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A B S T 11 A C T
The research contained in this -thesis is divided into two parts.

The

first part describes the acid-catalysed cyc]ization of some
olefinic unsaturated j-tosylhydrazones to give 3, 4-clihyciro-2--tosylI ,2-diazepirn-s.

The structure of these compounds were assigned from

i r. • n.m.r. and mass spectral data.

The success of the cyclization

reaction was- found to depend strongly on the structure of the reactant,
and in order to find the reason for this, the mechanism of the reaction
was investigc ted using deutoriam labelliag techniques.

3,4--

Base-induced €'liminati.o;i of -to1uenesulphini c acid from ti

dihydro-2-.tosyi -i 2.diazepines gave a ne class of compoundc, the
3H-1 ,2--diazepiries, whose structure as mouoeyclic seven-nicmhcre(1 rings,
as opposed to bicyclic diazanorcarud.i ones, was deduced C :com spectral
data.
The thormolysis of the 3H-1 ,2-diazepines was investigated and found
to result in ring contraction, via a I ,3azo group shift, to give
3H-jiyrazoleswhi ch rearranged to 4P- and then 1}I-iyrazoles under the

reaction conditions.

In one case the iing contraction reaction was

accompanied by a 1 ,5-hydrogen shift to form an isomeric di azepinc,
from which a, second pyrazole product was obtained.

The intermediacy

of diazoalkenes in the azo group rearrangement was shown by a trapping
experiment -ith tributyiphosphine.

The photolysis of the 31 7 1 ,2-diazepines was examined and found to
rT

afford fast and high yielding iomcrization to 2a,5_dihydro2Jdiazeto
1 - pyrcIos.

The structures of these

ompounds were deduced both

from the opentral data and from analysis of the products of pyrolysis
of Cne of t•ii pho oiroinei-s.

11

The secod p&rt of this thesis descri,bes po.ochernicai expuriments
carried out on 5r1-2, 3—benzodiazepines.

indenes '.ere the main products

obtained, via loss of nitrogen, hut only in the case of 1—phenyl-5112,3—hunzodiazepine was the indene yield high.

Reasons are advanced

to explain the low yields of indenes in the other cases, based on a
mechanism involving initial [112s ±112s]
followed by nitrogen loss.
also considered.

electrocyclic ring closure,

Another mechanism, via a diazoalkene, is

iii
ACOWiE1)C i.{N""•
I should like to express my sincere thanks to Dr. J . T, Sharp not only
for 1s c-xceiJen supervision of this work, but also for his constant
willingness to discuss and help throughout the period during which
the work was carried out.
I am also very grateful to many members of the teaching and technical
staff in the Department of Chemistry of the University of Edinburgh,
especially Mr. T. Naisby and Mr. and Mrs. W. Macpherson.
Finally I should like to tbank the S.R.C. for financial

support,

Professor J. I.G. Cadogan for provision of laboratory facilities and
Miss E. Robertson for her effici c-nt typing of the script.

iv
DECLARATION
I declare that this thesis is my on composi.ion, that the work of
which it is a record has been carried out by myself. and that it has
not been submitted in any previous application for a Higher Degree.

POST—GRADUATE COURSES
The following is a statement of post—graduate courses attended during
the last three years:
Labs 5, 10 and 29 Seminars

1 973-1 976

"Industrial Research and Development"

2

"Carbonium Ions"

Dr. B. Capon

rof. R. B. Grvenor

"Recent Developments in the Theory
of Concerted Processes"

Dr. A.J. Bellamy

"Molecular Rearrangements"

Dr. G. Tennant

"Oil Products Research"

Shell Oil Co. Ltd.

"N.m.r. Spectroscopy"

Dr. R.K. Harris

"Use of Phosphorous in Organic Chemistry"

Prof. J.I.G. Cadogan
and Dr. I. Gosney

WA

C_ 0 N T fl N 1 3
1NTIc1MCTION

1

I. Base-induced 1oconposition of -tosyJ.hydrazffl1es.

2

H. Di.azoalicancs.

8

II?. 2,3-Beizodiazcpires.

24

1V. I,2-Diazepines.

32

Photolysis of conjugated cyclic sytrmr.

43

Thermolysis of cyclic azo-corpounds.

48

DISCUSSION
1.

Ii.

1 .2-1)iazopines.

63

SyTlthesis.

63

Reactions.

84

5FI-2-Bnzod:iazepines.

100

SynLhesis.

tOO

Ph01o1yss.

103

EXPiR IMENTA L
PreparaLion of Starting

LLH

Synthesis of E__tosy11iydr&zo:2

1:;.

121

.
:

Synthesis of 1H-2, 3-henzodiazepine-;.

136

Syrithosi s of 511-2, 3-benzodiazepines.

138

Syithcis of 3,4-dihdrc:.-2-tosl--1 , 2-.dinzepines.
SyiiLhcsis cf 31-i-i ,-diazepines.

142

Photolysis of 513-2, 3-bei.izodiazepiiies

145

Photo1vis

1-19

TherrnoIvE- i

Cr

3H-1 2-diazepines.
,

siudie.

Pvrazo.IF formation from
CyJr.C:1

151
tb' bas-ccte iy
'Ofl'

160

vi
12.

Attempted acid—catalysed cyclizations of
jtosy1hydrazoncs.

11 . Deuterium labelling studies.
13

Preparation of authentic samples.

APPENDICES

166
164167
172

1
I N T R 0 I) U C T I 0 N
I.

II.

III.

IV.

BASE-INDUCED DECOMPOSITiON OF TOSYLHYDRAZONES

VI.

2

A.

Effect of Solvent Polarity

3

B.

Effect of Base Concentration

5

DIAZOALKA.NES

8

Intermolecular 1,3-dipolar cycloadditions

10

InramoI.ccu1ar 1,3-dipolar cycloadditions

16

2,3-BEN21;ODIAZEPINES

24

A.

Synthesis

25

B.

Structure

28

C.

Reactions

29

1 ,2.-DIAZEPINES
A.

V.

PAGE NO.

32

lU-I ,2-Diazepines

33

3H-1 ,2-1)iazepines

35

4H-1 2-Diazepines

35

5H-1 ,2-Diazepines

39

PHOTOLYSIS OF CONJUGATED CYCLIC SYSTEMS

43

T}RMOLYSIS OF CYCLIC AZO-COMPOUNDS

48

2
I. BASE—INDUCEDDECOMPOSITI ON OF TOSYLHYDRAZONES

In 1885, Escales 1 found that benzenosul phony] phenylhydrazide (I) was
decomposed by warm alkali to give benzene, nitrogen and benzene
sulphjnic acid

> Ph-H + N 2 + Ph-SO 2 -H

Ph-S0 2 ---NH-NH-Ph
(I)

This led Bamford and Stevens 2 to investigate the possibility of olefin
formation from the tosyihydrazones of readiiy enolisable ketones.
This met with very limited. success, but when they then tried tosyihydrazones of not readily enolisable ketones they obtained goods yields
of olefin.

Cyclohexanone tosyihydrazone (Ii), for example, when

heated with a solution of sodium in ethylene glycol afforded cyclohexene
quantitatively

0

=N—NH—T S
(II)

Na

—>
ethylene
glycol

0

.N+NaTs
2

The tosylhydrazones of aromatic aldehydes and ketones, on the other
hand, afforded

diazo—compounds or products of their

decomposition.

By working at lower temperatures, substantial yields

of the diazo—compounds could be attained, and subsequent work has
revealed the versatility of this reaction, enabling the formation of
compounds as diverse as diazoalkanes, olefins, cyclopropanes,
cyclopropenes, pyrazo1es, diazepines and other heterocyclic compounds.

Various mechanisms have been proposed for Bamford—Stevens reactions,
involving either carbenes, carbonium ions or carbanions, depending on
the nature of the base and solvent used and i.1s reaction conditions.
Elucidation of these mechanisms has derived from studies on the

3
effects of solvent polarity and base concentration: these will now
be discussed.
A. Effect of Solvent. Polari±v
In their original paper , Bamford and Stevens ruled out the
possibility that the mechanism of the decomposition of
tosyihydrazones always involved breakdom to an aliphatic
diazo-compound and suiphinate ion.

This they concluded from

the fact that camphor tosyihydrazone (Jil) decomposed to give
optically ac -Live campheiie (Iv), which could not occur via

N.NH.Ts

2 NctO'1e

(IV)

(Ii!)
diazocamphene
that

(v)

(v)

since Ileubaum and Noyes 3 had previously shc- wn

decomposed to give tricyclene (VI).

--

(sr)

(VI)

nj Stevens suggested that the reaction involved removal

of a proton from the hydrazone with formation of a negative

.

I

.

1..

.•

remained intact as a diazo-compound or underwent fission into
nd an olefin, with concomitant tigration of one of the

4

R

R
—H+

C—C=N—NH-5O2 R

/0

>c==:i

>C-C=N—N—,cO2 R
-

R
> C=C < +N 2 +RSO2

+R502

When R is not hydrogen, the migration is formally a WagnerMeerwein rearrangement.

In 1959, Powell and Whiting

showed that the rate—determining

step cf tosylhydrazone decomposition 'was a unimolecula.r
elimination from the anion of the sulphonylhydrazone, which
they suggestd could occur in three ways:
to give an aliphatic diazo—compound,
to give a carhene, or
to give an olefin directly, most plausibly via, a
cyclic transition state in which the departing
suiphinate residue removes a

—hydrogen.

In order to determine which mechanism opera -f. ed, they chose
cyclohexanone and camphor tosyihydrazone for kinetic study, and
found that both decomposed at virtually the same rate and with
the same activation energy.

This enabled them to rule out both

routes (b) and (c), since in the former the camphor derivative
should react faster because carbene formation would be
anchinieri cally assisted 5 , and in the latter, the camphor
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derivative, unable to use the two 1-1-hydrogens
reasons, would react more slowly.

for steric

By using g..l.c., they

further found that in fact the product from camphor tosyihydrazone
was not pure campheno, as stated by Bamfoi ci and Stevens, but a
4:1 mixture with tricyclene.

Earlier, Meerwein and van Emster 6

had shown that when diazocamphene decomposes, a small amount of
camphene is formed along with tricyclene, a fact not originally
3
reported. by Heubaum and Noyes .

Powell and Whiting therefore

proposed that the intermediate in the tosylhydrazone decomposition
was diazo-camphene and as evidence for this they showed that the
percentage of tricyclene was greatly reduced in protic solvents.
This arises because protonation of the diazocamphene gives a
diazonium cation and/or carboniuir ion, which undergoes subsequent
Wagner-Meerwein rearrangement to give camphene, whereas in aprotic
solvents, the diazocamphene decomposes directly to give a ca.rbene,
which gives tricyclene via intramolecular C-H insertion (Scheme A)

B. Effect of Base Concentration
In 1965, Friedman and co-workers 7 made two important observations
in an investigation of the base-catalysed decomposition of
cyl opropanecarboxaldehyde tosylhydrazone (VII).

Firstly, that

bicyclobutane (VIII) is the predominant product in ethylene
glycol (protic solvent) whereas cyclobutene (Dc) predominates
in diethyl carbitol or triothylcarbinol (Scheme B).

Secondly,

that when a deficiency of base is used with one of the aprotic
solvents, bicyclobutane (VIII) is the major product.

This

prompted Shapiro and co-workers 8 to reinvestigate the mechanism
of camphor tosyihydrazone decomposition to find the effect of
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6
base coucentraLion.

Bamford and

evcI i s

had used an average

of about, two equivalents of base in their reactions and Powelland Whiting 4 had used an average of more than four equivalents.
Shapiro and co-workers 8 showed that high base Concentration
favoured formation of tricyclene, so casting doubt on the validity
of these earlier results.
Vhen less then one equivalent of base was used in an aprotic
solvent, the amount of camphene produced was increased, and the
mechanism proposed was via a cationic intermediate, with the extra
proton needed originating from unreacted. tosyihydrazone a mechanism originally postulated by Friedman 7 .

This was

confirmed by clouteriuni labelling of the tosylhydrazone and observing
deuterium incorporation into the camphoric produced.

From further

deuterium labelling studies, Shapiro and co-workers proposed an
overall mechanism involving two different intermediates from which
tricyclene could be formed

At low concentrations of base

(less than one equivalent) a cationic species is the precursor,
while at high base concentrations, the tricyclone is formed from
a carberie by transannular carbon-hydrogen insertion (Scheme C).
The key step in the mechanism is the equilibrium between diazocaniphene and its corresponding diazonium ion.

When less than

one equivalent of base is used, there will be an excess of
methanol pushing the reaction in the direction of the diazonium
ion.

Conversely, excess base favours the diazo-compound.

'rThen stronger bases are used at

lOW

reaction temperatures, diazo-

compounds are not formed, and an entirely different mechanism
operates, involving a carhanionic intermediate.

This was

reported simultaneously by Sh ap i ro 9a and Friedman 9b in 1967, with
the former obtaining good yields of olefins from aliphatic
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was obtainrel i'rem camphor tosylhydrazorte

(III), with the mechanism proposed inv o l ving a carbalLLonic species
(Scheme D)

Later, Shapiro 1 confirmed the existence of carbani on

intermediae:Li reactions of this
the intormccliate (Xi)

,

type by chemically trapping

produced by methyl-lit hium treatment of

f]uorenc,ne tosvlhy3razone (Scheme E) .

Dnposition of the

reaction mixture in D 7 0, EfBr or CO9 rave 9 ; 9--disubstituted
fiuorene

;.

Tio reviews of the Bamford—Stevous reaction ha-ve been recently
published

il

t

11)

hich discuss in greatrr detci]. than is

possible here, the mechanisms of both the i - ase'-ca±alysed protic
and aproL.ic
of substi

clecompos1 iors

,

and also the alkyilithium reactions

utod tcsylliylrazones.
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II. DIAZOALKES
Diazoalkanes have been useful intermediates in organic chemistry for
over forty years, and many of their reactions have been fully
12 13 14
' •
investigated and reviewed '

The simplest diazoalkane is

diazomethane, which has a linear, planar structure, as shown by
electron diffraction

15

and microwave spectroscopic techniques 16

It is a toxic, carcinogenic yellow gas which is highly explosive
and requires very cautious handling.

It is best represented

electronically as a resonance hybrid, comprising linear structures
with opposing dipoles:

CH2=N=N —CH2--N=N -- CH 2 —NEEN

) CH2 —N=N

The thermal stability of higher homologues depends markedly on the
nature of the substituen -ts: electron withdrawing substituonts and
conjugating substituents, irrespective of whether they are electron
releasing or electron attracting, increase stability.

Thus, though

diazomethane and diazoethane are unstable gases under normal
atmospheric conditions, diazoalkanes having carbonyl, aryl, nitrile
or fluorinated substituents are more stable and may be handled
conveniently as liquids or solids.

The classical methods of preparation of diazoalkanes involve treatment
of a nitrosocompound of the general formula R.CH 2 .N(NO).X with a
suitable base to yield the diazoalkane R.CIIN 2 .

Thus, for example,

diazomethane itself is readily prepared by treating N—nitroso—Nmethylurea (XII) with base 17 :

NO
Me —N
CO NH2
(XII)

+ KOH ------ CH2N9 + KOCN

4

2H 20

Oj

Another method used involves diazotization of amines, provided that

-there is both a strongly electron withdrawing substituent on the
O(-carbon of the amine, and also an o(-hydrogen.

Diazoacetic

ester (XIV), the first aliphatic diazocompound known, was prepared
in 1883 in this way by treatment of glycine ethyl ester hydrochloride

(xiii)

with potassium nitrite 18 :

HCLNH 2 CH 2CO2Et + KNO2 -

N 2CH2CO2 Et + KCt 2H20
(XIV)

(XIII)

Substituted hydrazones are an important source of diazoalkanes, by
treatment with a variety of reactants, including tosyl azide 19 ,
manganese dioxide 20 , lead teraacetate 21 , and, as has been shown
earlier with tosylhydrazones, by treatment with alkali (the BamfordStevens reaction).
Diazoalkanes can sometimes be observed in reactions by their red
colouration, and can be chemically trapped by their reaction with
alkyl and/or aryl phosphines.

In 1919, Staudinger and Meyer

22

reacted diazoalkanes with trialkyiphosphines to form the phosphazines
(XV), which on hydrolysis gave a

and phosphine oxide (Scheme F):

R 2C=N-N=PR 3

R2C=NN + PR

H2O
SCHEME F
More recently, Sharp and his co-workers

(XV)

R2 CNNH2 + R 3 P=O
23

have used tributyiphosphine

to trap the diazoalkene (XVI), which was forrei by the decomposition
of the sodium salt of 2-diphenylrnethylenecyclopentauone tosylhydrozone.
The phosphazine intermediate (XVII) was not isoiated but hydrolysod

10
to the

kn,3ct(XVlII).

CPh
P Bu3
+ ---

Ph
,,Lph

Ph

Ph

C

Ph

CN - N H 2

NN
'PBu 3

(XVI)

(X V I I I)

(XVII)

Much of the interest in diazoalkanes deri'es from their ability to
form carbenes via loss of nitrogen.

These highly reactive species,

practically all having life-times considerably under 1 sec, can
undergo a wide variety of reactions, and are now recognised as the
most common intermediates in the thermal and photochemical
decompositions of diazoaikancs.

Amongst their more well-known

reactions are additions to olefins, aromatic systems and other
double and triple bond systems; insertions into carbon-hydrogen bonds;
dimerizations; rearrangements and abstraction of hydrogen.
are fully documented in the literature

24,25

These

and it is not inoncled

to include a survey of them here.
Another important feature of di.azoalkanes is their ability to react
without loss of nitrogen, undergoing 1,3-dipolar cycloadditions.
These can be of two types, either "inter-" or "intramolecular", aid
will now be discussed under these headings.

A. Intermolecular l, 3-dipolar eye loathli fi ons
Cycloadducts of di.azoaikanes have been known for many years, but
it was not until the early 1960's that the classification "1,3dipolar cyrloaddition" became generally accepted.

This resulted

from a series of outstanding studies by Huisgen and his
26 27
in which diazoalkanes were shown to represent
collaborators '

11
just one of a wider class of 1 ,3-dipolar molecules, a-b-c.
These are defined such that atom a possesses an electron sextet,
i.e. an incomplete valence shell combined, with a formal positive
charge, and atom c, the negatively charged centre, has an
Combination of such a 1,3-dipole with

unshared electron pair.

a multiple bond system d-e, named the dipolarophile, is known as
a 1,3-dipolar cycloaddi'tion:

+

d—e

Compounds in which the positive centre a is an electron-deficient
carbon, nitrogen or oxygen atom are not capable of long-lived
existence.

Stabilization is achieved, though, if a lone pair

at b fills the electron gap at a by forming an additional bond.
An all-octet structure is thus attained in which b becomes the
seat of the formal positive charge.

+ -

+

<--- ctEb—c

a-a-b—c

ob—c

b
b=N-R,ouO

OCTET

SEXTET
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There are in all eighteen such system.-, some of which are unstable
and must be generated in situ, but for at least fourteen, the 1 ,3cycloaddition has been carried out,though not in all, cases with a
Common mechanistic features of these

carbon-carbon double bond.

reactions include the following: they are not markedly influenced
as to rate or stereochemistry by solvent polarity; they show low
enthalpies of activation and large negative entropies of
activation; they produce five-membered rings in which the olefin
stereochemistry is retained;

and

reaction rates are markedly

increased by conjugation of the clipolarophile but reduced by bhc
steric effects of all types of substituent.
The mechanism of the 1,3-dipolar cycloaddition has been the
subject of some controversy, with the basic problem being to
decide between a concerted or a two-step mechanism (Fig.II).
Originally Huisgen 26 , 27 proposeda concerted

D+2J

mechanism,

involving a cyclic transition state, but no discrete intermediate.
The Woodward-H offman rules

28

subsequently provided a theoretical

basis for this mechanism, and, taken with most of the experimental
work, seemed to overwhelmingly support Huisgens mechanism.

However in 1968 Firestone

29

challenged this proposing instead

the existence of a discrete intcrmediate - a spin-paired diradical -

13
with the initial formation of this diradical as rate-determining.
The fact that the stereochemistry of the addition was cis he
explained as being because ring-closure was a more favoured
pathway, energetically, than bond rotation.

Conjugation and

solvent effects were also shown to favour the diradical
intermediate, although Huisgen had explained these as being due
to synchronous, but not simultaneous, two-bond formation.
his reply, Huisgen

30

In

vigourously defended the concerted

mechanism on storeochomical, energetic and electronic grounds,
although acknowledging that orientation r€ma mod an unsolved
problem.
In 1972, Firestone

31

reasserted the diradical mechanism, basing

his arguments on two main considerations.

Firstly, the

predominant unidirectionality of orientation, exhibited by most
1,3-dipoles toward both electron-rich and electron-poor
dipolarophi]es, conflicted with the concerted mechanism, butcould he quite easily explained by the diracl.ical mechanism.
This was done by considering the possible diradical intermediates
(Y and z) in the reaction as Liimett structures

32

with partial

formal chatiges (Fig.III), with the most stable diradical being
that in which the most electronegative atom bears the most
electronegative charge; this will then be the favoured diraclical

6+
b 6ac

FIG. III

8+

11-1

D()D
(X)
dipotarophile

D

whether the dipolarophile (B) is electron-wi Lhdrawirig or electronreleasing, and hence the unidirectionality of orientation

14
regardless of the nature of D.

The second factor making the

d.iradical mechanism more likely was seen as stone, although
earlier this had been one of the cornerstones in the interpretation
26 27
of orientation according to the concered mechanism ' .

Thus,

in Fig.IV, the regioselectivity at (A) over (B) of 72% was
originally assigned as due to steric interaction.

But when

the Ph group was replaced by hydrogen, instead of decreasing, the

HG. IV

Ph

'o

CO2Me

CO..Me

(B)

(A)

regioselectiv:ity of (A) over (B) increased to 8'45-; this cannot
be accomodated by the concerted mechanism on steric grounds.
Firestone therefore concluded that, apart from the stereospecificity,
the weight of evidence favoured the diradica.l mechanism.
In 1973 however, a powerful now method was developed by Houk and
his co—workers 33a '

33b

which rationalized substituent effects on

rates, regiosclectivity and periselectivity, of 1,3—dipolar
cycloadditions, via a concerted mechanism.

Houk's work was

based on perturbation theory whereby the relative energies and
coefficients of the frontier orbitals (highest occupied = HO;
ie.est unoccupied = LU) of the interacting 1,3—dipoles and
di1olarophiles were calculated by CNDO/2.

The calculated

orbital cn 'is \•e1e then adjusted with the help of known
ioaizrt

ntiai arid

JIT'* transitions.

For diazomethane, the squares of the products of the CNDO/2

'15
dipolarophile at 1.75A ° separation, were as follows:

HO
//,N_CH 2

LU

N N CH2 N N CH2
0.85 0.04 1.57

N'

0.56 112 0.66

It can be seen from this that the two termini have differing
sizes of orbital coefficient (as do the termini of unsymmetrical
dipolarophiles d.-e) and the sizes of these coefficients can be
represented visually as lobes.

Thus, when 1 ,3-dipoiar cyclo-

addition occurs, two possible transition states, (A) and (B)
may be visualised (Fig,V) depending on the relative orientations
of dipole and dipolarophile, and the preferred transition state
will always be that in which the larger orbital coefficients
interact, which in this case is (A).

FIG. V

b9

a

(A)

(B)

Since the relative energies of the HO and LU orbitals are
determined by the substituents and are the chief factors in
determining the mode of regioselec -tivity and rates of reaction,
Houk was thus able to achieve a complete rationalization of the
observed results in terms of substituent effects.
Huisgen 34 has recently used this molecular orbital perturbational
treatment as additional support for the concerted mechanism, as

16
well as refuting Firestoncts earlier diradical arguments 31 on
It thus seems that, at the

energetic and mechanistic grounds.

present time, the concerted mechanism is the most likely for
1 ,3-dipolar cycloadditi.ons.

B. In' rainoiouin r 1 ,3-ciipoi ar cycloadditions
In 1935 ; the first intramolecular 1,3-dipolar cycloaddition was
reported by both Adamson and Kenner 35 and Hurd and Liu 36 , whereby
vinyldiazomethane (XIX) was observed to decompose slowly at room
The mechanism of this cyclo-

temperature forming pyrazole

37
addition was investigated by Leciwith and Parry in 1967 and they
inferred the intermediacy of the 311-pyrazole in the process from
photochemical experiments.

H
H

,J1 H

N..
\/
N—N

HCN+
NN

H

N
Cx IX)

(XX)

3H—pyrctze

Adamson and Kenner 35 also reported That the red colour of an
ethereal solution of trans-i -diazo-2-butene

(xxi)

faded slowly

at room temperature, but were unable to identify the product;
Curtin and Gerber 38 later showed that it was 3(5)-niethyJpyrazole

(xxii).
H

H
CHCH-CH3
CH
NN

N
16-

3H-pvro;'ote

H

<r_CH3
N—N
(XXII)
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In 1963, Closs, Closs and Bo11

39

studied the thermal, base-

induced decompositions of tosyihydrazones of some

-unsaturated

carbonyl compounds and showed that not only did cyclization to form
pyrazoles occur, but also there was loss of nitrogen to form
Thus, on reaction with sod i urn methoxide in aprotic

hydrocarbons

media at 160-2 2-0 0 , alkyl-substituted cyclopropenes were obtained
from&p...unsaturated aldehyde and ketone tosylhydrazones 0

For

example, 1 ,3,3-trirnothylcyclopropene (XXIV) was obtained in 72%
yield by adding a suspension of c<-dimethylcrotonaldehyde
tosylhydrazone (XXIII) to sodium methoxide in refluxing diglyrne
(b.p. 160 ° ).

CH 3
OMe7j 160°,
CH3 >=NNH
H

diglyme
(X XIV)

(XXIII)

In the cases where the hydrocarbon yield was low, the major product
was a pyrazole.

So, for example, 3,4,5-trimethylpyrazole (XXVI)

was obtained from 3-rnethylpent-3-en-2-one tosyihydrazone (XXV),
with only 15% cyclopropene formed.

CH 3

CH3
=N.NH.Ts NcLOMe,1600

H>

N+

diglyrne

CH3
(X

kH3.< CH3 CH3
[CH3

r

j CH :LN

3H.-pyrcizote

The intermediacy of the 3H-isomer in 1H-p3, razole formation was
shown by the isolation of 3,3,5-trimethyl-3H-pyrazoie (XXVIII)
from mesityl oxide tosylhydrazone ()MII).

(XXVI)
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CH 3 CH

CH3
NciOMelSO°
CH3> H

1 N_NHTS

diglyme
H N/
)
(XXVIII)

(XXVII)

This compound (OVIIi), with no hydrogen in the 3—position,

was

stable up to 1800 and did not isomerize or lose nitrogen.

From

this, it was also deduced that 3H-pyrazo1es were not intermediates
in cyclopropene formation.

Rather, the diazoalkenes were

intermediates, and this was proven by their subsequent isolation
at reduced temperatures, followed by decomposition on warming to
the hydrocarbons, via alkylcarbcnes

Closs and his co—workers explained the differences in behaviour
of the o<_unsaturated compounds (either going to pyrazole
or to hydrocarbon) as being due to the degree of substitution
at the p_Position.
when the

Thus the yield of cyclopropenes is good

carbon is fully substituted with alkyl groups,

whereas one hydrogen substituent at this position substantially
diminishes the yield.

The reasons given for this are both steric

and electronic, with increasing alkyl substitution at the
carbon retarding cyclization to the pyrazole.

Interestingly, Closs does not suggest the diazoalkene (shown in
Scheme G) as an intermediate in the pyrazole formation, proposing
instead that the tosylhydrazone initially cyclises by internal
Michael addition to form a 1—tosyip3-razolenine,followed by
elimination of suiphinate from this to give the pyrazole

19

SCHEME G

-

0000

4N
N

TS

Subsequent work by Bartlett and Stevens

40

does not altogether

rule out this possibility since they were able to obtain pyrazoles
from 1-tosylpyrazolines under the same conditions as the
tosyihydrazones of
pyrazoles.

-unsaturated aidehydes and ketones gave
01B
Thus, 3-methyl-5-phcnylpyrazole (XJO() was obtained

both by heating 3-rnetbyi.--5-phen3-1 •-1 -tosylpyrazolenine (O(LX) to
the h.p. in a solution of sodium in ethylene glycol, and by
heating methyl styryl ketone tosyihydrazonc (XIIO(I) under the same
conditions.

H

Me

Ph

85°/a
TS
(XXIX)

PhH

e
N —N
H"
(XXX)

100010

H
H'>N.NH.TS
Me
(XXXI)

Bartlett and Stevens themselves say that the pyrazole is most
probably formed via the diazocompound, and this is borne out by
the fact that the yield of pyrazole fron the 1 -tosylpyrazolenine

Ph

Ph
\,.Ph

H

Ph

Ph Ph ,

Ph

Hor
Ts

e) N

82 0

Na

/

A

Me

Me

Me N

H
(XXXV)

(XXXIV)

C(3 H,Me-p

D(?CGJ,

C6HMep

.C6H1Me-D

8124h

cyc t o hexane
N

Ts
N:
(XXX V Ii)

(XXX 111)

Rl

R1 H
Li
-

t otuene
I

N
(XXXVIII)

%

"

H

is lower than the yield from the tosyihydrazone.
The intermediacy of diazocompounds in pyrazole formation was
subsequently confirmed by the work of Brewbaker and Hart 41 ,
who showed that the 3-diazoalkenes (OCKII) cyclised readily at
room temperature to form 1H-pyrazolcs

(mill)

in high yield.

H
H
H

H

+1,
N

N-N

\

(XXXIII)

N
(XXXII)

X=Jfl-NO2
P -.Ct
.a -CH3

They found that the rate of cyclization was relatively insensitive
to the electronic nature of the substituent X and that aryl
conjugation in the dipolarophilc incri'ascd the rate.

From this,

they concluded that the reaction was an intramolecular 1,3-dipolar
eye loaddition.

Sharp and his co-workers have more rccerit]y studied the influence
of steric effects and substituents on the thermolysis of the sodium
suits of
S(i

They

-unsaturated ketone tcsy11iydrazones 23 ' 4 .
±•

1Idi

.1
r

)

(

r

Hr

cr<

-unsaturated
rones

c(VI)

underwent ready thermal 1 ,5-ring closure to give pyrazoles
The 2-methylenecyc lope ntanone

i1 (XXXVI1) respectively.
tur

Ihydrazones (XXXVIII), having a
H:

-

r,azoles (O( IX)

Ii

-hydrogen atom, also

(xxxv)

C HEME H

iN2

0D
op.>

(XL)

(XLI)

ROI[,H

~

J
+

.5;.o
1
H

OR
(X L II)

(XLIII)
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cyclopentanone series, the reaction took a different pathway,
via loss of nitrogen, which was shown to be solvent dependent
In aprotic solvents, the diazoalkene (XL) reacted

(Scheme H).

via loss of nitrogen to form a carhene, which underwent a
hydride shift to form a diene (XLI).

In protic solvents,

protonation of the diazoalkene occurred to give a diazoniuin ion,
which then decomposed as shown to give compounds (XLII) and
(XLIII).

The preference in these cases for decomposition via

loss of nitrogen is explained as being clue to inhibition of
pyrazole formation, which arises because the diazoalkene in the
cyclopentanone case requires greater distortion to undergo the
611-electron disrotatory ring closure than in the cyclohexanone
case.

This can be seen using models constructed from Dreiding

units which show the separation between the termini of the
Ti—system to be 0.35A° greater in the cyclopentanone case (Fig.VI).
This also leads to a more strained 311—pyrazole being formed.

FIG. VI

a

A
N

When there is

—diaryl substitution in the cyclopciitanone

case s the decomposition of the diazoalkene takes another different
route altogether, involving 1,7—ring closure to give 1 ,2—benzodia-zepines (Scheme 3).
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SCHEME
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cycto-hexcine,
81
L

H/N

Similarly, ofl,_unsaturated diazoalkenes with O(fl_aromatic
unsaturation (XLflr) undergo 1,7—ring closure to give 2,3benzodiazepines (XLV).

=<H d.m.e

(XLIV)

(XLV)

In this way, a range of 1H-2,3—benzodiazepines was prepared from
the tosyihydrazone sodium salts of o—substituted styrenes and
stilbenes.

The inference that diazoalkene intermediates (XLIV)

were present was drawn from the deep red colouration observed in
flw

in

t"- of

evoid] ol ii

cc]ivHoi

io rio '—o]:fii.c ordwti tu ot pioorrt

n tb

arom:'tic diozoalkenes, they do not cyclise to form irdazoles,
but rear:f chiefly via loss of nit

TüiCfl

+.o form carbenes
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H

I

+-

=N=N

Th

_

>

products

1,3-Dipoles other than diazoalkenes can also undergo internal
1,3-dipolar cycloadditions, and a survey of these reactions has
been recently published. 1, 25 but since they are not directly relevant
to this thesis it is not intended to include a discussion of them
here.
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III 2 3BENZOD TAMP! RES

J3enzodiazepines are bicyclic, heterocyclic compounds having a benzene
ring attached to a seven membered ring containing two nitrogen atoms.
There are six basic ring structures possible, depending on the position
of the two nitrogen atoms, e.g.

1H-2.3-ESnzodiazepine

51-1-1,2-Benzodiazepine

3-14-.. Ben zodIctzcpine
The numbering of the hydrogen (1H-,3H-,5H- etc.) is by definition aL
the saturated carbon position in the seven membered ring, even if ,
there is no hydrogen actually at thnt position.
The symLhoss and reactivity of each class of compound differ markedly,
giving each their own distinct chemistry.

Two reviews on these

compounds have beenrublished 434 but they concentrate on the 1,4and

1 , 5-benzodiazepines.

In the former case ; this is largely due to

the discovery of their chemotherapeutic value as central nervous system
depressants.

Indeed, they are the active constituents of such drugs

as Librium and Valium, extensively used at the present time in
medicine, having as one essential property the remarkable ability of
not causing harmful side-effects even when taken in excessi - e
civantiti.es 45 ' 6 .

The 1,5-benzodiazepines have also received attention

25
clue chiefly to their ease of preparation from readily available
47 48 q
starting materials ' ' .

The literature on the other classes of

benzodiazepines is not extensive, and it is only intended to include
that of relevance to this thesis, notably that on the chemistry of
2, 3-henzodi.azepines.

A.
Hydrazine hydrate has been extensively used in the preparation of
both 2,3-benzodiazepines and 2,3-benzodiazepinones.

Thus, in

1905, 2,5-dihydro-4-phenyl---1H-2,3-benzodiazepin-1-one (XLVIII)
was prepared by the reaction of both

P -des oxyhcnzoin-o-carbc'9tiC

acid (XLVI) and 3-phenylisocournarin (XJNII) with hydrazine 50 '' 1

COOH
? /H
COR
NH NH
0

>-&1zxIu
R
R= Ph,
4-(m-tolyl),
4-(13 - hydroxyphenol).

Whitmoore and Cooney 53 , in a similar reaction obtained 511-2,3benzodiazepine-1 ,4-(2H,311)-dione (L) by treatment of homophthalic
anhydride (XLIK) with hydrazine in ref luxing ethanol.

.

SCHEME K
C
2H 5
MeD

CH

CH
125
CH— CO. CH 31

1

Me
NH 2NH2 [

N.N 2

LMe

Ar

C Ar

j

J, - L 20

(LIII)

C2H5
H3
M eQ.

IY
I

MeO

N

/

f

N (LV)

Ar

r

C2H 5

MeO.'CH —CO.CH3

ço

meo

01
(L IV)

MeO
NH2NH
[M eO

2H5 CH3
CH—C
0
A

1I

NH 21
j
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0

RCi1O

NH2NH2
NION

II

(XLIX)

N—H

0

(L) 0

In 1965, a 2,3-benzodiazepine without any keto function (LII) was

synthesised by treatment of 2-(2-bromoethyi) -be nzophenone (LT)
with hydrazine, and a number of substituted analogues of (LII)
were obtained in this way, by using different bcnzophenone derivatives.

X=H,-OMe

R=H,-CH9CH2OH

\

NH NHR
C1CH2Br 2
HH

(LI)

(LII)

More recently, Korosi and co-workers have published a series of
papers describing the synthesis and structural properties of what
they claim is the first 5H-2,3-benzodiazepine

,

,

They

prepared 1_(3,4_dimethox3-phenyl)_5_ethyl_7,8-dimethoxy-4methYl5U-2,3-benzodiazepine (Lv) in two ways, both methods using hydrazine
i:drato (Scheme K), the first from the benzopyriliui salt (LIII)
ed the second from the diketone (LIV).

Their claim, though,

bat this is the first 5H-2 , 3-benzodiazepi.ne is incorrect, since
Sii:rp and his group

42

had published their synthesis, via the 111-

2

7

Hydrazonos have also been a source of 2, 3-benzodiazepines, by
internal condensation reactions.

Thus, pyrolytic dehydration

of c-aceLylphenylacetic acid phenyihycirazono (LVI) gave 3,5dihydro-1-methyi---3-pheny]-4H-2,3-henzodiazepin-4-one (LVII).
The semicarhazone underwent a similar condensation to form (LVII).

Me

Me
N. NH. Ph 1900
—Ph
H'
(LVII)

(LVI)

0

In 1962, Schmitz and 0hme 9 found that pyrolysis of the
diisoquinolinetetrazine (LVIII), in isoquinoline or by itself,
gave 4,5-dihydro-3H-2,3benzodiazepine (IX).

Tsuchiya and Sniecicus

have achieved a very similar reaction photochemicaily 60

H2
H
H

H

2500
-

H N

H2

2

H2,)

(LVIII)

H2

(LIX)

The fully saturated form of (LLX) was prepared both by hydrogenation
and by the reaction of phthaloyl bydrazide with o-chlorornethyl--2phenylethyl chloride

(LX) , followed by the cleavage of the primary

diazepine product (LXI) with base.
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0
It

H2CL
CCH

2

H2CL

II

C

(

HO
(LXI)

(LX)

OW
Oe

H

H,\ 1H
A versatile and high-yielding synthesis of 2,3-benzodiazepines was
discovered

and developed in the early 1970's by Sharp and his group

by the cyclisation of

-(o-alkenylaryi) diazoalicanes (XLIV).

42

This

was the synthetic route used in the preparation of the 2, 3-benzodiazepines described in this thesis, and is outlined in the Discussion
Section, pages 100 - 101

B. Structure
The

Ii n.m.r. spectra of the 111-2.3-benzodiazepines showed that,

when there were two hydrogen substituents (exo and endo) at position
-1 in the diazepine rin;, they had very different chemical shifts,
coming at 6.3-6A and Ca. 309 respcctiTely.

This large

difference arises from the deshielding effect that the adjacent
azo group has on -protons which lie in the -C-NN- plane 61
which in this case the exo proton does.

61
Ege and Sharp have

studied this effect, and found that it does not derive solely
from magnetic anisotropy.
yi'

tr

;,i]

1 ¶

--i ii

h- fr.fc.'(1
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conformati on of the molecule has the alkyl group in the exo position,
as shown by both

1

11 n.m.r. spectra and X-ray crystallography; the

X—ray structure of 1 -•methyl-4--phenyl-1H-2, 3—benzod iazepine is as
shown below (Fig. VII) 42 :

FIG.

VII

Ph

t

Ph

11

N

N
Me H

Me

The n.iri.r. spectra also showed mai'ked tempereture dependence, with
200,

the methylene protons coalescing at a temperature of 60
giving aFree energy of activation for ring inversion
2/
+
15 - 1 kcal./

42
4

(AG

somers, too, showed n.m.r. temperature
The 511—i
-

dependence, with coalescene temperatures varying from 110.-i 80
giving LL'
The

13

) of

0

/
42
values ranging from 190-22.1 kcal.,mo].e

n.m.r. spectra of the 1H—cotnpounds showed that the saturated

carbon next to the azo group had a chemical shift of ca. 70 p.p.m.
(from Mo, Si) , which is characteristic of the methylene carbon in
such seven—membered rings 23 .

C. Reactions
The 111-2,3—benzodiazepirtes were readily isornerized by light to give
2a,7—dihydro

fl .fldiazeto D,i — j

rroles

(Scheme L).
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With base, the 1H—compounds isomorized very readily to form the
51-1—isomers (Scheme N).

This was such a facile reaction, in fact,

that if excess base was used in the preparation of the iH—isomer,
only the 5H—compound was isolated and not the first formed 111—
compound.

Y

Y

1ff
This base—induced 1,5—hydrogen shift is presumed to occur since

Yr
5ff-

the 3H—isomer has increased stability over the 111—isomer, duo to
the formation of two C=N bonds, and the loss of the less stable
N=N linkage, in the former.

Only a few thermolysis experiments have been reported on 1H-2,3benzodiazepines 63 .

In some of these, thermolysis resulted in

[1,5]— sigrnatropic hydrogen shift e.g. 1—methyl-4--phenyl--1112,3—benzodiazepine gave the corresponding 5H—isomer in 48% yield,
after heating at 900 for 28 days.

In other cases, the

decomposition occurred with loss of nitrogen.

For example,

1 —phenyl-1H--2 , 3—benzodiazepine (LXII) gave 3—plienylindene
(LXIII) in the high yield., with no trace of isomeric product;.

The

31
kinetics of this decomposition were investigated and a diradical
mechanism postulated, based on the large activation energy value for
the process and the positive entropy value obtained.

J>

i

H Ph
(LXII)

toluene-,
H ' \h
(LXiII)

For other 1H-2,3-benzodiazepines, factors such as acidity and
concentration of the reactants were found to markedly affect the
product ratios.
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IV. I ,2-DIAZEPlNiS
Diazepines are rnonocyclic, seven membered rings containing two nitrogen
atoms.

There are three classes of diazepines, classified according

to the relative positions of the two nitrogen atoms in the ring:

n

cj

IN
1,3- Diazepine

12- Diazepine

1,4-Dicizepine

Popp and Noble 43 have reviewed all three classes, and so only those of
relevance to this thesis, the 1 ,2-d.iazepines, ii1 he considered here.
The parent, fully saturated diazepine (!X-TV') was first synthesized in

I

BrCH2(CH2)3CH7Br

+

-2HBr

H2

H2 H2

C-

2

H

4.

H

K+
.

w

2

(L..IV)

196264, by the hydrolysis of the product of the reaction of 1,2dicarhethoxyhydrazine with 1 ,5-dibromopentane, in d.m.f. in the presence
of potassium.
The unsaturated 1 ,2-diazepines are subdivided according to the position
of the saturated carbon in the seven-membered ring, as follows, and
1 1 b

d i C .s d ufi r

e

ui,-d ivi I on;

,.. ---

N— N

N—N
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51-1--1,2-Diazepine
A. M-1 , 2—Diazepines
Since the first synthesis of 1H-1 7 2—diazepines in 1968 by Streith
66
and his group 65, , these compounds have been extensively studied
and their chemistry thoroughly investigated.

Sircith's method

of synthesis involved photolysis of l—iminopyridinium ylides, in
benzene.

Thus, 1—carhethoxy-.1H-1 ,2—diazepine (LX-VII) was obLa.ined

in 95% yield from i—carbethoxyiminopyridirinm ylicie ([XV), via
the diazanorcaradiene intermediate (LXVI).

Although no evidence

hv
benzene

-

N-

CO2Et J
(LXV)

(LXVI)

CO2Et
(LXVII)

for the diazanorcaradiene (LXVI) was reported initially, Streith
and Nastasi 67 have subsequently proved that it must be the
intermediate by doing thermal ring—opening rearrangements of
substituted 1 ,2—diazepines to arninopyridines, which can only occur
via a diazariorcaradjene isomer.

Sni e ckus and his

'S
Co

liaborai

01'-'

a 1 though using Strei. th s Pilo toly ti

oethod in most of their 1 11-1 ,2—diazepine syntheses, have found an
aitern'tive, non—photochemical route (Scheme N).

This involves

C
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H Ph
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x
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NH2N,,,
,Ph

.1' Niel,
(LxvrII)

'Ph

,Ph

MeNHJ

1H
'Ph
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treatment of thiapyryium salt' (LV III) with neat methylhydraiixe,
in a method analogous to that of Buchsrt, nd his en—workers for
the preparation of 4I-1 ,2—diazepines .

in fact, Sni.eckus di

obtain the 4H—isomers when reacting thiapyryl.ium salts with
unsubstituted hydrazine, but was able to convert these into the
1H—isomers by treatment with methyl iodide and base.
The structure of the 111-1 ,2—diazepines as monocyclic rings, as opposed
to the bicyclic diazanorcaradienes, derives from their physical and
chemical properties, and Streith and his co—workers

69

have confirmed

this by doing an X—ray structural analysis on 1—tosyl-1,2—diazepine.
They showed that it had a boat configuration, with a localized
iminc double bond and a conjugated butadiene unit (Fig. VIII):

FIG. VIII
R

,

R

'N
111-1 ,2—Diazepines readily form iron tricarbonyl complexes, with their
butadiene moiety acting as a 41T—electrori donor ligand. In this way,
the completely unsubstituted 111—isomer was first isolated by Snieckus'
group

70

The bnso—catalysed rearrangement of 111-1 .2--dizepinc which bear a
hydrogen atom in the C-.3 position led to ring opening and formation
1I
This is exactly analogous to many such
of 2—aminopyridine (LI).

(LXIX)

4c/<NHi

- CNH 2

(LXX)

(LXXI)

heterocyclic systems having an sp 2 nitro g en attached to an electron—
withdrawing hoteroatom or group, as in (LXD).

They readily open

P
H2
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H
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H
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up with base to give nitriles (LXX), which then cyclise to give
2—aini nopyrid ines

Reduction of 111-1 ,2-.diazepines can give either dihydro, tetrahydro
or periydro derivatives, depending on the reducing gn L ned
pressure
With platinum as catalyst, a(mosh:ihdrogenatiofl
(Scheme P)72.
giv1e I trahyiro (LXXIIIA) zl.i.d perhydro (LXXrV) compounds.
Usn diboiane as cducing

:'nt gives the tetrahydro (LXXIIIB)

and dihydrc (LXXII) derivatives, while using sodium borohydride
enables the dihydro compound (LlI) to be isolated on its own.
Tsuchiya and Snieckus 7 , by base treatment of the dilkydro dc'rivaive
(LXXII) have obtained 3,4—dihydro-2--tosy1--1 ,2—diazopine (LXXV), a
compound for which this thesis dascribes an alterntive route.
Other reactions of 111--1 ,2—diazepines which have been studied include
cycloacld Lion reactions 74
dimerizations

76

a, 'l b ,

Photosensitized.

oxygenation;

7.

and.

as well as their photochoruca1 behaviour, which is

discussed. in Section V of this Introdueti.on.

311-i_,2.-diazpines
There is little information in the literature on ihis class of compounds,
apart from the two papers already published based on LI;a work contained
in this thesis,

Sauer and H einrichs

77

-

suggest a 311--i ,2—diazop.ne

structure as a thermal rearrangement product of a d lazanorcaradiene,
hut give little physical or chemical evidence for this conc1u4ion.
In a later paper on the same work 78 , no further details substaritiatin
this claim were published (see page 39).

-•-dLi:j

The first 4H-1 , 2—diazepin- was prepaTc' in 1 907 by Blaise and
70
Gau it , from a straight—forward re etion of hydra tine hydrate

36
F

with

ci-c1ioxopiine1ic acid (L(Vl)

COOH
HOOC>
NH2

2rN

NH2

N

(CH2)3
H2
42

HOOC>

COOH

(LXXVI)
In 1937, Merz and Richter 80 carried out a very similar reaction
using 1 ,3,5-triphenyi-i ,5-pentanodiono

CLXXVii),

but instead of

the 411--1 ,2-diazepine (L)Cfl() they reperted the product as 2,4,6triphenyl-1 -amino-1 ,4-dihydropyridine (LXrI!I)

However,

Carpino 81 later showed that Merz and Richter had assigned the
structure wrongly, and that it was in fact the 411-1 ,2-diazepine

(Lrnx).
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Ph>

NN
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Ph
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(LXXVII)

PhH
Ph
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(LXXVIII)

Another error in diazepine structural assignation occurred in 1952,
when Overberger and his co-workers reported that heptane-2,6-dione,
hydrazine sulphate and sodium cyanide reacted together to form
3,7-dicyano.--.i,2,4,5,6.-pentahydro--3,7 -dime thy l_i,2-diazepine
(D00() 82

Wt

Later, they re-examined their results and concluded
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that the product formed was not a diazepine but 1-amino-2,6dicyano-2,6-dimethylpiperidine (DQXI) 8 .

However, the next

year they did successfully prepare a diazepine (LQ(III) using
Blaise and Gault's original method 79 , by treatment of the phenylsubstituted diketone (LX)o(II) with hydrazine hydrate 84 .
Reduction of the product by lithium aluminium hydride rsultod
in formation of the fully saturated diazepine (LX.)Qfl').
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Although the reaction of a diketone with hydrazine is a good general.
method for 4W-1 ,2-diazepine preparation, other methods have also
been developed.

Moore and his group, for example, prepa'ecl 2,3-

dih3rdro-5-inethyl-6-phery1-4H.--1 ,2.-.diazepin--4-one (LXoVIII) by the
rn

11

Htl

l(1

2]1,
Scheme 9.

J.iVI)

L:H.c

one (OO) or the
as shown in

They subsequently carried out detailed and thorough
I)

Another method of 41-1-1 ,2-diazepine synthesis was developed by Buchardt
and Balaban and their co-workers

87

in 1969 s from the reaction of

2,4,6-triarylpyrylium suits (DOQC1X) with hydrazine.

H.

,Xl
-

H /XX*
H -4----

NH2NH2

X,

>

1

X2
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N

V
I'

(XC)

(XC')

They note that the diazepine (XC) showes no evidence for any
tautomeric equilibrium forming the bicyclic diazanorcaradiene
structure

and suggest that this is due, at least in part,

to the fact that the diazanorcaradiene has an azo group, and species
with this linkage are found to be less stable than those with C=N
bonding.

The free energy of activation for interconversion

between the two non-planar forms (XCa) and (XCb) was found to be
surprisingly large, in the range 17-18 kcal/mole.
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D. 5H-1_,2-Di;izejnos
In 1967, Battiste and Barton reported the synthesis of a 511-1 ,2diazepinc (Xciii) by the Diels-Alder reaction of the 1 ,2,4,5-tetrazine
arid tripheriylcyclopropone

88

(Scheme }).

Sauer and Heinrichs

had previously reported an identical reaction ' 7 , but proposed the
diazanorcaraOne (xcii) as the products.

Battiste and Barton

disagreed with the diazanorcaradione structural assignation, basing
their diazepine structure on the fact that the product, on ref luxing
in xylene, produced a secondary compound vhich, when decomposed at
235_2450, gave tetraphcnyipyrroie and henzonitrile: the secondary
product was assumed as the bicyclic structure (XCIV).
his co-workers

Sauer and

later reasserted the diazanorcaradicne structure

for the primary product, from two lines of evidence.

Firstly,

Battiste and Barton's mechanism for formation of the secondary
product (XCIV) violated the Woodward-.Hoffman rules for thermal ring
closure 28 , and secondly, when starting with an unsvr1otrica1 1 ,2,4,5tetrazine, it was found that both the R Iigads finished in the
pyrrole adduct, which cannot occur according to J3a.ttiste and Barton's
scheme.

As to the exact nature of the secondary product, Sauer and

his colleagues do not rule out the possibility that it is a diazepine,
77
either the H- or 314 - isomer •

As to just how the pyTrole and

benzonitrile are formed from this they say is not clear.

Sauer and his co-workers

78

also showed that the formation of

diazanorcaradienes by a Diels-Alder type reaction between tetraazines and either alkyl- or unsubstituted cyclopropenes is of wide
applicability, and it has enabled them to synthesize a wide variety
of these compounds.

The inonocyclic for.-ii i.s present in such small

concentrations that it cannot be detected dircctly, but Naier 9 90

40
has reported both chemical and variable temperature n.m.r. evidence
for its existence.

Thus, in the enclo-exo isomeric equilibration

betoen diazanorcaradienes (XcVa) and (XCVb, studied by variable
temperature n.m.r., the monocylic form (XCVI) was inferred as a
transient intermediate:

Ph

Me H
Ph

H'
H

HH

iN
t
Ph
(XCVa)

- -.

Me
h

Ph

U

rvle

(XCVI)

(XCVb)

In 1972, Birsch and his colleagues 91 carried out a detailed
investigation of the diazanorcaradienes synthesized by Sauer et al.
They concluded, that the bicyclic diazonorcaradieno form was more
stable than the monocyclic diazopine form by at least 3 kcai/moi,
a stability which can be easily accounted for since the average
bond energies of carbon-carbon and carbon-nitrogen double bonds
are virtually the same, whereas the bond energy of a nitrogennitrogen double bond is smaller by about 50 keal/moL

Bin sc ht s

calculations are based on the following average values (heal/mole):
C-C,83; C=C,146.4; C-N,72; C=N,145; N-N,40; N=N,92'.

It was also shown that when there is only one nitrogen in the sevenmembered ring (an azepine), the monocyclic structure (XCVII) is the
more stable form, rather than the azanorcaradene (XCVIII).

This

is analogous to cycloheptatrieno, in which none of the norcaradiene
form is detectable at all.

41
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(XCVIII)

(XCVII)

Zimmerman and Eberbach

92

have reported an interesting interconversion

between a diaanorcaradiene and a 411-1,2-diazepine.

This is the

so-called walk rearrangement", which they define as a. process in
which a three-carbon ring moves along the surface of a 11-system,
and in which generally both bonds are conjugated with the TI--system.
Thus, direct photolysis of 7 ,7-ciiinethyl-2 , 5.-diphenyl-3 ,1-diazanorcaradiene (xcix) gave 4 ,4-dimetiiyl-3 ,7--diphenyl--4H-1 , 2--diazepine (C).
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The diazepine (C) could be made to thermally revert to the
diazanorcaradiene at 1950

the hicyclic structure (Cl) was obtained

as a secondary product when complete conversion was attempted in
the initial photolysis.
An identical walk rearrangement has been recently reported by Saito
and his co-workers involving the formation of 1 ,2,4-triaepines
from 3,4,7--triaza-2,4--norcaraciiel)es (Scheme 5):
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V. PIIOTOL,YSIS OF CONJUGATED CYCLIC SYSTEMS
In 1959, Barton 94 advanced the prediction that rings containing (2n+1)
members and n conjugated double bonds should, under conditions of
irradiation, undergo bridging (ring closure) reactions rather than
ring cleavage.

This prediction has subsequently proven generally

reliable both in the cycloheptadienes (2n+3 members) and cyclohept;atrien.es
(2n+1 members), as well as in their heterocyclic analogues, and can be
rationalized on the basis of the Woodward-Hoffman rules governing
electrocyclic ring closure 28.

These alloy butadiene to hotochenical1y

ring close in a disrotatory ETr2s+lr2sJ mode to form cyclohutene, via
an excited singlet, state.
to form bicycle

Thus ,3-cycloheptadiene (CII) pho'tocyclises

.2.0J heptene (CIII) in 58 yield 95 , and cyclohoptatric:ne

(CIV) on irradiation in ether gives bicyclo E3.2.0] heptadiene (CV).

(CII)

(CIII)

O

(2
LJ

(CIV)

(CV)

In the case of 1- and 7- substituted cycloheptatrienes, the photolysis
may be complicated not only by the fact that two different bicyclic
isomers can be produced but also by i ,7Jsigniatropic shifts of hydrogen
(Scheme T).

The nature of the substituent X exerts a substantial

influence on the selectivity of formation of the bicyclic tautomers,
an effect which is both steno and electronic in nature.
been demonstrated by Jones and Jones
3,7,7-trimethylcycioheptatniene

95

(cvii)

This has

who irradiated 2,7,7- (CVI) and
and obtained (J\rIII) and

(cix)

respectively (Fig.LX), together with products arising from 1 ,7-migrations
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of hydrogen.

In each case, only a single isower of the bicyclic

product was formed, neither of which contained an angular methyl group,
indicating the steric control in the course of the isomerization.

97
Paquette and Khula have studied the same effect in the photorearrangomeiits of rnethyl—N—carbomethoxyazepines.

The 2—methyl

(cx), 3—methyl

(CXI) and 4—methyl (CXII) derivatives all gave two bicyclic valence
tautoiners, in the ratios shown (Fig.

x).

The results for (CXII) show

that the presence of an angular methyl group does not alone constitute
a significantly strong deterrent to product formation.

Rather, the

selectivity noted in the cyclization of (CX) is rationalised on the basis
of serious non—bonded interactions between the methyl group and the
rather bulky substituent on the nitrogen, as disrotation leading to
the bicyclic isomer begins.
In the 111-1 ,2—diazepine series, there also exists the possibility of two
bicyclic isomers being formed, as in the azepine cases above, but both
Streith and Snieckus 99 have shown that the butadiene unit reacts
preferentially to the 1—azabutadiene (Scheme U) forming (CXVI).

This

confirms what was deduced from the X—ray structure of these compounds,

LL.

SCHEME

J\kln

\

\

V' (CXVI)

not.ably that the imine function is an isolat.ccI docile bond, which
behaves separately from the slightly conjugated butadiene moiety.

Moore and his co—workers 100 have investigated the photochemistry of

45

2, 3-.dihydro--IH—i ,2—diazcpine hetonos (CXIIl) and n 1inols and found
that they undergo exactly the same type of ring closure to give 1,2lezTh.icvc a (. 2 .D] .ô panas (CXPJ) in high yield.
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(CXIII)

(CXIV)

Zimmerman and Eberbach 92 have shown an identical process in a fully
unsaturated 4H-1 ,2--d.iazepine system (C) giving the photoisomer (CI).
In this case, the other Possible bicyclic tautomer (CXV) which could
be formed would possess the destabilizing, N=N linkage, and is therefore
energetically less favourable.

H eMe

Me Me Ph
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(CXV)

Phi_N
(C)

Ph
(CI)

Irradiation of seven—membered rings which have an annelated benzene
ring can result in the formation of products which are not formed by
clectrocyclic ring closure.

(cxvii),

In the carbocyc.:lic case 1,2—benzotropilidene

for example, the major product

(65-95%) of photolysis is (C)CVIII),

which results from 1,7 —sigmatropic hydrogen migration, with only 0.5%
of the 2,3—benzobicyclo [3.2.0] hepta-2,6—diene (cXD.
01
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Sharp and his group

H
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HiH
H

(CXIX)

(CXVIII)
62

have studied the photolysis of the heterocyclic

analogues of the above, namely the 2,3.- and 1 ,2-bexizodiazepi.nes and
found that the former (cxx) follow the usual electrocyclic ring closure
pathway to give 2a,7-dihydro-1 ,2diazeto'1,i-isoindoles (CXXI) in
high yield.

X

H

L1 v y

H_ ,

hy

H

H
(CX X I)

(CXX)

This conversion of a 1 ,2-diazabutadiene to a 1 ,2.diazetine is analogous
to some earlier work by Closs and his co-workers

102

who irradiated. the

3H-pyrazoles (CXXII) at low temperature to give (CXXIII).
diazetine

This 1,2-

was highly unstable, reverting back to its pyrazole precursor

on warming to room temperature.

Photolysis of (C)CXII) at higher

temperatures resulted in nitrogen elimination.

R

R1
\
Me\ /(
Me7' ..N
(CXXII)

h /-500
200

Me R
Me'
(CXXIII)

R1

H

4 'r
The 1 ,2—benzodiazc pines (CLXIV), vhich do not have a facile ciectrocyc lie

ring closure pathway open to them not involving an aromatic double bond,
lose nitrogen on irradiation 11° to give the carbocyclic products (CXXV)
and (C)QVI).

A hydrogen shift, as in (C)CV11), would be in theory

possible but wouhi require loss of aromatization and therefore is
presumably energetically less favourable than nitrogen loss.
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H" Ph
(CXXIV)

(CXXV)
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VI. TIIERMOLYSIS OF CYCLIC A20 CO0UNDS

Azo compounds have been used for many years as radical generators.

For

example, azomethano (CXXVII) has been used since 1933 for generating
free methyl radicals in the gas phase, either by heating to 2000 or
by irradiation

2000
CH3 N=N—CH3

or h

2CH3" + N2

(CXXVII)
This is a general reaction for azo compounds, and cyclic azo compounds
are no exception, although the radicals formed tend to undergo very
rapid cyclisation or hydrogen migration.

Overberger and Yarolavsky 103 ,

for example, have shown that the seven membered cyclic azo compound.
0
(CM,'III) decomposes in xylene at 132 to give 1 ,5-diprenyI-1-pentene
(CXXIX) and cis- and trails- 1,2-diphonylcyclopentane (C)0O), viaa

H2

H2
H2

P

1320
h

N2 Ph

Ph

(CXXVIII)
diradical intermediate.

H \< (CH 2 ) 3 Ph
PF(
H
(CXXIX) +
H2
Ph
H2 H
Ph
2 (CXXX)

More recently, Neuman and Er±.1ey104 have

carried out a series of high pressure kinetic investigations into the
decompositions of the six-,seven.-,a.nd eight-membered cyclic azo compounds,
shown in Fig. XI.

Ph

Ph

Ph
Ph N—N Ph
FIG.XI

49
In the six- and seven-membered ring, the hjnetic data of the decompositions was interpreted in terms of simultaneous two-bond fission to
give the carbon dirad.ical intermediates (C)OXI) (n=2 and n=3) shown
in Fig. XII.

In the eight-membered ring, the data suggested an Initial

one bond C-N scission, with the formation of the diazenyl diradical
(C)oO(II) as the first diradical intermediate, which then loses nitrogen
to form the carbon diraclical intermediate.

FtC. XII

( (CH 2 ) n\
Ph—CH

-CH—Ph

Ph--CH

CH- Ph
/
*N=N
(CXXXII)

(CXXXI)

In unsaturated or bicyclic azo rings the decomposition via a diradical
mechanism is not always compatible with observed, experimental data, and
concerted mechanisms have been favoured.

The degree of concert varies

from one system to anothcr, and this has been demonstrated by Berson
and his co-workers 105 , who studied the decomposition of the three
compounds shown in Fig. XIII.

1JL
1N
N

XIU

I,
N

LIE)

< N
In each case, they found that. the concerted mechanism operated, based
on the following observations: (a) an enhanced rate of decomposition
as compared to model compounds; (b) the absence of ring closure products
and (c) the stereospecificity.

e.g.
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1-M

Me

Me
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The results from across the series of these compounds also suggested
that the degree of concert gradually diminished as the "backbone bond"
orbital acquired more a, character.

This observation is supported by

the fact that, in a system with only

o' "backbone bond" character

(C)oQ(lII), the mechanism is

c

entirely

-

N 145....1148°
or hi,

(CXXX III)

diradica1 106 .

+

+
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The duality of decomposition pathways (carbene / diradical) has been
more clearly shown in the five—membered cyclic azo compounds, whereby,
although the saturated monocyclic (c)OcXTV) and larger bicyclic pyrazolines
(C)Q0(IV, R 1 R2 =—
(CH ,)—,n3) decompose solely via trimethylene diradicals
of the type

(c)ooV),

R2
R1 \/H

the smaller hicyclic pyrazolines (C)OcVI) undergo
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(Cxxxiv)
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R1 >< H
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>

R1 CH

(CXXXV)

decomposition by both diradical and carbene pathways (Scheme V).

Thus,
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Bergman and his co-workers have shown 107 ' 08 that 2,3-diazibieyclo

1 2.(J

hcpt-2-one (cXXXVi,R=-J.) decomposed to give predominantly bicyclopentane
(CXXXVIII,R=II) and 1 ,4-pentadi€'ne (CJXViI and C).XIX,Il=H), with the
two possible routes for the formation of these compounds being pathways
A (carbene) or B (diradical).

Using the dimethyl derivative

(COOVI,R=C11 3 )

they obtained 20% of the bicyclopentane (CX'(VlII,R=CH 3 ), 46% of the 1,4pentadiene (CX)O 1TIl,R=CH 3 ), and <0.15 of the 1 ,4-.pentadiene (C)o(1X,R=C11 ).
If the diradical mechanism B alone was operative, a much larger yield of

(cX)0(D) would be expected.

Therefore it was concluded that there was a

dual pathway decomposition, with the major route (A) involving ratedetermiiing c.rhene formation, via the diazo-compound, f'ollowed by
characteristic insertion and hydrogen-shifted products, and the minor route
(B) involving direct nitrogen loss to give a 1 ,3.diradical.
2 ,3-.Diazabicyelo--

Lii .1 .01i :-2-enes (CX)J) were shoi to decompose

predominantly by the ca.rberie mode, with the products showin'; ery high
storeospecificity in the decomposition (Scheme )

109

In contrast to saturated pyrazoline., the 3H-pyrazoies of the type (CxLJ)
are, in genorai stable to thermal decomposition, undergoing instead
rearrangements to the 1H--isomers

these 'ill be discussed later.

However, photoiiernical1y they do decompose, with loss of nitrogen to
give carbenes via the corresponding diazo-elkanes.
Clos, et al. 10") ,

This was shown by

and is analogous to the thermal decomposition of the

bicyclic pyrazolines described by Bergman 108 .

I
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+ "-

h, [>=C—C=N=Nj
NN
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carbene

rearrangements
5

52
Scv?n-membered cyclic azo compounds can undergo an altogether different
thermal reaction, involving a 1,3—migration of the

azo

group.

This

was first reported by Sharp and his co-worhers in 1974 11 0 whereby
decomposition of the 311-1 ,2-benzodiazepine (CXLII) was accompanied by
its faster equilibration with the isomeric 3H-indazole (CXLIII).

Ph

Ph ,r

133 0
H (CXLIII)

(CXLII)

Tsuc.ya and Kurita 111 have shorn an identical photochemical 1 ,3-azo
group rearrangement of the unsubstituted 311-1 ,2-benzodiazopino (CXLIV)
to the 311-indazole (CXLV).

This was followed by hydrogen shift to

give the 1H-indazolo, and was accompanied by loss of nitrogen to form
indene (1-2).
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H
H

(CXLIV)

(CXLV)

rr+

L )/

rH

Dingwall and Sharp

112

H
have found that in certain cases the 1 ,3-azo

shift can be irr€":ersible in the opposite direction i.e. going from a
five- to a seven-membered ring.

Thus, heating the pyrazole (CXLVI)

to 80 ° resulted in formation of the diazepine (CXLVII), in 31-37%
yield; the driving force for this reaction is presumably the 1,5-

.
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hydrogen shift in the second step, whereby aromaticity is regained
The indeno (CXLVIII) was also obtained (24-41%) by loss

(Scheme X).

of nitrogen during the rearrangement.

The mechanism of the 1 ,3—azo shift is considered most likely via diradical
or diazo intermediates rather than by a concerted process 110 , and this
120

is supported by the work of Liu and Tori.ynnH ov i the mechanism of the
thermal i somerization of 3—methyl-3—vinyldiazirine (CXLIX)

to 3-

From kinetic measurements, they showed that the

rnethylpyrrole (CL).

conversion was a two—step process, via diradical and/or diazo intermediates,

as shown below.
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3F1—Pyrazo].e_rearrangements.
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These were first investigated by van Aiphen

..
,

—N

(CL)

(CXLIX)

in 1943

J>

then by Huttel in 1960

114
.

Both proposed two possible types

of rearrangement, which depend on the nature of the migrating group
(Scheme Y).
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SCHEME V
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Since the initial investigations were carried out in acid media, they
were thought to involve dipolar intermediates 114 , but subsequently
numerous other examples have come to light, which have shown that these
transpositions can often occur without the help of an acid catalyst,
and they are now best viewed as 1,5-sigmatropic processes 115 ,116
In the Type I rearrangement, migration is "anticlockwise", from carbon-.3
to carbon-4, resulting in formation of a 411-.pyrazole intermediate (CLI),
which, if R 4 =H, subsequently undergoes very facile aromatization to the

R3 R4

N-N (CLI)
1H-pyrazole by hydrogen shift.

If R-H, then the intermediate (CLI)

can be isolated 117 , and a study of the thermal rearrangements of
pyrazoles of this type has been made by Grigg and his co-workers 116

In the Type II process, "clockwise" migration from carbon-3 to nitrogen-2
occurs, giving an aromatic pyrazole directly.

FIG. XIV
R

I

H

N N

R TYPE I [

N
i e\ H
COR

[

TYP E 11
7
F

P00
Me
(CLIII)

C OR

Me

I

H

I

le

N /NY.R

/
COR
Me'
(CLII)
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The factors which make one mechanism more favoured Uun the other have
boeri studied recently by FrankNoumonn

118

.

lie found that when an

acyl group migrated, a competition between the two processes existed.,
with a preference, only slight in some cases, for the Type I migration
(to carbon) giving more of the 1H—pyrazole (CLII) than the N—acvl--1H-pyrazole (CLIII), as shown in Fig. XIV. When phenyl is the migrating
group, exactly the same competition between the two processes has been
shown (Scheme- Z.)

COVH
Ph IL
Ph\

119

, by both thermolysis and acid catalysis.

SCHEME Z
COI.H
h

I

W

NN

Ph P h

Ph

L or

Ph COH
Ph
N—N

N—N
'Ph

Frank—Neumann

118

suggests that the greater the migratory api i t.udc of a

group, or at least the more unstable the 311—pyrazole, then the more
pronounced will be the tendency for mrigrati on direct to nitrogen (Type Il)
Thus, when the methyl group, for ex.mnpJ

rather than to carbon (Type I).

Which is known to very reluctantly undergo sigmatropic rearrangement
is the migrating moiety, it goes to carbon.

12 1

This was shown by heating

3,3—dimethyl-3H—pyrazole (CLIV) to 1800 for 3h and obtaining 3(5)-4dimethyl-1H—pyrazole (CLV) in 50-707 yield.

r

H
R
/
NN
(CLIV)

MeH

1800 Me
3h
L

1

R

Rj
ML

\\
N-N
(CLV)
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In order to determine whether migration to nitrogen (Type II) occurred
directly, or as a result of successive 1 ,5migratiors starting on
carbon-'l, the 3H-pyrazole (CLVI) was prepared and warmed to 600.

If

an intermediate structure like (CLVIII) were initially formed, then,

since an acetyl group is
ester,

123

kflOwfl

to be a better migrating group than an

an N-acetyl-111-pyrazole should be isolated.

In face, none

of this was obtained., only the N-carbalkoxy-1H--pyrazole (CLVII), showing
therefore that the initial migration takes place direct to nitrogen.

COMe
MeOC

OMe
CO Me

600

Me

Me
Th

MeOC COMe
COMe

CO Me

N—N
(CLVI)

C

(CLVII)

(CLVIII)

The migratory aptitudes of various other groups can be deduced from
similar 1 ,5-sigmatropic rearrangements.

Thus, a phenyl migrates less

readily than an ester 114 , but in preference to a methyl group
a vinyl in preference to an alkyl 124 .

12

, and

It is possible therefore to

draw up a migratory aptitude series from these results, as follows:-

hydrogen, acyl > ester > phenyl, vinyl > alkyl.
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D I S C U S S I C) N
PREANBL - The thermal cyclizations of the sodium salts of tosyihydrazones

Cy -unsaturated

of

carbonyl compounds have been shown to give pyrazoles

and/or products formed from carbenic intermediates via loss of nitrogen.
Closs and Boll

39

thus obtained 1H-pyrazoles (2) from the sodium salts

of the tosyihydrazones of some open chain and cyclic ketones (1):

I2
R
R1
H

R3

I

R1

2

N—N

R2

4).-( + -

(2)

R"

-N2
(1)

carbene

products

When the double bond conjugation of the diazoaUeoe is increased by a
11

further double bond, several modes of electoc y ciic ring closure become
theoretically possible, as shown in Fig.1.

Sharp et al. have

investigated, several such systems and found that, although both routes
(a) and (c) can be realised in practice, competition between them
depends strongly on the structure of the diazocompound,so that in certain
cases the cyclisation can he used for the preparation of diazepines in
e3
4
3
Thus, when R and R formed part of a cyclopentane
high yieJd' '.
ring, as in (3), pyrazole formation was hindered arid the 1 ,2-benzodiazepine (5) was obtained instead, by mode (c) 1 ,7-electrocyclic ring
closure:
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1

Ph

Ph

Ph

1 1
_H
shift
.0

5

\

-

N.
(5)

(4)

(3)

The mechanism proposed involved initial formation of the non-aromatic
intermediate (4) which then underwent rapid 1 ,5-sigmatropic hydrogen
shift to give (5), this last step restoring aromaticity to the benzene
ring.

When there was

Cy _aromatic unsaturation, as in (6), thermal

cyclization gave the 1H-2,3-benzodiazepin€s

(i), in an exactly analogous

manner:

r

<

rlr

LL)

H

4—

1

H [15]H

shut

=i=

V

(7)

(6)

Ii

i:

1 fhareforc to examine the reactivity of those compoundo

x.ii1:

-olefinic unsaturation (10), and this was the object

wa a

f the first part of the research described in this thesis.
:fiHpaad that cyclization of
ic i

1e

(to)

It was

would occur via mode (a) (Fig. 1),

3-1'I-.3 vnv •3-vruzate

(H). in a

mMar canny

ta
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the cyclizations observed by Closs and Boll 39 .

Z

H

mode (a)
H

The possibility that

I4

H
shift?

-

=N=N

Y):=<,

X /-

H
(12)

(11)

(10)

these 3H—pyrazoles (ii) might then undergo a 1,3—azo shift (see
Introduction, pages 52

-

53) to form the 3111-1 ,2—diazepines (12) was a

rearrangement which it was thought might subsequently prove of general
use synthetically for the preparation of seven—membered heterocycles.

It was found that the dia.zoalkenes (10),which were obtained by therinolysis
of the sodium salts of their tosyihydrazone precursors (9), did cyclise
as expected to give (ii).

However, in certain cases the diazoalkenes

(10) could not be obtained since their precursors (9) underwent
spontaneous cyclization to form the 3,4—dihydro-2—tosyl-1 ,2—diazepinos (14).

<H

H__k>=N_NH — Ts

*M

~

A-

Ts

H").N

(9)

MQ,
H>_N
(12)

(14)

Base—induced elimination of —toluenosulp1iinic acid from (14) gave
3H-1,2—diazepi.nes (12), a new class of heterocyclic compounds, and much
of the work urdertaLon involved stciies on the syntheses, photolyses
and thermolyses of these cunpounds.

The thormolyses proced

especially

H

interesting since they were found to involve a 1 ,3-azo group shift,
forming, the 311-pyrazoles (ii ), which suhseqneii1v underwent van AiphenHtt.el rearrangements (see Introduction, pae 53-56) to give the
111-pyrazoles (13).

H
H

zJ

Y =<H
t4

1)1

H

N

x

x

(13)

(11)

The 3H-pyrazoie. (ii ) which were formed by mode (a) eye lization of the
diazoalkenes (10) underwent similar 1 ,5-sigrnatropic rearrengernents.

The second and minor part of the research undertaken involved 1,hotochei:i cal
studies on 511-2,3-benzod-iazepinos

(15).

These compounds were prepared

from their 1I!-j.somers (7) by base--catal.ysed hydrogen shift:

ILI
c1pZ.
-N
(7)
The 1H-compounls had. been found

(1)
6 ' 63

isomerisation to give 2 ,.,7-dihydro
via a [if 2s - 1i2

/

Li

to undergo very facile photochemical

,2j diazeto

electrocyclic ring closure:

isoiridoles (16)

M
ej

P.

H

H

(16)

(7)

Of the 5H—compounds, only the 1—phenyl isomer (15b) had been studied 63 ,
giving 3—phenylindene (18) in 72% yield.; this was preuid

io

occur

by a. similar fl2s + iT20 cyc]oaddi t.ion, forming tbc tricyclic
intermediate (17b), followed by loss, of nitrogen from this

H,H h

I
Ph
(15b)

1'l
TH -N3

N

I

I

Li

Ph

Ph

(17b)

(18.

It was therefore of interest to examine the reaction further, not only
to elucidate the mechanism more fully, and if possible trap the
intermediate (17b), but also to investigate the possibiJ.iy of this
being a good method for alicene synthesis from ketones, via azines:

>CZO - >CNNC< i > >CC<

N2
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1. 1_,2PIAZNF
A. SYNTI1E1S
1. 3,ei-Dihydrc_2._VJ_1.2_di.cizejjs.

This series of compounds (14)

was cIircov'red w}en an attempt was made to prepare the tosylhydrazone
(9a) from the dienone

(8a) by stirring (8a) in ethanol, containing

acid, with ji-tosylhydrazine

mm,

After 5

the diazeuine (1-ia)

started to precipitate as a white solid and after

stirring overnight

as fi itored cff (775)

F

H

H

ThNHNH' i
H--------.-.>
Me

1

H

H
Me-

j

(9a)

ie
(14 ci

The other ,4--ñi1iydro-2-tosvTL--.1 , 2-d iazcpines (!4b-(,I' were obtaiiecI
simiJail and are listed, In Table 1, along with their percentage
yields
Table i
3)invdro--2_tosv1-1 2-d

0 , 1) (a)
(1))
(.:

)

(d)

id

z eji Inc

5 , 7-B i mci 1hy 1---

Yi CIO %
,

77

3 5 ,7-Trimeihyi -5-Mcthyl--7--phenyl-

55

3,5-Dimethy- i.-7-ethyl-

52

These were high-melting colourless solids which were stable to lighi

and air.
The di ciJtOflC

(Sa.-d ) uicd to pr're (1 4-d) , were oh-ta 4 ned by

several differc!d. routes, with no one method proving general enough
tc- a low syitbesi.s of theo all.

Tb1 a 2 U st-s these di

COOfleS,

aic.ngsido -toe nujahtr of the Reaction Scheroc used to synthesize Ihera:

SCHEME L
0

II

Me

Me

OEt 0

.0
I

cc
~C\

U

I

io.

I

H

/

Me

MeC'

Me

2

H

Me

1. HC(OEt) / FeCt 3

3

21.R

r

CH=CH.MgBr

—

(CaRI)

i.H

C
2

SCH EM F
H.CHO

+

M,CO.Me

(Et) NH c.
2 2

-

---

HOE

Me.CO.CH CH HM(Elt) Ct
2
2 2
No Ct H

OH
/

0

Et

,Et

Ph.CEC.C.CH 2CH2 N\

Me

L

Et

Me

2.

(19)
V

0

/

OH

/Et

,C —CHCHN
\le

Et

0
3.

Me

H

..---> Ph-CCCH 2

H
(8c)

1.Li / NH3(Liq)/PhCC.H
2.Hg0 / H2504 /
3.KHSQ4

6-4
Table 2

Reacti o n Scheme

Comppund
4—He thy lhexa-3 , 5—dien--2—one

(3) (a)

1

4—Heth3, lhepta-3 , 5—dien--2--one
31 —Methyl-1 —phonylpenta-2 ,4—dieii-1 —ceo

2

5.-.Methylocta-4,6—dien-3--one

3

Dienone (8a) and (8b) were preTared using Normant's Grignard
Acetyacetone was treated with

134 , show-n in Scheme 1.

triethylorthoformate and ferric chloride (catalyst) to give the
mono—protected ketone, 4—ethoxyperit-4--en-2—one.

Reaction of -this

with either vinyl or propenyl magnesium bromide, followed by acidic
In 1 8a), ',ho ratio of cis to

worlc—up,gav(- the required c]±enonc.
tram isomers produced was 1 .

Gautie etal.

137

have reported

that j.s'irans isomerization of dienoacs is an acid catalyserl
process, with protonation on the oxygen enabling free rotation
about the central double bond.
Compound (80 required a more lengthy synthetic route, shown
Scheme 2, in three stages from 1—diethylaminobutan-3-one ( -19) 9 as
described by Gautior et a1. 13

The reaction sequence which was used to prepare compound (Sd) is
sIiosrn in Scheme 3 •

A Reformatsky reaction between ethyl

-

brorr.oacoiate and pcnt-.3—en--2—one gave the hyclroxyestcr, which was
than oc1ydrated, by distillation from copper sulphate, to give th

diene—ester (20).

Conversion to the dienone was carried out by

hydrolysis -t. the acid followed by conversion to the acid chloride
wi ft thionyl chloride.
eadriiiuin gave

( 7 d.).

Treatment o ibis in turn with diethyl

Dienone

(8)'1)

was prepared by a similar SeqJoncc-

but with s1i-,ht variations (e.g. use of sodium hydroxide rather
than potassium hydroxide at stage 3).

SCHEME
0

0

II

1.

EtO"CH 2Br

,OH

II

EtO C,C—CHCH--R

4'

Me
2.

0

0

CHCH—R

ii

I

3.

HOC*

CHCH—R

II

I

EtOC'Me
H
(20)

4.,J,
0

CHCH—R

I

II

CE'C

C

Me

5.
-

0

II

CHCH—R

I

*'M e

'it

(8d,R=Me aR=Et)
(8h ; R=Ph a RMe)
"

(8d)
Zn/ Me.00.CHCH.Me

Zn/Me.CO.CHCH.Ph

CuSO4/

Me. C6H4. SO3H / L

KOH/MeOH
502Ct 2
EtCd

3.NaOH/ H 2 0
502Ct 2
Me2Cd
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Structure of --t-ho evelisation prc'iucLs(1-i_). Elemental analyses and
mass spectra of the products indicated that they were isomeric with
the tosyihyrirazones (9) which were the expected products of the
reaction.

In (Ma) for examp]', the molecular formula was

C 1 H 13N2 O2 S, with rn/c 278.

The fact that this was not the tosyl-

hydrazone (9a) derived. firstly from absence of any N-H stretch in
the i.r. spectrum, and secondly from thu &rence of any vinyl
pattern in the 1
p

n.m.r. spectrum; 1xtu3, there were two triplets

a
(

and. 3.4

at 2.6

which were assigned as the methylene protons

on C-4 -.nd C-3 :r espectively

H

(Fig.2)

Me H\)IH

H

E i 4H

H' )&NH.Ts
Me
(9a)

H

/ S

7
FIG.2

v1
(14o)

In -the mass spectrum of (14a), not only was the parent peak
substantial, but also the base peak corresponded to loss of the
tosyl fragment (1 59 mass units) from the parent ion: these are
both features hich are not characteristic of tosylhydrazones.

The

13C

n.rn.r. spectrum of (14a) showed two methyleno carbons at

39,1 and 197 pp.m.

(from Ne 4Si), one C=N carbon at 152.8 p.p.m,

and one olefirijc carbon at 121 .1 r.p.m.

as well as three methyl

,

carbons (2!,6, 75,8 and 26.1 p.p.m.) and the expected number of
aromatic cs.rbons.

This data, when taken vviih the other spectral

data, provided overwhelming support for the di azepine structure.
11Th

1

1

iT

Ti

-
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Snieckus and Tsuchiya 7 have recently published a synthesis of the
unsubstiLuted 3,4-dihydro-2-tos3,1-1 ,2-diazepine (14k) but no spectral
details are given,

SC)

cannot be used for comparison purposes.

Compound (idk) was obtained by the reaction sequence shown below,

from 1-acyl-1H-1 .2-diazepine (21).

ckl"'

NaBH,

H
Ac" -

Ts

\NclOMe/ MeOH

riL H

/

_44
(14k)

In an attempt to widen the scope of the cyclisation reaction to
form other compounds in the series (14) , it was found that when the
di onorics (8e-j) were stirred with -iosylhydrazine in ethanol,

containing acid, the products formed were not the 3,4-dihydro-2tosyl-1 , 2-diazepines, but the tosyihydrazonos (9e-j) and these
are listed in Table 3, with their percentage yields.
Table 3
Tosylhvdrazoue

(9) (e)

4-Methy1-6-phenylhcpt.a-3 , 5--d ien-2-one
3-.Nethy1-5--phonylpenta-2 , 4-dienal
3-IIt.hy1hea--2,4-dienal

()

7 Yield
100 (crude)
71
100 (crude)

4-Ne thy l--6-phenylhexa-3 , 5-dien-2-one

70

Hepia-3,5--dien-2--on'

74

It was found that acid was not only not necessary for formation of
these tosyihydrazones , but also did in no way induce cyclization

r1

SCHEME 4
H ,H2
C

I

I

II

MeC*CPh CHCH.MBr

'

Me

C* C

Ph

OH

II

CHO

,# CHOH
'2

H
MnO"

•

M e,

Ph

C
H

H

(8f)
SCHEKE 5

0

OH Me

IM

EtO,C*CH :CH.Me

Li AtH

H

I
C H. Me

H
(22)

M n 02
Me

0

I

II

C
I
H

CH
I!
CH. Me
(8g)

67
to the iosy1di.a.epiries , although a variety of differing c:ond ti ons
were used, as outlined in Experimental section (12).

Tosylhydrazones (9e) and (9g) could not be isolated in a crystalline
state but remained as dark—coloured oils on removal of the solvent
(ethanol).

High—vacuum drying gave these as "semi..-crystalline"

flaky materials, but they formed oils on the addition of any solvent.

The dionene precursors (8e—j) of the tosyihydrazones (9e—j) were
synthesized by the routes outlined below,
prepared by ormant ' s method

134,

Grignard r€agerrL prepared from

Dionone (8e) was

shown in Sehern 1, using tj

o( --meihyl—,,_bromostyrenc in the

second stage, ihile (Sf) was synthesized by KoDrich 's method 146
outlined in Scheme 4.

The reaction of bex;zalacetone and vinyl—

magnesium bromide gave a. tertiary alcohol which was converted to
the primary alcohol by stirring with acid; oxidation of this to
the aldehyde was then carried out with activated manganese dioxide.

The
fhe dienal (og) was obtained by a method adapted from Robeson eal.
shown in Scheme 5.

The ester (22) was prepared by the Reformatsky

reaction shown in Scheme 3; this was then reduced to the alcohol
with li -thiujo aluminium hydride, and the alcohol oxidised to the
aldehyde with activated manganese dioxide.
Compound (Sh)

VOS

prepared by a method analogous to that used for

the preparation of (3d), and is shown in Scheme 3, whilst di.enone

(sj) was obtained, by the aldol condensation of crotonaldehyde and
acetone, as described by Neerwein 144

The structures of the tosyihydrazones

(9e_j) wore assigned on the
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basis of i.r.,

Ii. IT'

.r. , and moss spectral data, the chief feature

being the N-il 'stretch in the .i .r. spectra.

It -thus becano apparont that 'the

C

clization of

-uiituraLed

tosyihydi'azones, to forni tosyld iazepinos, was a reaction which was
extremely sensitive to substi'tuent alterations. In an attempt to
better understand why this should be so, a more detailed study was
made of the mechanism of the reaction of (8a) with —'tosylhydiazine.

Mechani sin of formation of cvciisa'tian_eroducjj.

In the

reaction of (8a) with —tosylhydrazine it had been assumed, that -the
tosylhdi'aonc (9a) , although not isolated. was the precursor fox(14,a), but in the light of the above fail u'

to

iciuc' (, cycli za:t,ion

of the 'tosylhvdrazones ( 9e-j ) I b 'as t.houht c.'this.

1 to confirm

It was thus found that if the acid catalyst was ocritted

in the room temperature reaction of (8a) with Thtosyl}lydrazine,
then the major product was the tosyihydrazone (9a), with only a
little (13%) of (14a).

The conversion of (9a) to (14a) was readily

achieved by the addition of a lit - le hydrochloric acid.

Me

I

+TsNH.NH.2

(Ca)

(87°i)\

H.'

NTs

/

(i'c)
Me
H

,¼. U)

H
-

?\le

In order to determine the exact nature o f the role played by the

LLG,

3
(6 4 01,o)
+

Me
H

ii

H

Me

TsNH.NH2 /D
--

N--Is
N'

0

0

(8a)
ITsNH.NH
A.
4'

(50 01 )

H

Me .

YLD=
48°I
(540I0)

Me .

---td

IN1 e

+

H

-

.

H>=N.N.Ts
•

H
H

/

Me

4

FiG.

ft

(62

D
1OGCli o )

•

H

M,e

id

Me

M
D

0

HI
H'

N

D +D H
Me

Me

Me

(24)

(23)

~,+j

me

HD

H

Me
-

N T;

/

Me
(I 4a)

D+

HD

H

H

--

L

N'-Ts

r

.0 HN'

e
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acid, a
shown

series of

in Figi.

duterium labellin g studies were carried out,
The deuterons were obtained by doing the reaction:3

in deuterio—methanol (M(AD), with a small amount of sulphuric acid
added.

From these results, it became clear that the chief function of the
acid in the cyclization process was protonation of the tosylhydrazoito

at position —3:

H

H

H

+ H +I

4

N NH TF.

~

N.NH.Ts

.

(9ci)
The resulting allylic

'* N,
f -'>—;7 < H
~

H

H

(23)
carbonium ion (23) is not only resonance

stabilized, but also enables

trans isomerization about the

central double bond, which is mechanistically required in order
to explain the high yield of tosyldiazc'pine obtained

(> 7O)

from

a 1:1 £/trans mixture of the dienone.

The validity of the labelling experiments 'as chocked by doing
two control reactions.

These shoved that neither dienone (8a.)

nor tosyldiazepine (14a) incorporated deuterium under the reaction
conditions, and that therefore dotiterati on must be occurring
during the cyclization process.

The suggested mechanism for the acid—ca.talsed cycli.zation is that
shown in Fir4, with incorporation of deutrons at positions 4 and.
6 in the diazepine riPg. Cycliza -tion of the allylic cation (23),

UE
forming the intermediate (24) occurs by internal. Michael addition
followed by loss of the deuteron from the nitrogen at position -2.
Subsequent cleutera -tion at carbon-4, followed by loss of a proton or
deuteron from carbon-6 gives the product.
this rer'

'n

ion (2:) nrid thin

The dri\ iu force for
.I

IJ'cu::Lh]v
iir':LrIcro:i-('

n

cIj,:

:;i

allylic
when TriiJi

nro!
iron (2:1)

to (14a).

The much slower cyclization which occurs in the absence of acid
can be rationalised on a similar basis, with initial internal
Michael addition to form the delocalised intermediate (25), followed
by removal of the deuteron from ritrogcn--2 and incorporation of a
deuteron at carbon-4 to give (14a):

Me

Me
0
(Sci)

L

H

+N

—4

,.

H
N 'Ts

I

N'
Me

(14a)

(25)

The yield by this route is low (4-13%) showing it to he slow
compared to the acid-catalysed reaction.

Having established the mechanism of formation of tosyldiazepine
(14a) from (9a), the next step was to determine why the tosylhydrazones (9e-j) failed to show similar reactions.

Treatment of (9h)

with acid in HeOD, and reaction of the dienone precursor (81) pith
£-tosyThydrazne in MeOD containing acid, both gave (9h) with no
deuterium incorporation ni any position ether than on the
nitrogen.

The failure io cyclise is therefore related to

-

the
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failure to protona'te at the 3—position, and confirn tIii as
the key step in the tosyldiazcpine formation.

Deuterium iahollng studies were not carried out on the other
-

tosylTydrazones (9e—g,i) which did not cycliso, but their failure

to do so can be rationalised by similar n.rguments,relating r-'itlier
to the stabiltity of the carhonium ion which would bo forna,d
protenation occurred at position-3,or to steric and electronic
factors.

For example, protonation at position-3 in (9j) would

give a secondary rather than a 'tertiary carbonium ion, and in (9g)
o1kid

give a more destabilized carbcniu,m ion than in the methyl

ketone tosylhyc]razone case.

H.,

>7_17K

HJ
o(9
H" )N.NH.Ts
Me
(9j)

H>/Me
H
H..J3

H Ph

Me

Me

H

LTs
H
(9q)

HNH.NH,TS
R
(26)

It is most likcly that protona -tion does not occur at all, or if
it does, it does so preferentially elsewhere e.g. on the

-

nitrogen. The carboniura ion (26), if formed, either does not
li)VO

enough positive clmrge at the terminus to cyclise (due to

':Lensive delocli.';ation Into the phenyl ring) or does not cycl'ise

'-iisitivo to sric and electronic eflccts1 63 and bulky sub-
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Finally, two experiments were carried out, using tcisylhydrazone
(9a), to test the ability of acids, other than hydrochloric or
sulphuric, to catalyse the cyclization process.

In -the first of

these, dienone (8a) was mixed with -tosylhydrazine in aqueous
ethanol containing silver nitrate, but, after stirring overnight,
no tosyldiazepine (14a) was precipitated, and
that only toslhydrazonc- (9a) had been formed.

iT n.m.r. showed
In the second

experiment, boron trifluorido diethyletherate was used as the
catalyst and this proved successful, with tosyldiazepine being
obtained in 435 yield.
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2. 311-1 2-Diazins.

These compounds (12) w€ro prepared from their

3, 1-diliyd)-o-2-tosyl-1 ,2-diazepine

;arts (14) by base-induced

COUn1

elimination of j,-toiuenesu1phinic acid.

This was carried cut by

heating two moles of sodium ethoxide with one mole of tosyldiazepine
(14) in dry toluene to

Ca.

100 0 , when a sudden precipitation of

sodium tosylato occurred, and the Solution turned yellow.

After

stirring at this temperature for 5 mm, the solution was cooled
and the sodium tosylate filtered off.

After work-up, the 31!-

1 ,2-diazopine (12) was isolated as a yellow oil, and purificCi by
vacuum distiliati on ; or, in the case of (1-2 c) by recrystallizati on.

HH

H

41

M
2 N a 0 Et

H

N
Me

Me

(1 2)

(14)
Table 4

ShOWS

those compounds in the series (12) which were prpa.rd,

along with their percentage yields.
Table 4
cd

3H-i2-Di azepines
5,7-Pimethyl-

78

(1))

3,5 ,7.-Trirnethyl-

77

()

5-Me t.hyl-7-phenyl--

81

(d 2 )

5 ,7-I)imet1ayl-3-ethy1-

(12) (a)

ç

01

)

3,5-Dinietii1---7-etb.yi-

62

)

)asc-inducd eliminat.i cri of -tolue11eL lphinio acirl from
J in formation of the two diazepinos (12d
piouct was (1 2d 1 ) and it is thought

('

46 1

and (12d 2 ).

1iaL (1 2d 2 ) arose

-sigmatropic }ivdrogen shift or by r 1

The
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two isomers.

e H H H

H

M

M

M
M e 2 N aD E
N Ts

H
1: 1 + H
(12d 2 )

(12d1 )

(14d)

All attempts to isolate (12d 1 ) by itself, by using stronger bases
at reduced temperatures, did not succeed.

Even at room temperature,

using lithium diisopropylamine, both isomers were obtained.
is thus apparent that either the

It

, 5J -s :Lgmatropic shift is very

yiert, or it is a hase-catalyod reaction.

facile in Lhi

A point of note is that the

fl

,5 migration occurs in such a way

as to preserve the N=N linkage, which is in contrast to the 2,3benzod.iazepine series, where the 1H-isomer (7) is isomeried by
This

base to the 5H-compound (15) and not to the 41-31-isomor (27)

can in fact he easily rationalized since formation of (27) involves
loss of arornaticity.

When ther? is no anneiated benzcne ring, as

HH

x

(27)

Base

OW

(7)

(15)

;o:Lpounds (12), the 4J1- 4-somer (28) would ue expected to he
table than the 3R-compound since it does
i.zing azo group.

TIis would suggest

,) from (12d 1 ) is a kinetical].y

5

FIG.

H1
MeH

H
+ N\
H
Me
(ii)

%

/

(31)

e

H
Me

Me

(29)
H

If

(ThH

Me

(30)

H
Me
N
N'

He
(12)

N
Me
(32)

75

Me \t

t
(28)

Structure of Vie 3H-1 ,2ieines ('121.

Elemental analysis and

accurate mass measurement of the paret ions indicated that these

products were formed from (14) by loss of £—toiucneu]phini c aci1,
giving

J

n (12 a ,for example, the moiccu]ar fon:iulc

110

There are a number of five--, six— and son- mrnb red ring s tm etlLro
having this composition (Fig. 5) and the isomers derived from 1 hem.
Of pa'ticu1ar interest was the possibility of the produc -t being
the d:Lazanorcaradiene (32), in view of the knovn existence of the
511-1 ,2—diazcpine (33) solely as the diazanorcaradiene

wheeas the 411-1 ,2—diazeine (36) exists in the

mono—cyclic

87
rather than in the diazanorcaradiene form (35)
.

H' H

H\ H

Ph
HPh
N
Ph 'N
0

I st

:1z'- ji

]'.r

f

forra,

H.
Ph )<P

II
1-4 0\

'

I

hr

91

In each case,

HIH

Ph(Ph - Ph.Ph
NN
N'—N

(34)

the

Ph
I

rl1n ir

ihr

N
r

It there loin

'eiird I i1c iv, on the basis of Ihi s argument, that

(32) should he more stable

than (12).

The mass spectra of the piodUCts in the series (12) , tabulated in
Appendix VII, showed only a small peak due to the parent ion (P),
and a larger peak due to a (P-28) ion.

This facile loss of twenty-

eight mass units (N2 ) is typical of cyclic azo-compounds, and supports
formulations containing an N=N group.
rather than (30), (31) or (32).

i.e. (ii), (12) and (29)

The bright yellow colour of the

compounds also favours those formulations containing an N--Y- linkage.
The absence of any N-H stretch in the i.r. spectrum rules out
structure (31).
More definitive information on the structures vas obtained from
1
Fig.6 shows the H n.m.r, spectrum of (12a.);

their n.m.r. spectra.

the other H spectra are tabulated in Appendix VIII.
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NCH;

)iS)

(1)
Cu3

(s

U

An important feature of the spectra is the very large chemical shiN..
difference hetw.en the inethy]enn protons (ca.
j

\ciy

3.8 p.p.m.).

This

77
,12
pine s (7)

.

In (7a) for example, the exo proton absorbs

exo and endo protons.

and. the endo at 2.99

at 6.1

111

e (37) , between the
and ±h 311-1 ,2-benzodi azc liins

8.

This effect is due to the

H c (efldo): 2.99 S

IH C N

II

6.41 S

Hd (ex o)

Hd
(7Q)
strcn1v dcibic'ld in, natnrc c)f the nzo-.group on, protons attached
to the

O

The protons

-crbo and which lie in the C-_N-zN plane.

The exact causes

above or below this plane are much less affected.

of the large d.eshielding are not fully understood, but are not
thought to derive solely from magnetic anisotropy 61 .
In (12a), the eno proton (6) is obscured by the methyl signal (5)
at 1.95

8,

but the exo proton (2) can he clearly seen at 5.77,

as a doublet of doublets, split unequally by 11(6) and }I(3).
One very unexpected feature of the spectra was the
marked temperature dependence.
,\
dazepines (3o, 87

This contrasts with flue'lH-1 ,2.-

the 111-2,3-benzodia epines (7)

benzodiazepines (3 7)

lii

.

absence of any

4

and. the 311-1 ,2

Compound (36) has a. coalescence temper--

aturo (Tc) for the methylene protons of 90

n co)

L..

H(exo)
r

L

i0, compound (7a)

7

0
has Tc6O- 200 and compound (37) has Te=25 .

These values for Tc

*

give free energy of activation values for ring inversion (& )
for (7a), (36) and (37) as 15±1, 17±0.5 and 13.8±0.3 kcal/riio].e
respectively.

In (12a), though, no coalescence was observed up

to 1300, when decomposition started; the only change noted was
peak broadening from 700.
One explanation for this relates to the stability of the planar
intermediate involved when ring inversion takes place.

Compounds

('Ta) and (37) are normally puckered molecules with little delocalisation, but when they invert, they pass through a planar intermediate whi.ch has increased conjugation and so has enhaiiced stability,
hence the energy barrier to inversion is lowered.

This stabilisation

by increased conjugation with the benzcnc' ring is absent in (36) and
(12), and therefore the energy barrier to inversion is higher.

If this is the correct explanation, then it should equally well
apply to the carbocyclic systems cycloheptat.riones and bcnzocycloheptatrienes, but although ring :inversions of the former have been
studied 1'T1 , no data could be found for the latter.

.

However,

011is et al. 166 ha
ve calculated that, for the d.ibenzocyc1.cheptitriene
(38), there is a lowering of the energy barrier to ring inversion
of 4-8 kcarJ/mole, due to increased conjugation when going from a
1c1rH

j i p1 niv riri.

-1

H

MA

Substituent effects have also been shown to alter

G , and

Svanholm 1'1 found that, in the 4H-1 7 2—diazepines ()6), AG

was

increased by at least 5 kcal/mole when there were substituents at
position-6, due to increased stone interaction between the
substituonts in the planar transition state.

The 5-. and 7--alkyl

substituerrts in (12a) could be exerting a similar influence, but
since they have no bulky groups adjacent to them, this effect
would be expected to he small.

The 13 C n.m.r. spectra of compounds (12), tabulated in Appendix
fl(, confirmed their structures as monoyeiic seven—meinherecl rings,
with the key feature being the position of absorbtion of the
methylene carbon, adjacent to the azo—nc;up, at 67-77 -p.p.m.
other diazepine structures which posse

In

the azo linl-;age, the

equivalent carbon absorbs in the same region e.g. in the 311-1 ,2benzodiazepines (39) it came at

Ca.

75 p.p.rn.

r

H NN

75
P.P.M.
The non—decoupled

(39)
13

C spectra were especially useful in confirm-inry

the rnonoyclic diazepine structures fe: the series (12), and that
of (12a) Js shown :in Fig. 7.
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E
b O(t'&U4
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Id

39

( n or , decou

Ig

l ed)

If

~ 4~

)

q

The carbons a, b ,d, e ,f and g all gave the expec Led non—dec ouplct
patterns, but carbon c, the methylene carbon next to the azo group,
gave

two doublets instead of a •Lriplet.

These doublets arise

because of the n.on—euivalence of the ex, and endo protons attached
to carbon c.

It was rossi.blo. by use of' off--resonance C-ii-I ' soin-

decoupling, to establish exactly the positions of the exo arid

encIo

signals in the 1 H spectra using a technique developed by Feeney
et aL 161

This involved running a series of off—resonance 13c

spectra, varying the irradiating frequency to either side of the

actual absorbtion frequencies of the exo and endo protons.
graph was then plotted of irradiation frequency against

1

A

c signals

and from the position of interception of the straight lines, the
chemical shifts of the carbon and hydrogen nucleii obtained.

The graph arises from the fact that the residual splitting (J, 1 )
of a carbon signal varies according to how close the irradiating

I

t3.
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frequency is to the correct proton frequency of the proton attachotI
to that carbon.

If irradiation is exactly at the correct proton

frequency, then J 1 =O and a singlet carbon signal is observed.
As irradiation is moved away to either side of the correct proton
freqtency, the value of J 1 progressively increases and the signal
By doing a series of irradiations from one

becomes a doublet,

side of the correct frequency to the other, the carbon signal goes
from being a doublet to a sing].et and then a doublet again, and.
the Feeney plot is a visual repro sen -tatior. of this.

The Feeney plot for carbons

C

,d and e of (1 2a) is drar in Fig, 8.

This shows that the protcn attached to €1 and e absorb at 4.9
and 5.8

respe ctively, which compare favourably with tbe observed

values of 5.13 and 5.92

. In the case of carbon c, the endo

proton attached to it, which was obscured by a r,-,ethyl signl in
the H n.m.r. spectrum, is shown to absorb at 1 .8 , and the exo
proton at 5.7

(

(

the observed value for the latter war 5 77 c

It is thus clear that ; despite the presence of the destabilizing
N=N linkage in the 3H-1 ,-diazepi.nes (12), they exist entirely in
the monocycle form.

Rough bond energy calculations, using the

bond energy values shown below, and estimated cycloheptatrienenorcaradi?ne energy difference quoted by Biriseb

, and

assuming the sane changes in ring sire in in c erbocyc]ic and
heterocyclic systems, show that (12) is marginally favoured over
the bicyclic diazanorcaracliene (32).

S-)

n

Me

'a'

Mie

H

H (\

H

N,M N ,N

(12)

'

(32)

Bond energy values (kJ./mole) used were: C—C,347.8; C=C,613.4;
C—N,301.7; C=N,607.5; N—N,167.6; N=N,385.5.
The calculated value of the enthalpy change going from (12) to
(32) is 4 ± 16 kJ./mole, showing it to he a slightly endothermic
process

The free energy value (G=A1I—TS) for the same

change iili be made more positive by the entropy teri since there
is a deercase in entropy in the process, therefore favouring the
diazepine structure (12).
The endothermicity value of 46±16 kJ./mole for the conversion of
cycloheptatriene to norcaradienc, which was used in calculating
the enthalpy change of (12) to (32), is a figure in some dispute,
making the estimates of the energies involved somewhat tentative.
What is clear however, from the experimental evidence, is that
the presence of the azo—group in (12) does not exert the same
destabilizing effect as in the 511—(33) and 01_(36) compounds;
this effect is presumably off—set by the c:tra carbon—carbon
double bond and added conjugation, which are lost in forming (32).
There are also two weak C-N bonds in (32), which the diaanorcaradiene form, (3I), of (33) does not have.

Mechanism of 311-1 ,2—diazcpiue formation.

In 1967, Bartlett and

Stevens 40 carried out the base—induced conversion of the 1—tov1
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pyrazoleiiine (40) to the 111—pyrazole (41 ), suggesting that mecliani.sm
(a), involving initial removal of an c—iiydrogen followed by
rearrangement (Fig9), was the reaction pathuay.
(1)), with initial removal of a

P —hydrogen

But mechanism

instead of an oi.—hydrogen,

could equally well be invoked, and is s;ipprted by the observation
that, in the case where there is no

-hydrogen, as in compound (42),

the reaction gave the trimethylpyrazol.c (43) in equivalent yield
(Fig.1 0)

In the 1—tosy]diazepine (14), although both mech-..ui sins could in
theory operate, only mechanism (b) gives the observed product
(Pig.1 I )

mechanism (a) would give the 411-1 ,2—diazepi.ne (44)

which would be unhl iicely to isomerize to (1 2) since compounds of
the type (44) are known to be stable 87

The preference for mechanism (b) can be explained as being due to
the moo acidic nature of the 12—hydrogen, which is situated xext
to the C=N bond.

It i.s therefore removed ;nore readily by base

than is the 0i. —hydrogen, and there is thus kinetic control of the
reaction.

FIG.
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B. REACTIONS
1. Thermolysis of 311--i ,2-dizepines.

ih'rma1 rearrangements between

benzodiazepines and pyrazoles, which formally involve a

110D

shift

of an azo-group, have been reported by both Shari) and his group1 10,112
and Kurita and Tsuchiya.

For example, benzodiazepines of the

type (45a and b) undergo thermal and photochemical interconversion
to the 3.-vinylindazoles (46a and b), as shown in Fig. 12.

In the

case of 05b), which has a hydrogen attached to the 5-position,
there is subsequent irreversible aromatization by a proton shift.

FIG.

12

R2

,R1
Ic
N

R=H
H_.

/

H k7
(45ct ; RArF 1 P.2

-(CH2 )3 —)

(46)

(45b ; RzR 1 R2 H)
The mechanism of the azo-shift was tentatively suggested

110

to be

more likely via the diradical (47) than by a concerted process,

Ph

I

1'l

(47)
since di.adicils and radical-pair intermediates had been proposed
for the irreversible ring expansion of 3-vinyldiazirine (48) to
3 -me t1tylpyzole

121 O

, and for the conversion of (49) into (50) and

85
(51

) 68
1

shown

in Fig.1 3.

It was therefore of interest to

investigate the thermal reactions of the 311-1 ,2-diazepines (12)
to find out whether they underwent a similar 1 ,3-azo shift and to
elucidate the mechanism more fully if they did.

Thermolysis of 5,7-dimethyl-3H-1 ,2-diaaepine (12a) in refluxing
chlorohenzone (h.p. 132 ° ) for 5h gave 3,5-dimethyl-4-vinyl-11 1pyrazole (13a) in 40 yield, with the postulated mechanism involving
initial 1,3-azo shift followed by rearrangement.

H
Ma

H

H

ii //N
MENN

N
(12a)

Thermal

Ml-

(11 a)

Li

H- * H

II

H,J1e

/... N
M e N' -> M
(52)

H
(13Q)

,5 si.gmatropic rearrangements in 311-.-pyrazoles are hell--

known (see Intro(Juction, pages 53 - 56), and although the 1,5-vinyl
migration, shown here in going from (ha) to (52), has not been
113,14
reported before, it is typical of van Alphen-Hittel rearrangemo.
11
The preference of the vinyl group to migrate rather than the methyl
is not surprising in view of the kno\rn reluctance of alkyl groups
to undergo sigmatropic rearrangement 1 21 .

What is particularly

interesting is to note that migration of the vinyl group is
"anticlockwise" going to carbon1, rather than "clockwise" to
nitrogen-2, which would give the aromatic pyrazole (53) directly.
The reason for this must he kinetic control., presumably arising
from more favouratle overlap in the transition state when migration
occurs to carhn.
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H

H--i*LH
Me

N

Me

H
(53)
3,5 ,7-Trimothyi--3}I-1

,

2-diazepine (12b) underwent an identical

thermolysis reaction to (12a) on ref].uxing in chlcJrobonzene for
3h, giving 3,5-dimethyl-4-propenyl-1H--pyrazole (131)) in 53% yield.

H Me
Me4H

Me

Me \

H
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/1
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H1 H

~
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H

Me

H

N

-

MeN

N

NH

Me
'-N#

(ub)

(12b)

The mechanism of formation of

(1 3b)

(13b) is identical to that for the

formation of (13a).

Diazepines (12a) and (12b) were also pyrolysed in the gas phase

at 200_5000, but with no significant changes in the yields of the
pyrazole products (13a) and (13b).

Analysis by g.l.c.-coupled

mass spectrometry of the product mixtures showed small amounts
(6-85) of m a terial isomeric to the pyrazoJes.

These were not

ilr. ntif'i e d, but could be the unrearrangcd 311-pyrazo]es (ha)

and

or, in the case of (12a), the 11-pyrazole (13e) resulting
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shift, and then subsequent van Alphen-Hu±tel rearrangement.

4_H

H

HR
M e1
H

Me N

H

Me ,-'6H
H
H

H

H

U

NH

Me

Me
HMe

'Me

Me

(12a)

(13e)

That this type of initial 1,5--hydrogen shift during diazopine
thermolysis is ossi ble was shown by
7-pheuyi -3H-1 , -ctiazepie

1IIC

La ct that when -metIyl-

(12c) wi s boi lcd under reflux in to] ue rw

for 51, , two pyrazole products were obtained, 3-niethyi--5.-phcnyl 4-v.irvl...1H--py:razole (13c) and 3(5 )-iiet1iyl-4- (/ -phonylethyl)
111-pyrasole (111), in 13% and 20 1)o' yields respectively.

Fig.14

shows the mechanism of formation of each, in a similar manner to
that for formation of pyrazoles (13a) and (131)), but with an initial
equilibrium being established between diazepirie (12c) and its
isomer (54)

Since more of (13d) is produced than (13c), if appears that diazepire
(54) decomposes faster than (12c);

the reasons for this could be

either that the azo shift irk (54) is faster than in (12c'), or that
the styryl shift in the second step from (54) is faster than the
equivalent vinyl shift in the second stage from (12c).

In favour

of the former is the fact that, although formally both possible
radical intermediates (55) and (56) have the same number of
conformers, the transition state in formation of (55) would be more
stable since the phenyl group is better situated to stabilize the
developing radical centre - assuming that the molecule is initially
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bent and not fully conjugated.

He

H

Me
HH

H
Ph

Ph

In order to confirm that pyrazole (13d) was obtained \ia 5*mcLiiyl3—pheny1-311-1 ,2—diaepine (511), an attempt was made to synthesize
(54) by the reaction sequence shorn below:

Ts.NH.NH2
H
(121)

H H = N. NH.Ts
(9f)

H

N
Ph
N in OEt
(54)

This did not succeed, due to the reluc lance of the tosyihydrazenc
(9f) to cyclise to the tosyidiazepine.

Nevertheless, compowul (9f)

did prove useful in elucidating the reaction mechanism of pyrazole
fcrmation, since thcrmolysis of the sodium salt of (9f) gave the
pyrazole (13d) as a product, via the diazoalkene (57), in 16 yield.

M
.

Ph
Me =<Hi

M.e
=<H ..
H')=N_T
H
Na

—'

Ph

1

H!1 NH
(57)

—unsaturated diazoalkenes to form

This type of cyclisati.on of
p3rrazolcs is well known

(13d)

39_42

-. and was confirmed in the other

unsaturated tosylhydrazoncs (1 2a,li and j) by the thermolysis of
their sodium salts to give tile pyrazolc ii ted in Table 5, along
with their yields

These yields were low due presum:bly to

accompaflylng loss of nitrogen to give hydrocarbon products, will-Ch
were not investigated, and polymerization.
Table 5
Tosv1ydrazones

Yield

1H-2yra7, 0 1es

(93)

3, 5—d ime thyl 4—vinyl—

20

(91,)

3,5.-climethyl--4—styry1—

21.5

(9j)

3(5)—methyl-5(3)—propeny1

53

It seemed likely from this that diazoallcenes of the typo (57) wcre
intermediates in the pyrazole formation vi.a the 1 ,3—azo shift, and
so attempts were mad

to trap them chemically, by thermolysing the

dazepines either in a protic solvent or in the presence of
tributyiphosphi ne.

Both these methods of trapping diazocompounds

have been previously used by Sharp and his co—workers

23

(see

Introduction, pages 9 - 10).

Therrnolysis of (12a) in 2—methoxyethanoi did not result in any

15

FtG.

Me
H
-V

PBu
--

ri

(58)

-

/

2
H
(60 acis)
(60 b, trans)

.1

H

+

H H

NH NH

ph

H
tb

?

'1?

J

Ph

H

Ph

Me.CO.M€

HNNzPBu
L

)

I

Me<H

N= N

H

Ph

H

Ph

H

IL
V

Me
'Me
(59)
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significant reduction in yield of the pyrazole (13a), showing that,
if a diazoalkene was involved, as an intermediate, then ring closure
must be fast compared with protonation by the solvent.

However, thermolysis of (12c) in toluene in the presence of
tributyiphosphine was more successful, and, after heating for only
5 mm, all the starting diazepine had been consumed - the normal
thermolysis took 5h - with formation of a single product spot (by
This product was not isolated, but treated with acetone
to give 1 -isopropy] idenehydrazono-3-methyl-5-phenylpenta-2 ,4-diena].
(59) in 67 yield (Fig.15); the initially formed product was

presumably the phospliazine (58) formed via diazepine (54), and not
the phosphazino (€1) formed from starting diazepine (12e).

H
Me

H

—<H

H")=NNPBu 3
Ph
(61)
Confirmation of the structure of (59)

as carried out by treatment

of it with acid to give the bis-azine (60a) which was independently
synthesized I stirring 3-methyl.-5-phenyipent.a-2,4-dienal (Sf)
with hydrazine.

The independently synthesized compound (ôOb) had

a slightly differing n.m.r. from that of (60a) produced from (59),
since the lat -Ler was all cis whereas the former was mostly
The phosphazine (58) could have been formed by nucleophilic
attack of the tributyiphosphino on the diazepine (54) , but if this
were the case, it is surprising that none of the phosphazine (61
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was formed as well, by attack on the starting diazepine (12c),
especially as this would be sterically less hindered.

If however,

the reaction is not a nucleophilic attack by tributylphosphine but
reaction with a diazo—intermediate, then flio preference for
dizoalkene (57) to react, rather that (liazoalkene (62), must be
due either to concentration differences between the two compounds,
or to kinetic factors relating to their ability to react with
trihutyiphosphinc.

The equilibrium shown in Fig.16 may be visual-

ised as existing between (57) and (62),and which is driven to the
right as (57) reacts preferentially.

H

Li_G. t_

rH

H

Me

eM
MH

1

+=N=N

Ph
(62)

H4
Ph
(120

e-

H

H
M

1/

T

It

N

HkPh

Hh
(;7)

(54)

It therefore seems likely that the intermediates involved in the
1 3—azo shift are dia.zoalkenes, which can he trapped in certain
tances.
ii the thermal ring contractions of the di azepines (1 2a—c) were
C

trometry showed only one major hydrocarbon fragment with a parent
u of rn/c 156, corresponding to

lOSS

of N, from the diazepine (12c).

:irogenation of this product resulted in the uptake of two moles
0.

This was

and confirmed by its
•:n t

fr,i

meti

1rm I

npiUnnonc (6-) , in ivo

N

F
H

G.
H

17
H

Mo

H

N
-- N'

2 H-

H

Ph
(12c)

H
H H2 M.4

ISWMZ

•1
H

H
I-1

It
0
(64)

1.

r

n

H

I

;

H2

HrX

H

H

H

Ph

H

PMqBr
-H70

Me
I

H

1

Me

H2

N

cH3cH2ç' t')
\= N
Me
(65)

me
(13a)

1'yle

M

N

'7

•,- H
cH2CH2c

( :

(13b)
Me

H Me

H

H

If

'

H7 C43CH2

/

Ph

Ph

(13c)

(67)
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CE

stages, as shown in Fig.17.

The initially formed product of parent

mass rn/c 156 must therefore be 1-mct.hyl-3-phenylcyclopentadi oil e (62).
Using trans-2-cyanostilbene as internal standard, the yield of (62)
was calculated by gl.c. as 19.

The structures of the pyTazoJe products of the diazepine ring
contractions were confirmed by their hydrogenation at atmospheric
pressure, either to form known compounds or to form compounds which
were then synthesized by alternative routes.

Thus hydrogenation

of 3,5-dimeth3,1-4-viriyl-111-pyrazole (13a) gave 3,5-diniethyl-4-ethyl111-pyra.zole (65) and of 3,5-dimethyl-4-prope.nyi-1H-pyrazo].e (13h)
gave 3,5-dirnethyl-4-prop3 ,-1-111--pyrazole (66), with identical spectra]
data to that quoted in the literature 153,154

Hydrogenation of 3-rnethyl-5-1-;henyi-4-vinyl--1H-pyrazoie (13c) gave
4-ethy]-3-methyl.-5-phenyl-1H-pyrazole (67), which was independently
synthesized by stirring 2-ethyl--1---phenylbuta--1 ,3-dione (69) with
hydraziiie for 10 mm, in methanol.
3(5).-Methyl-. ,I-styryl.-1H-pyrazolo (1 3d) was hydrogenated to give
3(5)-methyl-4_(p -phenylethyl)-.1H-pyrazole (68), which was synthesized
1 the reaction sequence outlined in Fig.18.
cpa.red by Heilhron's method
2pheny1ethylbroriide.

5-Phenylpentan-2-one
1 7

from ethyl

The copper salt of

-- . -phcnvlc thy] ) -bu,ta.-1 , 3-dione (71 ) was then synthesized by
nen1 of (70) with sodium ethcxide, ethyl formate and copper
1)hafC

The yield of this stage was very low (3%), with most

the product (35%) resulting from removal of a 1-hydrogen by base
ui.rn (70)

However, enough of (Ti) was obtained to enable
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the enol form of the diane (72), which was in turn stirred with
hydrazi.ne to give (68).

H

Ph
H

H2

ME?

1,

P? 'i:!(13d)

0
II

0
II
Et0C CMe
H/-\H

(68)

0

II

Na
Ph C H2C h2 r

E tO

0

H

CMe
C HCH2
2
H
P
L, NaOH

0

0

II

++

MeCH Cu

1.NciOEt
2.HCOEt
2

0

II

Me""CH2CH2CH2Ph

3.Cu501

CH2CH2Ph 2

[

(70)

(71)

0

II

OH

I

M e-' C* 0

_L

CH2CH2 Ph
p

NH NH

N—N
/1
Me,H
CH,CH Ph
(68)
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2. Phoo1vsiof 311-1 2-diazepines.

The irradiation of dilute

solutions of 3H-1,2-diazepines (12) in ether ; under nitrogn,
using a medium-pressure Hanovia lamp, afforded complete conversion
to isomeric products in 15-30
analytical data.

mm, as indicated by mass spectral and

The disappearance of the diazepine was monitored

both by t.i.c., which showed only a single product spot, and by
fading of the yellow colour of the diazopine.

After irradiation

was complete, the solvent was evaporated carefully giving a virtually
clean product; further purification was achieved by low pressure
vacuum distillation or recrystallization.

The products were
pyrroles (73) on the

formulated as 2a,5-dihydrb [,21diazefo

Table 6 shows the photoproducts (73)

basis of their spectral data.

which were prepared,along with their yields.

A

Me i'j
HJ
)-2' --Z h v b
s N-N

- MT
(12)

(73)

Table 6
2a,5-1)ihvdro j ,2 diazeto
(73) (a)

Liroies

7 I ielrJ

2,3-dirnothyl-

93

2,3,5-trimethy].-

88

3-methyl-2--phenyl--

67

This phoielytic ring closure exactly parallels that observed in
the 1H-2,-henzodiazepine series

(7), whereby the 1,2-diazabutadiene

moiety is isornerized to a diazetine, giving, as products, 2a,7..
dihydro.2Jdiazetc,1-isoindoles (16).
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x
J

hv

N

99,

H''\

H

(7)

V

(16)

The photoproclucts (16) showed small parent ions in their mass
spectra, with the base or major peaks due to (P-XCN) 62 . and this
is very similar to the mass spectra of the photopioducts (73),
though the latcr have a base peak corresponding to further loss
of a proton from (P-XCN).

The mass spectra of (73) are tabulated

in Appendix X.
There are various other structures, e.g. (29), (32) and (7),
which could be formulated for the photoproducts, but they can be
ruled out on the basis of the spectral data and the
Woodward-Hoffman rules governing eloctrocyclic ring closure

z
el

I

14N

Me

H

Me

)

0 1'

-H

ft1i_

Me VH
( r: •/ *

' ou

i'tLY

N

(7d)
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diazanorcaradietie (32) can be eliminated as a possible structure
both from n.m,r. data (see below) and because its formation
photochemically from (12) would violate the Woodward-Hoffman
rules for 61t-e1.ciron ring closure 28 .

The 1 R spectra were consistent with formulation (73), although
it was surprisin that, in (73a) and (73c), the methylene protons
attached to carbon-5 had identical chemical shifts, both in CDC1 3
and C 6 D 6 .

Use of the chemical shift reagent Eu(FOD) 3 , however,

separated these protons, and showed them to have a couplini
constant of 18 Hz,

In the isoindoles (16), the

analogous

otons

have 1=16 Hz, whereas diazanorcaradiena (34) have gominal coupling
constants of en. 4 Hz.

b

N

bc'4 Hz
C

(34)
The coupling in the jyrrole ring of (73) was complex, and decoupling
experiments did not simplify the spectra greatly.
coupling constants were measured as follows: J
and 'ac35 Hz.

ab

For (73c), the
=1 .5 Hz, J bc =2 liz

Similar typos of long-range coupling have been

shown in systems (75), where J 13 2Hz and J 24=iIiz, 1
systems (16), were JAB (trans)= 2Hz an1 Jc=2IiZ•6

and :in

FIG.

I

19

125.0 0

0
A

12 .0

.1

4

p. p.m..

Of

0

b
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£

x

H? H
N-H
H
(75)

(16)

Due to the complex coupling shown in (73), it was not possible, by
means of decoupling, to conclusively assign the 1 H spectra, the
a
chief difficulty being to distinguish between
be
protons H and H h
which came in the region 5.1-5.6 .

The problem was resolved,

however, by means of a Feeney plot, using off-resonance 1
spectra (see page 80 ).

The carbon attached to Ha (-f-N) absorbs

in the region 84-86 p.p.m. , and that a.achod to H 1 (-c=C-) ceme
at 123-129 p.p.m.

The Feeney plot obtained is drawn in Pig.19,

whereby Ha is shown to come down-field from Hb: this is in fact
what would he expected since J{ a. is more aeshielded due to the
ad j acent C=N and -N-.
The other carbon absorptions in the 13 C spectra were in good
agreement with those observed for the isoindoles ('16), with one
C=N in the region 182-185 p.p.rn. (from Me 4Si), two oleuinic carbons
In

at 1 23-1 35 p.p.rn. and one methylenic carbon at 57-63
compounds (16), the C=N carbon came at 174-179 p.p.rn. , the C-N

62
CaTl)ofl at 80-8.1 p.p.m. and the inethylenic carbon at

56-68 p.p.m.

There was no variable temperature dependence shown in the 1 11
spectra of feature which is not inconsistent with the
assigned structure since the pyrrole rirg is "locked' into one

f-' G. 20

0

II

0
II
N.CHC.CH
3
2

Me

C0 Et

HN)CO2H
H
(76)

HCI! Nc( EtQC.CO. :•:=ocst)
.:i-

40I. OH /t
/

. t'

2 Meg—CO2H
H
H
.s.

Me H

A

Lt / L.

HN.H
H
(77)
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conformatin, and unable to undergo ring inversion.

Thermolysis of the photo-product (73c).

This was carried out in

order to obtain more definitive information on the structure of the
photoproducts.

Compound (73c) was passed under high vacuum, over

121i, through a furnace heated to 5000, and the products collected
in a liquid nitrogen "cold--trap".

Samples from this were i,hen

analysed by g.l.c.-coupled mass spectrc'metry and four main prciducts
observed.
The first of these had an identical

mass

spec Lrum and retention time

to 3.-mothyipyrrole (77), which was independently synthesized by the
method of Elguero et al. 1

from 3-carho±hoxy-2.-carboxy.-.4.-mehyl-

pyrrole (76) and shown in Fig.20

The second product had an

identical mass spectrum and retention time to authentic benzonitriie
(78)

By using brcmobenzene as internal standard, the yields were

quantitatively measured as 9.5% of (77) and 18.5 of (78),

H

H

7N-N
H—\ jjj

..

4iN
H1

+ PhCN

Me

WT

(73c)

(78)

(77)

The third JJrcidlet eah n1)r-]v'd hd a TIDSS spcet iim and

ruLu

aLien

time very similar to -that of 1-me t.hyl-3--phenylcyc opontadiene (62).
This presumably arises from thermal reversion of the photoproduct
to the parent diazepine (12c), followed by loss of nitrogen from
this.

i'l

P

Lj

47

Me
H
(730

Ph
(12c)

U

(62)

The fourth product peak was unidentified, but was isomeric with the
cyclopentadiene (62), showing that loss of nitrogen is competing
with extrusion of benzonitrile from the photoproduct (73c)

A

similar competition was observed, in the thermclysis of the isoindole
photoproduct (16a) whereby extrusion of PhCN gave the isoind.ole
(79) and extrusion of nitrogen via the parent diazepine (7a) gave
3-phenylindene (80), as well as other products.

H
,0

N—H
Ph

CH

H

2 m'

H
H CH

2
CH Ph]

[

IL

(7a)

(80)
TI

11

'flVr

±

i

•1

4
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)

r'":ii , ri

--'
,

eM 1

1?'YOi'
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1

CH 3
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TT

2.drn.f.
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II. 511-2 , 3-iTEZ.0DIAZEPTNES
A

j1iejis - The 5H-2,3-benzodiazepines (16) were synthesized from
42,63
their 111-isomers (7) by base-catalysed hydrogen shift ' •

This

involved heating solutions of (7) in ethanol to reflux with an
equimolar quantity of sodium ethoxide until t.l.c showed all the
starting material had been consumed, with the formation of a single
product..

H

x

HL
NciOEt
-p

(6)

N

'1
I

(7)

\
1

The synthesis of thc? 1H-compounds was achieved by cyclisation of
the diazoalkenes (6), generated by the thermal decomposition of
the sodium salts of the tosyihydrazones of a series of o-.acylstyrenes and -stilbens, as described by Sharp et al. 42

The o-acylstyrenes were obtained from 3,4-dihydroisoquinolines by
Genslers method 131; trans2-ace tyisti .lhene was prepared by a
Grignard reaction between trans-2-cyanostiibene and methyimagnesium
iOdJcIO, as outlined by Sharp et al.

4__

and tfafls-2-1Oi'mylStIlhofle was

obtained by the reaction sequence shown in i'ig.21 .

o-Bromotoluene

was hromirated to form obrurriohenzyi bromide, from which a
phosphonium salt was prepared by reac - Lion with triphenyl phosihine.
This in -turn was treated. with sodium ethoxide to form an

which was reacted with benza.ldehyd.c (a

ittig reaction), followed
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Finally, a Grignard reagent was prepared from this and reacted with
dni.f. to give trans-2---forrnylstilbene.

The tosyihydrazones were readily prepared by the acid-catalysed
condensation of the o-acylstyrenes and -stilbenos with -tosyl- and anti-isomers caused

hydrazine in ethanol; the formation of

no problems other than a complication of the i.r, and n,m.r. spectra.
The cyclisati ons of the tosyihydrazone sodium salts were carried
out by boiling under reflux in d.m,e. for the minimum time required
to consume all of the starting material.

After filtration of the

sodium tosylate formed in the reaction, the solvent was removed and
the resulting 1H-2,3-benzodia.zepines purified by chromatography
and recrysi;alJ.ization.

They were yellow solids whose colour is

attributed to the conjugated azo--linkage (NN) 63 .

The 51i-coapounds

(15), derived from these,and which have no azo linkage, are colourless solids of higher melting points-and of generally lower solubility
in organic solvents than their 1H-counterparts.

Table 7 shows the

5H-.isomers pepared,aloiig with their percentage yields.
Table 7
511-2 1 3--benzodiazepines

(is) (a)

% Yield

4-phenyl-

66

1-phenyl-

83

1-methyi-4-pheriyl-

63

i-methyl

75 (crude)

The priJicti on from the crude mn tori al of compound-s- (1 5,i--c) was
achieved by recrystallization froi

thonrl.

In the case of (15d),

be addition of ethanol to the crude product resulted in the
nmodiato precipitation of a white solid, which was not (15d) I tclf
1'

L

('rlOc-r'

f]':

fun

nnTvicoI :d

FIG. 22_

R
1\

f

M\
\.1

\ =L

C
H ,Cç, C

C
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spectral data, though the mass spectrum showed a parent ion of 153,
the expected mass for (1 5d).
The 11 n.m.r sptctru

iowcd t1ire distinct methyl singicts at

2.40, 2.33 and 2.22 respectively.

The rest of the spsutruni was

complex, and shoved neither temperature dependence nor obvious
simplification by decoupling.
The 13 C n.m.r. spectrum showed 30 carbon resonances, with three
different methyl carbons, three different methylene carbons as well
as two other groups of three carbon atoms.

Of particular interest

were those at 84.2, 86.8 and 92.6 p.p.m. (from Ne 4 Si), which came
at a similar position to that observed for the saturated carbon
singly bonded to nitrogen in the photoproduct (73)
-7

N

84-87 p.p.m.

Me

(73)

If therefore all the C=N double bonds of the monomer are converted
to single bonds in the trmeric structure, one possibility which
would agree with the spectral data is shown in Fig.22.
The other 511-compounds did not show any tendency for trimer
formation and they exhibited all the characteristics reported
earlier 42 .

For example, the 1-I n.m.r. spectra showed temperature

depenrcs

-r the ring inversion of the methylene protons, which

have charactcristic AB or ABX patterns. and in their mass spectra
there was ready loss of RCN.

The spectral data of the new compounc3s

prepared are tabulated in Appendix M.
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B.

hotojs

The pflotoiyi3 of only one 511-2,3—benzodiazepine was

investigated by Reid in his studies on these compounds

63
.

This

was the 1—phenyl isomer (15b) which gave, on irradiation for 2h,
3—phenylindone (18) in 72% yield.

A possible mechanism was

r:i

H
e

O1

hv[(

*
~
Ph

Ph

(15b)

tN4410

(17b)

(18)

suggested wbich involved ring closure to form (171)) foilowed by
loss of nitrogen to give (18).

This parallels the mechanism

observed in the photoisomerisa -tion of 1H-20—benzodiazepines (7),
whereby the 2a.7—dihydro El ,2jdiazeto ,1—flisoindolos (16) were

obtained in high yield after 10-15 nun irradiation, via a
[TT 2s+ lT2sj

ring closure.

H

x

(7)
The rc- -tertion of nitrogn in the 1hotoly:is of

(16)
(7) contrasts with

the photolytic behaviour of many other cyclic azo compounds, which
tend to lose nitrogen on irradiation, forming diradicals and/or
carbenes.

In the case of (7), the nitrogen is not extruded

presumably because loss of the destabilizing azo group can be achieved

without necessitating bond cleavage.
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In the monocyclic 411-1 ,2-diazepines (81 ) , which do riot contain
9- has
t he azo group but an azine function (C=N-NC), Zimmerman
shown that ring closure occurs without formation of an N=N linkage,
giving (82) and not (83).

H

MMeph
e

H

H

Me

L4 MP

NT

Ph

Me

H

Me

hV H

Ph

Ph

Ph' NN'(

Ph

(83)

(82)

(81)

In the 511-23- benzodiazepines, where the C---C bond forms part of
an aromatic ring, a similar cyclisation does not occur since it
would involve loss of arornaticity.

Reid's mechanism proposes

instead that the azo linkage is formed to gie (17), with subsequent
loss of nitrogen to give an indene.

It was therefore of interest

to examine other 511-2,3-benzodiazepines with a view to finding out
if this was a general reaction, which could prove useful syiithticaily
for the generation of carbon-carbon double bonds from ketones, via
aziries.

Table 8 lists the 5H-compounds used in this study, and

the indene yields obtained from their photolyses.
Table 8

511-2) 3 -Benzodiazepine Solvent
-

Reaction

% Yield

Time

of indcne

(15)(a)

4-Phenyl-

CH.CN

511

20-22

(1 )

1 -Phenyl-

Ether

lii

72

4-Methyl-1 -phenyl---

D.ni. e.

24h

0

i -Methyl -

C111 3 CN

2h

ca.40 (n. in. r.)

In the case of (15a), the yield of 2-pheny1 4 ndenc (20-22%) was
calculated by g. i.e., using 2-cyanosti ibene as an internal standard.
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All the starting diazepine was consumed in the photolysis, as
shown by g.l.c., and 2-phcnylindene was the only major volatile
product obtained.

Irradiation of (15h), a repeat of Reid's work 63 , gave an identical
yield of 3-phenylindene (72%) to that observed by him.

Compound (15c), the 1--methyl-4-phenyl isomer, proved totally inert
to photolysis despite forcing conditions e.g. heating to 80 ° during
the reaction, or use of a 400W Hanovia Reading reactor.

The

startin g material was recovered in each case.

Photolysis of the 1-methyl compound (15d) was

with the yield of 3-methylindene (ca.

a multiproduct reaction,

40%) being estimated from

the n.m.r. of the crude reaction mixture.

This was of necessity

a very inaccurate measurement since the starting material itself
could not be purified.

Assuming that Reid's mechanism is corrct,the fact that the yields
of the in-den--s are in general low is not altogether surprising
when rough bond energy calculations for the photocyclization are
considered.

Using the bond energy values quoted by Binsch eta1,

it can be estimated that going from

)

to

>C-N

is 129 lcJ.riiole

-1

more

(A)
endothermic than going from

) C'
C

OW

to

)

C - C.010

)c-c
(B)

106

and 172 kJ.mole 1 more endotIivrnic than going from

>C-C'If
, assuming the same changes in strain.

to

(D)
The chief factor causing these differences is the formation of
the weak N=N in (A).

However, it is possible that (A) may have

a transitory existence, and decomposes by loss of nitrogen rather
than by reversal of the ring closure process.

If it is assumed that intermediates (17) of the type (A) are
formed, then the low yields of indenos might be due to steric
interactions, which could arise in two pos.ib!e ways.

Firstly,

it could he that ring closure may oxily be easy when t.hc azine
unit is fully conjugated i.e. when it is planar and there is
The 511—compounds are normally puckered

maximum orbital overlap.

conformers, with a dihedral angle between the C=N bonds of ca.48 0
(Fig,23)

FIG.

23

A measure of the ease with which this angle can become

01

j

the molecule become planar, can he obLained from the value of the
free energy of activation
conformers.

(AG#

) for ring inversion of the

This value can be calculated from the coalescence

temperature using the Eyring equation:

07
rate cons -U. for ison!erisation.

k

Bol Uznann

k
kB.TC
k

C

h

e

--AG/RT

COfl51.

U.

Gas coast.

R

=

11

= PJanck's const.

Tc = Coalescence temp.
Table 9 lists the AG

values arid, coalescence temperatures of

the 511-compounds (15).

Table 9

(15)(a)

AG*
5H-23-benzoclia.zepines

T °

4.-Phenyl-

45t5

1Phenyl-

120±5

19.5±0.342

i-Methyl -4-phenyl-

1 37±5

19.9±0.342

1 -lie ihyl-

(kcai/mol)

80±5

15.2t0.3

17,6 -0.3

If ease of attaining planarity were i!icrtant in the phol.;ocycliza'Lion,
then The yield of indene should increase as ring inversion becomes
easier, i.e. AG+ decreases, but this is not the ease since (15a),
with

=15.2 kcal./mole, gives only 20% indene, whereas (15b),

with

=19.5 kcal./mole gives 72% indene yield.

The second stone factor which could explain the low indeno yields
in (15a) and (15c) relates to the presence of a 4-substituent.
Fig.24 shows the postulated tricyclic intermediate (17) involved
in the photolysis, and it can be seen that, as bonding develops
between C--i and C-4, so the 4-substituent comes into increasing
non-bonded interaction with C-i and C--5 substituents, and is
virtually eclipsed by both.

When there is a hydrogen at position

-4, as in (17b), this interaction is apparently not sufficient
to inhibit the ring closure, but when there is a phenyl subsLitueiit
at C-4, as in 0 7a) and (17c), then ring closure can he inhibited.

FIG. 25
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I G. 24
N

(17)

1

Z

N

17a : X=PhY=H
17c : X=Ph,Y=Me

l 5 X
H

17b

X= H,Y=Ph

In the latter, which also has a C-i methyl substituent, this
additional steric interaction could explain why no reaction occurs
at all.

Paquette

,

I

has shown the influence of similar steric

and non-bonded interactions in the photolytic ring closures of

substituted cycloheptatrienes and azepines

(see Introduction,

page 4).
The low yield of 3-methylindene obtained from photolysis of (15d)
cannot be explained on a similar steric basis, since it bas no
4--substituent.

The reason for the low yield in this case may

be due to the decreased conjugation that (15c1) has, compared to
(15a-c) , which both have a phenyl substituent at C-i or C-4.
This type of change in reactivity with conjugation is known in
ketone photochemistry, where extending the ffsystem changes the
lowest excited state from an n_T* to aii.*1T* state, and
Binkley1 (0 has used this to explain w

b'nzop1none azie,vh:i cli

does not undergo cleavage of the N-N bond ,is unique riiong aine
systems in its jihotochernistry.

The U.v. spectra of the 5H-2,3-benzodiazepines (15) are shown
in Fig.25, and it can be seen that (15d) does not show strong
absorbance in the region 250-300 niri. Boinieti

169

has shown that

conjugation of an azomethine group by an olofinic or aryl

109
substituent changes the spectrum consderab].y, and that, whereas
an unconjugated C=N has a strong TT- 1T

transition at 180 nm,

~

when conjugated the 7i->7c * transition conies at lon g er wavelength,
submerging the rather .weak n

* transition at Ca. 240 run.

It

could therefore be that (15d), with less conjugation than (15a-c),
has a different lowest excited state and therefore reacts differently.

In explaining the low yields of indenes produced in the

5H-2,3-

benzodiazo pine photolyses, the Reid mechanism via the intermediate
(17) was assumed, but despite various attempts, outlined below,
little experimental evidence could he obtained to confirm it.
In the first attempt it was thought that it might be possible,
by doing the photolysis in an n.m.r. tube at low temperature, to
obtain spectral evidence for the intermediate (17), in much the
same way as Closs and Boll 102 had obtained evidence for the

photoisomor (85) from irradiation at -50 0 of the 311-pyrazcle (8 )
-1

-

R
Me
Me
NN

hV

R

5O 0

(84)

1'. 'J

XMC,

(85)

However, the 1-phenyl compound (151)), which gave the highest

iridene yield, proved to be too insoluble to be able to do the
experiment on a n.m.r. scale, in the solvenis (ether and

acetonitrile) which gave the optimum yield of 3-phenylindene (18).
Use of other solvents (CDC1 3 , CH 2 C1 2 ), in which (15b) did
dissolve, gave very low yields of (18).
An attempt was then made to trap the intermediate (17) chemically,
by carrying out the reaction in a proiic solvent.

It was hoped

that protonation of the intermediate would give the diazonium

FIG.
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intermediate (86) which, on loss of nitrogen would give the
ether (87).

H

ZJr
(17)

H

H
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V

'I'

X -N2 i2
H +
OR
N EN

V

(86)

(37)

Photolysis of the 4-phenyl compound (15a.) in ethanol gave largely
2-phenylindene (22%), but g.l.c. -coupled mass spectrometry also
showed a small amount of material having m/e 238, which is the
correct parent mass for (87a; R=-t,X:-Ph,YH).

This could

therefore be construed as evidence for the intermediate (17).
However, irradiation of the 1-phenyl compound (151)) in methanol
gave only 3-phenylindene.

Therefore, if the Reid mechanism is

correct, then it must he concluded that nitrogen loss from the
intermediate (17) occurs faster than protonation.
Since the experiments outlined above do not give firm evidence
for the Reid mechanism, and. since also the explanation of the
indene yields made on the basis of this mechanism are not entirely
One

satisfactory, alternative mechanisms should. he considered.

possibility is thmt shown in Fig.26, with an initial 1 ,7hydrogen
shift fcllowed by ring opening to give the diazocompound (6).
Loss of nitrogen, from this gives a carbene

(88) which could then

form an indene by addition to the oleVinic double bond.

If

this mechanism is correct, then for (15J). when Y-C11 3 , the carbene
formed (88d) would be expected to undergo a rapid 1,2-hydrogen
shift giving the o-vinylstyrene (90).

But n.m.r. analysis of

R

111

H

=

H
<H

CH2
IfH
t
]

CH 2

H

CH3

(90)
the crude reaction mixture from photolysis of the 1-Methyl cornpoun
(15d) showed no evidence for (go).

Deuterium labelling experiments

would have given more definitive information as regards the correctness or other - ise of this mechanism, but pressure of time prevented
these experiments from being carried out.

G.l,c. -coupled mass spectral analysis of the products from
photolysis of 4-phenyl-511-2,3-benzodiazepine (15a) showed that,
in both ethanol and acetonitrile, a minor product was formed
which had a parent mass of rn/c 205.

Since this is odd-numbered,

the product must therefore contain only one nitrogen atom, and
shows that the photolysis to form 2-phenylindene is accompanied
by other complex rearrangements and fragmentations.
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SYMBOLS AND ABBPEWlATION
The abbreviations used in this thesis are those in common usage.

in

addition, the following are usd:J

spin-spin coupling constant

m

multipiet

br,s

broad singlet

m,'e

mass to charge ratio
ratio of distance moved by the substance to distance
moved by the solvent front

t.h .f.

tetrahydrofuran

d.m.e

1 ,2-dimethoxyethane
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I NSTRUMENTAT ION
Gas-Liquid Chromatography All analytical investigations were carried
out on a Pye Series 104 chromatograph, with a flame ionisation detector,
using 2m x 4mm i.d. packed columns.

The carrier gas was nitrogen, the

flow rate being that recommended by the manufacturer.

The following

stationary phases, supported on 100-200 mesh celite or silocol were
employed:- carbowax 20M (CAR 20M), neopentylgiycol succinate (N.P.G.S.)
and silicone gums (SE-30 and SE-52).
Thin-Layer Chromatography (t.l.c.) - Chromatograms were obtained on
0.33mm layers of alumina (Merck, Aluminium oxide G) or silica gel (Merck,
silica gel G), containing Woelm fluorescent green indicator (0.5).
Components in the developed chromatogram were detected by their quenching
of fluorescence under u.v. light.
Column Chromat ah -. Alumina was Laporte Industries, Grade H, 100/200
mesh (Brockivaiui activity 2)

Silica gel was Whatman Chromedia SG31

Alumina for dry column chromatography was of activity 3.

Nylon tubing

was supplied by W. Coles and Co. Ltd., LONDON SE1.
Nuclear Ma,frnetic Resonance Spectroscopy (n.m.r.)
Proton ( 1 H) n.m.r, spectra were obtained on a Varian EM360
spectrometer.

Spectra of new compounds, decoupling and variable

temperature studies were obtained from a Varian HA100 instrument
operated by Mr. J. Miller.

Chemical shifts are recorded as

delta (g values) in parts per million, tetramethylsilane

(6 =

0,0)

being the internal reference.
Carbon thirteen (1 3 C) n.m.r. spectra were obtained on Varian
XL100 and CFT20 spectrometcrs, operated by Dr. A. Boyd and
Mr. J. Miller respectively,

Chemical shifts are recorded in

parts per million, tetiamethylsilane being the internal reference
(0.0 p.p.m.)
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Mass Spectroscopy - Mass spectra were obtained using an Associated
Electrical Industries 11,1S902 instrument by use of a direct insertion probe,
operated by Mr. D. Thomas.

G.l.c.—coupled mass spectrometry was carried

out with a Microniass 12 instrument, operated by Dr. P. Bell.
Infrared Spectroscopy (i.r.) - Liquid samples were examined as thin films
or solutions, and solid samples as nujol mulls, on a Perkin—Elmer 157G
Grating Spectrophotometer.
Melting Points - The melting points of all new compounds were obtained
using a Kof 1cr hot--stage apparatus.
Elemental Analysis - These were carried out in the Chemistry Department,
University of Edinburgh, by Mr. J. G-runbaum, using a Perkin—Elmer model
240 analyser.
Drying - All organic solutions were dried using anhydrous magnesium sulphate.

120
PREPARATION AND IRIFICATI0N OF REAGENTS ANT) REFERENCE COMPOUNDS
"Super—dry" ethanol was prepared as described by Vogel (Method I). 126
1 ,2—Dirnethoxycthane (h.p. 85 0 at 760 mm Hg) was distilled under nitrogen
from calcium hydride immediately before use.

Tetrahydrofuran (h.p. 64-66 °

at 760 mm Hg) was distilled under nitrogen from calcium hydride and, in
some cases, frcm lithium aluminium hydride, and stored over molecular
sieve Type 4A.

Toluene (h.p. 111

0

at 760 mm Hg) was allowed to stand

over sodium wire until no further reaction occurred, distilled under dry
nitrogen and stored over sodium wire.

Chlorohenzene (h.p. 130_1330 at

760 mm Hg) was purified by passing it down an alumina column and storing
it over molecular sieve Type 4A.
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(i) flREPARATION OF STARTING MATERIALS
I. S YNTIJES IS OF 2 --AC YLST ILT3ENES
This was prepared by the method of Sharp

trans_2.Aceti.rlstilhene.
CA

al.

42

from methylmagnesium iodide and trans-2-cyanosUiibene.

The crude solid was recrystallized from petroleum-ether to give
trans-2-acetylsUlbene as yellow crystals in 69% yield, m.p.

65-66 °

(lit., 42 67-68 ° ).
I.r. (nujol) : 1675 cm
1 11 n.m.r. (CDC]. 3 ) :

(c=o),
7.1-7.8 m (9H) 3 7.63d(1H,J16 Hz),

6.85d(111,J=16 Hz), 2.45s(311).
2-Bromohonzv] bromide.
method

This was prepared by Be Tar and Carpino's

127 by the addition of bromine to o-hromotoluene,with
The

accompanying irradiation from a tungsten filament lamp.

product was distilled from the crude oi.l as a pale yellow liquid
in 93% yield, b.p. 72-78 ° at 0.44 mm Hg (lit. ,127 120_1300 at
13 mm Hg).
n.m.r. (CDC1 3 ) :

6.7-7.8w.

2_Bromobenzyltripheny]hophonium bromide.

A mixture of o--

bromobenzyi bromide (153,5g,0.614 mole) and triphenylphosphine
(176.0g,0.67 mole) in dry benzene (400 ml) was boiled wider reflux
under nitrogen for 2h.

After cooling, the white precipitate was

filtered off and washed with benzene.

Recrystallization of this

from ethanol/ethyl acetate gave 2-bromobenzyltriphenylphosphoniu.m
bromide as colourless crystals (234g ) 70), m.p. 197-199

0
.

(Found: C,58.8; 11,4.0. C 25 H21 Br 2 P requires C,59.0; H,4 , 1%).
n.m.r. (CDC1 3 )
B. trans - 2-Bromostilbene.

7.0-7.9 m (1911), 5,53d(111,J=1F1z).
A solution of sodit:m ethoxide, prepared

from sodium (9.09g, 0.395 mole) in tTsuper_chyt ethanol (200 ml)
was dripped into a stirred solution containing 2-hror!rnbenzyltriphenylphosphoniiim bromide (202.0g, 0.395 mole) and freshly distilled
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beizaldehyie (41 .9g, 0.395 mole) in dry ethanol (400 ml).

After

the addition was complete, the mixture was boiled under reflux for
2.5h, cooled, and the precipitate filtered off.

The solvent was

evaporated under reduced presure and the triphonyiphosphine oxide
removed by vet column chromatography on silica gel, eluting with
benzene.

This gave a red oil (92.2g) containing both cis and

trans isomers.

Isomerization to the trans isomer was carried out

by boiling under reflux in nitrobenzene (200 ml) for 5h in the
presence of a few crystals of iodine.

When g.1.c. analysis

(2% SE52, 212 0 ) showed the isomerization to be complete, the solution
was washed with sodium thiosuiphate solution (2 x 100 ml) and water
(2 x 100 ml), then dried and the nitrobenzene evaporated off.
trans-2--Bromostilbene was distilled from the crude oil as a pale
yellow liquid (64,1g, 63), h.p. 152-154 ° at 0.8 mm Hg (lit., 127
145 ° at 0.55 mm Hg).
n.m,r. (CDC1 3
E. trans—.L—Fo rm

I stilbene.

):S

6.65d (1H,J=12 Hz), 7.0-7.8m (ioH).

This was prepared by an adaptation of the

method of Dale, Starr and Strobel.
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I. &rignard reagent was

prepared by stirring trans-2—bromotiibene (35.0g, 0.135 mole)
with magnesium turnings (3.58g, 0.149 mole) in dry t.h.f. (100 ml)
for 55h at room temperature.
after this time.

D,m,f. (10.0g, 0.137 mole) was then dripped in

and stirring continued for 18h.
ammonium chloride

Most of the magnesium had disappeared

(ioo

After hydrolysis with saturated

ml), the aqueous layer was extracted with

ether (2 x 50 ml) and the ether extracts combined with the organic
layer and dried.

The solvent was then evapora -ted under reduced

pressure to give a red oil (28.0g) from which trans-2—formylstilbene
was distilled as a yellow liquid (22.5g, 79), h.p. 156 ° at 0.5 mm Hg.
This could not be induced to crystallize (lit., 129 m.p. 83 0 ) but had
the following spectral data:

123
i(,O cm- 1

Ir. (nu.joi)

1 11 n.m.r. (CDC1 3

):6

(c=o).

[it.,63 1690 cm - ].

10.25s (1H, aldehydic), 8.00d

(11i,J16 Hz), 7.0•-78m (911), 6.99d (1H,J16 Hz).
[lit. 63 , (CDC1 3 ) :'t -1.1s (1H, aldehydic), 2.0-3.2m
(11H)]

II. SYNTHESIS OF 2-ACYLSTYRENES
2-Phenylethylamine (49.3g, 0.407 mole),

N-Acetyl-2phenylethylarnine.

glacial acetic acid (80 ml) and acetic anhydride (80 ml) were warmed.
to 800 for 0.5h.

After cooling, water (500 ml) was added, and the

excess acetic acid neutralised with potassium hydroxide solution
(10%).

The product was extractcd into ether (5 x 150 ml), dried,

and the solvent evaporated in vacuo giving an oil, which solidified
on standing.

Distillation of this solid afforded N.-acetyl-2-pbenyL.

ethylamine (56.8g, 80%), b.p. 104 ° at 0.1 mm Hg (lit., 63 128 ° at
0.44 mm Hg).
I,r. (liquid) : 3180 cm -1 (broad, N-H), 1640 cm-1 (broad, C=O),
111 nm.r. (CDO1 3

):9

7.23s (5H), 3.50q (214), 2,80k (211),

1.94s (311).
1-Methyl-3,4-dihydroisLpinoline.
Harturig's method

130

This was prepared by Whaley and

from N-acetyl---phenylethylamine, phosphorous

pentoxide and phosphorous oxych]oride in xyiene.

1-Methyl-3,4-

dihydroisocjuinoline was distilled from the crude oil in 85% yield,
b.p, 50 ° at 0.1 mm Hg (lit.,
I.T.

(liquid)

1630 cm

111 n.m.r, (CDC1 3 )
1.35s (311).

121

148-150 ° at 30 mm Hg).
(C=N).

7.6-7.1m (411), 3.66t (211), 2.63t (211),

124
2-Acetyls1yene.

This was prepared from 1-methyl-3,4-dihydroiso-

ciuinolixie in 81% yield by Gensler's method 131

h.p. 63-66 ° at

96_10 0 at 3 mm Hg).

0.5 mm Hg (lit.,

1680 cm -1

I.r. (liquid)
(CDC1 3

1.5 Hz), 5.3dd.

) S

(c=o).

6.9-7.8m (511), 5.6dd (1H,J=17 Hz and

0 11,J=10.5

Hz and 1,5 Hz), 2.53s (3H).

This was prepared by Gensler 's method 131 from

2-Benzoylstene.

1-phenyl-3,4-d.ihydroisoquinolifle, in 64% yield, as a pale yellow
liquid, h.p. 99 ° at 0.1 mm Hg (lit.,
I,r. (liquid)

1660 cm

1 11

) E

n.m.r. (CDC1 3

63

126 ° at 0.4 mm Hg).

(C=O).

8.0-7.2m (9H), 6.7dd (1H,J=17 Hz and

10.5 Hz), 58cl (1H,J=17 Hz), 5.2d (1H,J=10.5 Hz).

III. SINT}SIS OF

-UNSATURATED =TONES

-Ethoxerit--en-2-one.

This was prepared by Claisen's method 132

from acetyaceLone, triefhy]rthoformate and ferric chloride.
reaction was monitored by g.l.c. (5% CAR 20M, 108 ° ).

The

4-Ethoxypent-

4-en-2-onc was distilled as a pale yellow liquid in 27% yield, b.p.
79-81 ° at 18 mm Hg (lit.,

133

71-72 ° at 15 mm Hg).

I.r. (liquid) : 1675 cm
n.m.r. (CDC1 3

):E

(0=0).

5.4 br,s (1H), 3.83q (2H,J=7 Hz),

2.27s (3H), 2.15s (3H), 1,35t (3H,J=7 Hz).
4-Methylhexa-3,5-dien-2-one.

This was prepared by the method of

Crisan and Normant 134 from vinylmagnesium bromide and 4-ethoxypent4-en--2-one.

Distillation of the crude oil afforded the dienone as

a pale yellow liquid in 47% yield, b-p. 58-06 O o at 18 mm Hg (lit., 134
55-56 ° at 15 mm Hg).
I.r. (liquid)

1677 cm-1 (C0).

n.m.,r. (CDC1 3 ) showed the presence of cis and trans isomers,

125
in the ratio
10.5 Hz),

Ca.

9

1:2.

8.18 and 6.11dd (111,J17.5 and

5.78 and 5.67 br,s

(in), 4.9-5.5m (211), 2.19 and

1 .63d (311, J=1 .2 Hz), 1 .34s (311).
This was obtained using the method of

-Methyiromostyrene.

Davis and Roberts 135 by the dehydrobrornination of CK,-dibromo-methyistyrene, which itself was prepared by the addition of bromine
to O(-methylstyrene.

The crude oil was distilled to give

-methy1-

-bromostyrene in 39% yield as a pale yellow liquid, b.p. 105-109 °
at 14 mm Hg (lit. 135 55_590 at 0.6-0.7 mm Hg).
n.m.r, (CC1 4 )7.20s (511), 6.35m (111), 2.2d (3H,J=1.5 Hz)
4-Methyl--6-phenylhepta-3,5-dien-2-o.
method of Crisa.n and Normant

This was prepared using the

134 by reaction of the Grgnard reagent
.

prepared from _methyl.-hromostyrene and 4-ethoxypent-4-en-2-one.
The dienone was distilled from the crude oil as a yellow liquid in
30% yield, b.p. 90-100 0 at 0.2 mm Hg (lit.,
I.r. (liquid)

134

100-115 ° at 0.5 mm Hg).

1675 cm-1 (C=O).
This was prepared in 54% yield using

1-Diethylaminobutan-3-one.
the method of Wilds et al.

1

36

Distillation from the crude material

gave 1-.diethylaminobutan-3-one as a colourless liquid, b.p. 67-70 °
at 10 mm Hg (lit., 136 63-67 ° at 7 mm Hg).
I.r. (liquid)

1715 cm

(c=o).

1_Diethylamino-3-methy1-5-plPeflt-4-e-3-Ol.

This was prepared

by the method of Gautier et al. 137 from reaction of lithium amide,
phenylacetylene and 1-diethylaminobutan--3-one in liquid ammonia.
The crude oil was distilled to give the acetylenic amino-alcohol in
69% yield as a pale yellow oil, b.p. 125-127 0 at 1.5 mm Hg (lit., 137
142 ° at 0.4 mm Hg).
I.r. (liquid) : 3100 --m- 1 (broad, 0-H).

126
G. 3.-Noth11-pb'nylpenta-2,4-dic'n-1-one.
method of Gautier et al .

137

This was prepared using the

from 1 -di ethylarnino-3-methyl-5-phenylpent-

4-yne-3-ol and Deniges reagent (mercuric oxide, sulphuric acid and
distilled water).

Fused potassium hydrogen sulphate was added to

the crude oil and the dienone distilled from this in 60% yield,
b.p. 112 ° at 0.2 mm Hg (lit.,

137

I.r. (liquid) : 1655 cm

118 ° at 0.5 mm Hg).

(c=o).

n.m.r. (Cd 4 ) showed both cis and trans isomers to be
present, in the ratio

Ca.

1:1.

S

7.0-8-Om (511), 6.65

and 6.57 br,s (1H), 6.41dd (1H,J=18 and 10.5 Hz), 5.48dd
(111,J=18 and 1.5 Hz), 5.35 br,d (1I1,J=10.5 Hz), 2.22 and
2,02d. (3H,J=1.5 Hz).
II. Ethyl 3_h:rdrexy_3_rncthylhexa_4_enoate.

This was prepared in 51%

yield using the method of Cologne and Varagnat 138, by the Ref orinacsky
reaction of ethyl c(-bromoacotate, zinc and pent.-3-en-2--one.

The

hydroxyester was distilled from the crude material as a colourless
oil, b.p. 89-92 ° at 11 mm Hg (lit.
I.r. (liquid) : 3500 cm

, 138 930

at 15 mm Hg).

(broad, 0-H), 1620 cm-1
(broad,
in

0=0).
Ethyl 3-methylhexa-2,4-dienoate.

This was obtained by slow

distillation from ethyl-3-hydroxy-3-m(thylhexa-4-enoate with anhydrous
copper sulphate according to the method of Cologne and Varagnat. 138
The ester was redistilled, after drying, as a colourless liquid
(71%), b.p. 82-84 0 at 14 mm Jig (lit., 138 85 ° at 15 mm Hg).
I.r. (liquid)

1610 cm

3-Methylhexa-2,4---dienoic acid,

(broad, C=O).
This was prepared using Burton and

Ingold's method 139 by stirring ethyl 3-methylhexa-2,4-dienoate with
10% methanolic potassium hydroxide solution.

This gave the acid

as a white solid (70%) which was recrystallized from petroleum-ether,
0

m.p. 118-120 (lit,,

139

o
120 ).
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I. c. (nujol) : 2700 cm

(broad, acidic 0-H), 160 cm -1

(broad, C=O).
1 11 n.m.r.

(cci 4 ) :

11.5 br,s (acidic 0-H)
This

L, 3-Methylhexa.-2,4-dienoic acid chloride.

was

prepared according

to Burton and Ingold's method 139 by the addition of thionyl chloride
The acid chloride was

to 3-methylhexa-.2,4--dienoic acid in benzene.

0

distilled as a pale yellow liquid in 69%I yield, h.p. 88-90 at 11 mm
Hg (lit.,

139

94-95 ° at 15 mm Hg).

I.r. (liquid) : 1750 cm
N. 5-Methylocta-4,6-dien-3-one.
from Heilbron et a].

140

(C=O).
This was prepared using a method ad.3pL.ed

A Grignard reagent

was

prepared from ethyl

bromide (6.23g, 0.057 mole) and magnesium (1.27g, 0.052 mole) in
ether (40 ml).

This was cooled to 00 in ice and anbycIrous cadmium

chloride (5.07g, 0.026 mole) added in one batch, under nitrogen.
After rapid mechanical stirring for 30

mm, 3-rnethylhexa-2,4--dienoic

acid chloride (4.07g, 0.028 mole) in ether (20 ml) was dripped in.
The mixture was boiled under reflux for 3h, cooled and carefully
hydrolysed with ammonium chloride solution (100 ml, 10o).

The

organic layer was washed with water (2 x 50 ml), dried and the solvent
evaporated under reduced pressure to give a yellow liquid (3.9g).
Short-path distillation from this gave 5-methylocta-4,6-dien-3-one
as

a yellow oil (2.3g, 59%), b.p. 71-79

138.103697.

-

at tO mm Hg.

C7H14 0 requires rn/c, 138.104459).

hydrazone m.p. 121-123
C

0

0
.

(

(Found: rn/c,

2,4-Dinitrophenyl-

Pound: C,56.4; H,5.8: N,17.6.

0 requires 0,56.6; 11,5.7; N,17. 2 %).
N 4 4
15H18
I.r. (liquid) : 1680 cm -1 (C=o).
n.m.r, (CDC1 3 ) showed the presence of cis and trans isomers,
in the ratio ca. 1:2.

0 7.6d (J=16 Hz) and 6.4-5.9m (311),

2.46q (2H,J-=7.5 Hz), 2.23 and 2.96l (3H,J=1.5 Hz), 1.84d
(3H,J5 Hz), 1.06t (311,J=7.5 Hz).
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N. Ethyl 3-me tl-5--phcnylponta-2-dienote.
Cawley and Nelan's method,

This was obtained using

by the dehydration of the hydroxyestor

prepared by the Reformatshy reaction of ethyl bromoacetate, zinc and
benzaiacctone.

The ester was distilled from the crude product as a

colourless oil in 56% yield, b.p. 134-135 ° at 0.5 mm Hg (lit., 141
160-163 ° at 4 mm Hg).
I.r, (liquid) : 1700 cm

(broad, CO).

3-Methyl-5-phenylpenta-2,4-dienoic acid.

Ethyl 3-methyl-5-

phenylpenta-2,4-dienoate (214g, 0.095 mole) was boiled under ref lux
for 10.5 h with aqueous sodium hydroxide (4%, 0.2 mole).

After

cooling, the solution was washed with ether (3 x 50 ml), then
acidified with dilute sulphuric acid.

The white precipitate was

filtered off, extracted into methylene chloride, dried and evaporated
to dryness in vacuo, giving the acid as a white solid (17.3g, 97%),
m.p. 122-124 0 (lit., 142 125-125.5 0 ) after recrystallization from
ethanol.
i.r. (nujol)

2600 cm

(broad, acidic 0-H),

1680 cm- 1 (broad, C=O).
3-Nethyl-5-phenylpenta-2,4-dienoic acid chloride.

3-Nethyl.-5-

phenylpenta-2,4-dienoic acid (17.2g, 0.091 mole) was dissolved in dry
benzene (100 ml) and thionyl chloride (21.5g, 0,18 mole) dripped in.
The solution was stirred overnight then boiled under reflux for
1,25 h.

After evaporation under reduced pressure of the benzene

and excess thionyl chloride, a brown solid was obtained (20g).
Recrystallization from petroleum-ether (h.p. 40-60 0

)

gave yellow

crystals (6.3g, 33%), m.p. 86-87 ° , which 1 H n.m.r. showed to consist
of one isomer only.

From the mother liquor, a yellow oil was

distilled (5.4g, 29%), b.p. 128-130 ° at 0.09 mm Hg.

This solidified

on standing and was shown by 1 H n.m.r. to consist of two major isomers.
(Found: C, 70.0; H, 5.7. C 12H10 0C1 requires C,69.7; II, 5.3%).
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I. r. (nujol) : 1'740 cm -1 and I 6S0 cm

(c=o).

7.2-7.6 m (511). four

1 11 nn.r. (cDc1 3 )

overlapping doublets 7.12, 7.01, 6.66, 6.69 (211,
J=16 Hz), 6.19 and 5.93 br,s (iH), 2.41 and 2.35 d.
(3H,J=i,5 Hz).
This was prepared using a

4-M(thvl-6phcnXlhexa-35.ien-2-one.

method based on that of Heilbron et al. 140 A Grignard reagent was
prepared from methyl iodide (15.89, 0.111 mole) and rnagnos:iurn (2.58g,
0.106 mole) in ether (60 nil).

This was cooled to 0

0

in ice, and

anhydrous cadmium chloride (10.2g, 0.053 mole) added in one hatch
with vigorous mechanical stirring.

After 0.5h at room temperature,

3-rnethyl-5-phenylpenta-2,4-dienoic acid chloride (11.0g, 0.053 mole)
in ether (80 ml) was dripped in, and the reaction mixture boiled
under reflux for 2h

After cooling, hydrolysis was carried out by

the careful addition of ammonium chloride solution

(iO%, 100 ml).

The aqueous layer was washed with ether (2 x 50 ml) and the ether
extracts combined with the organic layer, dried and evaporated under
reduced pressure to give a red oil (I1.4g).

Short-path distillation

of this afforded the dienone as a yellow oil (5.4g, 55%), b.p0 101o
143
o
79-83 at 0.03 rnn Hg).
103 at 0.15 Trim Hg (lit.,
I.r. (liquid) : 1675 cm-1 (C=O)
11 n.m.r. (cDC1 3 ) showed both cis and trans isomers
to be present, in the ratio 2:3,

9 8.4 d (iii trans,

J=16 IN), 7.2-7.7 m (5H), 7.10 d (1H,J=16 Hz), 6.75 d.
(1H,J-16 Hz), 6.32 and 6.15 br,s (1H), 2.40 and 2.13 d
(3H,J=1.5 liz), 2,29s (311).
-

I-lepta- 3,5 -dion-.-2-one.

This was prepared using Neersceints method 144

by the aldol condensation of crotonaltiehyde and acetone.

The dienone

was distilled from the crude oil as a pale yellow liquid in 13% yield.
b.p. 73-76 ° at 15 mm Jig (lit., 144 78 ° at 16 mm Hg).

1 30
I.r. (liquid)

1640 cm-1 a:d 1065 cm-1 (C=o).

1 11 n.m.r. (cDCi 3 )

7.4-6.9 m (ill), 6.4-5.9 m

(211), 228s (3H), 1.90 c1 (3H,J5 Hz).
This was prepared by the method of

T.
Crisan and Normant

134 from the reaction of the Grignard reagent

of 1 -.bromoprop-1 -ene and 4-ethoxypent-4-.en-2-one.

The dionone was

distilled from the crude material as a pale yellow liquid in 53%
yield, b.p. 60-62 ° at 10 mm Hg (lit.,
I.r. (liquid)

IV. SYNThESIS OF

134

79-80 ° at 16 mm Hg).

1640 cm -1 and 1685 cm -1

(co).

-UNSATURATED ALDEHYDES

A. 3-MetIyl-5-phenylpnta-i-dien3-ol.

A Grignard reagent was

prepared from vinyl bromide (42.6g, 0.399 mole) and magnesiuiri
(9.7g, 0.40 mole) int.h.f. (100 ml) by the method of Norm-ant. 45
This was cooled to 0 in ice and ether (20 ml) added, followed by
benzaiacetone (30.15g, 0.205 mole) in ether (20 ml).

The reaction

mixture was stirred at room temperature overnight, then carefully
hydrolyscd with ammoniurn chloride solution ( 10%, 100 ml).

The

aqueous layer was washed with ether (2 x 50 ml) and the ether extracts
combined, with the organic layer, dried and evaporated under reduced
pressure to give a yello'r oil. (40.5g).

This was distilled in small

batches to give the tertiary alcohol as a colourless oil (19.8g, 56),
b.p. 104-106 ° at 0.15 mm Hg (lit.,
I.r. (liquid): 3400 cm
n.m.r. (CDC1 3 ) :

146

86-110° at 0.01 mm Hg).

(broad, 0-11)
7.1-7.5 in (5H), 665 d.

(IH,J=16 Hz), 6.25 d (1H,Jr16 Hz), 6.07 dd (1H,

* This compound was prepared by Mr. R.S. Strathdee as part of a Chemistry
IV Honours Project.
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J=-17 Hz and 10 Hz), 5.27 dcl (1 H, J=1 7 lIz and 1.5 lIz),
5.10 dcl (111,J=10 Hz and 1.5 Hz), 2.0 hr,s (0-H), 1.48s (3H).
3-11ethyl--5•-phenylpenta--2,4--dien-1-ol.
yield using the method of Kobrich,

This was prepared in 20%

146

-

by stirring 3-methyl-)-

phenylpenta--1,4---dicn--3-ol with dilute hydrochloric acid in acetone.
The primary alcohol was distilled as a colourless oil which solidified
on cooling and was recrystallized from petroleum-ether (b.p.

40_600)

o
o
146
at 0 , mp. 60-65 (lit.,
69-73 ).
I.r. (nujol)

3200 cm

n.m.r. (CDCl 3 ):

(broad, 0-H).

7.1-7.5 m (5H), 6.87 d (1H,

J=16 Hz), 6.52 d (1H,J=16 Hz), 5.83 br,t (1H,J=7 Hz),
4.36 d. (211,J=7 Hz) 1.93 br,s (3H), 1.5 br,s (0-11).

3-Methyl-5-phervljenta2,4-dienal.
using KobriclYs method

146

This was prepared in 80% yield

by manganese dioxide oxidation of 3-

methyl-5-phenylpenta-2,4-dien-1-ol.

The dienal was obtained by

short-path distillation from the crude liquid as a yellow oil,
b.p. 105--110 ° at 0.03 mm Hg (lit., 146 105-1 110
I.r. (liquid)

1640 cm

1 H n.m.r. (CDC1 3

):6

at 0.01 mm Hg).

(C=O).
10.15 d (aldehydic H,J=8 Hz).

6.6-7.6 m (7H), 6.07 br,d (1H,J8 Hz), 2.38 d
(3H,J=1 Hz).
3-Meihylhoxa-2,4-dien--1--ol.
et al

.

14

An adaptation of the method of Robeson

was used to prepare this alcohol.

To a stirred solution

of ethyl 3-methylhexa-2,4-dienoate (10.2g, 0.066 mole) in dry ether
(60 ml) was dripped in a solution of lithium aluminium hydride
(3.05g, 0.084 mole) in dry ether (50 ml).
was kept below 20 ° by cooling in ice.

The reaction temperature

After the addition was complete,

g.l.c. (5% CAR 20N, 125 ° ) showed little starting material sill]. present
so the excess lithium aluminium hydride was destroyed by the carefi]
addition of wet ether (50 ml) followed by dilute sulphuric acid

13 '12
The organic layer was washed with dilute sulphuric

(iN, 50 mt).

acid (2 x 40 ml), aqueous potassium hydroxide solution

(3%, 2 x 50 ml) and water (2 x 50 ml).

After drying and removal

of the solvent in vacuo, the alcohol was distilled from the crude
oil as a colourless liquid (5.4g, 730/'-), b.p. 82-84 0 at 16 mm Hg
(lit.,

148

82

o

at 15 mm Hg).
(broad, 0-H).

I.r. (liquid) : 3300 em

This was prepared by an adaption of the

E. 3-Methylhexa-2,4-dienal.
method of Robeson et al. 47

3-Methylhexa-2 1 4-dien-1-ol (7.7g,

0.069 mole) was stirred in petroleum--ether (b.p. 40-60 ° ) with active
manganese dioxide

149

(24g) for 20h when g.i.c. (5% CAR 20M, 120 0 )

showed the reaction to be complete.

The manganese dioxide was

filtered off on celite and the solvent evaporated to give a yellow
oil.

Distillation from this gave 3-rnethylhexa--2,4-dienal as a pale

yellow liquid (4.95g, 66%), b.p. 76-78 0 at 12 mm Hg.
110.073039. C 7H100 requires rn/c, 110.073161).
hydrazone m.p. 197.5 0 .

(Found: rn/c,

2,4-dinitrophnyl-

C,53.6; 11,4.8; N,19.1. C 13H 14N404

( Found:

requires C,53.3; 11,4.9; N,19.3%).
I.r. (liquid) : 1660 cm-

1

and 1630 cm-1

(c=o).

n.m.r. (ODd 3 ) showed the presence of cis and trans
isomers, in the ratio Ca. 2:3.

9

9.14 and 9.07 d

(aldohydic H,J=8 Hz), 7,11 hr,d (111 trans, J=16 Hz),
6.0-6.5 m (211), 5.82 (two overlapping doublets, l IT ,J=8 Hz),
2.04 and 2,23 d (3H,J=1 .5 Hz), 1.8-2.0 (overlapping
doublets, 3H,J=1.5 Hz).
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(2) S1TTUSISOF TOSYLHYDRAZONES

The tosyihydrazonos A-.D, of the o-acylstyrenes and -stilbenes,were
prepared using the general method of Sharp et al. 42,63 as follows:
an equimolar mixture of the ketone and p7 tosylliydrazine were stirred
together in ethanol containing concentrated hydrochloric acid, until
t,l.c. (alumina/benzene: ether) showed all the starting material had
been consumed.

In cases A and C, this necessitated boiling under refiux

for 4k and 101i rcspectively, while for B and D, stirring at room
temperature overnight sufficed.

The tosyihydrazones were removed from

the reaction mixture by filtration and recrystallized from ethanol or
an ethanol/ethyl acetate mixture.

Compounds A-D are listed below,

along with their percentage yields and inciting points.
trans-2-Acetylstilbene tosylhydrazone (55%), m.p. 131-133
(lit.

,42

0

134°).

trans-2--Formylstilhene tosylhydrazone (755), m,p. 141-143 °
(lit.,

42

o
l'15-i46.5 ).

2-Benzoylstyrene tosyihydrazone (5654),m.p . 115_120° decomp.
(lit. ,42 116_1200 decomp.)
2-Acetylstyrcno tosylhyd.razone (751), m.p. 142-146 ° (lit., 42
142-146 ° ).

The remaining tosyihydrazones, E-K, were prepared by stirring equimolar
quantities of the respective dienone precursor and 27tosylhydrazine,
in ethanol, under nitrogen, in the dark, overnight.

All the starting

material had been consumed by this time, as shown by t.l.c. (alumina!
benzene).

In the cases where the tosyihydrazones were crystalline

(F,H,K), they were filtered off and recrystallized from ethanol.
Tosyihydrazones E,G and J, however, did not crystallize spontaneously
in the reaction vessel, and could not be induced to do so by scratching.
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After removal of the solvent, and high-vacuum drying, they did form
"semi-crystalline", flaky materials, but addition of solvent to these
only resulted in formation of oils.

The fact that the tosylhydrazones

had been formed was observed from i.r. and mass spectral data.
4-Methyl-6-.phenylhepta-3 , 5-di en-2-one tosv]hydrazone.
obtained as a red oil, in a crude yield of 989.

This was

(Found: m/e,

368. C 21 1-124N2 S02 requires m/e, 368).
I.r. (liquid) : 3200 cm-1 (broad, N-H), 1600 cm 1 (C=C).
Mass spectrum : see Appendix I.
3-Meth yl 5-phenylpenta-2,4-dienal tosvlhydrazone. This was obtained
as a white crystalline solid in 715 yield, m.p. 148-149

0
.

(

Found:

C,66.8; 11,5.9: N,8.2. C 19H20N 2 S0 7 requires C,67.05; Ii,5.9; N,8. 2 %).
I.r. (nujol) : 3170 cm
Mass spectrum

(N-H).

see Appendix I.

ri.m.r. spectrum : see Appendix II.
This could not be induced

3-Methylhexa-2,4-dienal tosyihydrazone.

to crystallize and could only be isolated as a dark red oil in 97%
crude yield.

(Found: rn/c, 278.108888. C 14 1118 N2 02 S requires m/e,

278.108892).
I.r. (liquid) : 3200 cm

(broad, N-H), 1600 cm

4-Methyl-6-phenylhexa-3,5-dien-2-one tosyihydrazone.

(C=c).
This was

obtained in 70% yield as white crystals, which tuined yellow on
exposure to light and air, m.p. 136-137.5

0
.

(

Found: C,67.5;

H : 6.3; N,7.95. C 20H22N2 S02 requires C,67.8; 11,6.3; N,7.0).
I.r. (nujol)

3180 cm

(N-H).

Mass spectrum : see Appendix I.
111 n.m.r. spectrum

see Appendix II.

J. 4-Nethylhexa--3 5-di en-2-cne tosvlhvdra.zone.

This was obtained as

an intermediate in the preparation of 3 ,4-dihydro-5 ,'T-dimethyi-2tosyl-1,2-diazpine.

A small amount of the latter did form in the
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preparation of the -tosyihydrazone and was filtered

off

(13).

After removal of the solvent from the reaction mixture, the
tosyihycirazone remained as a yellow oil (87% crude yield), but
could not be made to crystallize even after purification by
chromatography.

(Found: m/e, 278. C 14H 18N0S requires rn/c 278).

I.r. (liquid) : 3200 cm

(broad, N—H).

Mass spectrum : see Appendix I.
n.rn.r. spectrum : see Appendix II.
This was obtained in 74%

K.

yield as colourless crystals, m.p. 147-149
11,6.6; N,9.9.

0
.

(

Found: 0,60.3;

C 14H18N 2 02S requires 0,60.4; H,6.5; N,10. 1 %).

I.r. (nujol) : 3195 cm-1 (N—H).
Mass spectrum : see Appendix I.
n.m.r. spectrum

I

see Appendix II.
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(3) SNT1iESIS OF 111-2 ,3-3ENZODIA?EPINES FP0."1 THE' C2LlZi\TlON OF THE
CORRESPONDING p-TOSYLBYDRAZONE SODIUM SALTS
In general, the sodium salts were prepared by the method of Sharp
et al.

'12

described below for trans-2-formylstilbene tosyihydrazone.

All solvents used in the salt preparation were removed on a rotary
evaporator keeping the bath temperature below 400.

Cyclizations

were carried out under nitrogen and in the dark, to prevent photolysis
of the reactants and products.
4-Pheny1-1 11-2, 3-benzodiazepine.

trans-2-Formylstilbene tosyihydrazone

d.me.(40ivW)_-4 o_dd
to
r1) cUcs -LA L
The mixture wa starred for 30 mm, then the solvents removed on a
(5.00g, 0.133 mole) was dissolved in

rotary evaporator.

The residual salt was dried overnight in the
Dry

reaction flask, under high vacuum over phosphorous pentoxide.

d.m.e. (100 ml) was then added and the mixture heated to ref lux for
0.5h when t.l.c. (alumina/benzoneether 1:1) showed no starting
material present.

After cooling, the solution was filtered through

a dry, weighed funnel and the precipitate washed thoroughly with

The solvent was then evaporated under reduced pressure to

d.m.e.

give a red solid (3.6g).

This was purified by dry column

chromatography (alumina/benzene:ether 4:1) followed by recrystallization
from ethanol to give the 11-1-henzodiazepine (1.93g, 66%), m.p. 130-132 °
(lit.,

42

132-133 ° ).

111 n.m.r. (CDC1 3

):S

7.1-8.1 m (9H), 698s (iii),

6.35 d (11J,J=9 Hz), 3.02 d (11i,J=9 Hz).
1--Phenvl-1H-2,3-berizodiazepino.

Tnis was prepared in 48% yield

from the sodium salt of 2-benzoylstyrene tosylhydrazone, dried in
the usual. manner and boiled under reflux in d.m.e. for 0.5h.

The

crude material was purified by dry column chromatography (alumina/
benzene:ether 7:3).

Recrystallization from ethanol gave the
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als, nip. 98-99 (lit.,
1H-herizodiazepine as yellow crystals,

o
101-102 ON

4'

8.25 d (111,J=9 Hz), 6.8-8.0 m

111 n.m.r. (CDCI 3 ):

(911), 6.78 d (1H,J=9 Hz), 3.87 br,s (iii).
1_Methyi-4--phenyT-1H.-2,3-honzou1iazpine.

This was obtained in 73%

yield from the sodium salt of trans-2-acetylstilbene tosyihydrazone,
dried in the usual manner and heated to reflux in d.m.e. for 6h.
Purification of the crude oil was achieved by dry column chromatography
(alumina/benzene:ether 1:1) followed by recrystallization from ct.hanol
to give the 1H-benzodiazepine as yellow needl.es, rn.p.

930

(lit.,42

92-93 ° ).

S

n.m.r. (CDC1 3 ):

7.2-8.1 m (911), 6.95s (1H),

2.92 q (1H,J=6 Hz), 2.32 d (3H,J=6 Hz).
1-Methvi--1H-2,3-benzodiazepine.

This was prepared from the sodium

salt of 2-acetylst,yrene tosylhyclrazorie, dried in the usual manner and
boiled under reflux in d.rn.e. for 1.5h.
recrystallized at ca. -30

0

The crude oil was

0
from petroleum -ether (h.p. 60-80 ) to

give the 1H-henzodiazepine in 80% yield, rn.p.
1 11 n.m.r. (cDc1 3 )

43-45 0

8.10 d (1H,J=9 liz),

7.2-7.8 m (4H), 6.66 d (111,J=9 Hz), 2.81q
(1H,J=6 Hz), 2.33 d (3H,J=6 liz).

(lit.,

42

47°).
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(4) SYNTHESIS OP 5H-2 3-BENZ0DIAZEPINES
In general, these were prepared by the base-catalysed rearrangement
of the corresponding 111-isomers, as described below for 4-phenyl111-2,3-benzediazepine.

The base used in each case was sodium ethoxid.
Sodium (0.202g, .0088 mole) was

4-Phenyl-5H-2.3-henzodiazepine.

dissolved in super-dry ethanol (100 ml) and 4--phenyl.-1H-2,3-benzodiaThe mixture was boiled under

zepine (1.93g, 0.0088 mole) added.

reflux until t.l.c. (alumina/benzene:ether 1:1) showed all of the
The ethanol was removed on a

starting material had been consumed.

rotary evaporator and benzene (100 ml) added.

After washing with

water (2 x 50 m).) and drying, the benzene was removed under reduced
pressure to give a yellow solid (1.83g) which was recrystallized
from ethanol to give 4-phenyl-5H-2,3--benzodiazepine as colourless
needles (1.20g, 66%), m.p. 108-110

0
.

(

Found: C,81.8; H,5.45;

C 15H 12N2 requires C, 81.65; 11,5.6; N,12.7

N 1 12.7.

Mass spectrum:
Sec Appendix III
n.m.r. spectrum:
1-Phenyl-5H-2,3-henzodiazepine.

This was prepared in 83% yield

by boiling under reflux equimolar quantities of sodium ethoxide and
1-phenyl-1H-2,3-b(nzodiazepine in ethanol for 1.5h.

After work-up,

the crude solid was recrystallized from ethanol to give the 5Hbenzodiazepine, m.p. 148-151o (lit.,

1 11

n.m.r. (CDC1 3

):8

42

152-153 ).

7.1-7.7 m

(ion),

3.46 dd

(1H,J=12 Hz and 5 Hz), 3.02 dd (1I1,J=12 Hz and 5 liz).
1 --Methyl-4-phenyl-5H-2 3-henzodia zepine.

This was prepared in the

usual manner from 1-methyl-4-phenyl-111-2,3-benzodiazepine boiled
under ref lux in ethanol with an equimolar quantity of sodium ethoxide,
for 3-5 days.

After work-up and recrystallization from ethanol, the

5H--henzodiazepine was obtained in 63% yield, m.p. 138-140 ° (lit.., 42
1 36-1 400).
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1 11 n.r:r. (CDCI 3

):6

7.1-8.0 (911), 4.03 d

(111,J12.5 Hz), 3.12d (11i,J=12.5 Hz), 2.56s (311).
D. 1-Met)yi-5H-2,3-benzodIazepine.

This was prepared from 1-methyl-

1H-2,3-benzodiazepine (1.04g, 0.0066 mole) in the usual manner by
boiling under reflux with sodium ethoxide (0.0066 mole) in ethanol
(80 ml) for 9h.

After work-up, a yellow oil (0.78g) was obtained

which 1 H n.m.r. showed to consist entirely of 1-methyl-511--2,3benzodiazepine.

C 10H10N2 requires rn/c,

(Found: rn/c, 158.084394.

158.084942).
Mass spectrum:
See Appendix III

1 11 n.m.r. spectrum:
All attempts to purify this 51j-lienzodiazepine by both chromatography
and recrystallization resulted in the formation of a white solid,
rn.p. 205-210 ° .

C 101I 10N requires

(Found: C,75.6; H6.7: N,17.4.

C,75.9; 11,6.4; N,17.7 ).

This was sho

by 1 H n.m.r. and 13 C n.m.r.

spectra to be a trimer of the 5H-2,3-benzodiazepine.

The mass

spectrum gave rn/c 158 (C 10H 10N 2 requires ni/c 158) showing that the

-Lrimer very readily breaks down in the mass spectrometer to its
monomeric form.

L! 2
(C b U

22

)

+r (), 2+0s (3),2Is (344),

2.22s(34).
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(5) SYNTHESIS OF 3,1-DIHIiDR0-2--T0SYL.--1 , 2-DIAZEPIYES
The general method of preparation was to stir equimolar quantities
of dicnone and E7tosylhydrazine in ethanol containing concentrated
hydrochloric acid, under nitrogen, overnight, at room temperature.
The tosyldiazepine was then filtered off and purified by recrystallization. Bororytrifluoride diethyl etherate also proved to be a
suitable catalyst for the reaction.
A. 3 ,4-Dihydro-5 ,7-.dirnethyl-2-tosyl.-1 , 2-diazepine.
From 4-methyihoxa--3,5-dien-2-one.

j-Tosylhydrazine (4.96g,

0.0256 mole) and 4-methylhexa-3,5-dien-2-one (2.93g, 0.0256
mole) were stirred in ethanol (30 ml) containing concentrated
hydrochloric acid (1.5 ml).

Recrystallization of the white

precipitate from ethyl acetate gave 3,4-dihydro-5,7-climethyl2-tosyl--1 ,2-diazepine as colourless needles (5.5g, 75%), rn.p.
185 ° .

(Found: C,60.7; 11,6.7; N,10.0. C 14H 18N2 0 2 S requires

C,60.4; H,6.5; N,10. 1 %).

Mass spectrum:
n.rn.r. spectrum:
13 C n.m.r. spectrum:

See Appendix IV
See Appendix V
See Appendix VI

From 4--methylhexa-3,5-dien-2-one tosyihvdrazone.

Crude 4-

methylhexa-3,5-dien-2-one tosyihydrazone (0.272g, 0.98 m mole)
was stirred overnight in methanol (3 ml) containing concentrated
sulphuric acid(10 ml).

3,4-Dihydro-5,7-dimethyl-2---tosyl-1

2-diazepine was precipitated and filtered off (0.12g, 44).
B. 3,4-Dihvdro--2-iosyl-3,5,7-trimethvl-1 ,2-diazepine.

This compound

was prepared by Mr. R.S. Strathdee as part of a Chemistry PT Honours
project.

4-Methylhepta--3,5-dien-2-one (0.56g, 4.5 m mole) and

-tosy1hydrazine (0.85g, 4.5 m mole) were stirred in ethanol (10 ml)
containing concentrated hydrochloric acid (0.25 ml).

The white
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solid

ObtLL1('d

by fil Lint! (in was

)(F

tallzd from ethanol to

give 3,4-dihydro-2-tosyl-3,5,7-trimefhyl--1 2-diazepine (0.87g, 66%),
m.p. 164-166

0

( Found:

.

C,61.5; 11,6.9; N,9.5. C 15 H20N9 02 S requires

C,61.6; 11,6.9; N,9.6%).
Mass spectrum:
n.rn.r. spectrum:
13 C n.m.r. spectrum:

See Appendix IV
See Appendix V
See Appendix VI

3 ,4_Dihydro-5-methyl-7-phenyl-2-toSy

This was

, 2-.diazepine.

obtained in the usual manner from 3-methyl-1---phenyipenta-2,4--dien-1-one (5.00g, 0.029 mole) and j-tosylhydrazine (5.39g, 0.029 mole)
in ethanol (50 ml) containing concentrated sulphuric acid (2.5 ml).
The crude product was recrystallized from ethanol to give 3,4-dihyciro5_methyl_7_1)hrnyi._2_tosyl_1 ,2-diazepine (5.4g, 55%), m.p. 169-171 ° .
(Found: C,66.9; 11,5.9; N,8.3. C 19H20N2 02 S requires C,67.05;
11,5.9; N,8.2%).
Mass spectrum:

13

See Appendix IV

n.m.r. spectrum:

See Appendix V

C n.m.r. spectrum:

See Appendix VI

3,4-Dihydro-3,5-dimethyl-7-ethyl-2-tosyl-1,2-diazepine.
4,6-dien-3-one (0.583g, 4.22 m mole) and

5-Methylocta-

-tosylhydrazine (0.786g,

4.22 m mole) were stirred in ethanol (5 ml) containing concentrated
hydrochloric acid (5 drops).

On seeding, a precipitate immediately

formed, which was filtered off and recrystallized from ethanol to
give 3,4-dihydro-3 ,5-dimethyl-7-ethyl--2-tosyl-1 ,2-diazepine as
colourless plates (0.67g, 5 2%), m.p. 126 0 .
11,7.2; N,9.1.
1

C

C,62.6;

Srequires C,62.7; H,7.2; N,9.1%).
H
16 22 N 2 0 2

Mass spectrum:
1

( Found:

See Appendix IV

H n.m.r. spectrum:

See Appendix V.

13 C n.m.r. spectrum:

See Appendix VI
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(6) SINTIIES1S OF 3H--1 ,2-DIAZEPINES
In general, these were prepared, as desciibed below for 5,7-dimethyl314-1 ,2-diazepine, by heating two moles of sodium ethoxide with one
mole of the corresponding 3,4-dihydro-2--tosyl-1 ,2-diazepine, in dry
toluene.

At

Ca.

1000,

sulphinate occurred.

a sudden precipitation of sodium -to1ueneThe heating was continued for a short while

until t.l.c. (alumina/benzene:ether 1:1) showed all the starting
material had been consumed.

The excess base was removed by shaking

the reaction mixture with water, and the diazepine purified by
distillation or recrystallization after removal of the solvent.
A. 5,7-Dimothyll-3H-1,2--diazepine.

Sodium (0.193g, 8.38 m mole) was

dissolved, in super-dry ethanol (20 ml) and 3,4-dihydro-5,7-dirne'thyl2-tosyl-1 ,2-diazepine (1.164g, 4.19 rn mole) added.

After stirring

for 0.5h, the ethanol was removed on a rotary evaporator at room
temperature.

The residual solid was dried over phosphorous

pentoxide under high vacuum overnight.

Dry toluene (50 ml) was

then added and the mixture boiled under reflux for 15 mm.

The

sodium -.-toiuenesulphinate was filtered off and the solution washed
with water (2 x 50 ml), dried and the solvent removed under reduced
pressure, leaving a yellow oil (0.53g).

5,7-Dimothyl-3H.-1 ,2-

diazepine was distilled from this as a yellow liquid (0.40g, 7 8%),
b.p. 80 ° at 12 mm Hg.

(Found: rn/c, 122.084493; rn/c •-28, 94.078046.

C 7H10N 2 requires rn/c, 122.08 4394;
Mass spectrum:
H n.m.r. spectrum:
13 C n.m.r. spectrum:
B

C 7H 10 requires rn/c 94.078247).

See Appendix VII
See Appendix VIII
See Appendix IX

3,5 ,7-Trimethy)--3H-1 ,2-diaze pine.

A mixture of 3,4-dihydro-2-

tosyl-3,5,7-trirnethyl-1,2-diazepine (1.00g, 2.92 m mole) and sodium
ethoxide, prepared from sodium (0.59g, 6.90 rn mole) in super-dry
ethanol (20 ml) was dried in the usual manner.

Dry toluene (20 ml)
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was then added and the mixture boiled under refiux for 1 5 mm.
The sodium -toluenesulphinate was filtered off, and the solution
shaken with water, dried and the solvent removed in vacuo.

3,5,7-

Trimethyi-311-1,2-diazepine was distilled from the crude oil as a
yellow liquid (0.36g, 77%), b.p. 75-78 ° at 10 mm Hg.

(Found: m/e,

136.099912; m/e-28, 108.093493. C 8H 12N 2 requires 136.100043;
C 8H 12 requires m/e, 108.093896).
See Appendix VII

Mass spectrum:
n.m.r. spectrum:
13 C n.m.r. spectrum:

See Appendix VIII
See Appendix D(

5-Methyl-7-phenyl 3H-_l

A mixture of 3,4-dihydro-5-

mothyl-7-1)henyl-2-tos3 ,1-1 ,2-diazepine (2.00g, 5.82 m mole) and
sodium ethoxide, prepared from sodium (0.271g, 11.8 m mole) in
Dry toluene

super-dry ethanol (20 ni) was dried in the usual manner.
(50 ml) was added and the solution heated to 1000 for

5

mm.

After

filtration of the sodium -toluenesulphinate and the usual work-up,
Recrystallization at ca. -30 °

a yellow oil (1.1g) was obtained.
from petroleum-ether (b.p. 40-60 0

)

gave 5-methyl-7-phenyl-3H--1 .2-

diazepine as yellow needles (0.89g, 81%), m.p. 64-45
C,78.5; 11,6.5; N,15.1.

0
.

(

Found:

C 12H 12N2 requires C,78.5; 11,6.6; N,15. 2 %).

Mass spectrum:

See Appendix VII

1 11

See Appendix VIII

n.m.r. spectrum:

13 C n.m.r. spectrum:

See Appendix IX

3, 5-Dimethyl-7-ethyl-3H-1 ,2-di azepine and 5 ,7-dimethyi-3-ethvl-

_

311-1 ,2-di,
zepine.

These two isomeric diazepines, inseparable by

either distillation or t.]..c., were prepared by treating 3,4-dihydro3,5-dimethyi-7-ethyl-2-tosyl--1 ,2-diazepine with several bases under
a variety of conditions, as shown below:-
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BASE

SOLVENT

TEMP

TIME

Sodium ethoxide

tolucrie

100

5 mm

Potassium butoxide

t-butanol

82

0.5h

Lithium diisopropylan1ine

n-hexane

18

24h

In the first case, the 3H-diazepine isomers were distilled from the
crude oil as a yellow liquid (0.35g, 6 2%), b.p. 94-96 ° at 10 mm Hg.
(Found: rn/c, 150.115300; m/e-28, 122.109601. C 9H 14N2 requires
rn/c, 150.115693; 091114 requires rn/c, 122.109545).
Mass spectrum:

See Appendix VII

111 n.m.r, spectra:

See Appendix VIII

13 C n.m.r. spectra:

See Appendix IX
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(7) F110TOLYS1S OF1I-2 ,3-BENZODIAZEPIN9'S
In general, the 5H-benzoctiazepines were dissolved in the solvent
of choice and irradiated at room temperature, under nitrogen, until
t • 1 • c. (alumina/petroleum-other) showed that all the diazepine had
been consumed.

Except where indicated, the irradiations were

carried out using a Hanovia 100W Medium-pressure arc tube, with
a quartz water-cooling jacket.
A. 4-Phenyl-51I--2 T3-henzodiazepi ne.
In dirnethoxyethane:
dissolved in d.m.e.

The diazepine (99.9mg, 0.45 m mole) was

(150 ml), and irradiated for 5h, giving

both a fast-moving product spot and slow-moving material.
The d.rn.e. was removed under reduced pressure leaving a dark
red oil, from which the fast-moving product was separated by
dry column chromatography (alumina/petroleum-ether), giving
-

a white solid (13 mg, 1a) m.p. 165-164'
This had identical R

from n-bexane.

0

o recrys;al1ization

value, g.l.c. retention

time (2%SE52, 203 ° ) i.r. and n.m.r. spectra to authentic
2-phenylirLdene (lit., 150 m.p. 167 0 ).
11 n.rn.r. (CDC1 3

):8

6.8-7.7 in (1011), 3.65 br,s (2H).

Mass spectrum, m/e (relative abundance %)
115(8) ? 165(21), 189(17), 190(10), 191(45), 192(100), 193(19).
-In ethanol:

The 511.-benzodiazeri.ne (99.6mg, 0.4 in mole) was

dissolved in a small amount of d.m.e. (5 ml) and added to dry
ethanol (140 ml).

After irradiation for 91i, the d.iazepine

had all been consumed, giving 2-phenylindene as the major product,
as shown by g.l.c. (2-%SE52, 200 ° ).

In order to calculate

the yield, a calibration graph was made up from the following
standard solution, analysed on a PYE 104 g.l.c. (2%SE52, 200 ° ),
using trans 7 2-cyanostilhene as internal standard:-
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t-2-CYANOSTILBENE

2-P}-IENYL1M)ENE
mg

m mole

-

mg

ni mole

MOLAR RATIO
(indene/
stilbene)

PEAK AREA RATIO
(indene/
stilbcne)

28.1

0.146

20

0.098

1.49

1.58

18.7

0.097

20

0.098

1.01

1.00

9.4

0.049

20

0.098

0.50

0.46

A plot of molar ratio against peak area ratio was a straight
line.

trans-2-Cyanostilbene (50mg) was added to - of the

reaction mixture and the solution analysed by g.l.c. to obtain
the peak area ratio of indene/stilbene.

From the calibration

graph, the yield of 2--phenylindene was calculated as 22 %.
G.l.c. - coupled mass spectrometry showed small amounts of two
other products in the reaction mixture; these had rn/c 238 anl
205.
III. In acetonitrile:

Two experiments were done in acetonitrile ,

one with, and one without, acetophenone,as triplet sensitzer.
The yields of 2-phenylindene were calculated by g.1.c., as above,
using trans-2--cyanostilbene as internal standard:-

511-BENZODIAZEPINE

ACETOPB1N0NE

m mole

mg

REACTION

Y IELD OF

TI1E

2-PINTLINDENE

65

0.295

-

5h

20

103

0.469

15 mg

9h

20.5%

%

G.l.c. - coupled mass spectrometry showed a small amount of
a second product with m/e 205.
B. 1-Phenyl--9H-2,3-benzod ,
4 azepine.

The 5H-benzodiazepine (0.105g,

0.48 m mole) was dissolved in dry ether (250 ml) and irradiated for
lii.

The solvent was removed in vacuo giving a yellow oil (0.114g).

Short-path distillation from this gave a pale yellow liquid
(0.066g, 72%), h.p. 100-105 0 at 0.2 mm Hg.

This had identical.
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.r. and n.m.r. spectra to authentic 3-phcnylindene (lit. , 63 b. p.
122-123 ° at 0.7 mm Hg).
11 n.m.r. (CDCI 3 )

7.1-7.7 m (911), 6.48t (1Ii,J2 Hz),

3.35 d (2H,J=2 Hz).
A number of experiments were done to determine the host solvent for
the photolysis, as detailed below, monitored by g.l.c. (2%SE52,
0

214 ).

DIAZEPINE
SOLUBILITI

WAT} i
JACMT

REACTION TIME
FOR
DIAZEPINE
DISAPP.

Ether

Poor

Pyrex

lh

100

Ether

Poor

Quartz

2.5h

100

Chloroform

Excellent

Pyrex

74.5h

1

Acetone

Excell cur

Quartz

2h

30

Carbon Disulphide

Slight

Quartz

lh

10

Methylene Chloride

Good

Quartz

lh

20

Acetonitrile

Poor

Quartz

0.5h

100

SOL\LNT

io
A.PPR.
cO;
NE.
TO

Since the diazepine proved too insoluble in the optimum solvents
for 2-phenylindene production, no low temperature 1 H n.m.r. studies
were attempted (to detect any intermediates).
C. 1 -Me thyl-4-phenyl-5H-23 -ben zodiazePifle.

This diazepine proved

inert to photolysis despite rigorous treatment. Irradiation was
carried out in d.rn.e. with both a Hanovia 100W low-pressure lamp
and a Hanovia (Reading Reactor) 400W medium-pressure lamp for 20h,
as well a the usual Hanovia 100W medium-pressure lamp at 80

0

The starting diazepine was recovered in each case.
P. 1-Methvl---5H-2,3-benzodiazepine.

The crude 5H-benzodiazepine (0.242g,

1.53 m mole) was dissolved in acetonitrile (175 ml).

The photolysis

was complete in 2h, with the formation of a fast-moving fluorescent

148
spot as well as

Ca.

6 slow—moving products.

The acetonitrilc' was

evaporatvd under reduced pressure, leaving a red oil (0.16g).
xi.m.r. showed this to contain 3—methylindenc, but only in ca. 4 0yield.
1

11 n.m.r. (CDC1 3

):S

6.9-7.6 rn, 6.2 hr,s (1H), 3.3 m

(2H), 2.15 d (311,J=2 Hz).
it. ,

II n.c.r. (cc 4 )

0 6.95-7.2 m (411), 6.04

finely split singlet (iH), 3.20 finely split singlet
(211), 2.12 finely split singlet. (3H)
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(8) PHOTOLISIS OF 311-1,2-DIAZEP1XES
The general procedure for the photolysis was to dissolve the diazepine
in acotonitrile and irradiate the solution at room temperature, under
nitrogen with a Hanovia 100W medium-pressure lamp.

The reaction

was monitored by t.l.c. (alurninu/benzene:ether 1:1) which showed
that a single product spot, slower-moving than the diazepine, was
formed.

The solvent was evaporated under reduced pressure at room

temperature, giving a virtually clean product, as shown by H n.m.r.,
which was further purified by distillation.
The diazepine (0.50g ) 0.0041 mole)

5,7-Dirnethyl-3H-1 ,2-diazepine.

was dissolved in acetonitrile (175 ml), and irradiated for 0.5h,
giving 2a, 5-dihydro-2,3-dimethyl(0.466g, 935),

diazeto E4,1- pyrrole

This was distilled as a pale yellow oil (0.25g,

50%), b. 1). 85 ° at 50 mm Hg.

47

=1.4870. (Found: rn/c, 122.084136;

m/e-41,81.057520. C 7 H10N 2requires rn/c 122,084394; C 6 H 9 requires
rn/c, 81.057846).
Mass spectrum:

See Appendix X

Ill n.m.r. spectrum:

See Appendix XI

13 C n.m.r. spectrum:

See Appendix XII

3,5,7-trirnethy-3H-1 ,2-diaze2ine.

The diazepine (0.45g, 334 m

mole) was dissolved in acetonitrile (175

ml).

The reaction was

complete in 0.5h giving 2a,5-dihydro-2,3,5--trimethyl

[3,21 diazeto

Short-path distillation gave a pale

4,1_1]pyrrole (0.40g, 88%).

yellow liquid, b.p. 1010 at 32 mm Hg, 48=1.4749. (Found: rn/c,
136.100043; m/e-41 , 95.073281. C 8H19 N2 requires rn/c, 136.100043;
C 7H 11 requires rn/c, 95.073496).
Mass spectrum:
n.m.r. spectrum:
13 C n.m.r. spectrum:

See Appendix X
See Appendix XI
See Appendix XII
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C.

5-Mthyl.-7-jhenyl-3li-1 2-diazjc.
,

The di azeplfle (0. 1-4g, 'I .3

In

mole) was dissolved in acetonitrile (175 ml) and irradiated for
On removal of the solvent, a red oil remained which was

15 mm.

distilled under high vacuum to give a colourless oil (0.16g, 67%).
This solidified on cooling, and was recrystallized at -30 ° from
petroleum-ether (b.p. 40-60 0 ) to give 2a,5-dihydro-3-methyl-2-phenyl

Li

,diazoto
L4,1_apyrrole as colourless crystals, m.p. 67-68
2j

(Found: C,78.1; 11,6.7; N,15.0.

n.m.r. spectrum:
13 ( n.rn.r. spectrum:

.

C 17H 19N2 requires C,78.2; 11,6,6;

N,i 5.2%).
Mass spectrum:

0

See Appendix X
See Appendix XI
See Appendix XII
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(9) THERM0LSiS STUDIES
A.

j-dirnej-311-1 ,2-diazcpine
Decomposition in Chiorohc'nzene.

The diazepine (0.399g,

0.0033 mole) was dissolved in dry chlorohenzene (50 ml) and
boiled under reflux under nitrogen in the dark for 5h, when
t.l.c. (alumina/benzene:ether 1:1) showed that all of the
diazepine had been consumed, with the formation of a slowAfter removal of the solvent on a

moving spot (R f =0.1).

rotary evaporator and dry column chromatography (alumina/
benzene), followed by vacuum sublimation and recrystallization
from petroleum-ether (b.p. 60-80 0 ), 3,5-di met hyl-4-vinyl-1Hpyrazole was obtained as white crystals (0.157g, 4(Y%), m.p.
120-121 ° .

(Found:

C,68.5;

H,8.3; N,22.7. C 7H 10N2 requires

C,68.8; H,8.25; N, 22 .9%).
I.r. (nujol) : 3120 cm

See Appendix XIII

Mass spectrum:

1H

(broad, N-H).

n.m.r. spectrum:

See Appendix XIV

To confirm the assigned structure, the pyrazole (0.086g, 0.704
m mole) was dissolved in ethanol (20 ml) and hydrogenated over
10% palladium on charcoal catalyst (0.053g) for 10 mm, until
uptake of hydrogen ceased (21 ml).

The catalyst was

filtered off on celite and the solvent evaporated under reduced
pressure, giving a colourless oil which solidified on standing.
Short-path high vacuum distillation (120 ° at 0.03 mm Hg) gave
3,5...dimethyl-4-ethyl-1H-pyTaZOle (0.087g, quantitative), m.p.
50-53 ° (lit., 152 530)

This had identical i.r. and

spectra to those quoted in the literature. 152,153
n.rn.r. (CDCI 3

):8

11.17 br,s (N-H), 2.35q (2H,J=8 Hz),

2.20s (6H), 1.04t (3H,J=8 Hz).
Decomposition in the gas phase.

The diazepine (0.101g, 0.832

m mole) was passed, under high vacuum, through a heated furnace

1 52
at 2000 for 5h, and the products collected in a liquid nitrogen
"cold-trap". Standard solutions for a calibration graph were
made up with 3,5-dimethyl-4-vinyl11I--p3 ,razole and trans-stilbene
as an internal standard.

The solutions were analysed on a

PYE 104 g.l.c. (5% CAR 20M, 188 ° ) as shown below, and a graph
plotted of molar ratio against peak area ratio.
PYRAZOLE
mg

mniole

t-STILBENE
mmole

mg

MOLAR RATIO
(Stilbene/
Pyrazole

PEAK AREA RATIO
(Stilbene/
Pyrazole)

10.3 0.084

30.4 0.169

2.01

3.5

22.2 0.182

16.4 0.09

0.495

1.2

The reaction products were extracted from the "cold-trap" with
methylene chloride, and trans-sti]bone (74.9 mg) added.

This

mixture was then analysed by g.l.c. several times to find the
mean peak area ratio (stilbene/pyrazole).

From the calibration

graph, the yield of 3,5-dimethyl-4-vinyl-1H-pyrazoie was
calculated as 40%.

G.l.c. - coupled mass spectrometry also

showed an isomeric material to 3,5-dirnethyl-4--vinyl-1H.-7)yrazole
and of similar retention time, but in low yield (8 014

j).

Ill. Decomposition in 2-methoxyethanol.

The diazepine (0.354g,

2.90 m mole) was dissolved in freshly-distilled 2-methoxyethanol
(10 ml), and boiled under reflux under nitrogen for 36h, in the
dark when t.l.c. (alumina/benzene) showed all the diazepine had
been consumed.

The solvent was removed under reduced pressure

and the resulting oil chromatographed on a dry column (alurnina/
benzene), and distilled under high vacuum to give 3,5-dimethyl4-vinyl-1H-pyrazole (0.122g, 31%).
B. 3 2 5,T-trirnethyl-3H-1 .2-diazepine.
I. Decomposition in chlorcbenzene.
Mr. R. S. Strathdee.

This experiment was done by

The diazepine (0.995g, 7.32 m moles) was

'153
dissolved in dry ch,orobenzene (80 ml) and boiled under reflux
for 3h when t.l.c, (alurniria/benzeue) showed all the diazepine
The solvent was removed on a rotary

had been consumed.

evaporator and the slow-moving product separated by dry column
chromatography (aiumina/n-hexane) to give 3,5-dimethy1-4-pr22cny
1H-pyi'azole (0.53g, 53%), m.p. 130-132 0 after recrystallization
at -30 ° from petroleum-ether (b.p. 60-80 ° ).

(Found: C,70.9;

H,9.1; N,20.85. C 8H 12N2 requires C,70.55; 11,8.9; N,20.6%).
(N-H).

I.r. (nujol): 3120 cm -1 and 3180 cm
See Appendix XIII

Mass spectrum:

See Appendix xiv

n.m.r. spectrum:

To confirm the assigned structure, the pyrazole (49.7 mg,
0.366 m mole) was hydrogenated for 20 mins in ethanoJ.. 00 ml)
over 10% palladium on charcoal catalyst (20 mg) until uptake
of hydrogen ceased.

After removal of the solvent, high vacuum

sublimation gave 3,5_dimethyl-4-propyl-111-pyrazole (38.5 mg,
805), m.p. 77.5-78-5 0 (lit.,
I.r. (nujol) : 3090
n.rn.:r. (CDC1 3

):8

154 77.5-78.5°).

5H, 3150 cm

and 3200 ciil 1 (N-il).

9.98 br,s (N-H), 2.31t (2H,J=7.5 Hz),

2.18s (6H), 1.47 sext. (2H,J=7.5 Hz), 0.88t (3H,J=7.5 Hz).
II. Decomposition in the gas phase.

The diazepine (0.197g 2

1.45 m mole) was passed through a heated furnace at 5000,
under high vacuum, for 2h.

The products were collected in a

liquid nitrogen "cold-trap", and analysed by 1 H n,m.r. and
0
g.l.c. (5% CAR 20M, temperature programme: start at 50 for
15 mm, then 6 ° per min rise to 174 ° ).

These both showed the

major product to be 3,5_dimeth3 , 1_4-propenyl-1-PYraZOle, which
was oh -tamed by recrystallization at _300 from petroleum-ether
(0.050g, 25%).

There was also a smaller peak (0) of similar
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retention time and the same parent mass, as shown by g.l.c. coupled mass spectrometry; this is prob:bly unrearranged
311- or 411-isomer.
C. 5-Methyl.-7-phenyl-3H-1 ,2-diazepine.
The diazepine (0.616g, 0.335 m mole)

I. Decomposition in toluene.

was dissolved in dry toluene (20 ml) and boiled under reflux,
under nitrogen, for 5h in the dark. T.l.c. (alumina/benzene:
ether 1:1) showed all the diazepine had been consumed, with
the formation of a fast-moving spot (R f=0.8) and two slowmoving spots (R f

These products were separated by

0.1).

preparative thin-layer chromatography (silica/ether).
Fraction I: This consisted of the fast-moving hydrocarbon
products obtained as a yellow oil (0.225g).

G.l.c. - coupled

mass spectrometry ( 1 %SE30, 125 ° ) showed mostly a single product,
of rn/c 156.

Atmospheric pressure hydrogenation of the yellow

oil (0.105g) in dry ether (20 ml) with 10% palladium on charcoal
catalyst (50 mg), gave a new product of m/e 160.

This had

identical retention times, on both i%SE30 and 2.5% N.P.G.S.,
and mass spectra to authentic 1_rncthyl-3-phenylcycicpefltafle.
Mass spectrum m/e (relative abundance %) : 91(28), 104(100),
105(22), 115(11), 117(49), 118(14), 131(34), 160(56).
Fraction II: This was the faster moving of the strongly
retained products and was obtained as a pale yellow oil (0.071g,
12%).

It was assigned the structure 3-methyl-5-phenyl-4-viriyl-

111-2yi-azole from n.m.r., i.r., and mass spectral data.
m/e, 184.099475. C 12 H 12N2 requires m/e, 184.100043).
l.r. (liquid) : 3150 cm
Muss spectrum:

(broad, N-H).

See Appendix XIII

H n.m.r. spectrum

See Appendix XIV

13 C n.in.r. spectrum:

See Appendix XV

(Found:

1 55
In order to confirm this structure, the pyrazole (0.035g,
0.19 m mole) was hydrogenated for 10 min in ethanol (20 ml)
with 10146 palladium on charcoal catalyst (48 mg) until uptake
of hydrogen ceased (7.0 ml).

The catalyst was filtered off

on colite and the solvent removed on a rotary evaporator leaving
a colourless oil (34 mg, 86%) which solidified on cooling.
This was purified by short-path high vacuum distillation to
give 4-ethyl-3-methyl-5-phenyl-1H-pyrazole, m. p. 78-81
1
13
C n.m.r. and mass spectra
H n.m.r.,
This had identical i.r.,
00

to an authentic sample, m.p. 81-82 , mixed m.p. 79-81

Fraction III: This was the slowest-moving product and consisted
of a crystalline solid which was recrystallized from benzene/
petroleum-ether (h.p. 60_800).

It was assigned the structure

3(5)-methyl-4-styrvl--1H-pyrazolc (0.132g, 21%), rn.p. 139-140 0

.

(Found: C,78.05; H,6.5; N,15.1. C 12H 12N2 requires C,78.2;
11,6.6; N,15. 2%).
I.r. (nujol)

I
3120 cm- (broad, N-il)
See Appendix XIII

Mass spectrum:
11 n.rn.r. spectrum:

See Appendix XIV

13 C n.m.r. spectrum:

See Appendix XV

Confirmation of the assigned structure was obtained by
hydrogenating the pyrazolo (0.057g, 0.31 m mole) in dry ethanol
(20 ml) for 10 min with 10% palladium on charcoal catalyst
(45 mg) until uptake of hydrogen ceased (10.0 ml).

The catalyst

was filtered off on celite and the solvent removed on a rotary
evaporator to give a colourless oil.

This solidified on

cooling and was purified by high vacuum distillation to give
3(5)-methyl-4-(

-phenylethyl)-1H-pyrazole, m.p. 54-56

This had identical i.r., 1 1 1 nmr

0

13 C n.m.r., and mass

.

'156
spectra to an authentic sample, rn.p. 55_570, mixed m.p. 54_571)
110 Decomposition in chlorobenzene.

The diazepine (O.iO.ig, 0.565

m mole) vas boiled under reflux for 2h in chlorohenzene (20 ml)
in the dark when t.i.c. showed all the diazepine had been
consumed.

After removal of the solvent on a rotary evaporator,

the crude reaction mixture was hydrogenated by stirring for
10 mins in ethanol (10 ml) with 10% palladium on charcoal
catalyst until the uptake of hydrogen ceased (18.0 ml),
Standard solutions for a calibration graph were then made up,
as detailed below, using
(A) ,3_niethyl_4_( -phenylethyl)-1}I-pyrazole (B), and 1.-methyl3--pheny1cyclopuntane (C) with trans-2--cyanostilhene
an internal standard.

(s) as

The solutions were analysed on a I'YE

104 g.l.c. ( 2 %N.P.G.S., temperature programme: start at 120 °
for 15 rain, then 49 ° per rain rise to 215 ° ).

A graph, plotting

molar ratio against peak area ratio, was a straight line.

A

S
mg

mmole mg mmole mg mraole

100.7 0.490

mg

PEAK AREA RATIO

MOLAR RATIO

C

B

mmole

A

B

C

55 0.296 50 0.269 48.5 0.303 0.605 0.55 0.62

A

B

C

.48

.42

.655

58

0.281

57 0.306 50 0.269 68.3 0.427 1.09

0.96 1.52 0.92 0.74 1.53

54

0.263 101 0.540 50 0.269 10.9 0.68112.05

2.04 2.59 1.84 1.72 2.84

trans-2-cyanostiihene (38 rag, 0.185 rn mole) was then added to
the hydrogenated mixture and the solution analysed several times
by g.l.c. to obtain mean peak area ratio values.

From the

calibration graph, the yields were calculated as follows:4_ethyl_3_methyl_5_phenyl_1j-pyTazole (A),
3-methyl-4-(

11.5%

P _phenyl ethy].)-1H-pyrazoic (B), 16 %

1-methy1-3--pheri3-lcyclopentario,

17.5%
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Ill. Decompoit on in the presence of trihutvlphosphino.

The

diazepine (78 mg, 0.424 inmole) and tributyiphosphine (0.20g,
0.99 mmole) were heated together in dry toluene

(io ml) to 100 °

for 5 min until t.l.c. (alumina/benzene) showed all the diazepine
to have been consumed with the formation of a strongly-retained
product.

Acetone (10 ml) was then added to the mixture and

after 5 min t.l.c. shoved a new product had been formed

(R f =0.5)
Dry

with the initially formed material having disappeared.

column chromatography (alumina/benzene) was used to isolate
the product as yellow crystals (64 mg, 67%), m.p. 92-94 ° on
recrystallization at -30 ° from petroleum--ether (b.p. 40-60 ° ).
This was assigned the structure 1-.soilenehydrazono-3methyl-5--.phenyipenta-2 ,4-dien--1 -one from n.m. r., mass spectral
(Found: C,79.5; H 1 8.0; N,12.3.

and analytical data.

C 15 1118N2

requires C,79.6; 11,8.0; N,12.4%).
Mass spectrum:
See Appendix XI

n.m.r. spectrum:
13,
C n.m.r. spectrum:

This structure was confirmed chemically by stirring the compound
(94 mg, 0.415 m mole) in ethanol. (io ml) containing concentrated
hydrochloric acid (1 drop). After 24h, t.i.c. (alumina/benzene)
showed that all the starting material had been consumed.

The

product was extracted into ether, washed with water, dried and
the solvent evaporated under reduced pressure to give yellow
crystals.

These were purified by dry column chromatography

(alumina/benzene) followed by recrystallization from benzene/
petroleum-ether (h.p. 60-80 ° ) to give his-3-methyl--5--phenylpenta2,4-dien-1-one azine, m.p. 189-190
N,8.2%).

0
.

(

Found: C,84.4; 1-1,7.1

This had identical i.r, and mass spectra to an
AAAr

e,C ,

S4.

, . I)

,gz
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authentic sample (m.p. 189_1900) though slight differences in
the 1 H spectra showed them to be isomers.
2a , 5-Di h dro-3-!nethyi-2-phenyl-

,J

This

di zeto ,l -aJ pyrroie.

compound was prepared by the photolysis of 5-rilethyl-7-phenyi-3111 ,2-diazepine.

The sample (0.50g, 2.75 rn mole) was passed under

high vacuum over 12h through a furnace heated to 5000.

The darkly

coloured product material (0.314g) was collected in a nitrogen
coupled mass spectrometry

cold-trap", and analysed by g.l.c.
(3%N.P.G.S., 1000).

There were four main product peaks:-

This had an identical mass spectrum and the same g.l.c.

Peak I:

retention times oii both 3% N.P.G.S. and 5% CAR 20M as 3-methylpyrrole.
Peak II:

This was identical in mass spectrum and g.l.c. retention

times to benzonitrile.
After dry column chromatography to remove the polymeric material,
a standard solution was made up from beuzonitrile (A), and 3methylpyrrole (B), using bromobenzene (S) as an internal standard.
This was analysed by g.l.c., using an integrator to find the peak
area ratios of products/standard.

B

A
mg
137

mmole mg

mmole

21

0.259

1.17

MOLAR RATIO

S

mg

mrnole

9510.605

A
1.93

B
0.43

PEAK AREA RATIO
A

B

1.83

0.14

Bromobenzene (106 mg) was added to the reaction mixture and the
peak area ratios measured by g.l.c.

From the standard solution

values, the yields were calculated as follows:3-methylpyrrole,
benzonitrile,
Peak III:

9.5%
18.5%

This had a mass spectrum with parent ion of m/e 156,

and a similar breakdown pattern to that of 1-methyl-3-phenylcyclopentadiene.

Peab IV:

The mass s pectrimi of this compound also had a parent ion

of rn/c 156, but with the base peak at rn/e 154.
Peaks III and IV were not large, with estimated. yields (1.
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(10) PYRAZOLE F0H21TI0N FROM THE BASE CATALYZED CYCLIZATION OF
TIlE CORRESPO NDING p-T0SYLRAZ0S
In general, the pyrazoles were obtained by the procedure outlined
below for 3,5-dimethyl4-vinyl-11-pyraZOle.

Sodium ethoxide,

prepared from sodium in super-dry ethanol, and the -tosyihydrazone
were mixed together then the ethanol removed under reduced pressure,
and the remaining solid dried over phosphorous pentoxide under high
vacuum overnight.

Dry d.m.e. or toluene was added and the mixture

boiled under reflux under nitrogen until t.l.c. (alumina/benzene:
The

ether 1 :1) showed all the starting material had been consumed.
white precipitate was filtered off and shown by i.r. to be sodium
-toluenesuiphinate.

The hydrocarbon products of the reaction

were not investigated.
A. ) .5-D:i metyl-4-vinv1-111-pyra vole.

Sodium cthoxide , prepare from

sodium (0.078g, 3.39 m mole) in ethanol (20 ml) and 4-methylhexa-3,5-dien-2-ono tosylhydrazone (0.644g, 2.32 m mole) in ethanol
(5 ml) were stirred together for 0.5h then the ethanol removed on
a rotary evaporator, keeping the bath temperature below 400.

The

residual solid was dried over phosphorous pentoxide under high
vacuum overnight and dry d.m.e. (30 ml) added.
complete after 3h boiling under reflux.

The reaction was

After filtration of the

sodium -toluenesulphina±e (0.4g), the solution was washed with
water, dried and evaporated under reduced pressure to give a yellow
oil (0.25g).

G.1.c. - coupled mass spectrometry (2% N.P.G.S.,

temperature programme: start at 1000 for 10 min then 100 rise per
min to 1800) showed one major product of identical mass spectrum
and retention time to 3,5_dimethyl-4-vin3rl-1-pyraZOlO.

The yield

was calculated by adding trans-stilbene (90.7mg) to the reaction
mixture, as an internal standard, and the peak area ratio of
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product to standard measured on a PYE 101 g.l.c.
using an integrator.

(55 CAR

20M, 188 ° ),

From a previously made up calibration graph

the yield of 3,5 -dime thyl-4--vinyl.-1 -pyra.zole was calculated as 20 1/v.
B. 3,5-DinieLhyl-4-.styryl-11T.-pvrazole.

Sodium ethoxide, prepared from

sodium (54 mg, 2.35 m moles) in super-dry ethanol (20 ml), and 4rnethyl-6-phenylhexa-3 ,5-dien-2-one tosylhydrazone (0.517g, 1.416 m
mole) were dried together in the usual manner, and dry toluene
(20 ml) added.

After boiling under reflux for 1.51i, the reaction

was complete and the sodium-2-toluenesulphinate was filtered off.
The solution was washed with water (2 x 50 ml), dried and evaporated
under reduced pressure to give a yellow solid (0.25g), which n.m.r.
showed to consist of pyrazole and hydrocarbons.

Recrystallization

of this from benzene gave 3,5-dimethyl-4-styryl-1H-pyrazole (0.062g,

2 1.5%),

rn.p. 185-186.5 0 c

(Found: rn/c, 198.116187. C 13 H14N2

requires rn/c, 198.115693).
I.r. (nujol) : 3160 cm

(broad, N-H).

See Appendix XIII.

Mass spectrum:
n.rn.r. specturm:

See Appendix XIV

In order to confirm the structure, the pyrazole (50 mg, 0.252 rn mole)
was hydrogenated for 0.511

111

ethanol (20 ml) with 10% palladium on

charcoal catalyst (42 mg), until uptake of hydrogen ceased (6.5 ml).
The catalyst was filtered off on celite and the ethanol removed on
a rotary evaporator to give a colourless oil which solidified on
standing.

Recrystallization at -30 ° from petroleum-ether (h.p. 40-

60° ) gave 3,5-dimethyl-4-(
M.P. 98-99 0 .

(

-phenylethyl)-1H-pyTazoie (43 mg, 86%)

Found: rn/c, 200.129971. C 13H 16N2 requires

200.13134 2) .
I.r. (nujol)

: 3110 cm

Mass spectrum:
n.m.r. spectrum:

(broad, N-lI).

See Appendix XIII.
See Appendix X.
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3(5)-Mthy1-4_(

-pheny1hv1)-1H-,jazole.

Sodium ethoxide

(31 mg, 0.456 m mole) and 3-methyl--5-phen3 - ipenta-2,4-dienal
tosyihydrazone (147 mg, 0.432 in mole) were heated to g ether to
reflux in dry toluene (10 ml).

Initially a red colour formed,

which gradually disappeared and the reaction was complete after
2h.

After cooling, water (50 ml) was added and the organic layer

separated, dried and evaporated in vacuo leaving a yellow oil.
This was hydrogenated in ethanol (20 ml) with 10% palladium on
charcoal catalyst (119 mg) for 20 mm, until uptake of hydrogen
ceased (23 ml).

The catalyst was filtered off on celite and the

reaction mixture analysed by g.l.c.

coupled mass spectrometry

(2% N.P.G.S., temperature programme: start at 1100 for 5 mm, then
rapid rise to 2000.)

Two main products were found, the first of

which had identical mass spectrum and retention time to 1-methyl3-phenylcyclopentane, and the second of which had identical mass
spectrum and retention time to 3(5)-methy11.-4-(13 -phenylethyl).-11pyrazole.

In order to calculate the yields, 1,rans-2-cyanostilbene

(20.9 ing) was added to the reaction mixture as an internal standard
and the peak area ratios of products to standard measured on a PYE
104 g.l.c. using an integrator.

From a previously made up

calibration graph the yields were calculated as follows:1 -methyl-3-phenylcyclopentane, 7.5%
3(5)-methyl-4-(

P -phenylethyl)-1H-pyrazole, 16%.

3(5)-Metliyl-5(3)-propenyl-11 11-pyrazole.

Sodium ethoxide, prepared

from sodium (0.418g, 0.0182 mole) dissolved in super-dry ethanol
(20 ml), and hepta-3,5-dien-2-one tosyihydrazone (4.90g, 0.0176 mole)
were stirred together for 0.5h then dried under high vacuum in the
usual manner.

Dry toluene (50 ml) was added and the mixture boiled

under reflu.x for 7h, when the reaction was complete.

The sodium
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-toluciiesulp1iinate was removed by filtration and the solution
washed with water (2 x 50 ml), dried and evaporated under reduced
pressure to give a yellow oil (2.4g).

Purification by dry column

chromatoraphy (alumina/ether) followed by vacuum sublimation gave
3(5)-methyl-5(3)-propenyl-111-pyrazole (1.15g, 53%), m.p. 96-100 0
o
(lit., 155 sublimes at 100-101 ).
I. r. (nu oJ.)

3090 cm

n.m.r. (cDc1 3 )

1

anl 3170 crn 1 (broad, N-H).

12.25 br,s (M-H), 6.06 br,s(111),

6.1--6.7 m (211), 2.31s (311), 1.86d (3H,J=5 Hz).

164
(ii) DEUTERIUM LABELLING STUDIES
In general, all those experiments were done under dry nitrogen,
using commercially available 99.5+1/', deuterated methanol, supplied
by Aldrich Chemical Company, Inc.

Analysis by i.r. and 1 11 n.m.r.

was used to determine the positions and percentages of deuterium
incorporation.
4-Methyi1 -iexa-3,5-dien-2-one tosylihydrazone.

4-Methylhexa-3,5-clien-

2-one (0.305g, 2.77 m mole) was stirred inrnethanol-d (3 ml) in the
dark for 24h with -tosylhydrazine (0.516g, 2.77 m mole).

A small

amount of 3,4-dihydro-5,7--di.methy].-2-tosyl-1 ,2-diazepine was formed
(0.034g, 4%), which was filtered off and shown to he 5010 deuterateci
at position 4.

The remainder of the reaction mixture was evaporated

under reduced pressure to give crude 4-methylhexa-3,5.-dien-2.-one
tosyihydrazone (0.67g, 8454), which was only deuterated at the
nitrogen position (100%).

The crude tosyihydrazone was then stirred

overnight in methanol-d (5 ml) containing concentrated sulphuric
ocid (10i).

The tosyldiazepino which formed was filtered and

shown to ic partially deuterated at positions 4 (54%)
5,7-Dimethyl-3,4-dihyçiro-2-tosyl-1 ,2-diazepine.

nd 6(6 2 %).

4-Methylhexa-3,5-

dien-2-one (0.107g, 0.97 m mole) was stirred with -tosylhydrazine
(0.181g, 0.97 m mole) in methanol-d (5 ml) containing concentrated
sulphuric acid 10t'' overnight.

The tosyldiazepine was filtered

off (0.13g, 485') cnd shon to be deuturated at positions 6 (79%) and.
4 (64%).

Two control experiments were then done:-

4-Moihylhexa-3,5-dien-2-one (50

ms,)

was stirred in an

n.m.r. tube in methanol-d (0.5 ml) containing concentrated
sulphuric acid (2 ,,*]).

After 24h no deuteration of the

dirnone had occurred..
57-Dimethyl-3,4-dihydro-2-tos31-1 ,2-diazepino (115 mg)

1 65
was stirred in methanol-d (5 ml) with concentrated
sulphuric acid (10 1u1) overnight.

No deuteration

occurred and the starting material, was recovered unchanged.
C. 4-Methyl -6--phenvlhexa-3 , 5-d.ien-2-one tosylIivdrazone.

4-Me -thyl-6-

phenylhexa-3,5-0-ien-2-one (0.264g, 1.42 m mole) was stirred in
methanol-d (5 ml) with -tosylhydrazine (0.264g, 1.42 m mole) and
concentrated sulphuric acid (iOi), overnight.

The tosyihydrazone

which formed was filtered (0.36g, 72%) and dried and shown to be
only deuterated at the nitrogen position (iO%).
I.r. (nujo1)

2370 cm-1 (N-D).
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(1 2) ATTEMP'ED AC ID-CATALYSED C'ICLlZATIO.\S OIT0SYLHYDRAZONES

In general., the cyclizations were attempted by stirring the
tosyihydrazones with concentrated hydrochloric acid in ethanol at
room tempecature.

Onlyin the case of 4-met.hy1hexa--3,5-dien-2-

-one tosylhydrazone was any 3,4-dihydro-2-toyl--1 ,2-diazepine formed
A variety of other acidic conditions were also tried, as shown in
the tabip below, but in no case was any 3,4-dihydro-2--tosy1-1 ,2diaz'p.ine formed.

A

12-tonvlhy(1 razone

acid

solvent

temp.

time

4--methy1--6--pheiy1hepta-

di1. 11C 1

EtCH

130

1 week

5-dier--2 --one
B

3-.mothvl--3--phenylpenta.-

CII 3 000H

EtOB

18 °

1 8h

C

4-mhy1-6-pheny]13xa---

J!.CH3.C61i5.SO3H

G

$0 0

5h

BF 3

El OH

13

Ag

EtOiiaq

180

6 H6

3, 5-.d ien-2--one
D

4-rn' thyl-6-phexiyihexa-

0

18h

3 S-d.i en-2--one
,

E

-metiylhcxa-3 5-d ien2-one

1
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('1 3) MISCELLANEDUS PREPARATIONS OF AUTI-IENTICSi\JIPLES
2-Ethyl-1-phenvibuta-1,3-dione.
the method of Sprague et al.

This was prepared in 72% yield h

156

from the reaction of beuzoylacetone,

sodium and ethyl iodide in dioxan.

The product was purified by

distillation, h.p. 84-87 ° at 0.4 mm Hg (lit., 156 128-132 ° at 7 mm Hg).
1
I.r. (liquid) : 1670 cm -1 and 1720 cm - (C=o)0
4-Ethyl-3-me -thy]-5-phenyl-1H-pyrazole,

To 2-ethyl-1-phenylbuta-

1 ,3-dione (6.0g, 0.032 mole) in methanol (30 ml) was dripped in,
over 15 nun, hydrazine hydrate (1.58g, 0.032 mole) in methanol
(30 ml).

The reaction was then boiled under reflux for 10

cooled, and the solvent removed on a rotary evaporator.

mm,

The product

(so ml), dried and

was extracted into ether, washed with water

evaporated under reduced pressure to give a yellow oil (6.15g).
Short-path distillation from this gave a colourless oil which
solidified on cooling and was recrystallized from petroleum-ether
(b.p. 40-60 0 ) to give 4.-ethyl-3-rnethyl-5-phenyl-1H-pyrazole
(5.0g, 87%), m.p. 81-82 0 .

( Found: C,77.4; 11,7.65; N,15.0.

C 12H14 N2 requires C,77.4; H,7.6; N, 1 5.0%).
See Appendix

111 n.m.r. spectrum:

See Appendix XIV.

13

C n.m.r. spectrum:

5-Phenylpentan-2-one.
et a].

ml.

Mass spectrum

See Appendix XV.

This was prepared by the method of Heilbron

by the alkaline hydrolysis of ethyl- CA-(

-phenylethyl)-

acetoacetate, which itself was prepared in 54% yield from ethyl
acetoacetate, sodium arid, 2-phenylethylhrornide.

5-Phenylpentan-2-

one was distilled from the crude oil in 84% yield, b.p. 68-72 ° at
0.2 mm Hg (lit., 157 128_1300 at 15 mm H(,).
I.r. (liquid) : 1710 cm

1

(C=o).
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D.

2-(

0

-Phnvie fty])-buta-i 3-dione eo[or salt.

An adapta Lion

of the method of Rupe and Muller 1 58 was used to prepare this compound.
Powdered sodium ethoxido, prepared from sodium (1.61g, 0.070 mole)
and super-dry ethanol (20 ml), was placed in dry ether (50 ml),
under nitrogen and cooled in ice.

To this was added a mixture of

5-phenylpentan-2-one (11.0g, 0.068 mole) and ethyl formate (6.16g,
0.083 mole).

After standing overnight, the ether was removed in

vacuo and the residual solid dissolved in ice water (50 ml).
Concentrated aqueous cupric sulphate (17g) was stirred in vigorously
and the products extracted into ether, dried, and the ether removed
on a rotary evaporator to give a dark green oil. Unreacted starting
material (22g) was distilled from this and, from the remaining
oil, two copper salts were obtained by fractional recrystallization
from benzene/petroleum-ether (h.p. 60-80 ° );This was

nvihexa-1 3-di one c o pper salt (3.0g, 25%).
obtained as blue crystals, m.p. 106-108

0

.

( Found:

C,65.4;

H,5.9. C 24H26 O4Cu requires C,65.2; H,5.9%).
I.r. (nujol)
2-(

A

1580 cm

(C=O).

--phenylethyl)huta-1 ,3-dione coppr salt (0.35g, 3%).

This was obtained as green crystals, m.p. 142-144

0

( Found:

.

C,65.0; H,5.9. C 24H26 04 Cu requires C,65.2; 11,5.90/o).
I.r. (nujol) : 1595 cm -1
E. 2_(

(c=o).

-Phenylethyl)buta-1 ,3-dione.

This compound, which exists

entirely in its enol form, was obtained by -treating its copper
salt (0.316g, 0.715 m mole) with dilute hydrochloric acid (20 ml)
and extracting the organic residue into ether (50 ml).

After

washing with aqueous sodium bicarbonate ( 2%, 2 x 20 ml), water
(20 ml) and drying, the ether was removed under reduced pressure
to give a white solid.

This was recrystallized at -30 ° from
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petroleum-ether (b.p. 60_800) to give 2-( ,A -phenylethyl)buta-1 ,3-dione (0.23g, 85%), m.p. 80-81 ° . (Found: rn/c, 190.099254.
C 12H14 0 2 requires rn/c 190.099373).
Mass spectrum:
n.m.r. spectrum:

See Appendix )II.

11 n.m.r. spectrum:
F. 3_Meth-/_phenYlethY1)-1H-razo1e. To 2 _(

-Phenylethyl)

buta-1 3-di one (0.70(, , 3.68 rn mole) in methanol (50 ml) was dripped
in hydrazine hydrate (0.185g, 3.68 m mole). The mixture was boiled
under reflux for 10 rain, cooled and the solvent evaporated under
reduced pressure.

The product was extracted into ether, washed

with water (50 ml), dried and the ether removed on a rotary
evaporator.

Short-path distillation from the crude oil gave,

after standing, a white solid which was recrystallized from
petroleum-ether (b.p. 40-60 ° ) to give 3-.methyl-4-( /O -phenylethyl)1H-pyrazole as colourless needles (0.56g,
(Found: C,77.1 ; 11,7.5; N, 14.9.

82%), m.p. 55-57

0
.

C 12H 14N2 requires C,77.4;

H,7.6; N, 1 5. 0%).
Mass spectrum:

See Appendix XIII.

111 n.m.r. spectrum:

See Appendix XIV.

13c n.rn.r. spectrum:

See Appendix XV.

0. 1-Nethy1-3-phenylcyclopentene.

A Grignard reagent was prepared

from magnesium (0.59g, 0.0243 mole) and bromobenzene (3.82g,
0.0243 mole) in ether (30 ml).

This was cooled to 0 0 and 3-

methylcyclopentanone (2.0g, 0.0204 mole) in dry ether (15 ml)
dripped in.

After stirring overnight at room temperature, the

reaction was boiled under reflux for 2h, cooled and hydrolysed
with ammonium chloride solution (20 7%, 50 ml).

The aqueous layer

was washed with ether (2 x 50 ml) and the organic residues
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combined, dried -and evaporated under reduced pressure to give a
Yellow oil (3.759), ))

max

(liquid) : 340() cm-1 (broad, 0-110.

The alcohol was not isolated but dehydrated directly by boiling
under reflux in aqueous ethanol

(50%, 60 in?) containing concentrated

After 4.5h, g.i.c. (5% CAR 20M, 173 ° )

hydrochloric acid (1 ml).

showed all the alcohol had been consumed.

The product was extracted

into methylene chloride, dried and the solvent evaporated to give
Distillation from this gave 1-methyl-3-

a yellow oil (3.16g).

phenylcyclopentene (2.58g, 80%), b.p. 116-118 ° at 14 mm Hg.
(Found: rn/c, 158.109690. C 1 -) H 14 requires rn/c, 158.109545).
Mass spectrum:
See Appendix XVIII.
H n.rn.r. spectrum: )
1 -Methyl--3 -phenyl cyc].opentene

H. 1-rkthyl_.-nheriylcçopentane.

(1.0g, 6.34 rn mole) was hydrogenated in ethanol (So ri) with 10%
palladium on charcoal catalyst (130 mg) until uptake of hydrogen
ceased (159 nil).

The catalyst was filtered off on celite and

the solvent removed under reduced pressure to give a yellow liquid
(0.68g).

Distillation from this gave 1-rnethyl-3--phenylcyclopentatic

as a colourless liquid (072g, 71%), hp. 108-110 ° at 17 mm Hg
(lit., 159 93-94 ° at 12 mm Hg).
n.m.r. (CDC1 3 )

aromatic 7.15s (511).

2.8-3.4m (114), i.2-2.5m (711), 1.10d (31-1,J=6 Hz).
The method of Lancaster

J.
and Vander Werf

was used to prepare this compound in 27% yield

from N-acotonylphthalimide, concentrated hydrochloric acid and
diethyl oxalacetate sodium salt

161

.

The product was purified from

the crude material by recrystallization from ethanol to give white
crystals, m.p. 193-195

o,.

lit.

,

160

o
195.7-196.8 ).

I.r. (nujoi) : 3240 cm" - (N-H), 242() cr
1
1695 cm- and 1600 cm -1 (C=O).

(acidic 0-11),
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This was prepared by the hydrolysis

2,3-Dicarhoxy-'-rnethylpyrro1.r.

of 3-carbeihoxy-2-carhoxy-4-methylpyrrcie according to the method
of Elguero, Jacquier and Shimizu 162 .

The crude solid was extracted

into methylene chloride, washed, dried and evaporated. to give the
0

product in 71% yield, m.p. 221-223 (lit.,
I.r. (nujol)

16

225 0 ).

(N-H), 2550 cm

3240 cm

ra
(acidic 0-H), 1710 cm -1 and 1600 cm-1

and 2620 cm- 1

(c=o).

This was prepared using the method of Elguero,

3-Methvlpyrroie.

Jacquier and Shimizu 162 by warming 2,3-dicarhoxy-4-methylpyrrole
with copper bronze at 50 min Hg.

3-Methylpyrrole was distilled as

a colourless liquid in 37% yield, h.p. 104-106 ° at 50 mm Hg (lit.
142-143 ° at 740mm).

This had identical spectral properties to those

in the literature.
I.r. (CHC1 3 ) : 3400 cm
n.m.r. (CDC1 3 ) :

and 3480 cm -1 (N-li).
7.8 br,s (N-H), 6.65q (1H),

6.51 br,s (1H), 6.05m (1H), 2.13s (3H).
N.

Bs-3-methyl.-5-phenylpenta-2 , 4-di.en-1 -one azi.ne.

Hydrazine hydrate

(38 mg, 0.76 m mole) in ethanol (2 ml) was dripped into a solution
of 3-methyl-5--phenylpenfa-2,4-dien-1-one(108rng, 0.628 m mole) in
ethanol (2ml).

The mixture was boiled under reflux for 5 mm,

cooled and acetone added. The solvents were removed on a rotary
evaporator leaving a yellow solid, which was recrystallized from
benzene to give the bis-azine 05 mg, 42%), m.p. 189-190
(Found: C,84.9; 11,7.2; N,8.1.
11,7.1;

Mass spectrum:
See Appendix XIX
H n.m.r. spectrum: )

.

C 24H 24N2 requires C,84.7;

N,8.2%).

1

0
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A

r-vnr.',.ns TV 1

Mass spectra of t v]hvdrazon' of
carbonyl compound

(9)

=<

R

H ) =N.NH.Ts
x
mb

Compound.
X=CII 3 ,:,

--unsai.uratod
L

s.

y

(e)

I

3 ,ZTh

cis/trans

(r e lat : v abundance %)

39(44),41(22),43(22),51(32),63(26),
65(68),77(53),78k' -41 ),79(26),89(18),
91 (100) , 92 (66) ,105 (21) 7 107 (26) , (1 CIS (22)
115 (22) ,1 39 (33) ,1 55(33) ,1 56 (2-2

)

,

i 57(54)

171 (27) ,182 (24) 183 (37) ,184(20) ,185 (77')
186(18),215(12),234(7),278(6),367( 1),
368(< 1),369(- 1).
(f)x=H,Y=cH 3 ,R=I1,zPh

91(28),115(10),129(33),141(12),157(100),
158(20),169(12),312(4) ,340(2).

()X=CH3,Y-Cii3,RrZ=H

41(20),42(20),43(22),65(22),7144),
77(19), 79(19), 91(53),107(24),109(20),
123(100), 124(10), 125(14), 137(12),
139(13), 155(14), 157(12), 171(10),
186(7), 226(8), 278(17).

',-1(7) ,63 (6) ,65 (11),77(9),79(5),9 1 ( 4 5),
92 (6) ,93 (14) ,107 (5) ,115 (5) ,139(7) ,155 (8)
156(9),167(10),168(11),171(10 1/,1 8 0( 6 ).
181 (29) ,182 (1 00) .183 (16) ,197 (9) ,198(7)
337(.1),354(- i).
(j) X=CH 3IY=H,R-E,Z=C11 3

i1(13),65(9),77(9),79(15), 8 3( 8 ),9 1 (t7),
92 (7 ) , 95 ( 27 ) ,122 (9) ,123 (100) ,1 24 ()
278 (6) ,279(1 ).

APPENDL

n.rn,r. data

COMPOUND

+

(1)

X=H,Y=C11 Z=Ph
39

(h)

Y= O il

FS

II

values; J in 11 7] of tosyihydrazones of

N-H

8.4br,o

8.18br,o

Ts C113
-

2.388

2.38s

X

in

—

Z

Y

1.962

unsaturated carbonyl c ompounds.*

H.

in

aromatic

aromatic

region

region

AROMATIC PROTONS

6.16br,c 6.63d

6.82d

7.1-7.m (8H)

6.26br,s JHbHC=16

J11b11c=16

7.7-8.0m (211)

6 .79d

7.1-7.5m (711)

J5b He= 16

7-7-8-Om (211)

1.908

2.01m

in

5.71br,s

6.60d.

1.77s

JHa_l

aromatic

5.87br,s

J11b

He=

l6

8.0br,s

X=G II

2.35br,s

in

in

5.09d

5.62br,s 6.28dd

5.09d

7. 1-7-4m (211)

1.8-2.Om

1.8-2.Om

5.27d

5.73br,s

6.31cIcl

.89d

7.7-8-Om (211)

J Ib Z~ 18

Jrbz 18

H

z

<C
1

H

region

(ci)

-

J11Cz= 10 .5

N.NH.Ts

x
(9)

J11bac=l0
X=C113 ,Y=H,Z=CH,

8.29br,o

2.338

1.86s

in

1.77d

5.7-6.6m JHOZ=6

in

in

5.7-6.6m

.7-6.6m

-

in

A7. 27d

.7-6.6m
3 A11 8

* Recorded at 100 Ifliz
-t-

cis

with field, sweep at 28

0

in deuteriochioroform.

trans isomerization occurred by standing in the dark in CDC1 3 overnight.

cis and trans isomers.
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JLPI'ENDIX III
Spectral data of 511-23—bcnzodiazepines

H
H/

X

(15)

Y

A. Mass Spectra:
Compound

m/e (re1tive abundance )

(ci)

X=Ph,I—H

89(24),90(55),'104(19), - 117(94),220(100).

(d)

X=H,Y=CH 3

89(4 -1) ,90(56) ,102(16),103(12),115('100),
116(87) 9 11 -4 22),128(56),129(9,:t),130(87),
(

131 (44'),143(1 -.---"1,158(87),159(11).
B0

H nni.r. spectra

COMPOUND

(a)

X

X=Ph,I=H

IS values;J in H

ZI *

Y

iic

8.59s

7.1-705m(7H)

AB

:

7.7-8.Orn(2H)

(d)

X=1{,YH 3

in

2.42s

T

CH 2

X;

7.0-7.5m(6H)

aromatics
-

—50

A=406,
J1 2.5
A=3.23,

6 B280

AB 125 'AX 3BX 5

28
-

* Recorded at 100 Ill-Iz with field sweep at 280, in deuteriochioroform.
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APPENDIX IV
Mass spectral data of 3,4_dthydro-2-tosyi-1 ,2-diazepines

HHZ
N—Ts

(14)

Compound
(a)x=cH3,Y=cH3,z=H

m/e (relative al)ound nc e%)
39(17),11(21),42(i8),53(12),55(19),
65(14),67(11),77(8),79(10),82(8),91(19',,
94(8),123(100),124(19'),155(3),186(3),
278(32).

(b)

X=CH 3 ,L-CH 3 ,Z=CH 3

39(17) ,.41 (51 ) ,53(1 1) ,55(1 i ) ,65 (14),
67(11),1- 7(10'),79(11),81(9),91(27), 9 5( 20 ),
97 (ii) ,109 (7) ,1 37 (1 00) ,138 (37 ) , 292 (36)
293(9).

(c)x=Ph,Y=cH 3 ,z=H

39(6),41(5),12(6),51(5),53(3),55(3),
65 (7) ,77 (12) ,91 (18) ,104 (9) ,115 (10)
128 (ii) ,141 (9) ,185 (100) ,186(30) ,340(37)
341(9).

(d)x=cH 3 cH2 ,Y=d11 3 ,z=cH 3

41(9),9i8,15i100,152(15),3o6(14).

ADDt'?mTY V

n.m.r. data [gvaiues; J in

-

(a)

COOtrND

L-CH3 ,Y-CH3 ,I=H

X

Ts-Ci-t3

2.41s

H7J

2.00s

of 3,4_dihydro_2_tosyl_1,2_diazepines.*

Y

1.89br,s

Ha

Z

Z=HC=3.38t

5.614br,e

CH2h

AROMATIC PROTONS

2.61br,t

b bz

J11bc =5
J=8

(b

LCH3 ,Y=CH3 ,Z=CR3

2.41

2.O6

1.87br,e

0.51d

4.68m

5.69br,s

Jcz=7

(c
(dj

XrPh,Y=CH 3 ,Z=H

X=CI 3 CR2 ,YCH,,ZCH3

2 -3 6 a

2.408

1 .98d

1.08t (3H)
2 .2_2.5IU( 2H)

Z=H =3.49t

Jfl

JHbZ=JHbHC =

1.88br,s

0.47d

6.16q

4.3-5.1m 5.69m

i—Ts

2.20br,

c

JHbH

6 B86

2O

2.70br,t

7.1-7.7

-

(5H)

=5 7.36d (2H,J=8)
2.8-.3.2ni kB:

J jC z 7

J=8

* Recorded at 100 MHz with field sweep at '28 9 in deuteriochioroform.

S
67.87

(14)

177
flnnrnrXf

13 C n.m.r.

spectral

Ut

data of . ,4-dihyc1ro--iosyl-1 ,2-diazepnes

H

(14)

N—Is
Sn
H N-. N '

Compound

P.P.M. fELm Ile 4

x=d11 3 , Y-CH 3 , z=H

C-3,49.7; 0-4,39.1; 0-5,133.5; 0-6,121.1;
0-7,152.8; aromatic, 152.2(tert.),
143.8(tert.), 129.2,128.8; CH 3 :) ,CH 3 (Y)
and 0H 3 (Ts), 26.1 , 25.8 7 21.6.

x=cii3

, Y=CH 3 , Z=CH 3

C-3,521; C-4,45.1; C-5,135.4; 0-6,121.6;
C-7,153.5; aromatic, 149.6(tert.),
143.6(tert.), 129.2, 128.7; CH 3 (X),
CH 3 (Y),CH 3 (Z) and CH 3 (Ts), 26.7, 25.4.
21.5, 13.2.

X=Ph,Y=CH 3 ,Z=H

C-3,50.3; C-4,39,0; 0-5,133.6; 0-6,119.2;
0-7,153.9; aromatic, 152.5(tcrt.),
1 44.0(tert.), 139. 5(tert.), 129.3,
128.2; CH 3 (Y) and CH 3 (Ts), 26.5, 21.5.

X=CH 3CH 2 1 Y=CI 3 ,z=ci 3

0-3,52.0; C-4,45.0; 0-5,135.1; C-6,121.1;
0-7,157.5; aromatic, 149.7(tert.),
143.6(fert.), 129.2, 128.8; CH 2 (X),32.4;
CH 3 (X),CH 3 (Y),C11 3 (Z) and CH 3 (Ts), 26.9,
21.6, 13.0, 12.0.

* deuteriochioroform as solvent,
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APPENDIX VII
Mass spectral data of 3H-1 ,2-diazepines.

Y
(12)
H

-k

H
I

Z

N'

(relative abundance %)

Compound
(Q)x=cH3,Y=cH3,z=H

39(18),41(13),53(12),77(55)279(100),
80(13),91(24) 2 93(25),94(53) 2 95(1 1 ).106 (11 ), -i22(14).

(b)x=cH 3 ,Y=c1 3 ,z=cH 3

39(16),41(12),77(31),7'9(12),91(31),
93 (1 00) , 94(8) ,107 (10) , 1 08 (35) ,136(10).

(c)x=Ph,Y=d113 ,z=H

76(10),77(15),78(16),91(19),115( 2 9),
127(8),12-8(16),129(14),141(40) 2 155(36),
156 (100) ,157 (13) ,169 (10) ,184 (9).

(d1)xcH3CH2,Y=d113,ZCH3
and
(c)x=cH3,I=cH3,z=cR3cII2

39(17),41(20)177(24),79(34),91(56),
92(17),93(24),105(17),107(100),108( 1 5),
122(34),123(10),135(10),150(15).

APPENDIX VIII
n.rn.r. data CSvaiues; J in Hz

COMPOUND

(a)

X=CH 3 ,Y=C11 3 ,Z=H

X
2.38s

of 3H_1.2_diazepines.*

Y

Z(exo)

T

1.95rn 5.77dd

Ha

}1b

HC(endo)

5.94br,s 5.13br,t. 1.8-2.2ni

[.0

1z

JH'bz=7.5 (under Y)

J HCz=8 . 5
J b =7.5

(b)

X=CH 3 ,Y=CH 3 ,Z=CH 3

2.36s

1.94m 1.99d

5.92b3- 2 s 4.88br,d. 1 .73br,q

JHCZ 6

Cc)

X=Ph,Y=C}1 3 ,Z=H

7.1-7.5m(3H) 2.01rn 5.89dd
7.6-7.9m(211)

X=CHpH 2 ,Y=CH3 ,Z=c5 1.14-b (3H)

1

6.33m

JHbkIS

JHCZ 6

5.22m

1.9-2.1m

J11cz8.5

Jb=1.2 (under r)

111b7=7

JHbz=7

1.94m 2.01d

5.90br,s 4.90m

:

0

+
NI

(12)
1.4-1.8m

2.2-3.0m(2H)
J=8

JuCz=6

* Recorded at 100 MHz

and

(d)

X=CHj Y=CH

31

Z=CiC}5

2.38s

1.94s 1.17t (3H)
2.2-3.Ori(2H)
J=8

5.90br,s 4.90m

1.4-1.8m

with field sweep at 28
in deuteriochioroform.

0

Im
13

C n.ni.r. spectral data of 3H-1 ,2-diazepnes

H
Y

41

2

(12)
H- */,

Compound

P.D.M.

(Q)x=cH3 ,y=d113 ,z=H

from Me Si

0-3,65.7;

C-4 and C-6,110.5,117.8;

C-5,138.0; 0-7,154.4; CH 3 (X) and
21.1 ,20.6.
(b)x=c11 3 ,r=0H,,z=d113

0-3,70.9; C-4 and C-6,117.4,118.1;
C-5,135.9; C-7,154.5; CH 3 (X),CH 3 (Y) and
C113 (Z) ,21 .0,20.4,1 8.5.

(C)x=Ph.Y=cH 3 ,z=H

C-3,66.9; C-4 and C-6,111.3,115.7;
C-5,138.6; C-7,156.3; arornatic,137.0( -Lert.),
126.0,128.5,126.7; CH 3 (Y),21.O.

(d)xcH 3 cH2 ,Yc11 3 ,zcH3

C-3,71.2,77.4; C-4 and 0-6,118.4,117.3,

and

116.9,116.0; C-5,136.0,136.3; 0-7,154.5,

J

(dXC1I3,1CH3,ZCH3CH2

160.8; C11 2 ,28.5,26.0; CH 3 (X),CI{ 3 (Y) and
CH3 (Z),21.1,20.6,18.6,13.8,10.7.

* deuteriochioroform as solvent.

I

APPENDIX XI
n.rn.r. data

[values; J in Hz1

COMPCJ)
XCH ,{Ei,Z=H

X
2.00s

2.00s

Xh,YH 3 ,ZII 3

7.2-7.7m

()

y
1.82m

1.90m

1.90m

of 2a,5-dihydro
11a

T

5.35m

5.34m

5.58rn

,2] diazeto ti,1-a j?vrroles.

=

5.11m
5.13br,d

1.13d

1 IbHc=4

JHCZT

5.42m
JIJaHb=l .5
JHbHC =2

r
I-i

-J-

1

zI

3.83br,s

3.95m

H

b

_<r-X Lil
' N —N

I
'I
I
I
II
V00
I

Z=HC = 3.98m
JHaHC = 3.5

(73)
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13 C n.m.r d2ta of 2a,5-dihydro ,2JdiazLe,1.jpyrroios*

H

z /

(73)

H(I2
— )
2 Cal

H X
Compound

(a)x=cH 3 j-=c11 3 ,z=H

P.P.M. from J 4 Si
C-2,185.1; C-2a,86.2,; C-3,135.1;
C-4,123.5; C-5,57.5; CH 3 (X) and C11n

3 (y),

16.2,1 3.6.

(b)X=CII 3 ,YzCH3 ,ZCH 3

C-20844; C-.2a,85.7; C-3,134.7;
C-4,129.0; C-5,63..4; CH 3 (X),CH 3 (I) and
CH 3 (Z),22.2,16.2,13.6.

(C)x=Ph,Y=cH 3 ,Z=11

C-2,182.2; C-2a,84.5; C-3,135.4;
C-.4,124.4; C-5,57.8; aromatic, 130.0(tert.),
130.6,128.8,124.4; CH 3 ,14.1.

* deuteriochloroform as solvent.
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Mass spectra of 111—pazoles.

Compound

p/e (relative abundance %)

X=CH 3 ,Y=C11 2 : CH, Z-r-C11 3

39(22),42(23),66(23),80(15),1C)7(10) 9
121 (35),122(100).

X=-CH 3 ,Y=CH 3 CH:CH,Z=CH 3

39(12),42(20),53(10),67(i0),81(12),
95 (22) ,109(45) ,121 (33) ,135 (30) ,136 (1 00)

137(13).
X=Ph,Y=CH 2 :Cfl,Z=CH 3

47(21),48(13),83(100),85(68),87(12),
118(7) ,120(7) ,183(5) 184(14)

X=H,Y=PhCH:CH,Z=CH 3

42(8),43k7),91(7),92(7) 1 115( 22 ), 1 4 2 ( ,13 ),
156(6),169(18),183(20),.184(100),185(5)-

X=Ph,Y=CH 3C}1 2 ,ZCH 3

77(15),105(20),130(7),171(100),17 2 ( 12 ),
186(60),187(10).

X=H,Y=PhCH 2 CH2 ,Z=CH 3

42(5),54(4),65(4),68(5),91(9),95(100),
96(9) ,186(30) ,187(5).

X=CH 3 ,Y=PhCH:CH,Z=CH 3

42(9),91(8),99(10) 1 1 - 15(14),156(7),18 2 (7),
183 (19) ,1 017 (20) ,1 98 (1 00) 2 199 0 8) .

X=CH 3 ,Y=PhCH 2CH 2 ,ZCH 3

41(4),42(7),68(7),91(7),109(100),110( 1 0),
200(16).
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11 n.rn.r. d at 1
.

[values; J in HZI of 11I_jrjzo]s.*

z

y

-4
----

COMPOUND
X~

C KI

XCL 3 ,Y=CFJ3 CH: CH, Z=CE3

r-

Z

X

Y

N-H

10.10br,

ABX: Se5.26dd, 0B10dd
6.53dd
J=i8,J=11.5,J1 .5

X=7,=2.30s

9.6Ob,s

JBX:

X-Z=2.27s

A= 6 .i9dq , 6B=5.75th
6 = 1 . 8 5dd
1.5, J3=6 J= 16
,

Ph,YrCH2 :C1,ZrCH 3

10.53br,s

7.1-7.6a

2.18s

7.72br,s

2.iO

AB: é A72-51q (2ff)
SB=1.06t (3ff)

7.1-7.6m

2.02s

aromatic, 7.0-7.3m (6ff)
(L.H)

in aromatic
muJtiplet

2.10z

=5.1J4dd

JX:

& )C61
x=18JB=1 1.5 ,J= 1 .5
X=H,Y=FC: CH, Z=CH

9.78br,s

aromatic, 7.1-7.6m

(5H)

AB: &A= 6 . 7 5d , &B_ 6 .9 6
16
)=Ph,T=CII3C11,Z=CH3

12.13brs

Yi,Y=OH 2CT2 ,Z=CIi3

8.42br,s

-CE 2 -CH 2 ,2.6.-2.9m

XCH,Y=PhCff:CH,Z=CTh.

11.lObr,s

aromatic, 7.1-7.5n (sn)
AD:

X-CH3 ,Y=ThCEI2CH 21 ZCH3

10.1'or,s

)L- Z= 2-40z

A7 6-93d,

aromatic, 7.0-7.3m (5ff)

X=Zc=2.03s

-CH 2-C112 ,2.67m (LE)

•

* Recorded at 100 iz with field sweep at 28

0
1

in deuteriochioroform.
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17

C n.m.r. spectral data of lH_p

a zoj*

Z

Y

X'N'

Compound

P.P.M. from Me Si

XPh,Y=.CH2 :CH,Z=CR 3

C-3,C--4,C--5, aromatic and CH(Y),146.9(tert.),
142.2 (tert. ) ,1 32.3 (tert .) ,114 .7 (tert.)
128.5,128.1; C11 2 (Y),114.0; CH 3 (Z),12.1.

X—_ll,i=PhCHC:H,ZCH 3

all except CH,('),140.2(fert.),138.0(tert.),
117 .4 (tort. ) ,1 33.8,128 .7 ,127. 8,127 .0,126. 0,
118.7; CH 3 (Z),10.8.

X=Ph,Y=CH 3 CH9 ,Z=CH 3

C-3,C-4,C-5 and aromatic, 145.3(tert.),
143.2(te3 , t.),132.8(tert.),117.5(t(-r±..),
128.6,127,7; Cu 2 , 16.7; CH 3 (Y) and CH 3 (z),
15.3,10.8.

X=H,Y=PhCH 2 CH2 ,ZCH 3

C-3,C-4,C--5 and aromatic, 141 .0(tertj,
117.4 (tert. ) ,1 33 .6 ,128.5 ,128.3 ,125 .9;
CH 2 (O-) and CH 2 (f),37.1,25.7; CH 3 (Z),
10.2.

* in deuteriochioroform as solvent.

I

d.enehydrazono-3-methyl-5phenvi pent

dirn-1 __flr

Ph

Me4
HC)

Mass speotrurn:

Hcl

Me
N.N=<CI
MeY

(59)

rn/c (relative abundance )

56(28),92(1 -,, ),12,0, (11),149(100),170(12),226(18'?
I n.!n.r 0 spectrum:

[Svaiucs; J in H7j *

Aromatics

7.15-7.50 m

(6H)

Ha

7.48 br,d

111a

6.70 d

J11a Hb = 16

6.28 br,d

JH C H

8.63 d

J1 c 11d = 10

2.05 s

(6H)

2.10 d

J1

MC X )Me Y

Me

z

H'

= 16

=

10

* Recorded at 100 NIiz with field sweep at 28 ° in deuteriochioroform.
13 C n.m.r. spectrum:

]).p.m. from Me4SI +

C-1a,167.1; C-1,155.5; C3-5 and aromatic, 144.0 (tert.), 137.8(fert.),
132.5,128.8,128.3,127.0,126.6,124.7; MCX,MeY and NeZ, 25.-I ,20.9,18,5.
+ in deuterioch].oroform as solvent.
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Spectral data of 2-.(

—pherilethy1)buta-1

.3-1-- Iiorie.

m/e (relative abundance %)

Mass spectrum:

43( 53 ) , 65 (10) 91 (38) ,92 (19) ,99 (100) ,104(58) ,190(23)
rnj

E6 values;

J in

0-11

14.80 d

(1H,J=6)

CC-11

7.84 d

(1H,J=6)

Aromatic

7.0-7.4 m

(511)

2.3-2.8 m

(411)

CH -1.99
3

s

* Recorded at 100

lliz

13

Cn.m.r._spectrum:

*

(3H)
with field sep in deuterioehloroform.
p.p.ln. from

C-1-3 and aromatic, 193.7(tert.),178.6(tert.),1407(tert,),
128.6 9 126.3, 1 11.9(teit.); CH 2 (') anciCII 2 ( 1 ),37.5,29.3;
CIL31 23.4.
±

in deuteriochioroform as solvent.

0

OH

N
cH( 3H
oCH2
pH2
Ph
(72)
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jra1 data of 1 -rnet1yi-jheny1cyc1opentene.
Mass spcctrurn

rn/c (rclative abundance %)

39(13),51(14),77(27),91(24),104(23),105(2l),115(27),120(23),
1'-1 8(36) 7 1'--9(27),143(100),158(66).
1 n.rn.r. sprtrurn:

[S values;

j in

*

Aromatics

7.0-7.7 m

(5H)

C=C-11

6.03 rn

(1H)

-CH 2-CH2 --

2.0-3.0 m

(4H)

1.3-1.7 rn

(iii)

1.07 dd

(31i,J=6 and 1.5)

C11 3

* Recorded at, 100 MHz with field sweep at 280 in deuteriochioroform.

190
API'ENDLX XIX
Spectral data of bi s._3-rnethyl-5-phenylpenta-2 ,4-c1 icn-1 -one azinc
Mass Spectrum:

rn/c (relative abundance %)

51(8) ,65 (14) ,77(16) ,78(lo) ,91 (27) ,94(70) ,11 5(23) ,1 27(16) ,1 28(41),
129(24) ,141 (17) ,144 (13) ,154(29) ,155 (22) ,156 (37) ,167 (ii) ,168(27)
169(55),170(100),171(27),222(30),236(22),249(12),263(41),264(11),
336(5),340(44),341

(is).

[S values;

1 H n.m.r. spectrum:

j in H21*

N=C-11

8.69 d

(1H,J=i1 )

Aromati cs

7.2-7.6 m

(SN)
(1H,J=16)

C--C-H
C=C-H

6.78 d

(iu,J=16)

C-C-H

6.49 br,d

(iii,J=ii

CH

2.16 s

(311)

* Recorded at 100 MHz with field sweep in deuteriochioroform.

Ph
Me

—<

(60)
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