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Review articles on 1,2~, 1,3= and 1,l~diazepines (1,2), benzo-

diazepines (3) and 1,3-diazepines (L) have appeared previously.
The present review covers the literature on 1,2-diazepines from
1966 to early 1975,

CONTENTS

1. Monocyeclie 1,2-diazepines

1-1 Synthesis

1-2 Chemistry

2. Y¥onotyelie 1,2-diszepinones

2=1 Synthesis

2-1-1 (4H)=1,2-Diszepin-li—ones and their derivatives
2-1-2 {3H}~1,2-Diazepin-~3-ones

2alel {(tH)-1,2-Diazepin~S-ones

2e2 Chemistry

3. Polycyelic 1,2-diazepines

3-1 Synthesis

3=1=1 Benzodiazepines

3=1=2 Benzodlazepinones

3-1-3 Other polycyelic 1,2-dizzepines
32 Chenistry

# Present address : Université des Sciences et de la Technologie
dtalger - Institut de Chimie - BPS Dar el Beida = Alger - Algérie

— 1509 —

9, 1976




1. MONOCYCLIC 1,2-DIAZEPIRES

1-1 Synthesis

Streith, Snieckus snd Sasakil originally reported the synthesis of
{1H)~1,2-dlazepines unsubstituted at the ring carbon atoms (e.g.
compounds 1 and 2, table 1) via the photoinduced rearrangement of

the corresponding l-iminopyridinium ylides l (5-12). The reaction

Me Me Me Me
E::;P
N N N% N
l “N I | N—N I
N \ - -
R R N N dorn N
JIn Lo u6 COPh COPh 47 COPh

is a general one and yields are usually high, In the past the main
gifficulty encountered with this procedure has been the synthesis
of the l-iminopyridinium ylides Ul from the corresponding pyridine
derivatives. This problem has now been overcome by the use of
O-mesityl-sulphonylhydroxylamine (MSH) (13~15) to effect the nitro-
gen-nitrogen coupling reaction and a large number of ring-carbon
substituted (1H)=1,2-diazepines 3~-38 (see table 1) have now been
prepared. For instance the synthesis of i and é-halo-(1lE)-1,2-
diazepines 25-30, 32 and 33 could only be achieved by using MSH
for the preparation of the corresponding photoactive l-imino-
pyridinium ylides Ll (16). The photorearrangement presumably
proceeds via the 1,7~diazanorcaradiene intermediate 45, by initial
photoinduced electrocyclisation of the aromatic 1,3~dipole Ll
followed by a thermally allowed disrotatory tautomerismto yield

the {1H)-1,2-diazepines. As yet however, bicyelic inter-
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Rs Ry
Rs
Pable 1 : {(1H)=1,2-Diazepines Ry }\I—R,]
R3 N
Compdund Rl R3 RL]. RS R6 R7 Reference
1 co,, pr| H H H H H 19
2 COEt H B H H H g-12
3 ks Me H H H H 10=-12
L " H H Me H H 10-12,19
5 " Me B Me i H 11,12
6 " H Me H H i 12,18
7 " Me H B Me H 12
8 " H Me E Me H 10,12
Q9 n H Me Me B H 12
10 " Me H B H Me 10,12
11 " Me H Me H Me i2
12 n H H H Me H 18
13 " H H Ph H H 19
1Y " i H N(Me), H H 10
15 " H COaEt H H H 18
16 " H B CONHGHEPh H H 27
CH
3
17 " CN H H H H 6
18 Ac H H H H H 9
19 Ae Me H H H H 8,9
20 Ac Mo " H B e $,19
21 Ae H Me H H H 28
22 COPh H H H H H 6,10
23 n H H Me H H 16
2l " o1 CN H H H 16
25 " H Ccl H H H 16
26 " H H H Cl H 16
27 " H Br H H H 16
28 " H H H Br H 16
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Table 1 - continued

Compound Ry R3- Rh RS R H7 Reference
29 COPh H I H H H 16
30 " H H H I B 16
31 " H Fh H H H 16
32 " H F H H H 16
33 " H H H F H 16
34 80,Ph H H H H H 6
35 " Me H H H H 29
36 Ts H H H H H 6,10
37 80;Me Me 4 Me H Me 29
38 C0p=Cho-| H H H H H 27

lesteryl
39 Me Ph | E Pn H Ph 24,28
40 Me Ph H p=-C1lFPh H Ph as
il Me h | H p-N(Me),FPh H Ph 25
L2 Ac Ph H Ph H Ph 30
43 COLEL Ph | H Pn H Ph 30

mediates of type 4S have not been isolated, chemically trapped or
observed as transient apecies in flash photolysis {17). ¥-Imino-
pyridinium yiides bearing methyl or cyano groups in the 2-
position cyclised regiospecifically to the C-6 position, ulti-
mately yielding the 3-methyl and 3-cyano-{1H}-1,2-diazepines 19
and 17 exclusively (18). Most 3-substituted ylides, however,
cyclised at both the C-2 and C-6 positions, yielding the 6-substi-
tuted diazepines 12, 26, 28, 30 and 33 and the L-substituted
diazepines 6, 25, 27, 29 and 32 respectively. The exceptions were
the 3-cyano and 3-carbethoxy ylides which gave exclusively the
h-substituted diazepines 2L and 15 (16,18), Besides the expected

diazepines 29 and 30 the l-phenyldiazepine 31 was isolated from

— 1512 —



HETEROCYCLES, Vol. 4, No. ¢, 1976

Z a b e d e
CO,Et 00 Bt oN CSNHR Ph
Y \C Yiy H H H H Ph
“L:X Z |CO,Et [p-C1-COPh H H Ph
48

the photolysis of the 3~iodo ylide (16). By the photolysis of the
N,N'~dibenzoylimino-2,2'-bipyridinium betaine lb6, Tamurs et al
obtained the monodiazepine 7. Surprisingly, further irradiation
of compound 47 4id not yield the corresponding bidiazepine (15).
This photochemical diszepine synthesis has only failed in a small
number of cases, For instance, the pyridinium ylides 48a (10), 48b
(19), 4B8¢ (20}, B4 (21) and 4Be (22), did not isomerise on uv
irrediation to diazepines but instead N-N bond cleavage was obser-
ved. As yet this dependence of the photochemical reactivity on the
gubstitution has not been rationslised, l-Methyl~3,5,7-triaryl-
(1H)-1,2-diazepines 39-41 have been prepered by the reaction of

methylhydrazine with pyrylium and thiopyrylium salts. This

C(M 6)3 C(Me)3 A
+ X~ N
<j[l\1S Q | Ph
\ Nepy —N Ph

N
Me C{Me)y k4

49 50 68
insertion reaction, originally reported by Klingsberg (23), was
shown to be quite general for thiopyrylium salts (24,25). However
if great care is not taken in this resction then pyrawclines rather

than diazepines are formed, 4 (1lH)-l-phenyldiazepine derivative

wag not obtained when methylhydrszine was replaced by phenyl-
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hydrazine (25). The reaction was successful when hydrazine was
reacted with 2,6~di-tert-butyl-l~(lemethylindole-2~yl)-pyrylium
perchlorate 49, the l-unsubstituted (1H)-diazepine 50 being
obtained (26).

(4H)-1,2~Diazepines 51-~66 (see table 2) have been prepared by the
reaction of hydrazine with thiopyrylium (25,31} or pyrylium salts
(25,26,32=34). In almost all cases quantitative yields were
obtained, A new and original photochemical synthesis of the (4H)-
1,2-diazepine 67 by the photolysis of the 3,4-diszancorcaradiene 68
has been reported (35), The authors have shown that this remarkable
photoreaction proceeds via a "photochemical walk process® involving
the first TT# singlet excited state. The (5H}~1,2-diazepine 69 was
not formed from the cyecloaddition of 1,2-diphenyleyclopropenes and
s=tetrazines, as originally reported (36), but instead the 3,4~
diazanorcaradiene 70 was obtained (37-40), High temperature isome-
risation of the compound 70 was shown by X-ray analysis to give

the (ljH)-1,2-diazepine 71 (41). The inatabllity of (SH)-diazepines
of type £9 was accounted for by the diminished stability of hetero=-
eyelic compounds containing N=N double bonds (e.g., the well known
l-pyrazoline, 2-pyrazoline rearrangement) which ig attributed to
the lower energy (eca 50 keal/mole) of the N=N double bond compared
with C=N or C=C double bonds (L0,42).

Ph Ph Pn  Ph Fh Pho” -
f R ) /
N=N ¥ —N R=Me &
Ph
% 0 n COEMe e
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Reé
R 7
Table 2 ¢ (hH)«l,2-Diszepines s N
R N/
‘R
3
Compound R3 Rh R5 Rg, Rr Reference
g1 Pn H Ph B Ph 25,31-34
52 Ph H p-MePhn H Ph 33
53 Ph H p=Me(OPh H Ph 33
5h Ph H p-C1Ph H Ph 25,33
55 Ph H p=-BrPh H Ph 33
56 Ph H p-NOaPh H Fh 33
57 Ph H m-NO,Ph H Ph 33
58 p-MePh H p~MeOPh H p-MePh 33
59 p-MePh H m-NO,Ph H p~MePh 33
60 p-BrFPh H Ph H p=BrFh 33
61 p~BrPh H p-NO,Ph H p=BrPh 33
62 Ph H p-N¥e Ph B th 25,31
63 Ph H Ph Me Ph 43
bl Ph H Ph Ph Ph L3
65 p~IPh Ph Ph Ph p~IFh L1
66 Ph H 2-(l-methyl- Ph H 26
pyrrolyl)
67 Ph diMe H H Ph 35

2,3-Dibydro-(1H)-1,2-diazepines

2,3-Dihydro~(1H)~1,2~diazepines 72-79 (see table 3) were obtained
in acceptable yields by sodium borohydride reduction (4l) or hydro-

boratlion (L45) of the corresponding fully unsaturated compounds,
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Rs

Table 3 3 2,3~-Dihydro-{1H)-1,2-diazepines R, FPR1
Rs N\Rz

Compound Ry R2 R3 Rh R5 Re R7 Reference
72 Ac H H H H i H Ly
73 Ac H Me H H H H L
Th A H H H Me H H I
75 Ac E H Me H Me H Ll
76 Ac H Me H H H Me il

77 CO,Bt H H H H H H Uy, b5
78 COzEt H H H Me H H L5
79 COPh H H H H H H 45
80 Ac Ac H H H H H il
81 Ac Ac Me H H H H inn
82 Ae Ac H H Me H H Lly
83 CO,EL Ae E H H H H lgly
84 Ac Ts H H 1 : H i
85 CONHPh COZMe CH2002M6 H H H H L6

Some of these dihydro derivatives were unstable under normal labo-
ratory conditions, but could be readily stabilised by acylation

or by sulphonylation at N-2, thus yielding the 1,2-disubstituted
derivatives 80~84 (ll}, The 1,2-disubstituted 2,3-dihydrodiazepine
85 was obtained by uv irradiation of the triazolinedione, tropene
eyeloadduct 86, however, the structure 85 has not yet been unambi-

guously proved (46},

The title compounds 87 and 89 were prepared by the eycloaddition
of diazomethane and 1,2-disubstituted eyclobutenes, The initially

formed l-pyrazoline, on treatment with hydrogen chloride gas in
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aprotic media, gave the seven membered heterocycles quantita
tively. The acylation of the diazepine 87 with acetic anhydride
gave the l-acetyl derivative 88 (L47).

R Ry Ry Rg
87 H CO,Me COoMe
N.N'R1 88  ac COMe CO,Me

R, 8 = o CN

The 3,4-dihydro~(2H)~1,2-diazepines 90-92 were prepared by sodium
methoxide deacylation of the corresponding 2,3-dihydro-{1H)-
derivatives 72-7h. Compounds 90-92 were unstable but could be
stabilised by acylation or tosylation at N-2 affording compounds
33-95 (h4). The 2-benzoyldiazepine 96 was obtained by NBS
treatment of the U,5,6,7-tetrahydro-{1H)-derivative 106 (see
table L} (48).

9 1 2 93 9k 95 9
R Ry R, H H H  Ac  Ac  Ts GOPh
5

N R, H Me H H H H H

/ 3
N Rg H H Me  H Me E H

R3 R,

R, H H H B H H Ph

Diazepine 97 was prepared by catalytic hydrogenation of the (4H)-
derivative 51 (25). Compounds 98 and 99 were obtained by conden-
sation of 1,3-dibenzoylpropanes with hydrazine (1,49-51).

A mixture of the 5,6«dihydro-(L4H)-1,2~diazepine 10Q and the tetra=
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hydro derivative 112 (see table k) was obtained by catalytlc hydro-
genation of the fully unsaturated diazepine &7 (35). The diazepine
100 was also prepared for structure correlatlon purposes by reaction

of 2,2«dimethyl-1,5-diphenyl-1,5~-pentanedione with hydrazine (35).

R3 RJ-I- RS RT

Rs R 97 Ph o Ph,H Ph
Ry N 98 Ph Hp H, Ph
5 N 99 Ph Hp Me ,H Ph
100 Ph Me » H, Ph

b,5:6:7-Tetrahydro= (1H)-1,2-diazepines

- e 7 - o e ke am ———

Compound 101 {see table Y} was one of the catalytic hydrogeneiion
products of the fully unsaturated (1H)-diazepine 2, the other
product being the hexahydrodiszepine 122 (see table 5} (6,10,12,
L5). 4,5,6~Trihydroxy~l-methyldiazepine 102 was obtained by
reaction of the furanose 113 with methylhydrazine followed by
sulpburcus acid hydrolysis of the resulting ®-methylhydrazine

derivative 11l and treatment of the acyelic hydrolysis product 115

CHN~NH
TsOCH, O éx H%i:*“‘ 2 SOH NH, (’“}
\glo O HOWN\C Hs Ay
HO HO OH
13 11k 115 116

with barium hydroxide. Acetylation of compound 102 yielded the
triacetate 103 whereas treatment with trimethylsilyl chloride gave
the tris-trimethylsilyl ether 10L. Careful analysis of the nmr
spectrum of 102 showed that it exists in the chair conformation,
Its clrecular dichroism spectra displayed a positive Cotton effect
{52}). Synthesis of the diazepines 105~111 has been achieved in
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SR6 R7
Table 4 : }4,5,6,7-Tetrahydro~-(1H)~1,2-diazepines Ry ,N—R1
Ry
Compound Ry R4 R) Ry Rg, R7 | Ref.
101 COpEL H Hy Hp Hz Hp 6,10, 45
102 CH3y H OH,H OH,H OH,H Hz 52
103 CH3 H OAc,H OAc,H OAc,H Hp | 52
104 CHj H [0Si(Me),H |0Si(Me)3,H{031(Me),H] Ha2 | 52
105 H Ph H, H, Hp Hp | 48
106 COPh Ph Hp Hz Hs Ho | 48
107 Me Ph Ho Ho Hp Hp | 4B
108  2-{morpholine« FPh Hy Ha Hp Hzo | 48
N-y1)-ethyl
109 Me p-C1PY  Hp Hp Hp B> | 48
110  2«{morpholine-p~C1Ph| Hy Hy Hp Hp | 48
Neyl)=ethyl
111  2-{pyrrolidine=~p=ClFh Eo Hp Hp Ho | 48
N-yl)-ethyl
112 H Ph Me, Ha Hy |Ph,H 35

good yields by the reaction of substituted hydrazines with §-chloro-
aryl ketones 116 (L8).

The title compound 117 was prepared by treatment of the sixe
membered ethoxydiazenium fluoroborate 118 with sodium carbonate
{1,53) whereas treatment of 118 with hydroxide anion gave the
fourteen membered diazepinol dimer 119 (SL).

R
P H N—CozElL
N
N=N E;j+ BF4— }-'
N N= 120 R = H
11 “OEt 121 R = Me
17 118 izl

HO 113
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2,3,4,5-Tetrahydro- (1H)-1,2-diazepin-L-ols
The title compounds 120 and 121 were the alternative hydroboration

products of diazepines 2 and i respectively (LS},

The 1,2~disubstituted hexahydro derivatives 123 and 124 (see table
5) were obtained under Schotten-Baumann conditions from the mono-

substituted compound 122 (6,10). The perhydro diazepines 125 and

R 7
. N=-R,
Table 5 : Hexahydro=1,2-diazepines RS k—R
R4 R3 2
Compound Ry Ro R3 Ru R5 Re Rq Referenc
122 COaEt H H2 H2 Hp H2 Ho 6,10,12, 1
123 COPn COPh Hp H2 H2 Ho H2 10
12) COEt | CO,EL H, H, Hy |Hy| Ha 6
125 Me Ac Ph,H H, Hz | Hp Hp 55
126 Me | COpEt | Ph,H H, Hy | Bp| Hp 55
127 Me H Hp |Phm-MeOPnHp | Ho| Hz 56
128 Me Me Hy Hp Hy | Hyp Hp 57
129 CF3 CF3 | carbonyl F» F5 | F, |carbonyl 58

126 have been prepared by vacuum pyrolysis of the mesoionic
l-methyl-2-phenylpiperidine~l-acylimides 130. Confirmation of the
[jN:l- structure of compounds 125 and 126 was obtained by an
+w‘ﬂ£:h independent synthesis. The nmr spectra of 125 and 126
éKDR were temperature dependent. An investigation revesled
130 that three conformations exist for the acetyl compound
and two for the carbethoxy compounds (55). A multistep synthesis
of the perhydro diazepine 127 starting with 1-{3-methoxyphenyl)-

phenylacetonitrile has recently been described (56). The compound
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128 has been synthesised by reaction of glutanmldehyde with H,Nf-
dimethylhydrazine in the presence of sodium cyanoborchydride (57).
Perfluoro-(1l,2«dimethylperhydro-1,2-diazepine-3,7~dicne} 129 was
prepared by reaction of perflucroglutaryl fluoride with tetra-
fluoroformaldazine in the presence of cassium fluoride. This is a
new synthetic route to perfluoro heterocyclic compounds and is
effective with a large number of difunctional perflucrosacyl

flucrides (58).

1,2zDiazepine-transition metal complexes

The (1H)-1,2-diazepine-iron-tricarbonyl complexes 131-1L3 (see
table 6) and the 2,3-dihydro-{1H}-1,2~diazepine-iron-tricarbonyl
complexes 14l « 147 have been prepared by treating the corres-
ponding free diazepines with a suspension of ircnenonscarbonyl in

benzene (5,6,19,27,28,4,,59,60). Complexes derived from 2,3~

dihydro compounds have also been obtained by sodium borohydride

Lhh ko 1ib iL?
F. -
e(COB‘Q Ry | Ry CO,Eb Ac CO,Et Ac

\R1 R2 H H Ac Ac

reduction of the corresponding fully unsaturated complexes (il).
X=ray crystallographiec analysis of the iron complexes has shown
that the metal is linked to the butadiene moiety via a Diels-
Alder like cycloaddition (27). Complexation of iron to the diene
moiety of the diazepine ring has been confirmed by M8sshauer, ir,
nmr and mass spectroscopy (28,60). The temperature dependence of
the nmr spectrum of the ring unsubstituted complex 137 has been

attributed to simultsnsous tautomerism and fluxiocnality between
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R R4 Ry
Table 6 : (1H)=1,2-Diazepine~iron 5
FelCO)
tricarbonyl-complexes 5R6 N
R7__ Ry
Compound|{ BR3 R3 R i Rg Ry Re Reference
131 Me Ph H Ph H Fh 28,59
132 Ac H H H H H 28, 4, 60
133 Ac Me H H H H 19,28,60
13l Ac H Me H H H 28
135 Ts H )= H H H 28
136 COPh H H H H H 28
137 B H H H H H 60
138 H Me H H H H 60
139 H H H Me H H 60
140 COEEt H H H H H 5,6,41,60
14l CHyPh H H H H H 60
142 C05'Pr H H H H H 19,27
143 Ac H H Me H i 60
structures 137a and 137b, having the
Fe«:o)3 seme energy content (60). Whereas
Fe(CO)3 /N - Nt the ruthenium tricarbonyl complex
N\ 148 has been reported to have a
H
1 a 137.® zimilar structure to that of the

iron tricarbonyl complexes (28) Xeray analysis of the rhodium

chloro~dicarbonyl complex 149 indicated that coordination oceuread

RU(CO)S Ph
N-A Ph
TAC ----RAICO
¥ S LClL
148 Ph

150

e
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betwesn the metal and one of the ring-nitrogen atoms {59). Comple=
xation of iron-nonacarbonyl with 3,5,7=triphenyl-{}H)-diazepine 51
resulted in N-N bond cleavage and formation of a nitrogen bridged
complex, X-ray analysis showed its structure to be the [5.1.1]-
bicyelic compound 150. This is the first example of an unsaturated
eight-membered metalocyclic ring system{6l),

1«2 Chemistry

Catalytic hydrogenation of the (1H}~l,2~diazepines 1-)i3 leads to
reduction of the /_\.)+ and 1_\.6 double bonds, the reduction of the
imine double bond oceurring only under more drastic conditions
(6,8,10,12,45). On the other hand reduction with either sodium
borohydride (44) or diisobutyl aluminium hydride (DIBAL) (45)
results in selective reduction of the imine double bond and
formation of the 2,3-dihydro={1lH)-diazepines 72-79. Hydroboration
of {1H)=1,2«diazepines gave both the 2,3-dihydro derivatives I7-
19 and the l-hydroxy-2,3,4,5-tetrahydro compounds 120 and 121 (45).
Treatment of the 5,6-dihydro-{}H)-1,2-diazepines 97 - 99 with
N-bromo or N-chlorosuccinimide resulted in ring contraction to the
pyridazine derivatives 151 and 152 (R = H,Me,Ph) {(49,50).

The isolation of the 3,4~-diazanorcaradiene 153 has been cited as

R
CHoR CHCIR UL
Ph f\[‘,Ph hph C
Ph N’N PH N/N p N~ P NN Ph
i 152 153 oL
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evidence for its intermediscy in this remarkable reaction which
presumably proceeds by a chlorination-dehydrochlorination mechanism,
Careful mechanistic investigations have shown that an excess of
NCS leads to compound 152 via a radical process whilst protonation
of 153 leads to compound 151, via the diazanorcaradiene monohydro-
chloride (153 , HC1l) (50}#., The treatment of the diazepine 98 with
chlorine gas in methylene chloride resulted in a mixture of
compound 153 (R = H) and the tetrachlorodiazepine 15k (51). Oxi-
datlon of the diamzepine 98 in ethereal trifluoroperacetic acid in
the presence of sodium carbonate gave the diazepine mono-N-oxide
155, The photochemical reactivity of the N-oxide 155 has been
explored, its uv irradiation resulting in the formation of the
bicyelic N-oxide 156, and the diazoketone 157, the latter compound
rearranging to 1,5-diphenyl-l-penten-l-one 158 (62,63).

O- .

O- - /+ Ph N2 O\/ Ph Ph 18] Ph
Ph \(;\,’)

PH NaN 2&:%;

O_
i85 156 157 158

Base induced_reactions

The base induced ring contraction of {1H}-1,2-diazepines to 2-
aminopyridine derivatives was initially thought to proceed via
the bieyclie tautomer 45 (6,8). It has been shown subsequently,

however, that careful treatment of the diszepine 1 with sodium

# The same reaction of compound 98 with NBS has been reported
recently (51). However, surprisingly, references L9 and S0 are

not quoted.
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isopropoxide in lsopropancl leads initially to the cis-cis diene
159 which, on further exposure to base, ring-closes to a 2-amino-
pyridine (19,6l4). The base catalysed ring opening of (1H)-1,2-
diazepines bearing a hydrogen stom at C-3 has been shown to be
guite general and it has been successfully carried out with
compounds 1, 2, L, 6, 12, 13, 18, 22, 34 and 3& {64,65). It should
be noted that many other heterccyclic systems containing an sp2
nitrogen atom attached to an electron withdrawing hetero stom or
group ring-open in base to give nitriles (see for instancs refe-
rence 66). The stability of the 3-methyldiazepine 19 to base (19)-
coupled with methyl labeling experiments (6} has led to the
assertion that the 3-H is the reactive site towards basic species
in (1H}-1,2-diazepines. The reactivity of (1H)~l,2-diazepine-iron
tricarbonyl complexes towards base was found to be gquite different.
For example, sodium methoxide treatment of the complex 140 afforded
the ring-unsubstituted complex 137 (60)., The apparent lack of 3-H
acidity in these complexes is possibly due to the difference in
conformation of the C?'Nl’N2'03 moiety in the complexed and uncom=-
plexed rings (27). Base induced deacylation of iron tricarbonyl-
(1H)=1,2-dlazepine complexes haz been observed with the 3-methyl
and S5-methyl compounds 133 and 143 (60). Sodium methoxide treatment
of the 2,3~dihydro-(1H)-1,2-diazepines 72, 80 and BL led to the
corresponding 3,4-dihydro-(2H)-diazepines 90, 93 snd 95 (4h).

In contrast to the above mentioned base catalysed ring-opening of
the fully unsaturated compounds, base induced ring-opening of the
2,3-dihydro derivatives is thought to involve the intermediacy of

the anion 160 (R = H,Ac). When this resction was carried out in
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deuterated methanol, C=l;, and C-6 deuterated products were isolated
(44). Treatment of the L,5-dihydro-(1H)-1,2-diazepines 87 and &9
with potassium hydroxide resulted in N-1 deproctonation and
formation of the anion 161 (R = COaMe,CN) {47}. Reaction of the

R
5
6 g R
NHR |~ )3 (- R
CN 7 NN-N NN P Ph Ph
1 “R N “N

122 160 161 162 163
(yH)=1,2-diazepines 51, 52 and 34 with lithium diisopropylamide
resulted in the formation of corresponding cyclic anions of type
162 in 50% yield. In the presence of deuterated aclds the anion
162 reverted back to the (L4H)-diazepine and from the degree of
deuteration the pKa value of the diazepine 51 was estimated to be
ca 30. Treatment with acids caused the anion 162 to dimerise,
yielding compound 16kL. The reaction of compounds 51, 52 end Sl
R R R R

Ph Ph R
Ph? SN NPh PH XNy N D
“H
i6h 165 166

with a sodium-potassium alloy in THF at -20° gave the corresponding
pyridine derivatives 165, presumably via the valence tautomer 163.
Treatment of compound 51, with butyllithium, however, gave the
adduct 166 (R' = nBu or tBu), reflecting the low acidity of the C=

protons of {(LH)-1,2-diazepines (67).

(1H)~1,2-Diazepines rearrange to N-iminopyridinium ylides Ll on
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treatment with acid (6,8,19,68). The intermediaey of the bicyelie
tautomer gﬁ has been suggested and this postulation is supported
by the acid catalysed rearrangement of an isolated bicyclie diazi=
ridine to an Ne-iminopyridinium salt (69). This rearrangement,
coupled with the thermal isomerisation of (1H)~-1,2-diazepines to
2-aminopyridine derivatives (19,6l) (see below, thermal reactivity)
constitutes the main evidence for the existence of the bicyclic
compound U5, It is 1likely that the tesutomer 4S is only present in
very low concentration since it could not be detected by low
temperature nmr or trapped by various c¢ycloaddition reactions (20,

70,71,72). (L4H)-1,2-Diazepines, on acid treatment gave both
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pyrazole 169 and pyridine derivatives 173. The pyrazoles are
thought to arise from acyeclic intermediates of type 168 and the
pyridines from the bicyclic diaziridines 171 via a protonation-
deprotonation process invelving (1H)~1l,2-diazepines 170. The proto~
nation of the (4H)-1,2-diazepines 51, 54 and 62 and the {(1H)-1,2-
diazepines L0 and 41 was initially reported to yield the planar
cations 174 and 175 reapectively (1,2,23}. Protonation has since
been shown by nmr studies to occur at WN-1 for (4H)- and at C-4
for (1H)-1,2-diazepines, yielding the non-planar cations 167 and
176 ,respectively (68,73). The boat conformation of the protonated
and unprotonated (4H) derivatives as well as the position of the
extra proton in the cation 167 has been ascertained by X-ray
erystallographic analysis (74)., However, deuteration of 167
occuredlat C-lf and C-6, this mode of exchange being attributed to
tautomerism betwsen the c¢ations 167 and 174 (68,73). Variable
temperature rmr spectra of the protonated diazepine 167 (Ar = Ph}
showed a ring-inversion process with an sctivation energy in the
region of 10 keal/mole (68,73). This value is low compared with
the activation energy for ring-inversion of the free base 51

(OHa - 17 kcal/mole} {33,43,68). The above difference in acti-
vation energy has been attributed to the repulsive interaction
between the skewed Nl and N-2 lone pairs in the planar transition
state during ring inversion of the free base. Mono-protonation at
N-1 results in a decrease in the repulsive interaction thus lowering
the energy barrier to ring inversion. In contrast to the above
mentioned acid«induced rearrangements and protonations, treatment

of the l-ethoxycarbonyl-{1H}-l,2-diazepines 2, 4, 11, 13 and 17
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with either formic acid, irifluorcacetic acid or boron trifluoride

regulted in dimerisstion via a mjr+ aﬂ]cycloaddition reaction(75}.

Thermal reactivity

On heating {1H)-1,2-diazepines undergo twe types of rearrangements,
. a) ring-contraction to 2-aminopyridine derivatives of type 177
(19,30,64) and b) ring-opening leading to dlene~aminonitriles of
type 159 (6,8,19), Methyl labeling experiments have shown that
compounds of type 177 are formed via N-N bond cleavage in the
bicyelie tautcmer 45 and not by ring closure of the acyclic isomer
15% thus proving the existence of a valence tautomeric equilibrium
between (1H)-1,2-diazepines and diazanorcaradienes 45 (6L),
5,6=Dihydro-{L4H)=31,2-diazepines §7 and 98 on pyrolysis at 250~-300°
gave the corresponding pyridine derivatives 178 (R=H,Ph) and

ammonia, This unusual reaction has been supposed o proceed via a

- Ph
NGl ﬁv "’

Ph + =]
N“SNHR  PhARNASpR PhRy N N-N }:
1_?_2 LLB 1.7_‘2 180

radical mechaniam (76). However, further details were not given by
the authors. The thermally-induced ring-contraction of the (}H)-1,2=~
diazepine 67 has been reported to give both the 3,l-diazanorcara-
diene compound 68 snd the pyridazine 179 the latter presumably
arising via the intermediacy of 68. Treatment of compound 67 with

acid also resulted in the formation of the pyridazine 173 (35]).
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Acylation of the (LH)-diazepine 51 with acetyl chloride or ethyl
chloroformate qeccurred at N-2 to afford the corresponding acylated
(1H)~diazepines 42 and L3 (30). Treatment of the unstable N-unsub-
stituted 3,4-dihydro-{2H)~diazepine 90 with acetic anhydride
yielded the N~acetyl compound 93 whereas sulphonylation of the
(1H)~2,3=-dihydro derivative 72 gave the tosyl compound 8l (i),
Reaction of the N-unsubstituted iron tricarbonyl=-(1H)-1,2-diazepine
complex 137 with acetyl chloride in the presence of sodium hydride
led to the formation of the corresponding N-acetyl complex 132
whilst its reaction with benzyl bromide in the presence of n-butyl-
lithium resulted in the formation of the N-benzyl complex 1Ll (60},
Methylation of compound 51 with methyl iocdide in alkall afforded
the (1H)-derivative 39 in 70% yield (25) whereas its treatment
with methyl fluorcsulphonste and perchloric acid yielded the

diazepiniuvm pepchlorate 180 (68},

(1H)~1,2-Diazepines, like many other seven-membered cyclic dienses
undergoe photoinduced electrocyclic ring-closure of the butadiens
moiety yielding 2,3-dliaza D.Z.O]bicyclic heptadienes of type 181

(19,30,77). This reaction is quite general and has been found to

Ly O [+ mph I
N/ T}I 2 Ph NN -
R
2 184

\
R

%

1
181 18 183

185
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occur with a large number of (1H)-1,2-diszepines (77,78). In two
cases however the bicyclic photoisomer could not be isolated, the
reaction leading instead to the formation of the pyrazole 182
presumably via a non-concerted loss of a substifuted acetylens
fragment {30,78). The 2,3-dihydro~(1H)-1,2-diazepines 72-85
underwent & similar photeoinduced electroeyelic ring-closure yielding
the corresponding[3.2.0]bicyclic compounds 183 even more readily

and in higher yields (4h,45). The facile isomerisation of the latter
dihydre species and their higher reactivity towards dienophiles

(see below} when compared to theilr fully unsaturated counterparts
has heen ascribed to the planar conformation of their butadiene
moiety, as shown by X~ray analysis (27} and Dreiding medels (45).
Diazepines containing no btutadiene moiety but instead sn azabuta-
diens moiety (e.g. the (|H)-1,2-diazepine 67 and the {2H}-3,4-
dihydrodiazepines 90-96) photocyclise to yield the l,2-diaza[3.2.q
bicyelic compounds 18l and 185 respectively (35,44). Similar
resctions in both the (|H)-1,2-diszepin-l-one (79-81) and the

(3H)~1,2-diazepin=-3-one series (82) have been reported.

Cyeleaddilion reactiong

- [ll.ll' + 2 TI'] Cycloadditions : although highly conjugated the AL"- A6
butadiene moiety of (lH)~1,2-diazepines 1s not very reactive
towards dienophiles. No reaction wasz observed with maleic anhydride
or dimethylacetylene dicarboxylate (12). However, highly reactive
diencphiles such as TCNE (11,12} or L-phenyl-1,2,l-triazoline-3,5=
dione (146,72,83) did react yielding the expected cycloadducts 186
and 187, (1H)-1,2-Diazepines bearing an alkoxycarbonyl function
at N-1 dimerised in acidic media yielding the (Aﬁ,Aé) +£§’cyclo-
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Ph
NG NN of TNT N
CN Y &
R
188
186 187 188

adduct 188 (75)., The cycloaddition of singlet oxygen to (1H)-1,2-
diazepines leads to the photoxide 189 (84). As mentioned in the
previous section the 2,3-dihydro-(1H)-1,2-diazepines 72-85 show a
higher reactivity towards dienophiles. The TCNE (L5} and the
triazolinedions (L}) cycloadduets 190 and 191 were readily obtained

from these compounds,

oA el "2

0= NG -

d oMl N— N R
N/N NG - R N N~ R
Fl{ cn N 2 © \ 2

\
Ry Ry

189 190 i
- [éﬂ'+ h1T]Cycloadditions : diphenyliscbenzofuran adds slowly to
thel)u double bond of (1H)~1,2-diaszepines to yield the cycloadduct
192 (20,83). A number of interesting results have besn obtained

from cycloadditions involving diazoalkanes (70-72,85). For example

Ph
| N—R H—N/@—SOZ Ph
!/ \
Ry N N N
Ph

ig2 123 194
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diazomethane reacted only with the l-benzenesulphonyldiazepine 34
yielding reglospecifically the 2-pyrazolinodisazepine 193 whereas
the more reactive diazopropane adds to the &h‘double bond of =

large number of (1H)}-1,2-diazepines yielding the 1- and 2-pyrazoline

H~-N N—R N-R N~R
195 197

196
derivatives 19l and 195. Compound 194 isomerises in solution to
the more stable adduct 195. Flash pyrolysis of the pyrazolines PN
and 195 resulted in the expulsion of nitrogen and the formation of
the homodiszepines 196. No azahomoazepine 197 could be detected
in this reaction by the variable temperature nur technique (72).
The structure of compound 195 (R=002Et) deduced from its nmr
spectrum was confirmed by X-ray anslysis of its lead tetraacetate

oxidation product 198 (71).

R1
“ OAc Ré
N N-N-R I
R
198 199

- [2w+ EJﬂCycloaddition reactions with the imine double bond ;
ketenes add regioapecificslly to the A2 imine double bond of (1H)=-
1,2-diazepines to yield the C,=Cg trans-aza-9-nonanes 199 (86).
Isocyanates reacted readily with 1,2~diazepines but did not form

stable products (78).
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2. MONOCYCLIC 1,2-DIAZEPINONES

2-1 Synthesis

5-Methyl-6-phenyl-2, 3-dihydro-{4H}-1,2-diazepin-L-one 200 (see

table 7) was originaliy prepared by mild acid treatment of either
the 3-diazoacetyl-pyrazolines 210a and 21ls or the bicyclic inter-
mediate 212a (1,2,87,88). Treatment of compound 200 with dimethyl-

sulphate led to the 2-methyl derivative 201, The 2-acyl-derivatives

R RS
_ 4
Table 7 : 2,3-Dihydro~{}jH)-1,2-diazepin-lj-ones R Ry
N“‘N\R2
Compound Ry R3 R5 Re R7 Reference
200 H H Me Ph H 1,87,88
201 Me H Me Ph B 1,87,88
202 H CHOHPh Me Fh H 1,87,88
203 GOFPh H Me Ph H 89
20k Ac E Me Fh H 90
205 CﬂzCHZCN B Me Fh H 91
206 CHECH2002H H Me Ph H 91
207 H H Ph Ph H g2
208 H H Me CogMe | H 92
209 Ts H Me Ph H 81
R Ry R F2ocun, 0 R of ® B He
t_kNCOCHNz i_l‘N 2 g\’—:r b Ph Ph
PA ~ ’N
N N7 H N o €O sMe Me
210 211 212 d o Br
= = - Ph COLEL
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203 and 204 were prepared by reaction of the bicyclic ketone 213a
with acyl chlorides in pyridine (89} or by treatment of the diaze-

pinone 200 with acyl chlorides in alkali (90}. The reaction of

Fh Me compound 200 with tosyl chloride in the presence of
M sodium hydride led to the 2-tosyldiazepinone 209 B1).

d 213 Base-catalysed addition of electrophilic olefins to
a)R=ac

b)}R=Ts
¢ R=COPh 2~carboxyethyl derivatives 205 and 206 (91). Aldol

200 resulted in the formation of the 2-cyancethyl and

condensation of 200 with benzaldehyde gave the 3a-hydroxybenzyl
compound 202 {1)}. The 5,6-diphenyl derivative 207 and the S-methyl-
6-carvomethoxy derivative 208 were prepared from the corresponding
3-diaszoacetylpyrazolines 210t and 210¢. However, the S-bromo-b-
phenyl as well as the S-carboethoxy-6-phenyldiazepinones could not
be prepared by the same method from compounds 2104 and 21Qe

respectively (92).

The title compound 21k {see table 8) was prepared either by treat-
ment of compound 223 with base at room temperature or by treatment
of compound 200 with base at high temperature (79). Reaction of the

1,7-dihydro tautomer 227 with base or irradiation of the betaine

H eh M
e
Me O
Ph o Ph o
N-O
N~ /N"‘N Ar ‘
h R nN—N
/
223 22 a) R =H Me
b} R = Ac 235
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Rs R,
Table 8 : 1,5-Dihydro-(4H)~-1,2-dlazepin-Li-ones o Np_R1
Rs
Compound Rl R3 R5 R6 R? Reference
21l H jii Me Ph H 79
215 Me H Me Ph H 69,79
216 H K Me CO Me E 92
217 Ac H Me Ph H g0
218 Ac E Fh Ph 'R 90,93
219 H H Ph Ph H 90,93
220 PhCO H Me Ph H 30
221 p=MeOPhCO H Me Ph H 90
222 p-NOEPhCO B Me Ph H 90

256a led to formation of the l-methyl derivative 215 (69,79). The
l-acyl derivatives 217, 218, 220-222 were obtained by treatment
of the corresponding N-unsubstituted derivatives 214 and 219 with
either acyl chlorides or ketenes (90}. Preparation of the 5,6
diphenyl derivatives 218 and 219 was achieved by base treatment
of the corresponding 2,3-dihydro compound 207 {90} or by photo-
isomerisation of the diazabicyclo[h.l.o]heptenone 22l which was
obtained by treating the 3-diazcacetylpyrazoline 2llp with base
(93). Compoung 216 was detected by means of nmr spectroscepy in

a DM30 solution of compound 208 containing sedium methoxide but

it could not be isclated (92).

The title compound 227 was prepared by room temperature rearran-
gement of the betaine 256a, the latter compound being obtained

after alkaline methylation of the 2,3-dihydro compound 200 with
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dimethyl sulphate (94). Preparation of the l-acyl derivatives 229
and 230 was carried out in a similar way but the intermediate
diazepinone betaines 2561 end 256¢ could not be isolated (95).

The N-unsubstituted diazepinone 226 could not be isolated or
detected during the treatment of compound 200 with base probably
becauss of the higher stebility of the 1,5~dihydro tautomer 21l
(79). Compound 226 has been obtained, however, by base hydrolysis
of the leacetyl derivative 229 (95). The l-benzoyl (96) and

1-tosyl (81) derivatives 225 and 228 were obtained by NBS treatment

of the 1,2,3,7-tetrahydrc compounds 231 and 233 respschbively.

Ph R 225 226 227 228 229, 230

7 — —

Me. R, [COPh E Me Ts  Ac COFh
N-R
A

o N R7 OMe H H OMe H H

The title compound 231 was prepared by treatment of the 2,3~
dihydrodiazepinone 200 with benzoyl chloride in the presence of
smines (89)., The l-acetyl and the 1-tosyl homologues 232 and 233
were obtained by heating methanclic solutions (containing a trace
amount of a carboxylic acid) of the bileyelie ketones 213a and 213b
respectively (81,89)., The l-methyl-2-arylamido derivatives of type
234 were isolated by hesting the betaine-arylisocyanate cyclo-

adducts 235 {(Ar = p-NOaPh, Ph, p-MeOPh) in methanol {(97).

Ph
Me Me 231 232 233 23
N-R, Ry COPh Ae Ts Me
© N R, | H H  CONHAr
R>
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}igzgigggpin-yrols and deriv

atives

Selective sodium borohydride reduction of the 2,3-dihydrodiazepi-

nones 200 and 20l gave the corresponding dlazepinols 236 and 237 (98).

The N-unsubstituted diazepinols 242 and 247 have been postulated

as intermediates in the base-catalysed interconversion of the three

dihydro diazepinone tautomers, i.e. 2,3-dihydro 200, 1,5-dihydro

21l and 1,7-dihydro 226 (79,95). The l-acetoxy and k-benzoyloxy

Ph 236 237 238 239 2k 2L
M
& R, H Ac Me COPh Ae  Ac
N
RO N R H H H H e Ts
~
R2
on 2u2  2u3 2k 245 2
Rsg Rl H Ac COPh Ac COPh
Ry R Me Me Me Ph Ph
RO N
R H Ac COPh Ac GOPh
Ph 2L7  2u8 249 250
R
s R2 H Ts Ae Ac
N
RO N( Ry Me Me Me Ph
R
2 R B H Ac Ac

diazepines 243-2L6 were prepared by rescting the 1,5-dihydro-

diazepinones 21} and 219 with either acetic anhydride or benzoyl

chloride in pyridine at 80° (90). Using a similar procedure the

limacetoxydiazepines 249 and 250 were prepared from the corres-

ponding 2,3«dihydrodiazepinones 200 end 207 (90). Compound 250

could also be obtained by acetylation of the bieyclic ketone

225ia (93). The 2-tosyldiazepinol 248 has been postulated as an
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intermediate in the base-catalysed conversion of the diazepinone
209 to the pyridine derivative 201 (81), Methylation of compound
22ha with trimethyl oxonium fluorcborate resulted in the formation

Me Ph
N—
N~ ~NHTs =N N
251 252 253
Me
Me Me
Ph o Ph Ph O &) R = e
A . - b) R = Ac
N— ~ N—N ¢) R = COFh
/
254 255 R 256
of the (6H)~l-methoxydiazepine 252 (93). (4H)-1,2~Diazepin-k-ones

2 nitrogen atoms could not be isolated in this

containing only sp
series. The diazatropone 2Gl, however, has been postulated as an
intermediate in the formation of the pyridazine derivative 255

following thermolysis of the bicyelic ketone 253 (99).

The l-methyldiazepinium betaine 256a was isolated from the
reaction of the 2,3-dihydrodiazepinone 200 with either dimethyl
sulphate in aqueous alkali (91,100) or, more cleanly, by reaction
with diazomethane in the presence of boron trifluoride (91),
1-Acyldiazepinium betaines 256b,¢ could not be isolated. The
latter compounds, however, have been shown to be intermediates

in the thermal rearrangement of the bieyclic ketones 2i3a,c by

means of trapping experiments (95).
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2z1=2

[

3H):1,2-Diszepin: Jzones

-

The 2,4,5,6-tetrahydro-(3H)}-1,2-diazepin-3-ones 257-265 (see table

9) were prepared via the condensation of substituted hydrazines

with §-keto acids (101-10)). This reaction was proved to be guite

general and failed only in a few cases (e.g. when hydrazine itself

or sterically hindered keto scids were used). The synthesis of the

R Rs O
Table 9:2,4,5,56-Tetrahydro~{3H}~1,2-diazepin~3~cnes N—R
RN’ ©
R7
Compound R2 Ru RS R6 R7 Reference
257 H Hy H2 H2 Ph 101,103,104
258 Me Me ,H Ho H2 Fh 101
259 Me H, H, Ph,H Me 101
260 H H2 Me ,H H2 Ph 101
261 ‘Me Hy Hy H, 2=-thienyl 101
262 Me H2 H2 H2 Ph 55,102
263 Me H2 H2 H2 p=C1lPh 102
26l Me MeZ H2 H2 Ph 102
265 Me Hyp H, Me, Ph 102
266 Me H, H, Br,H Ph 102
267 Me Hy H, Br,H p-C1Ph 102

diszepinone 262 could alsc be achieved via the condensation of

ethyl l-benzoylbutyrate with methylhydrazine (55). This new

heterocyclic system was proved to be quite interesting pharmacolo-

gically : compounds of this type showed psychotropic and analgesic

activity and hence a large number of them have now been prepared

(103,104). Reaction of these tetrahydro derivatives with NBS

afforded the &é-bromodiazepinones 266 and 267 which, on further
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treatment with lithium bromide in the presence of collidine and
sodium carbonate, were dehydrobrominated, yielding the 2,4-dihydro

derivatives 269 and 270 (102). Another original synthesis of this

Ry Ra By Mg

o 208 Me Me Ph

RONN-N 269 Me H, Ph
7 R, 270 Me H, p-C1Ph

2,4~dihydrodiazepinone system has been reported : a eycloaddition
involving the pyridazone 271 and diazopropanes yielded the stable
pyrazoline 272 which on further heating or uv irradiation afforded
compound 268 (105). 1,2,6,7~Petrehydro-(3H)-1,2-diazepin-3~one 273
was obtained by photolysis of the (1H)-1,2-diazepine-singlet oxygen
cycloadduct 189 in methanol (8L}, The hexahydro-l,2-diszepin.3-one

274 was prepared by thermally induced ring closure of the hydrazine

275 (56,
N Ph
Phﬂ<==a)=o o
O N R
NN Ph 0 MO M N s\ PH
\ N" \ N- Me N
M N-N ! i I\ COMe
271 272 273 27l 275

(R = m-MeOPh)

2-1z3 {2H)-1,2-Diazepinc3-ones

Only a few members of this series have been synthesized. Reaction
of dimethyl acetylene dicarboxylate with pyrazolidinones of type
276 has been reported to afford the 1,2,3,4~tetrahydro-(5H)-1,2-
diazepin-5-ones 277a-c (106). The structure of these diazepinones

waa proposed on the basis of spectroscopic data and confirmed by
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R R R R
R1ﬁH Ro a Me Me H
-N
H N o MeOgC NN Ry b Me H H
Ph Ph H c = Mo
276 277

X-ray analysils of compound 277a.

O Ph No mechanism for this unusual

N—N reaction hag been proposed by the
Ph Ph’Q>K3&“Ph authors. The synthesis of 3,li~homo-

{6H)-1,2-diazepin-5-one 278 has

§I§ 272 been achieved via the thermal

rearrangement of the cycloadduct obtained from diphenylcyecloprope-

none and l,l-dimethyi-3,5-diphenyl-isopyrazole 279 (107).

2=2 Chemistr

Lithium aluminium hydride treatment of the tetrahydrodiazepinone
262 resulted in selective reduction of the amidic carbonyl function
to afford the l,5,6,7-tetrahydro~(1H)-1,2~diazepine 107 (48,55},
Whereas NBS treatment of diazepinones 262 and 263 resulted in
selective bromination at the imine t~position to yield the 6-
bromo-derivatives 266 and 267, the 6,6-dimethyl-diazepinone 265
wag unresctive towards NBS, proving
Ar o /L:A:Ig H the inertness of the carbonyl o=-position
PR Y0 2 (102). Prolonged treatment of compounds

266 and 267 with lithium bromide

280 28 resulted in 1,2-eliminaticn and

— 1542 —




HETERQCYCLES, Vol 4, No. 9,

formation of the 2,l~-dihydrodiazepinones 269 and 270. Reactien of
266 and 267 with triton B, however, resulted in 1,3-elimination
and formation of the 3,hrdiazabicyclo[h.l.d]heptenones of typse
280 (102}. Alkaline hydrolysis of the dihydrodiszepinone 268

resulted in ring-opening and formation of the §-keto acid 281 (105).

Acylation or sulphonylation of the diazepinone 200 can occur at
both nitrogen atoms and may be directed by careful choice of reac-
tion conditions to give either gseven-membered rings or bicyclie
derivatives. The treatment of compound 200 with acid chlorides in
the presence of tertiary amines (88+91,95) or with tosyl chloride
in the presence of sodium hydride (81) resulted in N-1 substitution
leading to the bicyclic ketones 213a-c. When the diazepinol 236

was treated with acetic anhydride in pyridine, the biecyclic ester

Ph
>M‘e OR a)R=H Fh R a) R = Me
N b)) R = Ac hﬁi;:t:l:

I}

N / © b)) R =Fh
Ac R —C

Y R' = Me, Ph
282 283

282b was isclated (98). N-2 Substitutions were observed when the
1,5~-dihydrodiazepinones 21k and 219 were treated with acid chlo«
rides in dimethylaeniline, the bicyelic heptenones 283 being
obtained (90). Treatment of the diazepinol 236 with acetic anhy-
dride only gave the transannular oxides of type 28l. The bicyelie
alecohol 282a was initially postulated as an intermediate in this
reaction (98}. However, it has been shown that (even though

compound 282a was converted to 284 on treatment with organiec acids,
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pyridine hydrochloride or dimethylaniline) this isomerisation is
not the major pathway from 236 to 28L. Intermediacy of the diaze=
pinium cation 285 has since been postulated to asccount for the
formation of the two types of acylated compounds, i.e, oxide 28k

and tetrahydropyridazines 286 (108).

Moo P o o oM MecHO
,[L Ny a) R = Me
PH ? + N N’N‘H &) R = Ph
R/C*O RN é
R ™™g R o
— 285 286

Ring contraction to six-membered rings involving diazgnorecsradiens

e B e i e i Dl e e e o s e e el i e i e

Alkaline treatment of diazepinone 200 resuited in the formation of
the two aminopyridines 287 and 288 (94,109,110). From a careful
investigation of the interconversion between the 2,3-dihydro 200,
1,5-dihydroe 21k and 1,7-dihydro 226 diazepinones via an enolisa-
tion and tautomerisation pathway it was concluded that the 1,7-
diazabicyclo[h.l.o]heptadienols 289 and 290 were the likely
intermediates in these reactions (79). Confirmation of this mecha-
nism was provided by the isolation and characterisation of the

diaziridine 291 following photoisomerisation of the betaine 256a.

Me Me Me Me
P OH Ph OH P%JTOH Ph\[[jo'-i
H NN NH N
2 N 2 NAY 3
£ \
287 288 H o 28 299 H
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Compound 291 led to 292 in the presence of sodium methoxide (69).
The higher reactivity of the tosyl dlazepinone 209 towards base
was attributed to the higher aecidity of the C-3 protons {as evi-
denced b& facile C-3 deuteration) favouring enolisation and valence
isomerisation (81), The intermediacy of the 2,3-diazanorecaradiencne
293 has been postulated in the alkoxide catalysed conversion of

the togyl dlazepinone 209 into the dihydro pyridazine 294 (81).

Me Me_CO,R
Ph
Ph *foL"
MeHN NN AN

a !
e H
291 292 293 294

¢yeloaddition reagtions

The l-methyl-2,3-dihydrodiazepinium betaine 2562 undergoes 1,3
and 1,5«cycloaddition reactions involving the LT azomethine-imine
system (N-2,N-1,G~7) and the extended 6T system (N-2,N=1,0-7,G-6,
C=5) respectively. Dimethyl acetylene dicarboxylate gave the 1,3~
eycloadduct 295 (R=Me) whereas ketene gave the 1,5-adduct 296,

The arylisocyanate 1,5-cycloadduct 235 rearranged to the more

Ff Me Me Me
MeOC N Ph  Ph o Ph AT Ph o
A/}Me Y = R
MOL o N- E—N MeOC¢ N7 H
Me N MeOZC R
295 2% 297 298
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gtable 1,3-adduct 297 (97). Bimolecular reaction of the betaines
256 are restricted by their facile thermal rearrangement to the
1,7-dihydrodiazepinones 227, 229 and 230 via a [1,5] sigmatropic
shift (95,97). For example the possibility of a concerted cyclo-
addition involving the extended 6T system of compounds 256 and
several dienes was explored but only the corresponding 1,7-dihydre
derivatives could be isolated. On heating or on treatment with
acid or base the 1,3-cycloadducts 295 (R = Me,Ac,COPh,p~BrPhCO)
underwent an unusual reaction yielding the pyrrolopyridazinones
298 and formaldehyde. The structurs of the bicyelic compounds 298

was confirmed by X-ray analysis (111).

2,3=-Dihydro=-(LH)-1,2~diazepin-4-ones (see table 7) undergo facile
photoinduced ring-closure of their azabutadiene moiety (cf. 1,2«
diazepines), yielding the 1,2~diazabicyclo[3.2.0]heptenones 299
(79-81). The 2,3-dihydrodiazepinols 236-239 and the esters 240

and 241 on photocyelisation gave a mixture of exo and endo isomers

300 and 304, the exo isomer always being the major product {80).

4
PW PlQIEM"f%H P%O )
O
N-.N N ~N N'-N m
\ \ A Ph \
R R R Me

299 300 301 302

Sodium borohydride reduction of compound 299 was found %o be an
effective preparative pathway to the endo isomer 301. Photoexci-

tation of the 2,4-dihydrodiazepinone 269 gave the 3~oxo-1,2-
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diazabicyclo[3.2.0]heptene 302 (B82). Another type of photoiso-
merisation occurred when the diazepinium betaine 206a was irra-
digted at low temperature., The 1,7-diazabicyclo[h.1.0]heptenone
291 was obtained, resulting from photeoinduced electrocyclisation
of the 1,3-dipolar system. A trace amount of the 1,5-dihydro-
diazepine 215 was also obtained iIn this reaction. It is not clear
whether compound 215 resulted from a [1,3] sigmatropic shift in the
starting material 256a or from a photochemical reaction of the
1,7-dihydrodiazepinone 227 which could be formed thermally from

the starting materisl in the reaction mixture (69).

3. POLYCYCLIC 1,2-DIAZEPINES

3-1 Synthesis

The (1H)-2,3-benzodiazepines 303~312 {see table 10) were prepared
by electrocyclic ring-closure of the o-aryldiazoalkenes 314 which,
in turn, were prepared by thermal decomposition of the corresponding

tosylhydrazone sodium salts 313 (112,113)., The involvement of diazo-
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Re R4

Table 10 : {(1H)=2,3-Benzodiazepines’ RB 4“
. : R} N

Compouhd Rl Rh R7 RB Reference
303 H H H H 113
304 H H OMe OMe 3113

305 Me H H H 112,113
306 Et H H B 113
307 Ph H H H 113
- 308 Ph H OMe QMe 113
309 H Ph H H 113

310 Me Fh H H 112,113

311 p«MePh Ph H H 112,113
312 Me H OMe OMe 116

compounds in these resctions wag indicated by a deep-red colora-
tion observed in the early stages of the cyeclisations and by
trapping experiments (11i). The (lH)-benzodiazepines 315, previously
assigned as the cyclisation products (115,116}, have been postu~
lated as intermediates, being themselves converted into the

isolated (lH)-derivatives via a symmetry-allowed [1,5] gigmatropic
hydrogen shift. The {(1H)-2,3-benzodiazepine structure assigned to
the product was suggested by nmr and mass spectral studies and
confirmed by X-ray analysis of compound 310, The nmr spectrum of
compound 303 was found to be temperature dependent, the barrier to

ring inversion being approximetely 15 Kcal/mole (113).

Y e T -

The title compounds 318 were prepared by thermal decomposition of

the tosylhydrazone salts of the «=diarylmethylene cyclopentanones
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316 (214,117). The benzodiazepines were obtained from the resulting
diazoalkenes 317 vie a 1,7-electrocyelic ring-closure. In contrast
to the related reactlon of the dimzoalkenes 314, this reaction was

found to be extremely sensitive to steric factors.

Nat N
Ts 316 N1
a b ¢ d e
X H 8-Me,p-~Me |9=-0Me ,m~OMe 8-CF3,p-CF‘3 B-F;p»F

The (3H)-1,2~benzodiaszepines 320 have been obtained using a similar

method, i.e. the thermal decomposition of the tosylhydrazone saltis

of type 319 (118).

R
a) R =4
b) B = Me
+
Na Me ¢c) R=F
/—N—N—Js R N=N
Mo 39 320

{(1H)-1,2-Benzodiazepines 325 were obtained by photolysis of the
Neiminequinelinium ylide dimers 321. The equilibration of compound
321 to the monomer, ylide 322, followsd by photoinduced electrocy-

¢lisation to compound 323, ring expansion to the (2H)-benzodiazepine
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R R R
N N NiH 323 \H
222 R R
R a) R = H
=L b) R = Me rI\]..-N N—-N
25 H jen "
Ph 32y and finally a ﬁ,?] hydrogen shift has been
postulated as a reasonable mechanism for thig
reaction (119), The (1H)-1,2-benzodiazepine 326
N—N was isolated from acid or base treatment of the
26 H {3H) derivative 318a (114}.

(5H)-~2,3-Benzodiazepines

P — peeagepa— ==t

Compound 327 was prepared by reaction of hydrazine hydrate with the
penzopyrylium salt 328, the reaction proceeding via the monohydra-
zone 329 (120-124). The structure of the benzodiazepine 327 was

elucidated by means of detailed nmr and mass spectroscopic studies,

none of the isomeric (3H)«2,3-benzodiazepine being observed {123).

Bl Me Et El Me
MeO MeQ Me MeQ (
N _ o)
MeO N MeO L+ Cl MeO N—NHy
MeO OMe EiiLOMe
MeO OMe OMe
321 328 329
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{5H)-2,3-Benzodiazepines 330 were readily obtained by thermal or
basic treatment of the corresponding (1H)-derivatives 307, gg§,

310 and 311 (113, 116). The nmr spectra of compounds 330 were found
to be temperature dependent, the energy barrier to ring inversion
ranging from 19-22 Keal/mole (113). These values are much higher
than those reported for the parent monoeyelic (4H)-diazepines (33,

43,68) suggesting a higher degree of ring-rigidity in the benzo-

compounds,
X a b c d
Z
N H H Ph Ph
!
z N b's Ph Ph Me p-MePh
2 Y z H OMe " g

The title compounds 331 and 332 were obtained by photolysis of the
corresponding N-iminoquinolinium ylides 333 in ethanol or methanol
(125-127). Confirmation of the structure of compound 331 was
achieved by its conversion, via thermolysis in acetic scid, to the
known ylide 333a (127). Compound 334 was isolated in quantitative
Yield by reduction of the fully unsaturated benzodiazepine 325b

with either sodium borohydride in methanol or Ilithium sluminium

Me
N—N N% NN
\ | -\
4 R N- JR
R

ﬂggzgg%m 333 a) R = Ac 334 R=¢H
332 R, = Ac o) R = COES 232 R = COMe

RS, = OMe

3
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hydride. The treatment of compound 325b with sodium borohydride in
the presence of methyl chloroformate resulted in the formation of

compound 335 (119).

§:§£xlzgz -dihgdro-(3H2-2133benzodiazegines

Compounds 3136 {Ar = Ph, p-MePh, p-ClPh, p-NO,Ph) were prepared by
treatment of the dihydroisoquinolinivm salts 337 with alkali,
followed by reaction of the resulting pseudobase with mesityl-
sulphonylhydroxylamine (MSH). The intermediacy of the hydrazine
derivative 338 has been postulated (128).

—Ar —_
Np N I\ Ar
+ AP N H2

o
o
326 338

3

1-4Aryl-3,5-dihydro-(4H)~2, 3~benzodlazepin-Y-ones 339-342 (see table
11) were prepared by condensation of o-aroylphenylacetic acids
with substituted hydrazines in refluxing n-butanol (129), this
method improving and extending the method originally reported by
Halford et al (130). These benzodlazepines were found to have

tranquillizing activity in mice and, consequently, a large number

A 2y ar=pn p-MePh

N b) Ar=p-MePh N T::>
/ _ N
N ¢} Ar=p-MeOFh NI

M d H

346 247 320
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O
Table 11 : 3,5-Dihydro-({l4H)-2,3~benzodiazepin- R7 N=R
Y-ones Rg h{ 3
Ry
Compound Rl R3 R7 RS Reference
339 Ph H H H 129
340 Ph Me H H 129
32 p~MeOPh{ 2-(morpholine- H b 129
N-yl)-ethyl
342 Fh 2-({morpholine=- H cl 129
N-yl)=-ethyl
343 Me Fh 0Me OMe 133
i Me p=ClPh OMe CMe 133
348 Me p=BrPh OMe OMe 133

of these compounds have been prepared (131,132). A similar syn-
thesis haa been reported for compounds 343-3i45 which involves the
use of N,N'-dicyclohexylearbodiimide as the cyclising agent (133).
The synthesis of the l-aryl-2,5-dihydro-(lH)~2,3-benzodiazepin-
l-ones 346 by the reaction of hydrazine with 3~arylisocoumarins

was first reported in 1905 {134). More reéently, a similar reaction
involving 3-aryl-2-thicisocoumarins has been deseribed {(135).
Reaction of compound 346b with phosphorus pentasulphide afforded
the benzodiazepin-l-thione 347 {135}.

3zizd Qther polycyclic 1,2-diazepings

The synthesis of the 3,l4-tetramethylene-{1H}-1,2-diazepine 348

hag been achieved by photolysis of the N-acetylimino-5,56,7,8-tetra-
hydroquinoelinium ylide 349 (136). The 1,2-trimethylene hexahydro-
1,2-diazepine 350 has been prepared by the reaction of pyrazoli-

dine with glutaraldehyde (57). Condensation of 1,4~dioxo compounds
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) with l-sminopyrrole afforded the (6H)-3a,l-

[:::Ei?ﬁws [:::H:q:j diazaazulenes 351 (R = Me,Ph ; R' = Me,Ph).
NN W .
Ac N-— These compounds can be considered to be
348 39 Ac pyrrolo[l,2-b]-1,2-diazepines (137}. Reaction

of Neaminothiazolium salts of structure 352 (R = H,Me) with dimethyl-
acetylene dicarboxylate in the presence of sodium carbonate led to a
1:2 adduct which was sssigned structure 353 (138), A photochemical
intrsmolecular oxygen insertion reaction with 2,2'-dinitrophenyl-
methanes followed by reductive coupling has been reported to give
the mono~ and di-N-oxides 354 and 355, Successive reduction of
compounds 35l and 355 with magnesium in ethanol led quantitatively
to the (11H)-dibenzo [c,f]-1,2-diazepin-ll-one 356 (139).

R’ CoMe
[S : R CoMe
X~ WR &_ CoM
N i N S e
RPN NH, “N .
= 352 3 oM
o) o)
X
% " X % X
p e =t
O~ _ - i =H
o- © i
354 355 Br 356

3=2 Chemistry

The acylation of benzodiazepine 327 with either p-nitrobenzoyl
chloride or acetic anhydride in pyridine resulted in C = N double
bond migration and acylation at the N-3 position thus affording the

3-acylel~methylene derivatives jEZ(R = Ac,p-NOaPh). Catalytic hydro-
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Et C H2 Et Me 5
NQD | <:R MgO \ R
&
MeO N O MO No© NNHR
Ar
OMe OMe 29
OMe OMe
357 358
R
4 Ph
Ar R, Ph Ny
o R,
360 361 62 33

genation of compound 357 gave the (3H)-4,5-dihydre compound 358
{140). Catalytic reduction (Pd-C) of benzodiazepines 325 has been
reported to give gquincline derivatives via N-N bond fissicon,
recyclisstion and deamination (119). Acid catalysed ring-contraction
of the benzodlazepin-l-ones 339-342 resulted in the formation of

the N-aminoisoquinolones 359 (129), and similarly the benzodiszepin-
l-ones 346 ring-contracted to give the N-aminoisoquinolones 360
(135). Photolysis at 0°C of the (1H)-2,3-benzodiazepines 30}, 305,
307, 209, 310 and 312 resulted in electrocycliisation of their 1,2-
diazabutadiene moiety, yielding the novel tricyclic compounds of
type 361 (116}, Photelysis of the (5H}-benzodiazepine 330a, however,
led to the indene 362 in high yield, presumably via electro-
cyclisation to the tricyelic compound 363 and expulsion of nitrogen

{116).
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