 116 (11); A,, ( e )  250 nm (17 OOO). 8 b  3270 cm-' (NH); 
mass spectrum rnle (re1 intensity) 158 (M+, 100),131 (64), and 130 
(80); Amax (0 245 nm (16 000). 8c: 3290 cm-l (NH); mass spectrum 
mle (re1 intensity) 158 (M+, 100),131(27), and 130 (73); A,,, ( e )  246 
nm (16 000). 
2,3-Dihydro-lH-1,2-benzodiazepine (12a). To a suspension of 

LiAlH4 (0.5 g) in anhydrous ether (100 mL) cooled in an ice bath was 
added dropwise a solution of the diazepine 8a (1.0 g) in ether (50 mL) 
with stirring. The mixture was allowed to warm to room temperature 
and was stirred for an additional 15 min. The reaction mixture was 
cooled in an ice bath and the excess reagent was decomposed with 
water. After removal of the resulting inorganic salts by filtration, the 
ether solution was dried (MgS04) and evaporated to dryness to give 
12a: colorless needles (isopropyl ether); 970 mg (96%); mp 56-58 "C; 
v 3240 cm-1 (NH); mass spectrum rnle 146 (M+); 6 3.5 (1 H, br, NH), 
3.75 (2 H, m, 3-H), 5.7 (1 H, br, NH), 5.95 (1 H, m, 4-H), 6.40 (1 H, m, 
5-H), and 6.6-7.5 (4 H, m, Ar-H), 53.4 = 3, 53.5 = 1, and 54,s = 13 
Hz. 

Anal. Calcd for CgHloNz: C, 73.94; H, 6.90; N, 19.16. Found C, 74.03; 
H, 6.81; N, 19.36. 
5-Methyl-2,3-dihydro-lH-1,2-benzodiazepine (12~). The re- 

action of 5-methyl-1,2-benzodiazepine (812, 1.0 g) with LiAlH4 (0.5 
g) was carried out and worked up in the same manner as described for 
12a to give 12c: colorless needles (isopropyl ether); 954 mg (94%); mp 
75-76 "C; Y 3230 cm-l (NH); mass spectrum mle 160 (M+); 6 2.13 (3 
H, m, 5-Me), 3.72 (2 H, m, 3-H), 4.1 (2 H, br, NH), 5.98 (1 H, m, 4-H), 
and 6.5-7.6 (4 H, m, Ar-HI, 53 ,4  = 3 and J3,5-Me = J4,5-Me = 1 Hz. 

Anal. Calcd for CloH12Nz: C, 74.96; H, 7.55; N, 17.49. Found: C, 
75.05; H, 7.41; N, 17.63. 
2,3,4,5-Tetrahydro-lH-l,2-benzodiazepine (13a). A solution 

of 12a (276 mg) in methanol (10 mL) was hydrogenated with 5% PdlC 
(300 mg) with stirring under atmospheric pressure a t  room temper- 
ature. The reaction mixture was subjected to filtration and the filtrate 
was evaporated to dryness in vacuo. After treating with active charcoal 
in benzene, the residue was recrystallized from isopropyl ether-n- 
hexane to give 13a: colorless needles; 252 mg (90%); mp 56-57 "C; Y 
3320 cm-1 (NH); mass spectrum mle 148 (M+); 6 1.5-2.6 (2 H, m, 
4-H), 2.7-3.3 (2 H, m, 5-H), 2.8-4.0 (2  H, m, 3-H), 4.1 (2 H, br, NH), 
and 6.6-7.5 (4 H, m, ArH). 

Anal. Calcd for C9H12Nz: C, 72.94; H, 8.16; N, 18.90. Found: C, 73.16; 
H, 8.08; N, 19.07. 
5-Methyl-2,3,4,5-tetrahydro- 1 H- 1,2- benzodiazepine ( 1312). A 

solution of 12c (240 mg) was hydrogenated with 5% Pd/C (300 mg) 
and worked up in a similar manner as that described for the prepa- 
ration of 13a to give 13c: colorless needles (isopropyl ether-n-hexane); 
209 mg (86%); mp 45-46 "C; Y 3270 cm-' (NH); mass spectrum rnle 
162 (M+); 6 1.33 (3 H, d, J = 7 Hz, &Me), 1.0-2.0 (2 H, m, 4-H), 2.9-3.3 
(3 H, m, 3-H and 5-H), 3.3 (1 H, br, NH), and 6.5-7.4 (4 H, m, 
ArH). 

Anal. Calcd for C10H14N2: C, 74.03; H, 8.70; N, 17.27. Found: C, 
73.91; H, 8.63; N, 17.22. 
2-Acetyl-2,3-dihydro-lH-l,2-benzodiazepine (14a). A mixture 
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of 12a (276 mg) and acetic anhydride (6 mL) was stirred a t  room 
temperature overnight. The reaction mixture was evaporated to 
dryness in vacuo below 60 "C and the residue was dissolved in meth- 
ylene chloride (150 ml). The solution was washed with saturated 
aqueous sodium bicarbonate and then with water, dried over MgS04, 
and evaporated. The resulting residue was chromatographed over 
alumina using methylene chloride-n-hexane (1:l) as eluent to  give 
14a: colorless prisms (isopropyl ether); 315 mg (89%); mp 108-109 "C; 
u 3260 (NH) and 1640 cm-l (C=O); mass spectrum mle 188 (M+); 
62.01and2.14(3H,s,Ac-Me),4.3-4.6(2H,m,3-H),5.5-6.0(1H,m, 
4-H), 6.2-6.6 (1 H, m, 5-H), 6.6 (1 H, br, NH), and 6.7-7.3 (4 H, m, 
Ar-H), 53.4 = 4,53,5 = I ,  and 54,s = 12 Hz. 

Anal. Calcd for C11H12N20: C, 70.18; H, 6.43; N, 14.88. Found: C, 
70.06; H, 6.15; N, 14.62. 
2-Acetyl-5-methyl-2,3-dihydro-lH- If-benzodiazepine ( 144. 

The diazepine 12c (316 mg) was acetylated with acetic anhydride (6 
mL) a t  room temperature by a procedure similar to that described 
for the preparation of 14a to give 14c: colorless prisms (benzene- 
isopropyl ether); 370 mg (93%); mp 89-90 "C; u 3270 (NH) and 1645 
cm-1 (C=O); mass spectrum mle 202 (M+); 8 2.06 and 2.15 (3 H, s, 
Ac-Me), 2.20 (3 H, m, 5-Me), 4.1-4.5 (2 H, m, 3-H), 5.6-6.1 (1 H,  m, 
4-H), 5.9 (1 H, br, NH), and 6.9-7.5 (4 H, m, ArH). 

Anal. Calcd for C12H~4N20: C, 71.26; H,  6.98; N, 13.85. Found: C, 
70.97; 6.85; N, 13.99. 
2-Acetyl-2,3,4,5-telrahydro-lH-l,2-benzodiazepine (15a). 

From 13a. A mixture of 13a (128 mg) and acetic anhydride (6 mL) 
was allowed to react and worked up in the same manner as described 
for 14a to give 15a: colorless prisms (isopropyl ether); 125 mg (76%); 
mp 100-102 "C; u 3280 (NH) and 1630 cm-1 (C=O); mass spectrum 
m/e 190 (M+); 8 2.05 and 2.12 (3 H, s, Ac-Me), 1.7-2.2 (2 H, m, 4-H), 
2.G3.1 (2 H, m, 5-H), 3.Ci-4.0 (2 H, m 3-H), 6.7-7.3 (4 H, m, ArH), and 
7.1 (1 H, br, NH). 

Anal. Calcd for CllHL4N20: C, 69.44; H, 7.42; N,  14.73. Found: C, 
69.26; H, 7.24; N, 14.61. 

From 14a. A solution of 14a (100 mg) in methanol (10 mL) was 
hydrogenated in the presence of 5% PdlC (100 mg) and worked up in 
a manner similar to thal described for the preparation of 13a to give 
98 mg (97%) of 15a. 
2-Acety1-5-methyl-2,3,4,5-tetrahydro-lH- 1,2-benzodiazepine 

(15c). From 13c. A mixture of 13c (67 mg) and acetic anhydride (3 
mL) was allowed to react and worked up in a manner similar to that 
described for 14a to give 15c: colorless prisms (isopropyl ether-ben- 
zene); 72 mg (89%); mp 113.5-115 "C; Y 3300 (NH) and 1640 cm-l 
(C=O); mass spectrum m/e 204 (M+); 8 1.25 and 1.38 (3 H, d, 5-Me), 
1.6-2.2 (2 H, m, 4-H), 2.05 and 2.10 (3 H, s, Ac-Me), 2.9-3.6 (1 H, m, 
5-H), 3.7-4.0 (2 H, m, 3 H), 6.8-7.3 (4 H, m, ArH), and 7.0 (1 H, br, 

Anal. Calcd for C12H16N20: C, 70.56; H, 7.90; N, 13.72. Found: C, 
70.49; H, 7.76; N, 13.98. 

From 14c. A solution of 14c (100 mg) in methanol (10 mL) was 
hydrogenated in the preiience of 5% PdlC (100 mg) and worked up as 
described for 13a to give 97 mg (96%) of 15c. 
1,2-Diacetyl-2,3-dihydro-lH-1,2-benzodiazepine (16a). A 

mixture of 14a (200 mg) (and acetic anhydride (8 mL) was refluxed for 
4 h and evaporated to dryness in vacuo. The residue was dissolved in 
methylene chloride 1100 mL) and the resulting solution was succes- 
sively washed with sodium bicarbonate solution and water and 
evaporated to dryness. The resulting residue was chromatographed 
over alumina using n-hexane-methylene chloride (1:l) as eluent to 
give 16a: colorless prisms (isopropyl ether-benzene); 224 mg (91%); 
mp 78-80 "C; u 1660 (C==O) and 1695 cm-1 (C=O); mass spectrum 
m/e 230 (Mf); 8 2.04, 2.08, and 2.23 (6 H, s, Ac-Me), 4.0-5.6 (2 H, m, 
3-H), 5.7-6.1 (1 H, m, 4-H), 6.3-6.7 (1 H, m, 5-H), and 7.2-7.5 (4 H,  
m, ArH). 

Anal. Calcd for C13H1.tN202: C, 67.81; H,  6.13; N, 12.17. Found: C, 
67.71; H, 6.02; N, 12.49. 
1,2-Diacetyl-5-methyl-2,3-dihydro- 1 H-l,2-benzodiazepine 

(16c). Compound 14c (300 mg) was acetylated under conditions 
similar to those described for the preparation of 16a to give 16c: col- 
orless prisms (isopropyl ether-benzene); 336 mg (94%); mp 104.5- 
105.5 "C; u 1665 (C=O) and 1700 cm-l (C=O); mass spectrum mle 
244 (Mf);  6 1.88,1.95, 2.08, and 2.30 (6 H, s, Ac-Me), 2.1 (3 H, m, 5- 
Me), 4.0-5.1 (2 H, m, 3-H), 5.5-5.9 (1 H, m, 4-H), and 6.8-7.5 (4 H, m, 
ArH). 

Anal. Calcd for C14HlClN202: C, 68.83; H,  6.60; N, 11.47. Found: C, 
68.95; H, 6.47; N, 11.61. 
1,2-Diacetyl-2,3,4,5-tetrahydro-lH-1,2-benzodiazepine (17a). 

From 15a. A mixture of 15a (80 mg) and acetic anhydride (8 mL) was 
allowed to react and worked up in the same manner as described for 
the preparation of 16a to give 17a: colorless prisms (isopropyl ether- 

NH), J5,5 M~ = 7 Hz. 

benzene); 88 mg (90%); mp 91-93 "C; u 1670 cm-' (C=O); mass 
spectrum mle 232 (M+); 8 2.03,2.13,2.16, and 2.29 (6 H, s, Ac-Me), 
1.6-2.3 (2H,m,4-H),2.8-3.5 (3H,m,3-Hand5-H),4.6-5.1 (1H,m, 
3-H), and 7.2-7.5 (4 H, m, ArH). 

Anal. Calcd for C13H16N202: C, 67.22; H, 6.94; N, 12.06. Found: C, 
66.98; H, 6.86; N, 11.93. 

From 16a. A solution of 16a (45 mg) in methanol (8 mL) was hy- 
drogenated over 5% PdlC (45 mg) and worked up as described for the 
preparation of 13a to give 44 mg (97%) of 17a. 
1,2-Diacetyl-5-methyl-2,3,4,5-tetrahydro-l H- 1,2-benzodi- 

azepine (174. From 15c. A mixture of 15c (57 mg) and acetic an- 
hydride (5 mL) was allowed to react and worked up in the same 
manner as described for the preparation of 16a to give 17c: colorless 
prisms (isopropyl ether-benzene); 65 mg (94%); mp 115-117 "C; Y 1680 
cm-l (C=O); mass spectrum mle 246 (M+); 6 1.13,1.32,1.37, and 1.43 
(3H,d ,  5-Me), 1.80,2.02, 2.04,2.11,2.13,2.16,2.32, and2.35 (6H,s ,  
Ac-Me), 1.6-2.3 (2 H, m, 4-H), 3.0-3.6 (3 H, m, 3-H and 5-H), 4.4-4.9 
(1 H, m, 3-H), and 7.2-7.3 (4 H, m, ArH). 

Anal. Calcd for C14H18N202: C, 68.27; H, 7.37; N, 11.37. Found: C, 
68.18; H, 7.20; N, 11.00. 

From 16c. A solution of 16c (50 mg) in methanol (8 mL) was hy- 
drogenated over 5% PdlC (50 mg) and worked up in the manner de- 
scribed for the preparation of 13a to give 49 mg (97%) of 17c. 
2-Methoxycarbonyl-2,3-dihydro- 1 H- l,%-benzodiazepine (18a). 

From 12a. To a mixture of 12a (280 mg), sodium hydride (50% in 
paraffin oil, 213 mg), and tetrahydrofuran (15 mL) cooled in an ice 
bath was added dropwise with stirring a solution of methyl chloro- 
formate (420 mg) in tetrahydrofuran (5 mL). The reaction mixture 
was stirred for 2 h and evaporated to dryness in vacuo below 40 "C. 
The residue was dissolved in cold water (20 mL) and the resulting 
solution was extracted with methylene chloride. The organic extract 
was washed with water, dried (MgS04), and evaporated to dryness. 
The residue was chromatographed over alumina using benzene as 
eluent to give 18a: colorless plates (isopropyl ether); 260 mg (67%); 
mp 109-110 "C ;  u 3280 (NH) and 1680 cm-l (C=O); mass spectrum 
mle 204 (M+); 8 3.06 (3 H, s, COzMe), 4.45 (2 H, m, 3-H), 5.75 (1 H, 
m, 4-H), 6.35 (1 H,  m, 5-H), 6.2 (1 H, br, NH), and 6.6-7.25 (4 H, m, 
ArH), J 3 , 4  = 3,53,5 = 1.5, and 54,s = 12 Hz. 

Anal. Calcd for CllH12N202: C, 64.69; H, 5.92; N, 13.72. Found: C, 
64.86; H, 5.75; N, 13.79. 

From 8a. To a solution of 8a (144 mg) and NaBH4 (190 mg) in 
tetrahydrofuran (15 mL) cooled in an ice bath was added dropwise 
with stirring a solution of methyl chloroformate (120 mg) in tetra- 
hydrofuran (5 mL). After further stirring for 1 h at  room temperature, 
the reaction mixture was evaporated to dryness in vacuo. The residue 
was dissolved in water (20 mL) and the resulting solution was ex- 
tracted with methylene chloride. The organic extract was washed with 
water, dried (MgS04), and evaporated to dryness. The residue was 
chromatographed over silica gel using methylene chloride as eluent 
to give 89 mg (44%) of 18a. 
2-Methoxycarbonyl-5-methyl-2,3-dihydro- 1H- 1,2-benzodi- 

azepine (18c). From 12c. A mixture of 12c (291 mg), sodium hydride 
(213 mg), and tetrahydrofuran (15 mL) was treated with a solution 
of methyl chloroformate (420 mg) under conditions similar to those 
described for the preparation of 18a. Similar workup gave 18c: col- 
orless plates (isopropyl ether); 310 mg (79%); mp 100-101 "C; u 3280 
and 3310 (NH) and 1700 cm-' (C=O); mass spectrum mle 218 (M+); 
8 2.15 (3 H, m, 5-Me), 3.60 (3 H, s, COzMe), 4.40 (2 H, m, 3-H), 5.78 
(1 H, m, 4-H), 6.3 (1 H, br, NH), and 6.9-7.5 (4 H, m, ArH), J 3 , 4  = 4 
and J : ~ , s . M ~  = 1.5 Hz. 

Anal. Calcd for C12H14N202: C, 66.03; H, 6.47; N, 12.84. Found: C, 
66.13; H, 6.29; N, 12.66. 

From 8c. A solution of 8c (158 mg) and NaBH4 (190 mg) in tetra- 
hydrofuran was treated with methyl chloroformate (120 mg) according 
to the conditions used for the preparation of 18a. Similar workup gave 
103 mg (48%) of 18c. 

Reaction of lH-1,2-Benzodiazepines (8a,c) with Sodium 
Ethoxide. To a solution of 8 (150 mg) in ethanol (15 mL) was added 
excess sodium ethoxide (70 mg) and the mixture was refluxed for 20 
h. After removal of the solvent in vacuo, water (20 mL) was added to 
the residue and the mixture was extracted with methylene chloride. 
The extract was dried (MgS04) and evaporated to dryness. The re- 
sulting residue was recrystallized from benzene to give 2-aminoqui- 
noline derivative (23) which was shown to be identical with an au- 
thentic sample by melting point and mixture melting point compar- 
ison. 

From 8a: 2-aminoquinoline (23a), 138 mg (92%), mp 134-135 "C. 
From 8c: Z-aminolepidine (23c), 131 mg (87%), mp 131-133 "C. 
Catalytic Reduction of lH-l,2-Benzodiazepines (8a,c). The 

diazepine 8 (1.0 mmol) was hydrogenated over 5% PdlC (150 mg) in 
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methanol (10 mL) with stirring at room temperature under atmo- 
spheric pressure. After uptake of ca. 1 mmol of hydrogen, the reaction 
was stopped. The reaction mixture, exhibiting a strong odor of am- 
monia, was evaporated to dryness in vacuo and the residue was pu- 
rified by short-path distillation under reduced pressure to give the 
parent quinoline which was characterized as its picrate. 

From Sa (144 mg): quinoline, 121 mg (94%). 
From 8c (158 mg): lepidine, 127 mg (89%). 
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Aminimides derived from imidic acids (3) are conveniently prepared by the reaction of molar equivalents of a ni- 
trile, l,l,l-trimethylhydrazinium chloride (or tosylate), and KO-t-Bu in refluxing t-BuOH. Alkylation of l,l,l-tri- 
methyl-2-acetimidoylhydrazinium hydroxide inner salt (3a) with Me1 and Et1 gave N3-alkylated salts which af- 
forded N3-substituted ylides (6) on neutralization. Reaction of l,l,l-trimethyl-2-a-methoxybenzylidenehydrazin~ 
ium tosylate (1 1) with either aniline or benzylamine gave l,l-dimethyl-2-a-methoxybenzylidenehydrazine (12). 

This paper summarizes the results of our study of prepar- 
ative procedures for amidrazone ylides. These compounds, 
which may also be classified as aminimides2 derived from 
imidic acids, are represented by the general structure 1. The 
recommended3 method for numbering the nitrogen atoms in 
amidrazones is also designated in structure 1 and is used 
throughout this paper. 

RK<. + 

NN(R,)j 
2 1  

1 

The preparation of ylides of type 1 has received scant at- 
tention. Appel and co-workers4 have reported the preparation 
of l,l,l-trimethyl-2-acetimidoylhydrazinium hydroxide inner 
salt (3a) by the addition of the tert -butyl alcohol complex of 
l,l,l-trimethylhydrazinium hydroxide inner salt (2) to ace- 
tonitrile. We have previously reported1 the preparation of 
ylide 4 by the reaction of 2 (generated in situ) with N-phen- 
ylbenzimidoyl chloride. Recently, Abramovitch and co- 
workers5 obtained pyridinium ylides ( 5 )  by neutralization of 
the salts obtained by the reaction of 1-aminopyridinium flu- 
oroborates with aryldiazonium fluoroborates in acetoni- 
trile. 

Subsequent to our communication describing the prepa- 


