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ABSTRACT

This thesis is concerned with cyclisation reactions which

occur during the decomposition of alkali metal salts of the

toluene-£-sulphonylhydrazones of some a, ^-unsaturated ketones.

Most of these decompositions have been thermally induced, but

some work on the photochemical decomposition of the toluene-£-

sulphonylhydrazones is also reported.

By this adaptation of the Bamford-Stevens reaction, a

novel route to 1,2-benzodiazepines and 2,^-benzodiazepines

has been established. The known cyclisation of some

toluene-£-sulphonylhydrazones to pyrazole derivatives has

been extended, and a detailed study of two examples of the

3H-pyrazole/lH-pyrazole rearrangement reaction has been made.

The various products obtained from these cyclisations

are rationalised in terms of structural factors, and where

relevant, the effect of solvent on the cyclisation has been

considered. The mechanisms of some of the reactions have

been studied experimentally, and the results are discussed.

Mechanisms are proposed for the other cyclisations with

regard to current evidence of the known reaction intermediates

in related cyclisation reactions.
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INTRODUCTION

1 BASE-INDUCED DECOMPOSITION OF TOLUENE-p-SULPHONYLHYDRAZONES

In 1885, Escales"'" found that Benzenesulphonylphenyl-

hydrazide was decomposed By warm alkali to give Benzene,

nitrogen, and the Benzenesulphinate anion;

Ph.S02„NH.NHPh > PhH + N2 + PhSO~
2

By analogy, Bamford and Stevens attempted to obtain the

olefin from the toluene-p-sulphonylhydrazone of a readily

enolisaBle ketone, But without success. They then

investigated the decomposition of the toluene-^-sulphonyl—

hydrazones of aliphatic ketones, which were not readily

enolised, and found that olefins were formed in good yield

when the toluene—^-sulphonylhydrazones were heated in ethylene

glycol with sodium;

Me

\ H Na
C=N.N.S02Ar CH^CHMe + N2 + ArSO^a

S
Me

On the other hand, under similar reaction conditions,

the toluene-£-sulphonylhydrazones of aromatic aldehydes

and ketones afforded aliphatic diazo-compounds, or products

of their decomposition:

%
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Ph
Na , \

■ » /
H

C=N2 + Ar.SOgWa

Ph

<
HO.CH .CH .O.CH Ph

H Ph.CH2.S02Ar

Subsequent work in this field has shown that toluene-p-

sulphonylhydrazone decompositions can proceed either with or

without loss of nitrogen from the system, and provide a

versatile synthetic route to compounds as diverse as

diazoalkanes, olefins, cyclopropanes, cyclopropenes, pyrazoles,

and other heterocyclic compounds.

A . MECHANISM

Much of the work on the mechanism of these reactions has

been carried out using camphor toluene—g-sulphonylhydrazone,

and therefore the results of these studies will now be

considered in detail.

2
Bamford and Stevens proposed that the mechanism of the

decomposition of toluene-p-sulphonylhydrazones involved the

removal of a proton by the sodium alkoxide, followed by release

of the sulphinate anion, leaving the remainder of the molecule

either intact as a diazo-compound, or to undergo fission into

nitrogen and the corresponding olefin, with concomitant



migration of one of the groups attached to the a-carbon atom:

They rejected the possibility that the mechanism of

decomposition always involved the primary break-down of the

toluene-£-sulphonylhydrazone to give an aliphatic diazo-

compound and sulphinate anion, because they found that the

decomposition of camphor toluene-£-sulphonylhydrazone gave

optically active camphene, whereas Heubaum and Noyes"^ had

shown that diazocamphane decomposed to give tricyclene, which,

even if it did subsequently isomerise, would not afford

optically active camphene.

In their kinetic investigations into the mechanism of

the Bamford-Stevens reaction, Powell and Whiting^ investigated

the base-induced decomposition of cyclohexanone toluene-£-

sulphonylhydrazone and camphor toluene-£-sulphonylhydrazone

under the same reaction conditions, and found that the

decompositions took place at virtually the same rate, and

had the same activation energies (within the limits of

experimental error). This result strongly suggested that

there was a rate determining step in the decomposition

preceding any skeletal rearrangement. Powell and Whiting

R H R

) C=UH + + SO_Ar' « ' ;U-(J=JM=fJ + SCkAr
c d i i I

R
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suggested, that this rate determining step was the direct

fission of the hydrazide anion to give the diazo-compound

and sodium p-toluenesulphinate. They modified the earlier

mechanism of Bamford and Stevens, since "by their scheme

camphor toluene-p-sulphonylhydrazone should clearly have

decomposed at a much faster rate than cyclohexanone

toluene-p-sulphonylhydrazone, because oarbene formation would

5
be assisted by neighbouring group participation^ in the case

of camphor toluene-jD-sulphonylhydrazone (Schemes 1 and 2).
The possibility of forming the olefin directly, possibly

by means of a cyclic transition state was also dismissed as

a possible mechanism by Powell and Whiting, since it was

concluded that the camphor toluene-p-sulphonylhydrazone,

apparently unable to utilise its two a-hydrogen atoms for

steric reasons, would be unable to decompose by this route

and would have to employ another (slower) decomposition

path. Further, on re-investigation of the Bamford-Stevens

decomposition of camphor toluene-£-sulphonylhydrazone by

sodium dissolved in ethylene glycol, and using gas liquid

chromatography, a technique which was not available to

Bamford and Stevens in 1952, they found that the hydrocarbon

product was not in fact pure camphene (il), but a mixture

of camphene and tricyclene (i), (4:1 respectively).

Since Meerwein and van Emster^ had reported the formation



of a small amount of camphene in the decomposition of

diazocamphane (ill) to tricyclene, then if it could be shown

that the camphor:tricyclene ratio was solvent dependent in

either the Bamford-Stevens decomposition of camphor toluene-

£~sulphonylhydrazone, or in the decomposition of diazo¬

camphane, then the negative evidenoeegainst Powell and

Whiting's mechanism would be invalidated.

A (a) EFFECT OF SOLVENT PROTONICITY AND BASE CONCENTRATION

Powell and Whiting^ then investigated the decomposition

of camphor toluene-£-sulphonylhydrazone in a variety of protic

and aprotic solvents, and found that the percentage of

tricyclene (i) was only 12$ in aprotic solvent (e.g. ethylene

glycol), whereas it was 99$ in acetaraide, upholding their

postulate of an intermediate aliphatic diazo-compound.

They suggested that the mechanism of decomposition occurred

via the diazo-compound, either with or without acid catalysis:

r2ch-cr=n=n > r2c=chr + n2
+

+ - h +
,

or R_CH-CR=N=N —^ [R.CH-CHR-NSN]

♦ I
R2C=CHR ^-=2 [R2CH-CHR + N23

They proposed that the predominant pathway of

decomposition in protic solvents was via the diazonium cation,when

tol uene—£-sulphonylhydrazone decomposition led to products
similar to those obtained by deamination with nitrous acid,
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whereas in aprotic solvents, the products were the result of

direct decomposition of the diazo-compound.

Some recent investigations have shown that the ratio of

camphene:tricyclene is controlled not only by the nature of

the solvent, but is also greatly affected by base concentration.

In their studies on the decomposition of camphor toluene-

7
£-sulphonylhydrazone, Shapiro and his co-workers carried out

the decomposition of diazo-camphane (ill) in 2—ethoxyethanol

at a reaction temperature of 135°» when a ratio of tricyclene:

camphene of 65*35 was obtained. These workers concluded that

the intermediate diazo-camphane (ill) could decompose in two

different ways. It could either be protonated by proton-rich

solvents (e.g. ethylene glycol) to give a diazonium and/or
carbonium ion, which then decomposed to give camphene

(Scheme 2, II); or in aprotic solvents it could lose nitrogen

to afford the carbene intermediate, which could then undergo

intramolecular carbon-hydrogen insertion to give tricyclene

(Scheme 2, I). They found that in the base-induced

decomposition of camphor toluene-£-sulphonylhydrazone, the

effect of base concentration was more important to the mode

of decomposition than the nature of the solvent. With less

than a 1:1 ratio of base to toluene-£-sulphonylhydrazone, a

greater percentage of camphene was produced than with a 1:1

ratio, and that with a 1.25;1 or greater ratio of base to



1

Scheme 3
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toluene-j>-sulphonylhydrazone, tricyclene was the solo product.

In view of this result, some of the earlier results had to he

re-examined, since Bamford and Stevens had used an average of

2 equivalents of "base in their reactions in protic solvents,

and Powell and Whiting used an average of 4 equivalents of

"base to 1 of toluene-p-sulphonylhydrazone. In view of the

results obtained by Shapiro and his co-workers, clearly

tricyclene formation was favoured in both the earlier reactions.

Since less than one equivalent of base in an aprotic

solvent leads to a greater percentage of camphene, probably

via a cationic intermediate, then a proton must originate

from the unreacted toluene-p-sulphonylhydrazone, as proposed
g

by Friedman and his co-workers. This possibility was

7

investigated by Shapiro and his co-workers, by carrying out

deuterium labelling experiments, which led them to the

conclusion that tricyclene can be generated by two different

intermediates, depending on the base concentration. At

high base concentration tricyclene is produced by a trans-

annular C-H insertion of the intermediate carbene, whilst at

low base concentration a cationic species predominates, but

is not necessarily the sole precursor of the product (Scheme 3).

The key step in this mechanism is the equilibrium between

the diazo-compound and the corresponding diazonium ion. With

less than one equivalent of base, the excess of methanol
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forces "the equilibrium in the direction of the diazonium-

ion formation. When an excess of base is present, the

converse applies, and diazo-compound is favoured. Hence

under the reaction conditions, both intermediates can

eliminate nitrogen, with the formation of the corresponding

unstable carbene or carbonium ion, which decompose to their

respective products.

The Bffect of using an excess of strong base at low

temperatures was recently reported at the same time by

9 10
Shapiro and Heath, and Friedman and his co-workers .

Shapiro and Heath were able to prepare olefins from aliphatic

toluene-p^-sulphonylhydrazones , containing a-hydrogen atoms ,

by using two or more equivalents of methyl lithium in ether

or n-butyl lithium in hexane, at only 25°« For example,

a quantitative yield of 2-bornene (IV) was obtained from

camphor toluene-p^-sulphonylhydrazone:

Good yields of ring insertion products from the

toluene-p-sulphonylhydrazones of a number of steroidal

ketones were also obtained in an analogous manner.

(IV)
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The proposed mechanism involves a carbanionic species,

and this mechanism was supported by deuterium labelling

experiments (Scheme 4)• Using similar conditions, [the

same base:toluene-£-sulphonylhydrazone ratio (2:l) in decalin

(70—110°)], Friedman and his co-workers'^ reported similar

results. For example, 3,3-dimethyl-2-butanone toluene—£-

sulphonylhydrazone (V) afforded 3*3-dimethyl-l-butene (VI),

(Scheme 5) • Similarly, the benzenesulphonylhydrazones of

3-methyl-2-butanone and 2-pentanone gave 3-methyl-l-butene

and 1-pentene respectively. Skeletal rearrangement or

insertion to give cyclopropanes did not occur in these

reactions, but with less than two equivalents of base,

competitive cationic and carbenic processes occurred. For

example, with a 1:1 equivalence of base to toluene-p-

sulphonylhydrazone, a carbenic process predominated, giving

in the case of 3,3-dimethyl—2-butanone toluene-p—sulphony1-

hydrazone, a mixture of 1,1,2-trimethylcyclopropane (40%) and

3,3-dimethyl-l-butene (51%)• Increased amounts of butyl

lithium (>1.4:1 equivalents) in decalin, gave virtually a

quantitative yield of 3,3-dimethyl-l-butene, when the

carbanionic sequence predominates.

The action of excess strong base on a lithium salt of

a toluene-p-sulphonylhydrazone does therefore lead to

eventual attack on a—hydrogen, as controlled by steric,
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and/or polar factors, possibly by a carbanionic sequence,

as shown in Scheme 5» afford the lithio-olefin, which

then undergoes proton exchange with the environment.

A (b) EFFECT OF METAL CATIONS OTHER THAN SODIUM

The effect of metal cations other than sodium in the

base-induced decomposition of toluene-]>-sulphonylhydrazones
7 11

was also investigated by Shapiro. ' It was found that

camphor toluene-£-sulphonylhydrazone decomposed to camphene

and tricyclene in a 60:40 ratio in the presence of one

equivalent of lithium aluminium hydride in ethereal solvents,

and that this ratio was insensitive to temperature or solvent

effects; a result which, at first sight, appeared to conflict

with previous results. Further, when the decomposition

was carried out in the presence of aluminium isopropoxide

in diglyme or decalin, approximately equal percentages of

camphene and tricyclene were produced, and this ratio was

again unaffected by base concentration or temperature effects.

The mechanism proposed (Scheme 6) involves participation

of a Lewis acid, using aluminium or boron as electrophile.

The tricyclene:camphene ratio was different for each metal

used, but remained constant in each case under a variety

of conditions. The trivalent metal cation can form an

intermediate which resembles a carbonium ion in its behaviour,

and hence gives camphene as a major product in this case:
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Hair
X:~*H

M = Al, B
X = Solvent, Ts

or "base

(id
(

Scheme 6

11
In the original work of Shapiro, it was assumed that

lithium hydride would act in the same way as the sodium base

this was not strictly true. The camphene:tricyclene ratio

did increase very rapidly with base concentration, but even

with 10 equivalents of lithium hydride, oamphene still

constituted 17% of the product mixture. Hence, the lithium

ion with its high charge density must also act as a Lewis

acid, but not nearly to the same extent as the trivalent

aluminium ion. When the decomposition was carried out using

silver carbonate, poor conversion to products occurred, but

the tricyclene:camphene ratio varied considerably with base

concentration, as it did when using sodium methoxide, so

n

(sodium hydride or alkoxide), but it was later shown that
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that silver, like sodium, has not the ability to act as

a Lewis acid here, presvimably because of its size.
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The decomposition of the toluene-p-sulphonylhydrazones

of a variety of carhonyl compounds will now he examined.

This has "been divided into two main sections; those

decompositions involving loss of nitrogen, and those in

which nitrogen is retained in the product.

B (a) DECOMPOSITIONS INVOLVING LOSS OF NITROGEN

The preparation of bicyclic and tricyclic ring systems
12

from carbenoid precursors is a standard preparative procedure,
2

and the Bamford-Stevens reaction has now been applied in the

preparation of these carbenoid precursors. Simple cyclo-

propylcarbinyl systems have been examined in some detail,"^»^4j20
and here, the nature of the product has, in general, been

found to depend more on the position of the cyclopropane ring

system relative to the carbenoid carbon than either base

concentration or solvent effect, or any other parameter.

Hence, although bic.yclo [3.I.0J hexane-6-endo-oarboxaldeh.yde

toluene-£-sulphonylhydrazone (VII) gives cis-bicyclo[3.2.0 ]-

hept-6-ene (VIII) and cyclopentene (IX) incorporation of

the carbenoid carbon into the bicyclic system giving
, , 15,16,17 •

ring-expansion products 1 'is unusual:

) d'0-H

—)
(VIII
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The primary products from such hicyclic a -cyclopropyl-

carbenes are formed by a fragmentation reaction, as observed
16 IT

by Cristol and Harrington, and Lemal and Fry for

nortricyclanone toluene-£-sulphonylhydrazone:

B

H.^.Ts
H

G=CH C=CH,

Similarly for bicyclo [3.1.0]hexan-2-one toluene-p-

15
sulphonylhydrazone :

+ other

products

H.H.TS

Freeman and Kuper have also studied bicyclof 3.1.0]-

hexan-3-one toluene-p-sulphonylhydrazone, where the cyclo-

propyl ring is j3 to the generated carbene, where the only

product is that formed by hydrogen transfer:

H.H.Ts
I

H
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NaOMe

N.N.Ts
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A

M.Ts
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Xb= ©(.-cyclopropylcarbene species

(3#)

Scheme ~/h
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IS
As an extension of this work, Wheeler and his co-workers

studied the decompositions of the toluene-p-sulphonylhydra-

zones of a-ketocyclopropanes, and found that these give acetyl-

enic alkenes as major products, whereas (3 -ketocyclopropanes

undergo hydrogen transfer, to afford hicyclic alkenes, which
15 X 6

is in agreement with the results of the earlier workers, '

They proposed that the absence cf ring insertion or ring

expansion products here is an indication that conjugation with

the cyclopropyl ring in a hicyclic ring system provides an

easier pathway of decomposition to olefinic products, and that

this pathway, together with a-hydrogen transfer, predominates

over all the other possible reaction pathways for this type

of system (Scheme 7).

Migration of alkyl groups does not occur readily in alkyl-
12

carbenes or dialkylcarbenes, However, carbenes of the
ig

neophyl type, and some carbenes containing small ring

systems are exceptions to this general rule. It has been

shown that the toluene-p-sulphonylhydrazones of cyclopropane

carboxaldehyde and of cyclobutane carboxaldehyde, afford

mainly cyclobutene and cyclopentene respectively. Friedman
20

and Shechter found that when cyclopropane carboxaldehyde

toluene-p-sulphonylhydrazone was decomposed in the presence

of sodium methoxide in aprotic solvents, cyclobutene (Xl)

was obtained in about 60% yield by ring expansion, buta-1,3-

diene (XII) by rearrangement, and ethylene and acetylene



H H
C=N.N.Ts

NaOMe

l80°

H
C=N.N.Ts

aprotic
solvent

? + -

C=N=N

Nl/ V

t;
C-H

4

(Xl)
(60%) (12%) H05CH + H2C CH0

Scheme 8
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by fragmentation, plus other unidentified products (Soheme 8).

Fre^'tound that when the decomposition was carried out

using sodium methoxide in diethyl carbitol or triglyme, the

principal product (ca,80$) was an isomer of cyclobutene and

1,3-butadiene, and he subsequently1"^ identified it as bicyclo-

20
[1.1.0]butane. Friedman and Schechter proposed that this

product was formed by intramolecular insertion of the carbene

into one of the four equivalent C-H bonds. However, it has
g

subsequently been shown that the carbenic and cationic modes

of decomposition are sensitive to both solvent effects and

base concentration. When the decomposition of cyclopropane

carboxaldehyde toluene-p-sulphonylhydrazone is carried out in

a protic solvent (ethylene glycol), bicyc]o[l.l.O]butane (XIIl)

is the major product, and in an aprotic solvent {diethyl~

Carbitol), cyclobutene and 1,3—butadiene are formed. Further,

with slightly less than a 1:1 equivalent of base, bicyclo—

fL.l.Ojbutane is produced in only 12$ yield, whereas with

0.8 or less equivalents of base, bicyclo [l.l.O]butane is the

major product (57~79%)* Hence, bicyclo [l.1.0]butane

formation is greatly enhanced in environments of increased

proton acidity. These results suggested that bicyclo jl.l.O]-

butane is not a primary product of the decomposition of the

intermediate carbene,but was formed via a cationic process,

involving an intramolecular reaction of a cyclopropylcarbonium
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ion (XIV) or a cyclopropylmethyldiazonium intermediate:
H

H„0 H H

+ H
+

H

(XIV)

Wiberg and Lavanish^ have since re-studied this reaction,

using deuterium labelled substrates, and have found that this

reaction cannot occur via the cyclopropylcarbinyl cation, or

anything derived from it, since the diazo-compound did not

show any exchange with deuterium, when ROD was used as the

solvent (Scheme 9). Since the available evidence indicates

that a proton is involved, as in its absence cyclobutene is

produced, these workers suggest +he mechanism shown in Scheme 9

to explain the stereochemistry of the product and the intra¬

molecular transfer of hydrogen from one carbon to another.

The analogous cyclobutane carboxaldehyde toluene-p-
22

sulphonylhydrazone decomposition, as already mentioned, gave

the ring expanded product when decomposed under aprotic

conditions (Scheme 10), and the yield of cyclopentene (56.51°)

was virtually the same as the ring expanded product from the

aprotic cyclopropane carboxaldehyde decomposition.. However,

here, the use of a protic solvent (e.g. ethylene glycol) gave
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a far greater yield of oyclopentene (92.5%), but the yield

of bicyclo [2 .l.Ojpentane (XIX) dropped to zero and the yield

of methylenecyclobutane also dropped considerably:

H

^C.H=E.U..Ts OH, j,0Ho
\ ^ CH, .0Ho.C=GHo + f 5+ r/ 3 2(2

GH3 i I
(XV) (XVI) (XVIl)

(XVIII) (XIX)
Scheme 10

PEODUCTS {%)
Base Solvent (XV) (XVI) (XVII) (XVIII) (XIX)

NaOMe Diglyme 0 13*6 17.7 56.5 12.2

NaH Ethylene Glycol 0.9 2.1 3.8 92.5 0

If these results are interpreted in terms of the general

pattern emerging from these decompositions carried out using ab¬

out equivalent amounts of base and toluene—g-sulphonylhyd—

razone, then it seems probable that in the aprotic decomposi¬

tion, a carbenoid pathway of decomposition has occurred, and

this is responsible for (XVII), (XVIIl), and (XIX), since •

(XVII), and (XIX) become very insignificant in the protic

decomposition, where a cationic pathway is proposed. These

results suggest that the carbenoid pathway of decomposition
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is suppressed in pxotic solvents, and the increased yield of

cyclopentene, and the presence of methylenecyclobutane (XVII)
is the protic decomposition suggest that these can he produced

by cationic or carbenic processes, but that bicyclo[2.1.0]-

pentane is formed preferably via a oationic pathway.

22
However, as Paskovich and Kwok suggest, further investigation

into the mechanism of this reaction is required, such as

variation of base concentration in protic and aprotic solvents,

and deuterium labelling experiments would also be useful to

ascertain the mechanism of this decomposition with much greater

certainty.

The toluene-£-sulphonylhydrazones of 1-phenylcycloalkane-

carboxaldehydes act as precursors to 1—phenylcycloalkylcarbenes,

and these may then decompose to afford a variety of products,

but in aprotic solvents, products mainly resulting from varying

degrees of rearrangement, phenyl migration, and alkyl migration.
23

Wilt and his co-workers have studied the decomposition of

these toluene-p-sulphonylhydrazones in N-methyl-2-pyrrolidone

(l80°/aprotic), using sodium methoxide as base. They found
19

that the degree of neophyl rearrangement was a function of

the ring size:

CHO

ring size: (n+l) = 3,4»5»6.
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The amount of rearrangement was found to vary from 0%

in the cyclopropyl compound (XX) to 41% in 1-phenylcyclo-

hexanecarboxaldehyde toluene-;p-sulphonylhydrazone, (XXl)

(Scheme 11), with a linear gradation between these two extremes.

No definitive evidence was found for ring insertion products,

but it is possible that these were produced as intermediate

oompounds which subsequently decomposed. However, as Wilt
23

and his co-workers stress, although the products of their

reactions under aprotic conditions are explained in terms of

the conventional carbenoid pathway of decomposition, at the

reaction temperature (180°), hot carbonium ions show analogous

reactions to carbenes (viz. alkyl and aryl migration, hydride

shifts, and insertion reactions). However, this point does

not seem to have been pursued in subsequent work into the

mechanism of these decompositions.
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CH=N.N.Ts ^ ^ /^"CH2Fh + ^ ^=CH.Ph
(XXI)

Scheme 11

This work on the effect of ring size on the decompositions

of cycloalkylcarbenes is in general agreement with the work of

Richey and Hill, who prepared the carhenes "by the action of
2 a

sodium on cycloalkylcarbinyl chlorides.

B (b) DECOMPOSITIONS INVOLVING RETENTION OF NITROGEN

As already mentioned in the Introduction of this thesis,

the base-induced decomposition of the toluene-£-sulphonyl-

hydrazones of aromatic carbonyl compounds was found to afford
2

diazoalkanes in good yield :
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Ar-C=N-N—SO Ar
R H 2

NaOMe

55-80

Ar-C =N^ + ArSO^ Na+
ROH

R

(20-70$) aprotic

conditions

[Ar-CH-R] [Ar-C-R]

This reaction has also been used to prepare isolable

diazoketones in good yield from the monotoluene-p-sulphonyl-
25

hydrazones of cyclic o-diketones .

For example:

H
M.Ts

Rl =
R, =

R2 » H
R2 = Me

R = 01; R_ = Me

OH

20

r* .

H=H-^S02Ar

(58$)

Scheme 12

Diazo—compounds may be detected by their reaction with alkyl

and aryl phosphines. For example, Staudinger showed that
2 6

diazofluorene, the first stable diazo-compound to be prepared,



25

reacted additively with phosphines, to afford the corresponding

Y = X = Ph

Y = X = G0H2 5

Y=Ph,X = C2EL
28

the reaction occurring by a biphilic process in which the

ligands can accept electrons to form -bonds, and at the same

time donate electrons to form S*-bonds. Staudinger also

reported that phosphazines were sensitive compounds, and that

they decomposed on heating, to give phosphoranes, accompanied

by the elimination of nitrogen, and underwent facile hydrolysis

to give the corresponding phosphine oxide and hydrazone:

27
phosphazine

(XXIII)

PXJ

R3P=0 + R2C«JI.NH2
R

SCHEME 13
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2
As shown by Bamford and Stevens, the base-induced

decompositions of the toluene-p-sulphonylhydrazones of

aliphatic carbonyl compounds generally require a higher

temperature (130—150°) for reaction, and at this temperature

the intermediate diazoalkane is immediately decomposed, to

products determined by the protonicity of the solvent.

Cyclisation reactions involving the decompositions of

toluene-£-sulphonylhydrazones were reported in the original
2

Bamford-Stevens studies on toluene-£-sulphonylhydrazone

decompositions. They studied the decomposition of the

toluene-£-sulphonylhydrazones of several a-diketones, and

found that benzil toluene-£-sulphonylhydrazone gave diphenyl-

acetylene in good yield, whilst others gave neither acetylenes

nor diolefins, but sulphonamidotriazoles:

H
R R
\ /

R.C=N.N.S0oAr ,Cs=Cv
| 2 ^ / \

T> c H «r A ' Nv N.N.SO ArR.C=N.N.SO_Ar <s. x it 2
H 2 X H

R=Me or Ph

These may be the result of ring closure of:

N=U:CR.CR:N.N.S02Ar

However, the reaction of benzil toluene-p-sulphony1-

hydrazone appears to be anomalous.
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The base-induced, decomposition of the toluene-]>-sulphonyl-

hydrazones of 1,4-diketones have been studied, using aprotic
2Q

solvents. In this way, acetonylacetone toluene-p-sulphonyl-

hydrazone gave hexa-2,4-diene, and biphenacyl also gave a

conjugated diene, 1,4-diphenylbutadiene, together with much

3,6-diphenylpyridazine, which was probably formed by the

decomposition of the bisdiazo-compound:

Ph.C.CH ,CH .C.Ph
H 2 2 ii -
N.^.Ts N.N.Ts

H H

, Ph.C.CH .CH .C.Ph
■7 II 2 2 H

N,

Ph.C.CH-.CH^.C.Ph2 2 |i

N,

Ph

Ph

N

- 2H
Ph

Ph-^ss N
N

Bartlett and Stevens were unable to obtain the expected

phthalazine from phthalaldehyde. However, the di-toluene-

£-sulphonylhydrazone of phthalaldehyde has since been

successfully cyclised"^ in dimethyl formamide at 120° or

diethyl Carbitol at 160°, using either sodium methoxide or

sodium hydride as the bases to give 112-dihydro-2—toluene-£—sulph.-

cnylphthalazine, in 5-30% yield, together with

ditolyldisulphide:
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H

Dornow and Bartsch"^"'" have reported the formation of sulph-

onamides from diazoalkanes, and certain aldehydetoluene-p-

sulphonylhydrazones, so that the formation of the sulphonamide

ahove is not surprising.

C BASE-INDUCED DECOMPOSITION OF THE TOLUENE-p-

SULPHONYLHYDRAZONES OF a,0 -UNSATURATED CARBONYL COMPOUNDS

It is not possible to divide this section into separate

reactions involving loss of nitrogen, and those where nitrogen is

not eliminated,since, as will be shown, both types of product

can be formed in the same reaction.

The first reports of the decomposition of the sodium

salts of the toluene-p-sulphonylhydrazones of a, (3 -unsaturated
I* 32

carbonyl compounds were those of Closs, Closs and Boll,
29

and except for the more recent work of Bartlett and Stevens,

the base-induced decompositions of these compounds have



P> - methylcrotonaldehyde toluene-o-sulphonylhydrnzone

Me H

C=C

Me' XC-H
II
N.N.Ts

I

H

NaOMe

Diglyme
l6o°

Me H
\ /

C=C

Me/ ^C-H
II
N=N

V

H-

H-

Me

Me H
\ /

_ C=C +

Me' ^c-:■H

Scheme 14

whilst tiglaldehyde toluene—]>-sulphonylhydrazone :

Me Me
\ /

C=C
/ \

H nC-H
II
N.iN.Ts

H

-V
Me Me

r\
H

Diethyl Carbitol

l8o°

(a)

Me

H

H

e

Me Me
\ /

-> C=C
/ \

H nC-H
it
N=N
•+ —

V

(b)

MeMe

_Nc=c/
H / XC-H

Scheme 15
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32
attracted little interest. Closs and his co-workers studied

the "base-induced decompositions of the toluene-p—sulphonyl-

hydrazones of the general type:

Me R
d

NaOMe v , , ,i cyclopropenes and/or
p^ ^V-P aprotic '

1 || 3 160-220 3H-pyrazoles and/or
R.NH.Ts

pyrazoles

They found that these decompositions gave mainly

cyclopropenes when the p-carbon atom was substituted by two

alkyl groups, and that pyrazoles could also be obtained by

varying the nature of the substituents at the e8-carbon atom.

These reactions were generally carried out in an aprotic

solvent (diglyme, or diethyl Carbitol) at about 160°, using

about 2 equivalents of sodium methoxide (Schemes 14 and 15).

The possibility of a 3H-pyrazole intermediate in the

cyclopropene formation was examined, and rejected, since,

although it would account for the 3H-pyrazole/pyrazole
formation in the cases where there is a p-hydrogen or

P-phenyl group, 3,3,5-trimethyl-3H-pyrazole (XXIV) resisted

pyrolytic cleavage to 2,3,3-trimethylcyclopropene (XXV) at

temperatures at which cyclopropene formation normally occurred.

The elimination of this possible mechanism suggests that the

carbene mechanism is the most likely:
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Me H

>"
Me C-Me

I!
N=N

Me \l H

X -
Me C.Me

-x-

SCHEME 16

Me

Me

/ \

(XXIV)

vMe

(XXV)

The intermediacy of a diazoalkene in these reactions was

also studied "by these workers, who obtained this intermediate

by lowering the reaction temperature to 70-90°, and confirmed

that pyrolysis of the diazoalkene afforded the same products

as the high temperature decomposition of the toluene-p—

sulphonylhydrazones. The formation of 4-m>ethylpenta-l>3-

diene (XXVI) as a side product in the decomposition of mesityl

oxide toluene-p-sulphonylhydrazone affords further support to

the carbene mechanism, since 1,2-hydrogen shifts are common

reactions of alkyl carbenes."^ Similarly, the small amount

of 2,3-dimethyl butadiene formed in the decomposition of

diazoalkene (XXVIl) can be accounted for by a 1,4—hydrogen

shift in the possible intermediate carbene (XXVIIl):

CH, H
X /

,C — C

CH. C:
1
CH.

CH, H
X /

^ :c—c
/ X

CH., C=CH03 / 2
H

SCHEME 17 (XXVI)
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Me Me

Me Me Me Me
\

,C=C

Me

(XXVII)
CHN,2 Me C:

H

(XXVIII)

SCHEME 18

Closs and his co-workers proposed that the difference in

the ratios of cyclopropene:pyrazole in the compounds they

examined were due to the steric hindrance arising from

increasing methyl substitution at the p-carbon atom. They

also suggested that the inductive effect arising from

increasing methyl substitution retarded the rate of cyclisation

of the diazo-compound, and accelerated the rate of nitrogen

elimination to form cyclopropenes. Sato and Watanabe"^ have

very recently extended this work by an examination of the

products of the decomposition of mesityl oxide toluene-£-

sulphonylhydrazone in protic and aprotic solvents, using a

2:1 ratio of base to toluene-p-sulphonylhydrazone (as did

Closs and his co-workers). Sato and Watanabe found

when the base-induced decomposition was carried out in a

protic solvent (e.g. ethylene glycol) , using sodium methoxide

as base, that the major product of the reaction was



Diglyme

A
Me H
\ /

C=C -

/ \
Me C=N.N.Ts

I
Me

Me
\ /

-> C=C
/ \

H

Me G-Me

-N,

Me H

W -

Me \-N^N
Me

CHo0H
I 2
CHgOH

-ML

+ CHo0H
I 2
CH OH

Me
\

■> C=C
/ \

Me -t-C-Me
i

H

Me
v '5-> C=C-C=CH2

Me

(XXVI)

Me +

We
We

CHo0H
I ^
CH OH

(XXV)

Me H
\ ✓

C=C
/ \

'Me H-C-Me

CH„

6H2oh
-hydroxyethyl ether

Me
\

H
/

Me

C=C
/ N

C=N=N

Me

Scheme 19



32.

4-methylpenta-l,3-diene (XXVI) , and a smaller amount of the

p-hydroxyethyl ether (5;l) was also produced (Scheme 19)•

They also confirmed the products of the aprotic decomposition

were as obtained by Closs and his co-workers.

The decomposition of a-methylstyryl phenyl ketone toluene-£-

sulphonylhydrazone was similarly carried out in protic and

aprotic solvents by Sato and Watanabe^ (Scheme 20). The

aprotic decomposition (sodium hydride in n—hexane) afforded

3-methyl-3,5~(iiphenyl-3H-pyrazole (XXIX) , whilst the

decomposition in a protic medium (sodium methoxide in ethylene

glycol or diglyme) gave 5-methyl-3,4-diphenyl^pyrazole (XXX).
It was also found that the 3H-pyrazole (XXIX) could be re¬

arranged to the pyrazole when it was heated in a protic

medium (l hr./ethanol):

Me

Ph

,C=CH-C-Ph -
II
N-NH.Ts

+ - (XXXa)

n-Hexane

NaH or n-Bu.Li NaOMe

Ethylene glycol

Ph Ph Ph

(XXIX) Scheme 20
ft (XXX)



H

Saz\_y*[e
»~ ^—

L
c=c

"H

(XXXll) ; X - H
(XX*»u) •' X ®CH3

l6o°

ethylene glycol

0.9 equivalents of NaOEt X

Scheme 21

,Ph

Me /H
xo/ NaOMe

H

(XXXI)

C=N.N.Ts
H 6

Me.

SI/

-> C=C

H'

diglyme
220

H

+ -

C=N=M
1

H

l6o°
CH„OH

I 2
CH20H

N/

Me H

<-
Mex /H
^.0-G

H ^9:
PI

Me
/

Scheme 22
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They concluded, that the different products were again

due to solvent effects. Unlike the mesityl oxide toluene-

£-sulphonylhydrazone, the diazo-compound(XXXa) appears to he

stabilised by aromatic groups, so that no nitrogen elimination

occurs, even though two bulky groups are attached to the

p-carbon atom.

This type of cyclisation by the base-induced decomposition

of the toluene-£-sulphonylhydrazones of a,p-unsaturated ketones,

containing either a hydrogen atom and/or a phenyl group at the
29

p-carbon atom was also reported by Bartlett and Stevens.

Their decompositions were carried out in a protic solvent

(ethylene glycol) at 160°, using various concentrations of

base (sodium ethoxide). In this way the toluene-£-sulphonyl-

hydrazones of crotonaldehyde (XXXI), cinnamaldehyde (XXXIl),

and methylstyryl ketone (XXXIIl) were all found to afford the

corresponding pyrazole (Schemes 21 and 22). Bartlett and

Stevens used a lower ratio of base to toluene-£-sulphonyl—
32

hydrazone than Closs and his co-workers. The crotonaldehyde

toluene-£-sulphonylhydrazone decomposition was carried out

using 1.3 equivalents of base to 1.0 of toluene-£-sulphonyl-

hydrazone, whereas the cinnamaldehyde and methylstyryl

compounds were decomposed in the presence of less than one

equivalent of base. Closs and his co-workers reported that

the decomposition of crotonaldehyde toluene-£-sulphonyl-
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hydrazone in diglyme gave only 3% of 3-meth.ylcyclopropene,

but unfortunately they do not report the yield of 3-methyl-

pyrazole. These results clearly support Closs's suggestion

that the yield of cyclopropene is decreased by increasing

substitution at the p—carbon atom.

D. PHOTOCHEMICAL DECOMPOSITION OF

TOLUENE-p-SULPHONYLHYLRAZOMES

The photochemical decomposition of the potassium salt

of camphor toluene-£-sulphonylhydrazone has been studied by
35

Dauben and Wiley, They reported that similar products to

the thermal base-induced decomposition were obtained under

analogous reaction conditions. Photolysis of camphor toluene-

£-sulphonylhydrazone in methanolic potassium hydroxide at 25°
afforded camphene and tricyclene in the ratio of 4:1» whilst

in diglyme at 25° > using sodium methoxide as base and using

unfiltered light, the tricyclene:camphene ratio was 99:1.

The same diazocamphane intermediate was proposed as in the

thermal decomposition, which could then decompose via the

carbene mechanism in the aprotic solvent (diglyme), and by

the diazonium cation and/or the carbene species in a protic

solvent. A transient red colouration, indicative of a diazo-

compound was observed during this photolysis, so that these

results are in general agreement with those of the thermal

decomposition.
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The photochemical decomposition of a number of alkyl-

and aryl- substituted a^-unsaturated ketone toluene-p—

sulphonylhydrazones under aprotic conditions (diglyme/l4-l6°)
have been studied,and cyclopropenes were obtained in each

case. This is significant, since the thermal decomposition

of aryl substituted a.,J3-unsaturated ketones does not give any

cyclopropene formation.

The known photochemical decomposition of 3H-pyrazoles

37
to give cyclopropenes raises the possibility that they are

intermediates in this reaction, (Scheme 23), although they
32

have been ruled out by Closs as intermediates in the

thermal decomposition of a ,p-unsaturated toluene-p-sulphonyl-

hydrazones. There is, however, no evidence which points to

this mechanism rather than the alternative photochemical

decomposition of the diazoalkene to give a carbene, which

then cyclises to the cyclopropene.

Ph H

Ph
./

\ / Diglyme
C-G

H

Ph

\ +
(

Ph

hv Ph
\
xJT

■N

B

H \F

H' C=lT.]J.Ts

H
Ph- \

Scheme 23

xPh

(i9fo)
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II SYNTHESIS AND REARRANGEMENT REACTIONS OF

3H-PYRAZOLES AND PYRAZOLES

Pyrazole and its derivatives are now of great importance

as dyestuffSj and in the fields of medecine38'39 and agriculture^
and this probably accounts for the wealth of information

available on these compounds.

In 1935 Adamson and Kenner^ and Hurd and Lui^ separately

reported that 3-diazopropene cyclised to pyrazole on standing

in the dark at room temperature for 36 hr. In addition,

Adamson and Kenner reported that the reaction was unimolecular,

and photosensitive:

l! \
CH2:CH.CH:N2

-W
A ^ H

In 1967» Ledwith and Parry re-investigated this

reaction, and found possible evidence for the intermediacy

of an -unstable 3H-pyrazole (XXXIV):

CH2:CH.CH:N2 \2 CH2
4 \ .

CH=CH CH=CH

"v"

+

N,

\

r\N
N

H

//
,R
<rll
11 (XXXIV)



RCH^Cl
potassium

phthalimide

0

1. H0N.NH0
C. <—

$CH0R -> RCHJfflUCl

HC1

1. bass

RON.

NaOMe

jOH

2. C1CO Et

N 0

RCiyi(N0)C02St

V

or KCG1

RCHoHHC0oEt
a 2

ethers

1'ieO • G0oht

X

Vh H
CL=C

N
\

^TO / -

(xw)

i H
Q Q

/ w_
H

X = n-M02, 2tc-j 2rCI- J

;-N

c—o'
// w
xlr

N

Scheme 24
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Adamson and Kenner^" also observed that the red colour

of an ethereal solution of trans-l-diazobut~2-ene slowly

faded at room temperature. They did not identify the

product, but subsequent work has shown that it was 3(5)~me^hyl-

pyrazole.^ Brewbaker and Hart^ have very recently reported

kinetic studies of the cyclisation reactions of diazo-

compounds to pyrazoles. In particular, they found that

substituents had very little effect on the rate of cyclisation.

Their studies led them to propose that the mechanism involved

an intramolecular 1,3-dipolar addition (Scheme 24).

Huisgen^ has shown that 1,3-dipolar additions proceed

via a concerted cyclic shift of electrons, and that there is

little change in the charge separation in the transition

state relative to the ground state of the reactants. For

this reason the rates of 1,3-dipolar cyclo-additions are

relatively insensitive to the electron donating or with¬

drawing capacity of substituents attached to the dipolar -

45
ophile. Brewbaker and Hart found that the rate of cyclisa¬

tion of substituted trans-3-diazo-l-phen.ylpropenes (XXXV)

was only 2.3 times larger when X was para-methyl than when X

was meta-nitro. They also found that the Hammett equation

was fitted (f = -0.4)» so that the evidence for a 1,3-dipolar

addition mechanism seems well supported. This mechanism

will be considered more fully in the Discussion section.

The preparation of pyrazoles from 3H-pyrazole precursors
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is a well established procedure. A facile trans-elimination

from 4- and 5- substituted pyrazolines to the corresponding

pyrazole has been widely reported.^
For example:

Similarly, the reaction of diazomethane and

a,p-unsaturated nitroalkanes frequently afford isolable

nitropyrazolines, which undergo elimination of nitrous acid
49

on heating with acid!

Ph2C-N=N
+

„ H N0o Me Ph

hx /e h ^yx
2 IV- H

(XXXVI)

Scheme 25

The driving force in these eliminations is

aromatization of the 3H-pyrazole adduct, which as in 3H-
CQ

pyrazole (XXXVl) necessitates phenyl migration.

The preparation of 3H—pyrazoles from 1—toluene-£-

sulphony1-2-pyrazolines, prepared from the appropriate ketone,



H
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Scheme 27
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hydrazine hydrate, and toluene—£-sulphonyl chloride, has also

"been developed^* e»g, the "base—catalysed elimination

of toluene-j>-sulphinate from 1-toluene—£-sulphonyl-2—

pyrazolines at 70° (Scheme 27). This is an alternative to

the "bromination - dehydrohromination procedure (Scheme 26)
51 29

However, "both Ege and Bartlett and Stevens have

found that the "base-catalysed elimination of toluene-£-

sulphinate from l-toluene-p-sulphonyl-3,5»5-"trimethyl-2-

pyrazoline (XXXVIl) is accompanied "by carbon skeleton

rearrangement to give 3,4>5-trimethylpyrazole (XXXVIII);

52

Me

Me

Me

Ts

jsr

Me

/
Me

Me

Me Me

/X
Me "H

H

(XXXVII) (XXXVIII)

This is another example of group migration being

necessitated by aromatization of the 3H-pyrazole, and this

type of rearrangement will be considered more fully in the

Discussion section.

Migration of groups attached to the 3H—pyrazole ring

during rearrangement to lH-pyrazoles was reported in 1943
53 58

by van Alphen , and Huttel and his co-workers have studied

this type of rearrangement in detail, and have proposed the

following general mechanism for the acid catalysed

rearrangements:
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H R H R

Scheme 28

In general,3H—pyrazole:pyrazole rearrangements

accompanied by migration of any of the attached groups, have

been thought to proceed via acid catalysis. Ege's
SI o

experiment, previously mentioned, was carried out at 170

in a protic solvent (ethylene glycol), and Closs and Heyn-^
proposed that the solvent, together with the high temperature

were responsible for this rearrangement. In support of this

possibility, the rearrangement was readily carried out by

stirring the 3H-pyrazole (XXXIX)in hydrochloric acid at 25°.
They also found that when the l-toluene-£-sulphonyl-2-

pyrazolines were decomposed in refluxing tetrahydrofuran

(aprotic/650)» the rearrangement and migration were completely

avoided:
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Me

Me

THP

65°

Me

Me

J

A
"N

>

Ts

n

\
Me

Meyv /N Me
']>r >

(xxxix)

170

?H?0H Me

CH20H

The reaction of aliphatic diazo-compounds and olefins

54 55 56
is yet another method of preparation of 3H-pyrazoles.

The reaction of diphenyldiazomethane and ethoxyacetylene by

a 1,3-dipolar addition was found to take place in the dark
57

at room temperature during 14 days .

Ph .CN
2 2"

Ph EtO Ph

fir- H- <«
EtO.CsGH lt0\S(XL) ^ N

H+

Ph *
\

Ph

J

EtO' o (XLI)
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On heating the 3,3-diphenyl-5-ethoxy-3H-pyrazole (XL)

ad.du.ct under reflux with concentrated hydrochloric acid for

20 min., or by heating it under reflux in acetic acid for

3 hr., rearrangement to 3,4-diphenyl-5-ethoxypyrazole (XLl)

occurred, with migration of a phenyl group during

aromatization.

However, aromatization with concomitant migration of

groups has also been reported in the absence of a protic

medium. In their investigations into this rearrangement,

58
Huttel and his co-workers^ found that phenyl migration was

induced on heating 3,3 ,5-'ti,ipkenyl-(4-carboalkoxy)-3H-

pyrazole (XLIl) at 190°:

3 hr., rearrangement occurred, and 5—(2'-carbomethoxyethyl)-

3,4-diphenylpyrazole (XLIV) was obtained (91$), with

preservation of the side chain. This result is in contrast

to Scheme 31, where elimination of the side chain from the

3H-pyrazole occurred with ease. The difference appears to

(XLII)

Moritani"^ found that when 3-(2'-carbomethoxyethyl)-

3,5~diphenyl-3H-pyrazole (XLIIl) was heated at 160° for
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be due to the different substituents at C-4 of the 3H-pyrazole.

In Scheme 30, phenyl migration produced the intermediate

(XLV), which could then readily aromatize to the stable

pyrazole (XLIV) by a simple prototropic shift. This is

not possible in Scheme 31, since there is no available

hydrogen at C-4. Scheme 31 is in effect a retro*»Michael

addition, ^ in which the side chain is eliminated, to afford

pyrazole (XLVl).

Both Closs and Heyn,^^ and Sato and Watanabe"^ have

clearly shown that the solvent effect is one of the parameters

determining which of the pyrazole isomers is obtained from

cyclisation reactions. However, considering the work of

Huttel et al., who were fully aware of the effect of

temperature on this rearrangement, and the work of Moritani

et al.i the effect of temperature on this rearrangement

seems to have been rather overlooked in subsequent work on

this topic.
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Ill SYNTHESIS OF BENZODIAZEPINES

The basic benzodiazepine structure is a bicyclic

heterocyclic system, consisting of a loenzene ring fused to a

seven-membered ring containing two nitrogen atoms. There

are six possible positions of the two nitrogen atoms relative

to the benzene ring, e.g.:

5H-1,2-benzodiazepine

(XLVII)

5H-2,3-benzodiazepine

(XLVIII)

N-

3H-1,4-benzodiazepine

This thesis is concerned with the preparation and

reactions of 1,2-benzodiazepines, and 2,3-benzodiazepines,

and only these systems will be considered here.

The chemistry of diazepines was recently reviewed by

61
Popp and Noble, and the chemistry of benzodiazepines by

62
Sternbach and Archer. These clearly show that the syntheses

and properties of the six classes of benzodiazepines vary
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considerably, but among the large number synthesisad, 1,4—

benzodiazepines have been studied far more extensively than

the others. This is largely because of the discovery^'^4,65
of their useful biological activity as psychosedatives and

tranquillising agents. 1,5-Benzodiazepines have also been
66 67 68

fairly extensively studied, ' ' perhaps because of their

relative ease of synthesis from common starting materials.

In comparison, 1,3-benzodiazepines,^^»70 an^ 2,4—benzodiaze—
71

pines have received relatively little attention.

A 1,2—BENZODIAZEPINES

1,2-Benzodiazepines have been by far the most neglected

of these systems. In fact, after the report of Fischer and
72

Kuzel in 1883 of the cyclisation of o-hydrazinophenyl-

propionic acid(XLIX)to 1-ethyl-l ,2 ,4f5-'fce"';rahydro-3H-l ,2-

benzodiazepin-3-one (L), no further work was reported on

73
this system until 1952, when Gill et-al_. reported that the

reaction of the 1,5-diketone (Li) and hydrazine afforded

5,5a,6,7,8,9-bexahydro-3-phenyl-4H-l,2-benzodiazepine (LIl)I
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a
.0 nh2.UH2 If-..

VCO.Ph Ph

(LI) (LII)

The cyclopentane analogue of (LII) was also prepared "by

the same workers in an analogous manner. This work appears

to be the only literature on 1,2-benzodiazepines.

2,3-BENZODIAZEPINES

2,3-Benzodiazepines have been studied a little more fully

than 1,2-benzodiazepines, but this group of compounds has also

been somewhat neglected.

In 1962 Schmitz and Ohme^ reported that the pyrolysis of

the diisoquinolinotetrazine (LIIl) afforded 4»5~dihydro—3H-

2,3-benzodiazepine (LIV), and that the dihydro-compound gave

2 ,3 »4>5-"te"t;ra'hydro-lH-2 ,3-benzodiazepine (LV) on catalytic

hydrogenation of (LIV). The tetrahydro-compound was also

prepared by the reaction of phthaloyl hydrazide and £-chloro-

methyl-2-phenylethyl chloride (LVl)fto afford diazepine (LVIl),
which on base clearage afforded the tetrahydro-compound:
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(LVI) (LVII)

The cyclisation reaction of a variety of substituted.

benzophenones with hydrazines was also found to afford 2,3-

benzodiazepines; e.g., the reaction of 2-(2-bromoethyl)-
75

benzophenone (LVIIIj X=H) with hydrazine gave 4,5-dihydro-

l-phenyl-3H-2,3-benzodiazepine (LIX, X=R=H), and 2-hydroxy-

erthyl analogues (R^HOCH^ .CH^) were also prepared from the
corresponding benzophenones and hydrazines (X=H, OCH^):
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X

(%=0

HH -NHR

- "•>-

"CH2.CH2Br
(LVIIl) (LIX)

Hydrazine has also been used in several other cyclisation

reactions to form 2,3-benzodiazepines„ For example, ^-desoxy-

benzoin-o-carboxylic acid (LX) or 3-phenyl-isocoumarin (LXI;R=Ph)
on reaction with hydrazine gave 2,5~dihydro-4-phenyl—1H-2,3-

If)
benzodiazepin-l-one (LXII, R=Ph):

(LX)
mh2.NH2

(LXII)

(LXI)

The analogues R=m-tolyl ^ and R=p-hydroxyphenyl

were also obtained in an analogous manner from the

corresponding coumarins. In a related reaction, treatment

of homopthlalic anhydride (LXIIl) with hydrazine in ethanol
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gave the 2,3-benzodiazepine (LXIvffl but the reaction failed

to give ^.-substituted products using substituted hydrazines.
80

(LXIII)

R

NHg.NHg \

R = H, HO,
(LXIV)

2^-Benzodiazepines have also been prepared by thermal

condensation reactions. For example, Halford and his
81

co-workers found that the intramolecular condensation of

o-acetylphenylacetic acid phenylhydrazone gave a mixture

of 3,5-dihydro-l~methyl-3-phenyl—4H—2,3-benzodiazepine-4-one (LXV)

and 1—methyl-2—(phenylamino)-3(2H)isoquinolone (LXVl),

although the benzodiazepine could be obtained as the major

product when the condensation was carried out at 190°.
The analogous reaction of the pyrolysis of o_-acetylphenyl-

acetic acid semicarbazone gave the corresponding diazepine

(LXV, R' =H).

Me
t

C=N ,1-TH .Ph

Me (R) Me (R)
y'^rlT

ch2.co2h

NPh h

/ (R«)
H.RH.Ph

(R»)

(LXV) ( LXVI)
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Symbols and Abbreviations

The abbreviations used in this thesis are those in

common useage. In addition, the following symbols are us

J spin-spin coupling constant

m multiplet

bs broad singlet

sh shoulder

m/e mass/charge ratio

N normality

Rf ratio of distance moved by the substance

to the distance moved by the solvent front
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EXPERIMENTAL

Gas-Licruid Chromatography. - Pour instruments were used for

analytical investigations:- a Perkin—Elmer P.11 chromatography

with a flame ionisation detector, using 2m. x 2.2mm. i.d,

packed columns? a Pye Series 104 chromatography with a flame

ionisation detector, using 1.5m. x 4mm. i.d. packed columns;

a Varian Aerograph 1520B chromatography with a flame ionisation

detector, using 2m. x 2.2mm. i.d. packed columns, and a

Griffin and George D.6 gas-density Balance chromatograph,

using 2m. x 5«0mm. i.d. packed columns. Quantitative

measurements were made using the D.6 instrument, the internal
82

standard technique of Gadogan and Sadler Being used to

caliBrate the instrument. Preparative g.l.c. was carried out

using a Pye Series 105, Model 15, chromatograph. In all cases

the carrier gas was nitrogen, the flow rates and split ratios

Being as recommended By the manufacturers. The following

stationary phases, supported on 100-200 mesh celite or

supercel, were employed: CarBowax 20M (CAR), neopentylglycol

succinate (HPGS), polyethyleneglycol adipate (PEGA),

l,4-<-Butanediol succinate polyester (BDS), fluorosilicone oil

(QF-l), silicone oil (SIL), and Apiezon grease (APL).

Column Chromatography. - Alumina was Spence and Sons,

Grade H, 100-200 mesh (Brockmann activity = 2 ).
Silica gel was Whatman Chromedia SG31.
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Thin-Layer Chromatography, - Chromatograms were obtained

on 0.33mm. or 1.0mm. (preparative) layers of alumina (Merck,

Aluminium oxide G) or silica gel (Machery, Nagel and Co.,

Silica Gel G). Components in the developed chromatogram

were detected by their fluorescence in ultraviolet light,

or by their reaction with iodine.

Proton Magnetic Resonance Spectroscopy. - A Perkin-Elmer

model R-10 Nuclear Magnetic Resonance Spectrometer, operating

at a frequency of 60Mc/sec. and a probe temperature of 35• 5°
was used. Chemical shifts are recorded as tau (7T ) values

in parts per million, tetramethylsilane (-{"=10.0) being the

internal reference. Spectra were determined on 10-15% w/v

solutions, or as indicated.

Infrared Spectroscopy. - Liquid samples were examined

as thin films, or as solutions. Solution spectra were

obtained using matched cells (path length as indicated)

using sodium chloride windows; solid samples were examined

as Nujol mulls. Perkin-Elmer Model 237 or 257 Spectro¬

photometers were used.

Ultraviolet Spectroscopy. - A matched pair of 1cm.

silica cells were used in a Unicam S.P.800 Ultraviolet

Spectrophotometer.

Mass Spectroscopy. - Mass spectra were obtained using
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an Associated Electrical Industries MS12 spectrometer, by

courtesy of Dr. J. C. Walton, University of Dundee, or an

Associated Electrical Industries MS902 spectrometer,

University of St. Andrews.

Melting Points. - The melting points of all new compounds

were obtained on a Kofler hot-stage apparatus.

Photochemical Reactions. - A Hanovia 100 watt Medium

pressure Mercury Arc Tube - No.1277/1 in a quartz envelope

was surrounded by the reaction mixture contained in a 1 litre

capacity Pyrex reaction vessel.

Elemental Analyses. - Microanalyses were carried out

by Mr. J. Bews , Chemistry Department, University of St.

Andrews.

Molecular Weight Determinations. - These were carried

out by Dr. Bernhardt, Mulheim, Germany.

Drying. - Anhydrous magnesium sulphate was prepared by

heating magnesium sulphate monohydrate at 220° for 48 hr.,

and this was used to dry all organic solutions.

PREPARATION AND PURIFICATION OF REAGENTS AND REFERENCE

COMPOUNDS;- Super-dry ethanol was prepared as described
O 1

by Vogel (Method l), and super-dry methanol, by the method
O -3

of Vogel (Method l). Cyclohexane was allowed to stand

over sodium wire until no further reaction took place, and

then distilled from sodium wire, the fraction b.p. 81°
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being retained, and stored over sodium wire. Toluene

(b.p. 111°) and t-butylbenzene (b.p. 60°/l5mm.) were purified

in the same way as cyclohexane. Magnesium turnings for

Grignard reactions were washed with petroleum ether

(b.p. 40-60°) to remove grease, and then dried under reduced

pressure. Triphenylphosphine (B.D.H.) was recrystallised

from ethanol to constant m.p. 79°» Tributyl-phosphine

(Koch-Light Ltd.) was dried over magnesium sulphate, and then

distilled under dry nitrogen, and the fraction b.p. 130°/20mm.

retained, and stored under dry nitrogen. Diisopropylamine

(Koch-Light Ltd.) was dried over phosphorus pentoxide, and

then distilled under dry nitrogen, and the fraction b.p. 84°
retained and stored over phosphorus pentoxide. m-Nitro—

benzaldehyde (Koch-Light Ltd.) was recrystallised to constant

m.p. (56-57°)• Other common solvents and reagents were

purified by standard procedures. Petroleum refers to the

fraction b.p. 40-60° unless otherwise stated.

I PREPARATION OF STARTING MATERIALS

oA
A« 2-Ethoxycarbonylcyclopentanone. - A well-stirred

mixture of diethyl adipate (287.Og., 1.42 mole), granular

sodium (49.Og., 2.13 mole), super-dry ethanol (2.5ml.) and

dry benzene (1250ml.) was heated under reflux for 5 hr., set

aside overnight at room temperature, and then heated for a

further 5 hr. the next day. After cooling, the reaction
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mixture was treated with ice and hydrochloric acid (2 M).

The organic layer was then separated, and the aqueous layer

extracted with benzene. The benzene solutions were then

combined, and concentrated under reduced pressure to give a

yellow oil. Distillation of the oil afforded 2-ethoxy-

carbonylcyclopentanone (l68.8g., 76.2%), b.p. 108-110°/l2-13mm.
I.r. (liquid) : 1760 (C=0)^ and 1730cm. ^(C=0).

B. 2-Ethylenediox.yethox.ycarbonylcyclopentane. - This

compound was prepared by an adaptation of the method of

85
Black, Buchanan and Jarvie. 2-Ethoxycarbonylcyclopentanone

(162.5g., 1.04 mole), ethylene glycol(ill.Og., 1.79 mole),

toluene-p-sulphonic acid (0.85g.) and dry benzene (316.0ml.)

were heated under reflux, and the water formed in the reaction

was removed using a Dean and Stark apparatus. After 13 hr.

no more water was collected, and after cooling the reaction

mixture, benzene (85ml.) was added, and the benzene solution

washed with sodium carbonate solution (2 x 100ml., 15%) t an&

then with water (2 x 100ml.). The benzene solution was then

dried, and concentrated under reduced pressure, to give a

pink oil. Distillation of this oil afforded 2-ethylene-

dioxyethoxycarbonylcyclopentanone (130.3g., 62.5%) 1

b.p. 98-100°/0.7mm. as a colourless oil. Examination by

g.l.c. (8% BDS, 150O) showed that the product was pure.

I.r. (liquid) : 1730cm. ^(C=0).
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N.m.r.(CCl ) : T 5.95(9,-0^.0^), 6.15(d,2x-O.CH2-),
7.25(t,lH), 7.6-8.5(m,3xCH2), and

7«78(tCH2.CH^) . ^(qh ) —(CH ) =

J(CH3)-(CH2) = 7.5c./sec.
0* N-Acetyl-2-phenylethylamine.* - 2-Phenylethylamine

(45»06g., 0.38 mole), glaoial acetic acid (80ml.), and acetic

anhydride (80ml.) were warmed to 80° for 0.1 hr. After

cooling, water (500ml.) was slowly added, and the excess

acetic acid neutralised with potassium hydroxide solution

(lOg. per 100ml. water). After extracting the product with

ether (5 x 120ml.), and eveporation of the ether under reduced

pressure, a colourless crystalline solid was obtained.

Distillation of this solid afforded N-acetyl-2-phenylethylamine

as colourless crystals (36.lg., 59*4$), b.p. 134°/0.6mm.
Examination of the product by t.l.c. showed that it was

sufficiently pure for the next stage.

D. l-Methyl-3,4-dihydroisoquinoline.* - This compound was

prepared by an adaptation of the method of Whaley and
86

Hartung. A mixture of W-acetyl-2-phenylethylamine(34«0g.,

0.21 mole), phosphorus oxychloride (lOO.Og., O.65 mole), and

phosphorus pentoxide (70.0g., 0.49 mole) in dry xylene

(500ml.) was heated under reflux for 1 hr. After cooling

to 0°, the reaction mixture was treated with ice, and after

separation of the two layers, the aqueous layer was washed
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with benzene (3 x 150ml.^ and the aqueous layer was then made

strongly alkaline with sodium hydroxide solution (20%), and

the mixture filtered. The precipitate was washed with

benzene, and the benzene solutions were then combined, dried,

and the solvent evaporated under reduced pressure to give a

brown oil. Distillation of this oil afforded l-methyl-3,4-

dihydroisoquinoline (l7*55g.» 57.9%)» b.p. l48-150°/30mm.
I.r. (liquid) : 1630cm. ^(C=N).

N.m.r.(CDCl3) : T 2.4-2. 95("> ,4H) , 6.3(t ,N-CH2-),
7.3(t,-CH2-CH2-), and 7.6(s,Me).

J(-CH2-CH2-)-(-N-CH2-) = J(-N-CH2-)-(-CH2-CH2-) = 8c./sec.
* These compounds were prepared in collaboration with

Mr. D. Lackie, B.Sc., to whom thanks are duly accorded.

E. N-Isopropylideneoyclohexylamine. - This compound was

Q rj
prepared after the method of Norton et_ al. Concentrated

hydrochloric acid (0.75g«) was added to a mixture of acetone

(72.5g.» 1.25 mole) and cyclohexylamine (l23.75g«> 1.25 mole),

and after shaking for a few seconds, the reaction mixture

was set aside overnight. Several sticks of sodium hydroxide

were then added, and after 8 hr., the aqueous layer was

separated. The organic layer was then dried over phosphorus

pentoxidefand then distilled under dry nitrogen. The

fraction b.p. 75~76°/20mm. was retained, and then redistilled

under dry nitrogen. N-Isopropylidenecyclohexylamine
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(131.Og., 75.6$), b.p. 75-76°/2Omm.(lit, 181°) was obtained as a

colourless liquid. The product was stored over phosphorus

pentoxide, under dry nitrogen. (Pound: C, 77.25; H, 12.45.

Calc. for C9H17N: C, 77.65; H, 12.3$).
N.m.r.(CCl ) : T8.13(s,Me), 8.23(s,Me), 8.3-9.0(band,llH).

p. 2-Ethox.ycarbonylcyclohexanone. - This compound was

88
prepared by an adaptation of the method of Snyder et al.

A solution of sodium ethoxide was prepared from super-dry

ethanol (400ml.) and sodium (23.Og., 1.0 mole). This

solution was cooled to 0°, when a solution of cyclohexanone

(98.Og., 1.0 mole) in diethyl oxalate (l46.0g., 1.0 mole) at

0° was added over 0.5 hr. When all the cyclohexanone:

diethyl oxalate solution had been added, the mixture was

stirred at & for a furtherlhr., and then stirred at room

temperature overnight. Concentrated sulphuric acid (28ml.)

and ice (220.Og.) were then added, during which the temperature

of the mixture was not allowed to exceed 10°. The reaction

mixture was then diluted to 2 litres with ice and water, and

the product separated. The aqueous layer was extracted

with ether (4 x 250ml.), and the ether solutions combined

and dried. After evaporation of the ether under reduced

pressure, the crude product was distilled to afford ethyl-

2-oxocyclohexylglyoxalate (l30.6g., 66$), b.p. 105-l65°/l2mm.
ThiB was distilled in the presence of finely ground
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glass (0.5g.) , and a trace of iron powder, at 40mm., at a

bath temperature of 165-185°» to give 2-ethoxycarbonyl-

cyclohexanone (95*Og.), b.p. 125~140°/40mm. Examination

of the product by g»l.c. (8% BDS, 150°) showed that 20%

ethyl-2-oxocyclohexyl-glyoxylate was still present. The

product was carefully distilled on a Buchi Drehbandkolonne

to give 2-ethoxycarbonylcyclohexanone (71*5g«j 42$),

b.p. 94-960/7rnm., and was found to be pure on examination

by g.l.c. (8% BDS, 150°).
85

G. 2-EthylenedioxyethoxyoarbonyIcyolohexane. - A mixture

of 2-ethoxycarbonylcyclohexanone (55«Og., 0.32 mole),

ethylene glycol (40.3g., O.65 mole), toluene-p-sulphonic

acid (0.33g.), and dry benzene (120ml.) was heated under

reflux, and the water formed in the reaction removed using

a Dean and Stark apparatus. The course of the reaction

was followed by g.l.c., and after 12.5 hr., all the

starting material had been consumed. Benzene (33ml.) was

then added to the reaction mixture, and the solution washed

with water (2 x 50ml.). After drying the solution, the

solvent was evaporated under reduced pressure to afford a

colourless oil. Distillation of this oil gave

2-ethylenedioxyethoxycarbonylcyclohexane (53.1g.j 16,8%),

b.p. 126-127°/8mm.
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H. Authentic 2-(Di-p-trifluoromethylphenylmethylene)oyclo-

pentanone azine. - A mixture of 2-(di-£-trifluoromethylphenyl-

methylene)cyclopentanone (0.19g., 0.0005 mole), hydrazine

sulphate (0.0325g., 0.00025 mole), and sodium acetate (0.042g.,

0.0005 mole) in dry ethanol (50ml.), containing concentrated

hydrochloric acid (0.1ml.), was stirred at room temperature

for 14 hr. The ethanol was then evaporated under reduced

pressure to afford an orange solid. Water (20ml.) was then

added to the reaction mixture, and the product extracted

with benzene (2 x 15ml.). After drying the benzene

solution, the benzene was evaporated under reduced pressure,

and the orange solid recrystallised from 80% ethanol, to

give 2-(di-£-trifluoromethylphenylmethylene)cyclopentanone
azine as orange needles, m.p. 236-237°(decomp.). (Found:

C, 62.8; H, 3.55? N, 3.9. °40F12H28N2 re(Juires C» 62.85;
H, 3.65; N, 3.1

I.r. (Nujol) : 1615cm. ^(C=1T).

W.m.r.(GDCl^): 2.35-2.9(m,l6H), 7•25-7.6(m,4H),and
8.1-8.55(m,8H).

1. 2-(Di-p-tolylmethyl)cyclopentanone. - A mixture of

2-(di-£-tolylmethylene)cyclopentanone (l.75g., 0.0063 mole),
and 10% palladium on charcoal (0.75g.), was stirred under

an atmosphere of hydrogen for I.75 hr. The reaction mixture

* **
See page 75* See page 71-
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was then filtered through Hyflo-supercel, and the ethanol

evaporated under reduced pressure to afford a colotxrless

solid. Recrystallisation of this solid from an ethanol!

petroleum mixture at -17° gave 2-(di-£-tolylmethyl)cyclo-

pentanone (0.90g., ^1,3%), m.p. 60-61°, as a colourless

solid. (Pound: C, 86.0; H, 8.25. G20H22° re<5uireB
C, 86.3; H, 7.95/o).

I.r. (Hujol) : 1730cm. "~1(0=0),

IT.m.r.(CDCl^) ' ~~C 2«92(d,8H), 5.45(<1,1H), 7.0-7.3
(m,lH), 7.75(d,6H), and 7.6-8.5

(m,6H).
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II PREPARATION OF a,3-UNSATURATED KETONES, AND

THEIR TOLUENE—p—SULPHONYLHYDRAZONES

85
A 2-Diphenylmethylenecyolopentanone. - Phenylmagnesium

"bromide was prepared "by the addition of bromobenzene

(52.Og., 0.33 mole) in ether (125ml.) to magnesium turnings

(8.5g.) in ether (35ml«)» under dry nitrogen. After addition

of all the bromobenzene solution, the mixture was heated

under reflux for 0.33 hr. to complete the reaction. After

cooling to 0°, 2-ethylenedioxyethoxycarbonjOcyclopentane

(32.5g.» O.I65 mole) in ether (75ml«) was added dropwise,

with efficient stirring, to give a pale yellow reaction

mixture. This was stirred at 0° for 48 hr., and then heated

under reflux for 0.5 hr. After cooling, a solution of

ammonium chloride (75»Og.) in water (200ml.) was added to

decompose the complex. The aqueous layer was washed with

ether (2 x 100ml.), and the ether extracts combined and

evaporated under reduced pressure to afford a deep yellow oil.

Hydrolysis and dehydration were carried out by heating

the oil under reflux with a mixture of methanol (80ml.),

water (55ml.) and concentrated hydrochloric acid (lml.) for

2.5 hr., with vigorous stirring, after which examination of

the reaction mixture by g.l.c. {3>% QF-1, 220°) showed two

peaks. Recrystallisation of a small sample of the reaction

mixture from glacial acetic acid gave diphenyl(2-oxocyclo-
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pentyl)methanol as colourless needles, m.p. 152-153°.
(Found: G, 81.45 H, 6.8. ^18^18^2 re(Ju:'-:res 81.5; H, 6.8%).

I.r. (Nujol) : 3420(0-H), and 1730cm.~1(C=0).
N.m.r.(d6DMS0) :T 2.3-3.0(m,10H) , 4.45(b,1H), and

7.7-8.4K7H).

More concentrated hydrochloric acid (4ml.) was then

added to the reaction mixture, and the heating and stirring

continued for a further 3 hr., when examination of the

reaction mixture by g.l.c. showed that the dehydration was

virtually complete. On cooling, a yellow solid separated,

which was filtered off. After evaporation of the aqueous

methanol under reduced pressure, petroleum (50ml.) was added

to the residue, and the mixture shaken, and then set aside

at -6° for 48 hr., when a further batch of yellow crystals

was filtered off. Recrystallisation of the solid from

ethanol afforded 2-diphenylmethylenecyclopentanone

(12.3g., 30.6%), m.p. 115-116° (lit.,89 114-115°), as yellow
needles.

N.m.r. spectrum: See Appendix.

\ (ethanol): 211, 229» and 301 tip, .nicix •

A^ 2-Diphenylmethylenecyclopentanone

toluene-p-sulphonylhydrazone. - A solution of 2-diphenyl-

methylenecyclopentanone (5«0g., 0.02 mole) in ethanol (40ml.),
was added to a solution of toluene-£-sulphonylhydrazide
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(3.75g«i 0.02 mole)} in ethanol containing concentrated

hydrochloric acid (0.3ml.)t "both solutions being previously

warmed to 50°. After stirring for a few seconds, the

reaction mixture was set aside for 5 hr., when a buff preci¬

pitate was filtered off. Recrystallisation from an ethanol:

benzene mixture afforded 2-diphenylmethylenecyclopentanone

toluene-£-sulphonylhydrazone as colourless needles

(7»54g.I 9°$), m.p. l66°(decomp.). (Found: C, 72.0;

H, 5.7; N, 6.85. C25H24N2°2S recIuires C» 72-1? H» 5.8;
N, 6.75/°).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix,

X (ethanol): 228, 250(sh), and 275(sh) •max •

B 2-(Di-p-tolylmethylene)cyclopentanone. - A Grignard

reagent was prepared from p-bromotoluene (26.Og., O.I5 mole),

and magnesium turnings (4»26g.) in dry ether (100ml.), under

an atmosphere of dry nitrogen. The solution was cooled

to 0°, and ethyl 2-ethylenedioxycyclopentanecarboxylate

(15.Og., 0.075 mole) in dry ether (40ml.) was added dropwise,

with mechanical stirring. The reaction mixture was stirred

at 0° for 4 hr., and then heated under reflux for 2 hr., and

set aside overnight at room temperature. The complex was

decomposed by the addition of a solution of ammonium chloride

(40.Og.) in water (200ml.). After filtering off the excess
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magnesium, the organic layer was separated, and the aqueous

layer washed with water (100ml.). After drying the ethereal

solution, the ether was evaporated under reduced pressure to

yield a yellow oil. To this was added ethanol (80ml.),

water (55ml.)s and concentrated hydrochloric acid (lml.),
and the mixture was stirred vigorously and heated under reflux

for 2 hr., and then stirred at room temperature overnight.

Examination of the reaction mixture hy g.l.c. (3% QF—1, 200°)
showed that the dehydration was virtually complete. The

yellow solid was filtered off, and the mother liquor

evaporated under reduced pressure to yield a yellow oil.

This was dissolved in benzene (35ml«)» and petroleum (10ml.)

was added, and the mixture set aside at —6° overnight, when

a second batch of yellow crystals was filtered off.

Recrystallisation from ethanol yielded 2-(di-p-tolylmethylene)-

cyclopentanone (7»47g»i 36.2%), m.p. 142-143°, as pale yellow

plates. (Found: C, 86.85? H, 7*55* ^20^20^ rec5'llires
G, 86.9; H, 7.3%).

I.r. spectrum : See Appendix.

N.rn.r. spectrum: See Appendix.

B"^ 2-(Di-p-tol.ylmethylene)oyclopentanone toluene-p-

sulphonylhydrazone. - A solution of 2-(di-£-tolyl-

methylene)cyclopentanone (5«5g.» 0.02 mole) in ethanol

(60ml.) was added to a solution of toluene-p-sulphonylhydrazide

(3.7g., 0.02 mole) in efhancl (30ml.), containing
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concentrated hydrochloric acid (0.15ml.)> both solutions

being warmed to 50° before mixing. The reaction mixture

was then set aside for 8 hr., when the colourless precipitate

was filtered off. Recrystallisation from an ethanol: ethyl

acetate mixture (1; 1) gave 2-(di-£-tolylmethylene)cyclopentanone

toluene-£-sulphonylhydrazone as colourless needles

(6.4g«, 72.3^o), rn.p. 170°(decornp.). (Pound: C, 72.65;

H, 6.2; IT, 6.4. G27H28I'T202S rerruires G» 72.95; H, 6.35;
IT, 6.3%).

I.r. spectrum : See Appendix.

IT.m.r. spectrum: See Appendix.

C 2-(Di-m-TOethoxyphenylmeth,ylene)cyolopentanone. -

A Grignard reagent was prepared from magnesium turnings

(10,5g.) in ether (l50ml.^ and m—bromoanisole (73.5g«»
0.39 mole) in ether (l50ml.). When the reaction was complete,

the mixture was heated under reflux for O.25 hr., and then

cooled to 0°, A solution of ethyl-2-ethylenedioxycyclopentane-

carboxylate (37.0g., O.I85 mole) in ether (170ml.) was then

added during 0.5 hr., and the mixture was then stirred at 0°
for a further 3 hr., and then set aside overnight at room

temperature. After heating under reflux for 1.5 hr. next

day, the reaction mixture was cooled, when a solution of

ammonium chloride (lOO.Og.) in water (500ml.) was added to

decompose the complex. The aqueous layer was then washed with

ether (2 x 100ml.), and the ether solutions combined and dried.
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After evaporation of the solvent under reduced pressure,

a yellow oil was obtained.

Hydrolysis and dehydration were carried out by heating

the oil under reflux with a mixture of ethanol (390ml.),

concentrated sulphuric acid (5ml.) and water (350ml.).

After 5 hr., examination of the reaction mixture by g.l.c.

(2% NPGS, 200°) showed that all the starting material had

been consumed. After cooling, the yellow solid was filtered

off and recrystallised from methanol to afford 2-(di-m-

methoxyphenylmethylene)cyclopentanone (l7.1g.» 30%) as

yellow plates, m.p. 106°. (Pound: C, 77.7? H, 6.65.

C20H20°3 reciuires c» 77.9; H, 6.55$).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

X ( e ) in methanol: 212, 247(10,250), and 301ni.M (L0,615).max «

C ^ 2-(D.i-m- methoxyphen.ylmethylene)oyclopentanone

toluene-p-sulphonylhydrazone. - A solution of

2-(di-m-methoxyphenylmethylene)cyclopentanone (2.0g.,

0.0065 mole) in ethanol (35ml.), was added to a solution of

toluene—£-sulphonylhydrazide (l.21g., O.OO65 mole) in ethanol

(30ml.) containing concentrated hydrochloric acid (0.15ml.),

both solutions being warmed to 50° before mixing. After

stirring for a few seconds, the reaction mixture was set

aside at 0° overnight, when the yellow precipitate was filtered
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off and. recrystallised from a petroleum:ethanol mixture, to

afford 2-(di-m-methoxyphenylmethylene)cyclopentanone toluene-

£-sulphonylhydrazone as yellow plates (2.4g.» 77.8%), m.p.

148-149°(decomp.). (Pound: C, 67.7; H, 6.3; N, 5.7.

C27H28N2°4S re(iuires °» 68.05; H, 5.9; N, 5*9%).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

D 2-(l)i-p—trif luorometh.ylphenylmethylene)cyolopentanone. —

Magnesium (4«7g.) and ether (50ml.) were stirred under

dry nitrogen, a crystal of iodine was added, and a portion

of a solution of p-bromobenzotrifluoride (26.4g.» 0.12 mole)

in ether (100ml.) was run in. After the reaction commenced,

the remainder of the solution was dripped in during 1 hr.,

and the stirring continued for a further 0.25 h*". After

heating under reflux for 0.25 hr., the mixture was cooled

to 0°, when a solution of ethyl 2-ethylenedioxycyclopentane-

carboxylate (10.9g., 0.055 mole) in ether (100ml.) was added

dropwise, with stirring. After stirring at 0° for 0.5 hr.,

the mixture was stirred at room temperature overnight, and

then heated under reflux for 2 hr. After cooling, the

complex was decomposed by the addition of a solution of

ammonium chloride (40g.) in water (200ml.), and the mixture

set aside for 1 hr. After filtering, the aqueous layer was

washed with ether (2 x 100ml.), the ether solutions were
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combined., and washed with water (2 x 100ml.). After drying,

the ether was removed under reduced pressure to afford a

brown oil.

Hydrolysis and dehydration were carried out by heating

the oil under reflux with a mixture of ethanol (75ml«)» and

concentrated sulphuric acid (5ml.) in water (100ml.). The

reaction was followed by g.l.c. (3$ QF-1, 200°), and all the

starting material had been consumed after 5 hr. Evaporation

of the solution afforded a yellow oil which could not be

crystallised. The oil was then chromatographed on alumina

(3 x 75cm.), when elution with petroleum containing an

increasing proportion of benzene (0-80$) afforded

2-(di-p-trifluoromethylphenylmethylene)cyclopentanone as a

yellow solid (crude 8.1g.). Recrystallisation from ethanol

gave the product as yellow plates (7.2g. , 34*4$)» m.P. 74°.
(Found: C, 62.65; H, 3.6. C^qF^H^O requires C, 62.5;
H, 3.65$).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

2-(Di-p-trifluoromethylphenylmethylene)cyclopentanone

toluene-p-sulphonylhydrazone. - A solution of

2-(di-p-trifluoromethylphenylmethylene)cyclopentanone

(2.57g., 0.0067 mole) in ethanol (20ml.) was added to a

solution of toluene-p-sulphonylhydrazide (l.25g., 0.0067 mole)
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in ethanol (10ml.) containing concentrated hydrochloric acid

(0.05«il.), "both solutions "being previously warmed to 50°.
After stirring for a few seconds, the reaction mixture was

set aside overnight, and the yellow precipitate filtered off

and recrystallised from an ethyl acetate:petroleum mixture,

to yield 2-(di-p-trif luorornethylphenylmethylene toluene-p-

sulphonylhydrazone as colourless needles (2.29g., 62%),
m.p. 186-187°(decomp.). (Pound: C, 58.8; H, 4.0; N, 5.4.

C27F6H22W2°2S requires C, 58.7; H, 4.0; N, 5.05%).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

E 2-Acetylst.yrene.* - This compound was prepared "by an

90
adaptation of the method of Gensler et al. A mixture of

l-methyl-3,4-dihydroisoquinoline (9«2g., O.O64 mole) , and

dimethylsulphate (50ml.) in sodium hydroxide solution (300ml.,

40%) and water (300ml.), was stirred for 3 hr. at 100°, -under

an atmosphere of dry nitrogen. After cooling, the product

was extracted with ether (3 x 100ml.), and the ethereal

solutions washed with dilute hydrochloric acid, and then with

water ("1 x 150ml.). After drying, the ether was evaporated

under reduced pressure, and the product distilled under an

atmosphere of dry nitrogen, with a trace of p-t-butylcatechol,

when 2-acetylstyrene (4.0g., 43.2%), b.p. 82-85°/2mm. (lit.,^
96-100°/3mm.), was obtained as a colourless oil.

Prepared in collaboration with Mr D. Lackie,B.Sc.
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I.r. (liquid) : 1690cm. "'"(C^O).

N.m.r.(CDCl^) : X 2.4-3.l(m,5H), 4.2-4.9(m>2H), and
7.55(s,Me).

E1 2-Acetylstyrene toluene-p-sulphonylhydrazone. -

A solution of 2~acetylstyrene (3»04g., 0.021 mole) in

ethanol (15ml.) was warmed to 50°, and then added to a

solution of toluene-jo-sulphonylhydrazide (3.88g., 0.021 mole)
dissolved in ethanol (15ml.)t containing concentrated

hydrochloric acid (0.1ml.). After stirring and warming the

reaction mixture for a few seconds, it was set aside for

12 hr. at room temperature, when colourless needles (6.7g.)

were filtered off. Recrystallisation from an ethanol:ethyl

acetate mixture afforded 2-acetylstyrene toluene-p-sulphonyl¬

hydrazone as colourless needles (5«03g.» 77.0$), m.p. I46-I480,
(Pound: C, 64.85; H, 5«95; 8.95. C-^^H^gNgO^S requires
c, 64.95; H, 5.75; N, 8.9/-).

I.r. (Nujol) : 3200cm."1(N-H).
N.m.r. (CDClg): f 1.7(b,N-H), 2.05(d,2H), 2.4-2.8(m,6H),

3.35(q,Ha), 4.47(q,Hp), 4.9(m,H?(),
7.55(S»M«)» and 7.85(s,Me). J = 17.6c./sec.,
J f = lie./sec., Jpps= 1.5°./sec.

F trans-(2-p-Toluoyl)stilhene. - This compound was prepared

91
by an adaptation of the method of Callen et_ al. Magnesium

(l.3g.) and ether (10ml.) were stirred under dry nitrogen,
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and a portion of a solution of p-bromotoluene (6.84g.,

0.04 mole) in ether (15ml.) was run in. After the reaction

commenced, the remainder of the solution was added dropwise

over 0.5 hr. On completion of the addition, o-cyanostilbene

(4.1g., 0.02 mole) in "benzene (60ml.) was added to the

reaction mixture. The ether was then distilled off, until

the vapour temperature was 72°, and the mixture was then

stirred, and heated under reflux for 6 hr. , when the "benzene

was distilled off. Hydrochloric acid (50ml., 4®) was then

added, and the mixture stirred, and heated under reflux for

a further 6 hr. After cooling, the dark green oil was

extracted with chloroform, and the chloroform solutions

dried, and the chloroform evaporated under reduced pressure

to give a yellow oil. Distillation of the oil afforded

trans-(2-p-toluoyl)stilhene, "b.p. l85-200°/0.05mm., as a

yellow solid. Recrystallisation from a benzene:petroleum

mixture gave trans-(2-p-toluoyl)stilbene as colourless cubes,

m.p. 101-102°. (Found: C, 88.5; H, 5»8. ^22^18^ recfu:'-res
C, 88.55; H, 6.1%).

I.r. (Wujol) : 1650(C=0), and 1600cm. ^"(C=C).
X (ethanol): 212, 268.5 j 312(sh), and 325(sh)m[x .max«

I wish to thank Dr. J. T. Sharp for the sample of trans-
x-

o-cyanostilbene , and Mr R. Graham, B.Sc,, for help in the

preparation of this compound.
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F"*" trans-(2-p-Toluoyl)stilbene toluene-p-sulphonylhydrazone. —

A solution of trans-(2-p-toluoyl)stil"bene (2.64g.» 0.009

mole) dissolved in ethanol (l2ml.),was warmed to 50° and then

added to a solution of toluene-p-sulphonylhydrazide (l.66g.,

0.009 mole) dissolved in ethanol (13ml.), containing

concentrated hydrochloric acid (O.Olml.), and also warmed

to 50°. After stirring for a few seconds, the reaction

mixture was set aside, but after 4 hr., examination by t.l.c.

showed that little reaction had taken place. The reaction

mixture was heated under reflux, in an atmosphere of dry

nitrogen, and the course of the reaction followed by t.l.c.

After I4.5 hr. no further reaction could be observed.

The reaction mixture was set aside overnight, when

colourless needles were filtered off (2.77g«)«

Recrystallisation from an ethanol:ethyl acetate mixture

afforded trans-(2-p-toluoyl)stilbene toluene-£—sulphonyl-

hydrazone (2.36g., 57,0%), m.p. 176-177°f as colourless

needles. (Found: C, 74.65; H, 5.85; N, 6.0. C^H^N^S
requires C, 74.65; H, 5*6; N, 6.0$).

I.r, (Nujol) : 3300cm."1(N-H).

N.m.r.(CDCl3): X 2.1-2.4(m,NH), 2.1-2.4(m,2H),
2.4-3.3(mj16H), 3.55(d,lH),

7.7(s,Me), 7.65(d,Me).
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G trans-2-Benzylidenecyclopentanone. - This compound was

92
prepared by the method of Emerson, Birum and Longley.

A mixture of water (3.32 1.), sodium hydroxide (25.5g.) »

cyclopentanone (84.Og., 1.0 mole), and benzaldehyde (50.55g«>

O.48 mole) was stirred at room temperature for 8.5 hr.

Acetic acid (25ml.) was then added, and the organic layer

extracted with benzene (3 x 400ml.). The benzene solutions

were combined, washed with water (l x 300ml.), and dried.

Evaporation of the benzene under reduced pressure gave a

yellow solid. Distillation of this solid gave trans -

2-benzylidenecyclopentanone (62.3g.» 75•8%) as a pale yellow

solid, b.p. 170-177°/l2mm. Recrystallisation from methanol

gave the product as yellow plates, m.p. 69°(lit.^ 69-71°).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

G"*" trans-2-Benzylidenecyclopentanone toluene-p-

sulphonylhydrazone. - A solution of trans-2-benzylidene-

cyclopentanone (5.0g., 0.029 mole) in ethanol (45ral») was

added, with rapid stirring, to a solution of toluene-£-

sulphonylhydrazide (5»407g«i 0.029 mole) in ethanol (42ml.),

containing hydrochloric acid (0.2ml.); both solutions were

warmed to 50° before mixing. The reaction mixture was set

aside overnight, when the yellow precipitate was filtered

off. Recrystallisation from a benzene:ethyl aoetate
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mixture gave trans-2-benz.ylideneoyolopentanone toluene-£~

sulphonylhydrazone as yellow needles (8.04g., 81.4$) »

m.p. 187-188°(decomp.). (Found: C, 66.95; 5«85; N, 8.5.

C19H20°2N2S re(iuires °» 67»°5; H, 5.9; N, 8.25$).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

2
G Attempted preparation of cis-2-Benzylidenecyclopentanone. -

trans-2—Benz.ylideneoyolopentanone (10.Og.) was

dissolved in super-dry methanol (11.) in a 1 1. Pyrex

reaction vessel, and irradiated with a Hanovia 100 watt

UV lamp through quartz; the heat generated by the light

source kept the solution under reflux. Aliquot samples

were removed at hourly intervals, and the reaction followed by

ultraviolet spectroscopy. After 6 hr., the maximum at

297mp, showed no shift. Addition of acetone (2ml.) and

benzonitrile (0.3g.) as photosensitisers produced no change

in X 297mM- . However, addition of a further quantitymax«

of benzonitrile (0.3g.), and irradiation for another 8 hr.

produced a reaction. Examination by ultraviolet spectroscopy

showed no maximum at 297^ > and the presence of a maximum

at 274^ • Examination by g.l.c. (2% NPGS, 200°) showed

the presence of four components, with the starting material

still present(ca.55$).

This work is in agreement with the work of Hassner and
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94
Mead, who were unable to isomerise trans-2-benzylidene-

5-methylcyclopentanone by irradiation.

H trans-2-Benzylidenecyclohexanone. - This compound was

prepared in collaboration with Mr. M. Grunbaum, by the method

of Walton. ^ A well stirred mixture of benzaldehyde (106.Og.,

1.0 mole), cyolohexanone (l09.0g., 1.1 mole) and a solution

of sodium hydroxide (l 1.,1M) was heated under reflux for

3 hr., and then set aside overnight. Methylene chloride

(300ml.) was then added, and the aqueous layer extracted

with more methylene chloride (2 x 200ml.), and the methylene

chloride solutions combined and washed with water (2 x 150ml.),

and then with water (100ml.) containing dilute acetic acid (2M,

lml.). After drying, the solution was evaporated under

reduced pressure to afford a pale yellow oil. Distillation

of this oil gave a pale yellow oil (102.Og., 54*8$), b.p.

179-l86°/l2mm., which solidified on cooling. Recrystall-

isation from petroleum afforded trans-2-benzylideneoyclo-

hexanone as yellow crystals, m.p. 54°(lit^, 54°)»
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

H"*" trans- 2-Benzylideneoyclohexanone

toluene-p-sulphonylhydrazone. - trans-2-Benzylidene-

cyclohexanone (5.0g., 0.027 mole) was dissolved in ethanol

(45ml.) at 50°» and- i-h® solution added, with rapid stirring,
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to a solution of toluene-£-sulphonylhydrazide (5.0g.,

0.02? mole) in ethanol (30ml.) containing concentrated

hydrochloric acid (0.15ml.). The reaction mixture was set

aside for 6 hr., after which the yellow precipitate was

filtered off, and recrystallised from toluene to afford

pale yellow needles of trans-2-benz.ylidenec.yclohexanone

toluene-p-sulphonylhydrazone, (9.1g., 95*7%)f m.p.152-153°
(decomp.). (Found: C, 67«95> 6.45; N, 7.95.

C20H22N2°2S retJuires G» 67.8; H, 6.25; N, 7-9$).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

2
H cis-2-Benzylidenec.yclohexanone. - This compound was

94
prepared "by an adaptation of the method of Hassner and Mead.

trans-2-Benzylidenecyclohexanone (8.4g., 0.045 mole) was

dissolved in super-dry methanol (l 1.). The solution was

irradiated with a Hanovia 100 watt lamp through quartz, and

the heat generated by the light source kept the solution

under reflux. The course of the reaction was followed by

g.l.c. (2% NPGS, 140°), and by UV spectra, samples being

taken at hourly intervals. After 8 hr., the maximum at

289mp, had disappeared, and a maximum at 276mp, was present.

Examination by g.l.c. showed that 30% of the trans-isomer

was still present. A portion of the reaction mixture (100ml.)

was diluted to 1 1. with dry methanol, and this solution was
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irradiated for a farther 3.5 » when there was no change

in the maximum at 276my. , "but examination "by g.l.c. showed

that only 5^ of "the trans-isomer remained. After cooling,

the methanol was removed under reduced pressure, to give a

yellow oil. A flash distillation of the oil afforded

cis-2-benzylideneoyclohexanone as a yellow solid, b.p.

112°/0.01mm. Recrystallisation from petroleum afforded

yellow crystals of cis-2-benzylidenecyolohexanone, m.p.

32-34°. Examination by g.l.c. (2% NPGS, 150°) showed that

the compound was pure.

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

X (methanol): 225 and 275mH- •
max«

H"^ cis-2-Benz.ylidenecyclohexanone toluene-p-sulphonylhydrazone —

A solution of cis-2-Benzylidenecyclohexanone (l.Og.,

0.0054 mole) dissolved in ethanol (5ml.), was added to a

solution of toluene-j>-sulphonylhydrazide (l.Og,. , O.OO54 mole)
dissolved in ethanol (7ml.) containing concentrated

hydrochloric acid (0.05ml.). The reaction mixture was

rapidly warmed to ca.40°. and then cooled in ice. A

colourless precipitate (l.86g.) formed almost immediately,

which was filtered off after 0.1 hr. This was washed with

petroleum (5ml.), and with ethanol (5ml.), to yield cis-

2—benzylidenecyclohexanone toluene-p— sulphonylhydrazone
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as colourless crystals (l.8g., 94•1%) » m.p. 136°(decomp.).
Several unsuccessful attempts were made to prepare the

toluene-p-sulphonylhydrazone using the usual conditions, hut

it was found that recrystallisation gave a solid m.p.146—148°,
identical with the trans isomer.

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

I trans-2- (4-Nitrohenz,ylidene) oyclohexanone« - This

compound was prepared "by an adaptation of the method of

Billimoria.^ A mixture of £-nitrobenzaldehyde (l2.08g,,
0.08 mole), and cyclohexanone (ll.76g., 0.12 mole) in a

solution of sodium hydroxide (0.7g«) in water (280ml.) was

stirred at room temperature for 5 hr.» when 2-(4-nitro—a-

hydroxybenzyl)cyclohexanone was filtered off as a colourless

precipitate, and washed with petroleum (lOOml,). To this

was added oxalic acid (24»0g.), and water (120ml.), and the

mixture stirred and heated under reflux for 2 hr. After

cooling, the brown oil was extracted with methylene chloride

(3 x 100ml.), and the methylene chloride solutions combined

and washed with sodium bicarbonate solution (3 x 100ml.,15$)•
After drying, the methylene chloride was evaporated under

reduced pressure to afford a yellow solid. Recrystallisation

of this solid from methanol gave trans-2-(4-nitrobenzylidene)—

cyclohexanone as yellow needles (l4«7g*» 19*5%) » m»P* 126—127°•
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(Found: C, 67.55? H, 5»9? N» 6.I5. ^13^13^3 requires
c, 67.5; H, 5.65; N, 6.05/0).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

X (methanol) : 310m(i .max •

I^" trans-2-(4-Nitrobenzylidene)cyolohexanone

toluene-p-sulphonylhydrazone. - A solution of trans-

2-(4-nitrobenzylidene)cyclohexanone (4.0g., 0.017 mole)

dissolved in ethanol (40ml.) was cooled to 50°, and then

added to a solution of toluene-p-sulphonylhydrazide (3.22g.,

0.017 mole) in ethanol (20ml.) containing concentrated

hydrochloric acid (0.01ml.), and this solution also cooled

to 50°. After mixing, the reaction mixture was set aside

overnight, when yellow crystals were filtered off.

Recrystallisation from chloroform afforded trans-2-(4—nitro-

benzylidene)cyclohexanone toluene-p-sulphonylhydrazone

(5.2g., 75.4^)» m.p. 164°(decomp.), as yellow needles.

(Found: C, 60.2; H, 5*2; N, 10.45. ^20H21N3°4S re<3uires
C, 60.15; H, 5.3; N, 10.5$).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

J trans-2-(3-Methoxyhenzylidene)cyolohexanone. - This

96
compound was prepared by the method of Baltzly_et _al. ,

from m-methoxybenzaldehyde (34.0g., 0.25 mole), cyclohexanone
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(75*Og»» 0.75 mole), and a solution of potassium hydroxide

(12.5g.) in. water (250ml.). The product was obtained as a

pale yellow solid (26.Og., 48.1$), m.p. 21-24°(lit., 21-23°).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

J"*" trans~2-(3-Methoxybenzylidene)oyclohexanone

toluene—p-sulphonylhydrazone. - A solution of trans-

2—(3—methoxybenzylidene)cyclohexanone (l.5g., 0.007 mole)

in ethanol (10ml.) was warmed to 50°, and then added to a

solution of toluene—p-sulphonylhydrazide (l.3g., 0.007 mole)

in ethanol (8ml.) containing concentrated hydrochloric acid

(0.05ml.), also warmed to 50°* After mixing for a few

seconds, the readtion mixture was set aside overnight, when

the yellow precipitate was filtered off. Recrystallisation

from an ethanol:ethyl acetate mixture afforded trans-2—(3—

methoxybenzylidene)cyclohexanone toluene-p-sulphonylhydrazone

(l.7g., 63.7%)> m.p. 129-130°(decomp.). (Fourd: C, 65.45;

H, 6.6; N, 7.6. C^H^^O^S requires C, 65.6; H, 6.3;
N, 7.3fo).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix,

ois—2-(3-Methoxybenzylidene)cyclohexanone. - A solution

of trans-2-(3-methoxybenzylidene)cyclohexanone (2.1g.), in

methanol (750ml.) was irradiated with a medium pressure



89.

Hanovia lamp, and the heat of the lamp used to keep the

solution under reflux. The reaction was followed by UV,

and after 8 hr., there was no further shift in the maximum

at 282m p . The methanol was evaporated under reduced

pressure to afford a yellow oil. A flash distillation of

this oil afforded cis-2-(3-methoxybenzylidene)cyclohexanone

(1.7lg., 81.5$) as a colourless oil.

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

Xm v (ethanol): 225 and 282mn, .IilCwC #

Attempted preparation of cis-2-(3-Methoxybenzylidene)-

cyclohexanone toluene-p-sulphonylhydrazone. — Several

attempts were made to prepare this compound, in the presence

of acid at room temperature, in the absence of acid at 50°»
and in the presence of acid at 0°, but in each case trans-

2-(3-methoxybenzylidene)cyclohexanone toluene-p-sulphonyl¬

hydrazone was obtained.

K 2-(Bi-p-tolylmethylene)cyclohexanone.^ - Magnesium

(7.0g.) and ether (50ml.) were stirred under dry nitrogen,

a crystal of iodine was added, and a portion of a solution

of ]>-bromotoluene (40.0g., 0.23 mole) in ether (150ml.) was

run in. After the reaction commenced, the remainder of the

solution was dripped in during 0.75 hr., and stirring

continued for 0.25 hr. After heating under reflux for
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0.33 hr., the mixture was cooled to 0°, when a solution of

2-ethylenedioxyethoxycarbonylcyclohexane (25.0g., 0.12 mole)

in ether (100ml.) was added dropwise, with stirring. The

reaction mixture was stirred overnight, and then boiled under

reflux for 1 hr. After cooling, the complex was decomposed

by the cautious addition of a solution of ammonium chloride

(70.Og.) in water (350ml.). The aqueous layer was washed

with ether (2 x 150ml.) and the ethereal solutions combined,

and washed with water (l x 100ml.). After evaporation of

the ether under reduced pressure, a yellow oil was obtained,

which solidified on cooling, Recrystallisation of a small

sample of this solid gave di-p-tolyl(2-ethylenedioxycyclo-

hexyl)methanol, as colourless needles, m.p.162-163°. (Found:

C, 78.2; H, 7.95. C23H28°3 re(Iuires G> 78«4l H, 8.0/o).
I.r. (Nujol) : 3385cm."1(O-H).

N.m.r.(CDCl3): f 2.3-2.6(m,4H), 2.7-3.l(m,4H), 4.85(s,1H),
6.0-6.6(m,2H), 6.75-7«3(m,2H), 7.7(bs,6H),
and 8.0-9.0(m,9H).

Hydrolysis and dehydration of the di-j>-tolyl(2-ethylene-

dioxycyclohexyl)methanol was carried out by heating it under

reflux with a mixture of methanol (l35ml«)» water (90ml.),

and concentrated hydrochloric acid (4ml.) for 4 hr., when

examination of the reaction mixture by g.l.c. (2$ NPGS, 200°)
showed that all the starting material had been consumed.
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On cooling, a yellow solid separated, which was filtered off.

After removal of the aqueous methanol solution from the

mother liquor, benzene (50ml.) and petroleum (30ml.) were

added, and the mixture set aside at -10° for 12 hr., when

further yellow solid was obtained, (total 15.2g.).

Recrystallisation from ethanol gave 2-(di-p-tolylmethylenq)-

cyclohexanone as yellow plates (ll.4g., 33.6%), m.p. 149°.
(Found: C, 86.55; H, 7»75» C21H22° re^uires C> 86.85;
H, 7.65%).

I.r. (Nujol) : 1680cm. ^(C=0).

N.m.r.(CDCl3) : T 2.8-3.0(d,8H), 7-2-7.6(vbs,2xCH2),
7.7(d,2xMe), and 7.75-8.6(vbs,2xCH2).

K^" 2- (Di-p-1 olylmethylene) oyclohexanone

toluene-p-sulphonylh.ydrazone. - A solution of

2-(di-£-tolylmethylene)oyclohexanone (3.0g., 0.01 mole) in

ethanol (50ml.) was added to a solution of toluene-j>-

sulphonylhydrazide (l.92g.» 0.01 mole) in ethanol (50ml.),

containing concentrated hydrochloric acid (O.lml.), at 50 •

After rapid stirring for a few seconds, the mixture was set

aside overnight, when the colourless crystals were filtered

off, and recrystallised from an ethyl acetate:benzene mixture

to give colourless needles of 2-(di-£-tolylmethylene)cyclo-
hexanone toluene-£-sulphonylhydrazone (4.21g., 89.1%) ,

m.p. 159° (decomp.). (Found: C, 73.3; H, 6.85; N, 6.4.
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C28H30N2°2S re<Iuires c> 73.35; H, 6.6; N, 6.1%),
I.r. spectrum : 3250cm. ^(N-H).
N.m.r. spectrum: \ 2.4-3.l(m,9H) , 3.25(s,4H),

7.3-7.8(mr2xCH2), 7.6(sfMe), 7.7(s,Me),
7.85(s,Me), and 8.0-8.5(vbs,2xCH2).

L g-Methylstyryl phenyl ketone. - This compound was

97
prepared "by an adaptation of the method of Wayne and Adkins.

A well stirred mixture of dry acetophenone (40.0g., 0.33 mole) ,

aluminium tert.-butoxide (45«Og., 0.19 mole), and dry xylene

(H5g.) , was slowly heated under an atmosphere of dry nitrogen,

in a flask fitted with a 36cm. Vigreux column, connected to a

condenser and receiver. On heating at 133-137° for a short

time, tert.-butyl alcohol started to distil, and the

distillation was completed by raising the bath temperature

to 155-160° for a further 2 hr. A green, viscous reaction

mixture resulted, which was cooled to 100°, when water (14ml.)

was cautiously added. The reaction mixture was then heated

to 140° for 0.25 hr. After cooling, the reaction mixture

was filtered through 'Hyflo-supercel', and the residue washed

with ether (750ml.). After drying the combined solutions,

the ether and tert.-butyl alcohol were removed under reduced

pressure, and the xylene was removed by distillation through

a 35cm. Vigreux column, under reduced pressure (40°/25™i.).
The residual oil was transferred to a smaller flask, carrying
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a 12cm. Vigreux column, when acetophenone was collected

"by fractional distillation. Finally, a-methylstyryl phenyl

ketone was obtained as a yellow oil, (30.0g., 81,1%),

b.p. 132°/0.1mm. (lit., 150-155°/l.0mm.).
I.r. spectrum : See Appendix.

IT.m.r, spectrum: See Appendix.

Attempts to prepare this compound by the methods

98 99
of Taylor , and Galloway and Green proved unsatisfactory.

L^" a -Methylstyryl phenyl ketone toluene-p—sulptionylhydrazone.

This compound was prepared by an adaptation of the method

of Sato and Watanabe"^. A mixture of ct-methylstyryl

phenyl ketone (5»0g.f 0,0225 mole), toluene—g-sulphonyl-

hydrazide (4»19g», 0.0225 mole), and concentrated

hydrochloric acid (0.25ml.) in ethanol (50ml,), was heated

under reflux for 0,25 hr., and then set aside at room

temperature for 48 hr. The colourless crystals were

filtered off, and recrystallised from a methanol:ethyl

acetate mixture to yield o-methylstyryl phenyl ketone

toluene-£-sulphonylhydrazone, (5*91g», 67.3%) as colourless

cubes, m.p. 152-155° (li"t«» 149-150°). Examination of the

product by t.l.c. showed two spots, the intensities of which

were not affected by further recrystallisation. A mixture

SB an<^ JBii toluene-j>-sulphonylhydrazones appeared

to be present.
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I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

102
M 4.4-Diphenyl-but-3-en-2-one. - Methyl lithium was

prepared hy the method of Gilman et al.^^, from lithium

(6.94g.» 1«0 mole) in ether (150ml.), and methyl iodide

(71.0g., 0.5 mole) in ether (150ml.). Titration of a 10ml.

sample of the reaction mixture against hydrochloric acid

(0.1M) showed that the solution was O.54M. This solution

was filtered under dry nitrogen.

The following part of the preparation is an adaptation

of the method of Wittig and Suchanek. The methyl lithium

solution (0.14 mole) was cooled to 0°, with stirring, under

dry nitrogen. A solution of diisopropylamine (l4.0g.,

0.14 mole) in ether (100ml.) was then added dropwise, and

on completion of the addition of diisopropylamine solution,

the reaction mixture was stirred at 0° for 0.5 hr. It was

then cooled to -20°, when a solution of N-isopropylidene-

cyclohexylamine (l9»32g., 0.14 mole) in ether (150ml.) was

added dropwise, and the mixture stirred at -20° for a

further lhr. A solution of henzophenone (l6.0g., 0.088 mole)

in ether (200ml.) was then added, and the mixture stirred

for 0.25 hr., and then warmed to 0°, and set aside overnight.

Next day, water (100ml.) was added, and the solution stirred

at room temperature for 3 hr. The organic layer was then
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separated, and the aqueous layer extracted with ether

(2 x 200ml.), and the ether solutions combined. After

evaporation of the ether under reduced pressure, petroleum

(b.p. 80-100°, 500ml.) was added, and the mixture set aside

at -70°, when a colourless solid separated, which was

filtered off. Recrystallisation of this solid from a

petroleum (b.p. 80-100°):ether mixture (3:1), afforded IT—

(4-hydroxy-4,4-diphenyl-2—butylidene)cyclohexylamine (l4.5g«)»

m.p. 90-92O (lit.^"0"^ 91-93°) as colourless needles.

A mixture of H-(4-hydroxy-4,4-dipheny1-2-butylideno)cyclo-

hexylamine (l4.5g«) and sulphuric acid (250ml.,2N) was

heated under reflux, with vigorous stirring, for 1.5 hr.

After cooling, the organic layer was separated, and the

aqueous layer washed with ether (3 x 100ml.). After washing

the combined ether solutions with water (3 x 75ml•)» "the

solution was dried, and the ether then evaporated under

reduced pressure to give a yellow oil. Distillation of

this oil gave 4 ,4-diphenyl-but-3-en-2.-one (10.3g.), b.p.

l80-l82°/l5mm., as a yellow solid. Recrystallisation from

methanol afforded the ketone as yellow cubes (9»2g., 47.3%)»

m.p. 32-34° (lit."!"01 34-36°).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.
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M"^ 4 ^--Diphenyl-but-3-en-2-one toluene-p-sulphonylhydrazone.

A solution of 4,4-diphenyl-but-3-en-2-one (l.Og.,

0.0045 mole) in ethanol (8ml.), was added to a solution of

toluene-p-sulphonylhydrazide (0.838g., 0.0045 mole) dissolved

in ethanol (lOml.), containing hydrochloric acid (O.lml.);

both solutions being cooled to ca.50° before mixing. After

stirring for a few seconds, the reaction mixture was set

aside overnight. Next day the yellow precipitate was

filtered off and recrystallised from a benzenesmethanol

mixture to afford 4,4-diphenyl-but-3-en-2-one toluene-£-

sulphonylhydrazone (l.575g«» 89.6%), m.p. 162-164°> as

yellow needles. (Found: C, 70.7? H, 5*8; N, 6.95»

C23H22N2°2S re{Juires C» 7°.75l H, 5.7; N, 7.15$).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

0 q -Phenyl-trans-benzylideneaoetone. - This compound was

10 3
prepared after the method of Zimmerman et al. A mixture

of phenylacetone (l9«5g«» 0.145 mole), benzaldehyde (l5»4g.»

0.145 mole), and piperidine (0,3ml.) in dry benzene (100ml.),

was heated under reflux, and the water formed in the reaction

separated using a Dean and Stark apparatus. The course

of the reaction was followed by g.l.c. (2% NPGS, 125°)f and

after 15 hr., no further reaction took place. The solvent

was evaporated under reduced pressure, and the product
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distilled, to afford a -phenyl—trans-frenzylideneaoetone

(24.0g.)» fr.P. 130°/0.5mm. (lit.10^ 135°/o.9mm.), which

solidified on cooling. Recrystallisation from methanol

afforded the product (l6.83g., 52%), m.p. 54-55° (lit,^^
55-56°), as pale yellow cubes.

01 a-Phenyl-trans-frenzylideneaoetone

toluene—p-sulphonylhydrazone. - A solution of

q -phenyl—trans—frenz.ylideneacetone (0.5g.» 0.00225 mole)

dissolved in ethanol (8ml.), was warmed to 50°j and then

added to a solution of toluene-£-sulphonylhydrazide

(0.42g., 0.00225 mole) in ethanol (8 ml.), containing

concentrated hydrochloric acid (0.05ml.),also warmed to 50°.
After mixing, the reaction mixture was set aside for 4 hr. ,

when the yellow precipitate was filtered off. Recrystall¬

isation from a frenzene:ethanol mixture afforded a-phenyl-

trans-frenzylideneacetone toluene-p-sulphonylhydrazone

(0.71g., 80.8$), m.p. 153-154° as colourless needles.

(Found: C, 71.0? h, 5.8; N, 7• 35• C23H22N2°2S re<Juires
c, 70.75; H, 5.7; n, 7.15$).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

2
0 q —Phenyl—cis—frenzylideneacetone. - This compound was

prepared fry an adaptation of the method of Zimmerman et.al.

A solution of a-phenyl—trans-frenzylideneaoetone (l4»0g.,
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0.063 mole) in dry cyclohexane (750ml.) was irradiated -under

dry nitrogen, and the course of the reaction followed "by

g.l.c. (2% NPGS, I5O0). After 5-5hr., examination of the

reaction mixture showed that 95% of the trans-ketone had

been consumed. The cyclohexane was evaporated under reduced

pressure to afford a yellow solid. A portion of this solid

(7.0g.) was recrystallised from a methanol:petroleum mixture

to give a-phenyl-cis-benzylideneacetone (5*0g.), m.p.640
(lit.103 66°). The mother liquor of recrystallisation was

combined with the crude trans-ketone, and the mixture

chromatographed on silica gel (2 x 100cm.). Elution with

benzene containing an increasing proportion of chloroform

(0-10%) afforded q-phenyl-ois-benzylideneacetone (5»5g*»
total yield 75%) » m.p. 65°, and elution with chloroform

afforded q-phonyl-trans-benzylideneacetone (2.9g.1 20.7%),
1- .0

m.p. 54 .

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

03 Attempted preparation of a-Phenyl—cis-benzylideneaoetone

toluene-p-sulphorylhydrazone. - A solution of phenyl-

cis-benzylideneacetone (l.Og., 0.0045 mole) in ethanol (20ml.),

was added to a solution of toluene-p-sulphonylhydrazide

(0.84g.1 0.0045 mole) in ethanol (20ml.), and the reaction

mixture stirred for a few seconds, and then set aside.
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After 3.5 hr., examination of the reaction mixture by t.l.c.

showed that little reaction had occurred. The solution was

then warmed to ca.50°, concentrated hydrochloric acid (l drop)

was added, and the reaction mixture set aside at 0°, when a

colourless precipitate was obtained after several hours.

This was found to be the trans toluene-^p—sulphonylhyirazone, by

spectroscopic examination. Several other unsuccessful

attempts to prepare this compound gave in all cases, a—phenyl-

trans-benzylideneacetone toluene-p-sulphonylhydrazone.

P 2-Isopropylidenecyclopentanone. - This compound was

prepared by an adaptation of the method of Vavon and Apchie^^
A mixture of cyclopentanone (25.0g., 0.3 mole) and dry acetone

(200.Og., 3.45 mole) was stirred at -10°, and an ice cold

solution of sodium methoxide, prepared from sodium (9»0g.,

0.39 mole) and super-dry methanol (350»0g«) was then added.

After stirring at -10° for 24 hr., more cyclopentanone

(25«Og., 0.3 mole) was added to the reaction mixture.

After stirring at -10° for a further 24 hr., another portion

of dry cyclopentanone (25«Og., 0.3 mole) was added. After

stirring at -10° for a further 24 hr., the reaction mixture

was warmed to room temperature, and stirred for a further

4 days. The methanol was then evaporated under reduced

pressure, and water (200ml.) was added to the reaction

mixture. The organic layer was then extracted with ether
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(3 x 200ml.), and "the ethereal solutions combined and washed

with water (4 x 100ml.), and then dried. Evaporation of the

ether afforded a brown oil, which was distilled under dry

nitrogen. The fraction b.p. 79-82°/l2mm. (lit.^^
78-79°/lOmm.) gave 2-isopropylidenecyclopentanone (34»9g*»

3106%) as a yellow oil. Examination of this oil by g.l.c.

(2% NPGS, 150°) showed that the compound was 98$> pure.

P"*" 2-Isopropylidenecyclopentanone toluene-p-sulphonylhydrazone.

2-Isopropylidenecyclopentanone (6.17g., 0.05 mole) was

dissolved in ethanol (20ml.), and after warming to 50°t was

added to a solution of toluene-p-sulphonylhydrazide (9»25g.j

0.05 mole) in ethanol (70ml.), containing concentrated

hydrochloric acid (0.75rnl.)j also at 50°. After mixing for

a few seconds, the reaction mixture was set aside overnight,

when colourless crystals (crude 11.69g)were filtered off.

Recrystallisation from an ethanol:chloroform mixture afforded

2-isopropylidenecyclopentanone toluene-£-sulphonylhydrazone

(10.5g., 72.4^)» m.p. 196-197°(decomp.), as colourless

crystals. (Found: G, 61.4; H, 7.1; N, 9.7. C^H^NgOgS
requires C, 61.65; H, 6.9; N» 9«6$>).

I.r. (Nujol) : 3205(N-H), 1650(C=N), and 1600cm.^(C=C).
lT.m.r.(d6™SO):TT 0.0(bs,lH), 2.43(q,4H) ,7.5-7.8(m,CH2),

7.6(bs,2 x Me), 8.l(bs,Me), and

8.0-8.4(m,2 x CH2).
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Ill PREPARATION AND DECOMPOSITION OF THE SODIUM SALTS OF THE

TOLUENE-p-SULPHONYLHYDRAZONES

A 2-Diphenylmethylenecyolopentanone toluene-p-sulphonyl-

hydrazone

Decomposition in cyclohexane. - Sodium (0.276g., 0.012

mole) was dissolved in dry ethanol (110ml.), and 2-diphenyl-

methylenecyclopentanone toluene-|>-sulphony lhydrazone (4.992g. ,

0.012 mole) was added, and the mixture stirred at room

temperature, in the dark, for 0.25 hr. Initially, the

toluene-£-sulphonylhydrazone dissolved, after which the sodium

salt was precipitated. The mixture was then warmed briefly

to 70°j cooled, and left stirring at room temperature for 2hr.

The ethanol was then evaporated under reduced pressure, under

anhydrous conditions. The sodium salt was then dried under

high vacuum for 6 hr., to yield a white solid.

Dry cyclohexane (150ml.) was added to the sodium salt,

and the mixture heated to 70°» under dry nitrogen, and with

magnetic stirring. Initially the solution turned brown, but

after a few minutes, a red colouration developed, which was

observed for several hours, but which slowly faded to give

a yellow solution and a white precipitate. After heating at

70° for 25 hr., the reaction mixture was cooled, and a sample

was withdrawn, shaken with dilute acid, and extracted with

ether.
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Examination of this sample "by t.l.c. (silica, benzene:ether,

1:1) showed that all the starting material had been consumed.

The reaction mixture was filtered, and the colourless

precipitate washed with dry ether (50ml.), to afford sodium

£-toluenesulphinate (2.06g.). This salt was dissolved in water

(20ml.), and dilute hydrochloric acid (2M) was added until the

solution was just acid. After washing with ether (25ml.), the

aqueous layer was made more acidic with dilute hydrochloric

acid, when a colourless precipitate was obtained, which was

filtered off under dry nitrogen. Recrystallisation from water

afforded toluene-p-sulphinic acid (l.54g., 85.4%)» m.p. 83-84°
(lit.,10585°), as colourless plates.

I.r.(Nujol) : 3350cm."1(O-H).

N.m.r.(CDCl3) : X*°«35(s,1H), 2.55(q»4H), and 7.6(s,Me).
The yellow filtrate was evaporated under reduced pressure

to give a yellow solid (2.77g»)j which was recrystallised from

ethanol to give 1,2,3,3a-tetrahydro-10-phenylbenzo[c]cyclopenta-

[ f] -[1,2 ,]-diazepine (2.38g.). The mother liquor was

evaporated, and the residual oil was chromatographed on silica

gel (30 x 1cm.). Elution with petroleum afforded a colourless

oil (0.14g.), which could not be crystallised. Elution with

petroleum containing an increasing proportion of benzene (0-30%)

gave a yellow solid, which on recrystallisation from ethanol

afforded further diazepine (0.13g», total yield 80.3%),
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m.P.159-160°, as yellow needles. (Found: G, 82.9; H, 6.2;

N, 10.75. G18H16W2 rec*uires °I 83.05; H, 6.2; N, 10.75$)•
I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

A"*" Decomposition in cyclohexane in the presence of tributyl—

phosphine. - A mixture of 2-diphenylmethylenecyclopent—

anone toluene-p-sulphonylhydrazone sodium salt (l.4g.,

0.0032 mole) and tributylphosphine (l.2g., 0.006 mole) in dry

cyclohexane (30ml.) was slowly heated to 70°, with stirring, and

under dry nitrogen. At no stage of the reaction did a red

colouration develop, and after 4 hr. a yellow solution, and

colourless precipitate was observed. The mixture was then

heated -under reflux for a further 4 hr., and cooled, when

examination by t.l.c. (silica, benzene:ether, 3:1) showed that

all the starting material had been consumed. The reaction

mixture was filtered under dry nitrogen, and the precipitate

washed with dry ether (50ml.), when sodium p-toluenesulphinate

(0.55g.) was obtained as a colourless precipitate. The

structure of this compound was confirmed "by comparison of the i.r.

spectrum and p.m.r. spectrum with those of the authentic

compound. Evaporation of the filtrate afforded a yellow oil,

which was set aside at -17°» under dry nitrogen, to yield a

yellow solid. Recrystallisation of this solid from an

ethanol:petroleum mixture (1:3), afforded 2-diphenylmethylene-
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cyclopentanone hydrazone (0.71g. , 85$), m.p. 125-126° as yellow

needles. (Found: C, 82♦25» H, 6.9; N, 10.35. ^18^18^2
requires C, 82.45? 6.85 * N, 10.7%).

I.r.(Nujol) : 3450(N-H), and 3200cm."1(N-H), broad.

N.m.r.(CDC13) : tT 2.8(s,10H), 5.1(bsfNH ), 7.3-7.8(m,2xCH2),
and 8.05-8.4(m,GH2).

The hydrazone was further characterised as the azine

produced by condensation with acetone. Acetone (l drop) was

added to a solution of 2-diphenylmethylenecyclopentanone

hydrazone (0.09g.) in ethanol. The mixture was warmed to 60°
for 5 rain., and then set aside. The crystalline azine was

filtered off, and recrystallised from an ethanol :petroleum

mixture to give a yellow crystalline solid (0.08g.), m.p.

109-110°. (Found: C, 83.1; H, 7.65? N, 9.25. °21H22N2
requires C, 83.4? H, 7.35? Ni 9*25$)•

N.m.r.(CDC13) : V 2.8(s,10H), 7«4(m,2xCH2), 8.l(s,Me),
8.25(t,CH2), and 8.7(s,Me).

B 2-(Di-p—tolylmethylene)cyclopentanone toluene-p-sulphony1-

hydrazone

Decomposition in cyclohexane. - The sodium salt was

prepared from sodium (0.278g., 0.012 mole) in dry ethanol

(125ml.) and 2-(di-£-tolylmethylene)cyclopentanone toluene-£-

sulphonylhydrazone (5»36g., 0.012 mole). After drying the
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sodium salt under the usual conditions, dry cyclohexane

(125ml.) was added, and the reaction mixture slowly heated

under reflux, under dry nitrogen. Initially a dark red

colouration was observed, which, after 25 hr., had faded

to give a white precipitate, and a yellow solution. The

reaction mixture was filtered, when sodium p-toluenesulphinate

was obtained as a colourless precipitate (2.14g.).

Evaporation of the yellow filtrate gave a yellow solid

(3.21g.). Recrystallisation of this solid from ethanol

afforded 1,2,3,3a-tetrahydro-7-methyl-10-(g-tolyl)benzo[c]-

cyclopentatf3-[l,2]-diazepine (2.36g., 67.8%), m.p.l77-178°»
as yellow plates. (Pound: C, 82.95> H, 6.85; N, 9*6.

°20H20N2 rec*uires G» 83.3; H, 7.0; N, 9.7%).
I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

B^" Decomposition in ethanol. - The sodium salt was prepared

from sodium (0.0702g., 0.0031 mole) in dry ethanol (30ml.),

and 2-(di-£-tolylmethylene)cyclopentanone toluene-£-

sulphonylhydrazone (l*355g*» 0*0031 mole). When all the

toluene-£-sulphonylhydrazone had dissolved, the mixture was

gradually heated to 70°, under dry nitrogen, and with

stirring. After 7 hr. at 70°, the reaction mixture was

cooled , when examination by t.l.c. showed that some starting

material was still present. The ethanol was evaporated
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under reduced pressure, and water (20ml.) added. The

product was extracted with ether (3 x 40ml.), and the ether

evaporated to give a brown oil, which was chromatographed

on silica (2 x 30cm.). Elution with petroleum afforded

a pale yellow oil (0.12g.) with R^ oa.l in petroleum.
Elution with petroleum containing an increasing proportion

of benzene(0-60$) afforded 1,2,3,3a-tetrahydro-7-methyl-10-

(£-tolyl)benzo[c] cyclopenta[f] - [1,2] -diazepine (0.30g.,

34*1$) t an,3- elution with benzene containing an increasing

proportion of ether (0-60%) afforded a brown oil (0.34g«)

which could not be recrystallised, but which gave

1,2,3,3a-tetrahydro-7-methyl-10-(£-tolyl)benzo[c] cyclopenta-

[f]-[l,2]-diazepine on sublimation.

In a similar reaction, when heating was continued for

llhr., no isolable products were obtained.
2

D Decomposition in oyclohexane in the presence of

triphenylphosphine. - 2-(Di-£-tolylmethylene)cyclo-

pentanone toluene-£-sulphonylhydrazone sodium salt (l.lg.,

0.0024 mole) and triphenylphosphine (0*624g«t 0.0024 mole)^
in dry cyclohexane (50ml.)were slowly heated to 70°, under

dry nitrogen. The characteristic red colouration developed,

which gradually faded to afford a yellow solution and a

colourless precipitate. After 14 hr.» the reaction mixture

was cooled, when examination by t.l.c. showed that all the



107.

starting material had "been consumed. The reaction mixture

was filtered, and the colourless precipitate washed with

ether to give sodium p-toluenesulphinate (0.41g.) as a

colourless solid. The filtrate was evaporated to give a

yellow oil, which was chromatographed on silica gel,

Elution with petroleum containing an increasing proportion

of benzene afforded a yellow solid (0»53g.). Recrystall-

isation of this solid from ethanol gave 1,2,3,3a-tetrahydro—

7-methyl-10-(|>-tolyl)benzo [c] cyclopenta Of ]-[l,2]—diazepine

(0.50g., 73.5%)» m.P. 17T-1780f as yellow plates. Elution

xvith benzene containing an increasing proportion of ether

(0-100%) afforded a mixture of triphenylphosphine and

triphenylphosphine oxide (0.63g.), m.p. 152-155°.
Irradiation in dry cyolohexane. - 2-(Di-£-tolylmethylene)-

cyclopentanone toluene-£-sulphonylhydrazone sodium salt

(l.4g., 0.003 mole) was suspended in dry cyclohexane (l 1.),

and the mixture stirred at 0°, under dry nitrogen, and

irradiated with the medium pressure Hanovia lamp. The

course of the reaction was followed by t.l.c. , and after

1 hr., all the starting material had been consumed. The

mixture was filtered to afford a colourless precipitate

(0.54g.), which was shown to be sodium p-toluenesulphinate

by comparison of its i.r. and p.m.r. spectra with the authentic

compound. The cyclohexane was evaporated under reduced
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pressure to afford a red oil.

I.r. (liquid) : 2050cm. (cit-N=N)r strong.

A portion of this oil (0.2g.) was heated under reflux

in dry oyclohexane (5ml.). After 1 ir. the red colour had

faded, and a pale yellow solution resulted. The mixture was

heated under reflux for a further 2 hr., when examination by

t.l.c. showed that this product had the same R^ value as

1,2,3,3a-tetrahydro-7-methyl-10-(p-tolyl)benzo[c]cyclopenta-

[f]-[l,2]- diazepine. The cyclohexane was evaporated under

reduced pressure to give a yellow solid. Recrystallisation

of this solid afforded 1,2,3,3a-tetrahydro-7-methyl-10-

(£-tolyl)benzo [c ]cyclopenta[f ]-[l ,2]-diazepine, m.p. and

mixed m.p. 177-178°»
The remainder of the red oil was dissolved in dry

cyclohexane (75ml*)j a^d irradiated, under dry nitrogen.

After 1 hr. the cyclohexane was evaporated under reduced

pressure to afford a yellow oil> which could not be

recrystallised. This product had R^ ca.l in petroleum
using a silica plate. (Found: C, 82.35; H, 9-15%)•

X (ethanol) : 211,225sh., and 252sh. m|i .max •
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Irradiation for a further 2 hr. using the medium pressure

lamp, and examination of the reaction mixture hy t.l.c.

showed one product, which had R^ ca.l in petroleum, and
there was no evidence of any diazepine being present.

Catalytic hydrogenation of 1,2,3,3a-tetrahydro-7-

methy1-10-(p-tolyl)benzo[cjcyclopenta if] - [l.2j-diazepine.

A mixture of 1,2,3,3a-tetrahydro-7-methyl-10-(p-tolyl)-

benzo[ c] cyclopenta[f]-[ 1,2]-diazepine (0.5g., 0.0017 mole)

and 10% palladium on charcoal (0.2g.) in dry ethanol

(200ml.), was shaken under an atmosphere of hydrogen at

atmospheric pressure for 24 hr., when further catalyst

(0.2g.) was added. After 48 hr., more catalyst (0.2g.)

was added, and the mixture shaken for a further 12 hr.

The reaction mixture was then filtered through Hyflo-supercel,

and the ethanol evaporated under reduced pressure to afford

a pale yellow solid. Recrystallisation of this solid from

an ethanol:petroleum (b.p. 80-100°) mixture gave 2-(2-amino-

4,4,-dimethyldiphenylmethyl)cyclopentylamine, (0.l6g., 31.4%),
m.p. l62-l63°(decomp.) as colourless needles. (Pound:

C, 81.4; H, 8.9; N, 9.65• C20H26W2 recIuires c> 81.6;
H, 8.9; N, 9.5%).

I.r.(Nujol) : 3260cm."1 b(R-H).

N m.r.(CDCl3) : T 2.85(bs,4H), 3.45(hs,3H), 5.2(bs,lH),
6.2-6.6(HH2), 7.65(s,Me), 7.8(s,Me),
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and. 7»0-8.6(m, 10H).

B^ N .N'-ItL—acetyl derivative of the di-amine}^-
The di-amine (0.05g., 0.0002 mole) was suspended in

a mixture of pyridine (lml.), and acetic anhydride (0.3g.)«

The suspension was warmed to 60° for 5 min., and then cooled,

when water (2ml.) was added. The product was extracted

with ether (2 x 5ml»)» and "the ether solution dried.

Evaporation of the ether gave a white solid, which was

recrystallised from 80% ethanol to afford the N,N'—di-acetyl-

derivative of the di-amine (0.037g.» 57*6%), m.p. 228-229°
(decomp.). (Found: G, 76.1; H, 7-75? 7.65. c2^30°2^2
requires C, 76.15; H, 8.0; N, 7.4%).

I.r.(Nujol) : 3340(N-H) , and 1630cm.""1 (C=0).

H.m.r. (CC14) : "C 2.92(st4H)f 3.35(s,lH),
3.58(s,2H), 5.6(hs,lH), and

7.4-8.8(m,20H).
C 2-(l>i-m-methoxyphenylmethylene)cyclopentanone

toluene-p-sulphonylhydrazone.

recomposition in cyclohexane. - The sodium salt was

prepared in the usual way from sodium (0.0945g«» 0.0041 mole)

in dry ethanol (50ml.), and 2-(di-m-methoxyphenylmethylene)-

cyclopentanone toluene-j>-sulphonylhydrazone (l.95g«t 0.0041

mole). After the usual drying procedure, the sodium salt



111.

was obtained, as a yellow solid. Dry cyclohexane (50ml.)

was added to the sodium salt, and the mixture slowly heated

to reflux, under dry nitrogen, and with stirring. After

heating under reflux for 0,5 hr., a red colouration was

observed, which faded over a short time to give a yellow

solution and a colourless precipitate; examination of the

reaction mixture after 14 hr. showed that all the starting

material had been consumed. The reaction mixture was

filtered, and the precipitate washed with ether (30ml.) to

afford sodium p-toluenesulphinate (0.71g.) as a buff solid.

The filtrate was evaporated -under reduced pressure to give

a yellow solid. Recrystallisation of this solid from

ethanol gave 1,2,3j3a-tetrahydro-6-methoxy-10-(m-methoxyphenyl)—

benzo[cjcyclopenta [f]-[l,2]-diazepine (0.89g.» 67*9%)»

m.p. 149-1500 as yellow plates. (Pound: C, 75*15; H, 6.45;

N, 8.75. C2OH20N2°2 re<luires c» 75.0; H, 6.3; Nf 8.75%).
I.r. spectrum : See Appendix.

N.rn.r. spectrum : See Appendix.

D 2-(Di-p-trifluoromethylphenylmethylene)cyclopentanone

toluene-p-sulphonylh,ydrazone.

Decomposition in cyclohexane. - The sodium salt was

prepared from sodium (0.149g» » O.OO65 mole) in dry ethanol

(125ml.), and 2-(di-p-trifluoromethylphenylmethylene)cyclo-

pentanone toluene-p-sulphonylhydrazone (3«58g.j O.OO65 mole),
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in the usual way. After drying for 6 hr., the sodium salt

was obtained as a pale yellow solid. Dry cyclohexane (50ml.)

was then added, and the mixture slowly heated to reflux, under

dry nitrogen, and with magnetic stirring. After a very short

time, an intense red colouration developed, which gradually

faded during 8 hr. to give a pale yellow solution with a

colourless precipitate. After 20 hr., examination of the

reaction mixture by t.l.c. showed that all the sodium salt

of the toluene—p-sulphonylhydrazone had been consumed.

The reaction mixture was filtered, and the colourless

precipitate washed with dry ether (30ml.), when sodium

£-toluenesulphinate was obtained (0.93g.). The yellow

filtrate was evaporated under reduced pressure to yield

a dark orange solid (crude 2.01g.). Recrystallisation

from a benzene:ethanol mixture afforded 2-(di-£-trifluoro-

methylphenylmethylene)cyclopentanone azine as an orange

solid (0.175g.). The mother liquor was then evaporated,

and chromatographed on silica (2 x 45cm.). Elution with

petroleum containing an increasing proportion of benzene

(0-70%), afforded an orange solid, which, on recrystallisation

from a benzene:petroleum mixture afforded 2-(di-p-trifluoro-

methylphenylmethylene)cyclopentanone azine as orange needles,

total yield 0.54g.» 21.8%), m.p. 241-242° (decomp.), and

mixed m.p. with authentic azine 235-237°(decomp.).• (Pound:
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C, 62.85; H, 3.45? N, 3.35. G40F12H28W2 rec*uires c» 62.85;
H, 3.65; N, 3.65%).

I.r. spectrum : See Authentic, Section I, page 67.

N.m.r. spectrum : See Authentic, Section I, page 67.

X (ethanol) : 240 and 352mp .
nicix •

Elution with benzene containing an increasing proportion

of ether (0-20%) afforded a yellow solid, which on recrystall-

isation from 80% ethanol afforded 1,2,3,3a-tetrahydro-7-

trif luoromethyl--10-(4-trif luoromethylphenyl)"bonzo*>

[c] cyclopenta[f ]-[ 1,2] —diazepine (l.44g. , 55*9%) > m.p. 106°.
(Found: 0, 60.55; H, 3.55; 6.9. C20F6^14^2 re<luires
C, 60.6; H, 3.55; N, 7.05%).

I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.

E 2-Acetylst.yrane toluene-p-sulphonylhydrazone. - The

sodium salt was prepared in the usual way from sodium

(0.263g., 0.0114 mole) in dry ethanol (30ml.), and 2-acetyl-

styrene toluene-£-sulphonylhydrazone (3«59g»» 0.0114 mole).
After the usual drying procedure, the sodium salt was obtained

as a yellow glass. Dry cyclohexane (80ml.) was added to the

sodium salt, and the mixture slowly heated to reflux, under

dry nitrogen. After a short time a yellow colouration

developed, and after 7 hr. heating under reflux a yellow

solution with a colourless precipitate was observed. After
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cooling, examination "by t.l.c. showed that all the starting

material had "been consumed. The reaction mixture was

filtered, and the colourless precipitate washed with ether

(l x 20ml.), when sodium p-toluenesulphinate was obtained

as a colourless solid (2.0g.). The yellow filtrate was

evaporated under reduced pressure to yield a yellow solid

(crude 1.53g.). Recrystallisation of this solid from

petroleum at -17° afforded l-methyl-lH-2,3-benzodiazepine

(l.l6g., 64.2%), m.p. 47°, as yellow needles. (Found:

c, 75.7; H, 6.5; Nf 17.75. ci0hioN2 re(*uires °» 75.9;
H, 6.35; N, 17.7#),

This compound rapidly turned dark brown on standing at

room temperature.

I.r.(Nujol) : 1585cm."1(N«N).

N.m.r.(CCl4) : tT 2.0(d,-CH=), 2.4-2.9(m,4H), 3.5(d,-CH»),
7.15-7.5(®,1H), and 7.75(4,Me).

JAX = JXA = 9c./sec.
F trans-(2-p-Toluoyl)stilbene toluene-p-sulphonylhydrazone. -

The sodium salt was prepared in the usual way from

sodiiim (0.0946g., 0.0041 mole) in dry ethanol (50ml.), and

trans-(2-p-toluoyl)stilbene toluene—£-sulphonylhydrazone

(l.925g., 0.00413 mole). After the usual drying procedure

the sodium salt was obtained as a buff glass. Dry cyclo-

hexane (45ml») waB added to this, and the mixture slowly
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heated, to 70°, with stirring under dry nitrogen. After

0.25 hr. a brown-red solution was observed, which slowly

faded to give a yellow solution with a colourless precipitate.

Examination of the reaction mixture by t.l.c. after 7 hr.

showed that all the starting material had been consumed.

The reaction mixture was filtered, and the colourless

precipitate washed with ether (50ml.) to give sodium

p-toluenesulphinate as a colourless solid (0.68g.).

Evaporation of the filtrate gave a. yellow solid, which was

recrystallised from a chloroform:ethanol mixture to afford

l-£-tolyl-4-phenyl-lH—2,3-benzodiazepine (0.86g., 67.2$),
m.p. 146-147°} as yellow needles. (Pound: C, 84.8;

H, 6.0; N, 9.25. C22H18N2 re(Juires c» ®5«15i H» 5»85?
N, 9.O/0).

N.m.r.(CDCl^) :T 1.8-3.0(m,14H), 6.05(s, H^), and
7.55(s,Me).

G trans-2-Benzylidenecyclopentanone toluene-p-sulphony1-

hydrazone.

Decomposition in oyolohexane. - The sodium salt was

prepared in the usual way from sodium (0.5l8g., 0.023 mole)

dissolved in ethanol (l50ml.), and trans-2-benzylidenecyclo—

pentanone toluene-£-sulphonylhydrazone (7«65g.» 0.023 mole).
After drying the sodium salt in the usual way, dry cyclohexane

(150ml.) was added, and the mixture slowly heated to reflux,
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under an atmosphere of dry nitrogen. After heating under

reflux for 25 hr. , examination of the reaction mixture "by

t.l.c. showed that little reaction had taken place. Aci¬

dification of the reaction mixture with dilute hydrochloric

acid (l5ml.)f gave trans-2-~benzylidenecyclopentanone toluene-

£-sulphonylhydrazone (7«5g«» 98% recovery), m.p. 187-188°
(decomp.) after recrystallisation from a benzene:ethyl acetate

mixture.

G^" Decomposition in toluene. — The sodium salt was prepared

from sodium (O.O92g. , 0.004 mole) in dry ethanol (40ml.),

and trans-2-benzylidenecyclopentanone toluene—£-sulphonyl-

hydrazone (l.36g., 0.004 mole). After drying, the sodium

salt was obtained as a pale yellow solid. Dry toluene

(60ml.) was added to the sodium salt, and the mixture heated

to reflux, under an atmosphere of dry nitrogen. At no stage

was any red colouration observed, and after 16.5 a

colourless solution with a colourless precipitate was

observed. After cooling, examination of the reaction

mixture by t.l.c. showed that all the sodium salt of the

toluene-p-sulphonylhydrazone had been consumed. The

reaction mixture was filtered, and the colourless precipitate

washed with dry ether (l x 50ml*)» when sodium p-toluene-

sulphinate was obtained (0.68g.). The filtrate was

evaporated under reduced pressure to yield a pale yellow
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solid. (0.69g.). Recrystallisation of this solid from ethanol

afforded colourless needles of 3-phenyl—lH-cyclo~

penta[c]pyrazole (0.52g., 70.5$)» m.p. 142-143°. (Found:

C, 78.05; H, 6.5; N, 15.05. N requires C, 78.25?

H, 6.55; Nf 15.2%).

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

H trans-g-Benzylideneoyclohexanone toluene—p-sulphony1-

hydrazone.

Docomposition in toluono . - The sodium salt was

prepared in the usual way from sodium (0.335g»1 0.0146 mole),

ethanol (125^1.), and trans-2—henzylideneoyolohexanone

toluene-p-sulphonylhydrazone (5.15g«» O.OI46 mole). After

the usual drying procedure, the sodium salt was obtained as

a buff solid. Dry toluene (150ml.) was added to the sodium

salt, and the mixture slowly heated to 80°, under an

atmosphere of dry nitrogen. A colourless solution resulted,

and after 0.5 hr. a white precipitate was observed. The

mixture was heated at 80° for 15 hr., and then heated under

reflux for 3 hr., after which examination by t.l.c. showed

that all the sodium salt had been consumed. The reaction

mixture was filtered, and the colourless precipitate washed

with ether to yield sodium p-toluenesulphinate (2.6g.).

Evaporation of the filtrate under reduced pressure afforded
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a colourless solid, m.p. 127-128°. Recrystallisation from

an ethanol:petroleum mixture gave colourless needles of

4,5j6,7-tetrahydro-3-phenyl-lH-indazole» m.p. 125-126°.
The p.m.r. spectrum showed that the compound contained

ethanol of recrystallisation which could not he removed hy dry¬

ing in vacuo. The product recrystallised from carbon

tetrachloride gave an incorrect elemental analysis.

Sublimation, (block temp. 130°/0.05mm.) afforded the product

as a colourless solid (2.23g., 77*3%), m.p. 127-128°.
(Found: G, 78.85 5 H, 7.05; N, 14.15. ^13^14^2 re<?u^res
C, 78.75; H, 7.1; N, 14.15/0).

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

H"'" cis-2-Benz.ylidenec.yclohexanone toluene—p—sulphonylhydrazone.

Decomposition in oyclohexane. - The sodium salt was

prepared from sodium (0.0637g», 0.0028 mole), dry ethanol

(50ml.) , and cis—2-benzylidenecyolohexanone toluene—

sulphonylhydrazone (0.98g., 0.0028 mole). The ethanol was

removed under reduced pressure, at room temperature, to

afford a pale yellow solid, which was dried for 6 hr. at

0.01mm. Dry cyclohexane (75ml.) was then added, and the

mixture heated under reflux for 16 hr. After cooling,

the cyclohexane was removed under reduced pressure to give

a colourless solid. Recrystallisation of this solid from



119.

carbon tetrachloride gave the same spectroscopic data as the

trans-2-benzylidenecyclohexanone toluene-p-sulphonylhydrazone

decomposition. Sublimation, (block temp. 130°/0.05mm.)
afforded 4,5,6,7-tetrahydro-3-phenyl-lH-indazole (0.4g.,

73/o) , m.p. 127-128°, and mixed m*p. with product of trans-

decomposition, 127-128°.
I trans-2-(4-Nitrobenzylidene)cyolohexanone

toluene-p-sulphonylhydrazone.

Decomposition in cyclohexane. - The sodium salt was

prepared in the usual way from sodium (0.223g., 0.0097 mole)

in dry ethanol (70ml.), and trans-2-(4-nitrobenzylidene)-

cyclohexanone toluene-£-sulphonylhydrazone (3.86g.,

0.0097 mole). After the usual drying procedure, the sodium

salt was obtained as an orange solid. Dry cyclohexane

(50ml.) was added to the sodium salt, and the mixture slowly

heated to reflux, with stirring, under dry nitrogen. After

heating 'under reflux for 20 hr., the reaction mixture was

cooled, when examination by t.l.c. showed that little

reaction had occurred.

1^" Decomposition in toluene. - The cyclohexane was

evaporated under anhydrous conditions, and dry toluene (50ml.)

added. The mixture was heated under reflux, under dry

nitrogen, for 20 hr., when examination by t.l.c. showed

that little reaction had taken place.
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2
I Decomposition in tert .—butylbenzene. - The sodium salt

was prepared in the usual way from sodium (0.0833g.,

0.0036 mole), dry ethanol (50ml.), and trans-2-(4-nitr0-

benzylidene)cyclohexanone toluene-£-sulphonylhydrazone,

(l.45g«» 0.0036 mole). After the usual drying procedure,

dry tert.-butylbenzene (60ml.) was added, and the mixture

slowly heated to reflux, with stirring, under dry nitrogen.

The orange colour faded rapidly, and after 7 hr. a colourless

solution and a colourless precipitate were observed.

Examination of the reaction mixture by t.l.c. showed that all

the starting material had been consumed. After cooling, the

reaction mixture was filtered, and the colourless precipitate

was washed with ether (50ml.) to afford sodium £-toluene-

sulphinate (0,63g.). The filtrate was concentrated under

reduced pressure to afford a yellow oil, which could not be

crystallised. The oil was chromatographed on silica gel

(2 x 10cm.), when elution with petroleum containing an

increasing proportion of benzene (0-20%) afforded 4,5,6,7-

tetrahydro-3-(4-nitrophenyl)-lH-indazole. Sublimation of

the product (l90°/0,05mm.) afforded the indazole (0.73g.,

82.7%), m.p. 183-185° as pale yellow crystals. (Found:

G, 64.5; H, 5*5; N, 17.2. C1^H1^N^02 requires C, 64.2;
H, 5.4; N, 17.25/0).

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.
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J trans-2-(3-Methoxybenzylidene)cyclohexanone

toluene-p—sulphonylhydrazone.

Decomposition in tert.-"butylbenzene. - The sodium salt

was prepared in the usual way from sodium (0.064g., 0.0028

mole) in dry ethanol (20ml.), and trans-2—(3-roethoxybenzyl-

idene)cyclohexanone toluene—£—sulphonylhydrazone (l.08g.,
0.0028 mole). After the usual drying procedure, the sodium

salt was obtained as a yellow glass. tert.-Butylbenzene

(20ml.) waa added to the sodium salt, and the mixture slowly

warmed to 100°, with stirring, under dry nitrogen. After

heating at 100° for 5 hr. » "the reaction mixture was cooled,

when examination by t.l.c. showed that all the starting

material had been consumed. The reaction mixture was

filtered, and the colourless precipitate washed with ether

to afford sodium p-toluenesulphinate (0,49g«) as a colourless

solid. Evaporation of the mother liquor afforded a pale

yellow oil, which could not be crystallised. Sublimation

of the oil (l70°/0.05mm.) gave 4»5 »6,7-"te"trahydro-3-(3-methoxy-

phenyl)-lH-indazole as a pale yellow glass (0.51g., 13*6%),

(Found: G, 73.2; H, 7.05; N, 11.7. Ci4Hi6N2° recIuires
c, 73.65; H, 7.05; N, 12.25#). The glass was very

viscous, and could not be crystallised.

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.
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J"*" Decomposition in ethanol. - The sodium salt was prepared in

the usual way from sodium (0.043g»> 0.0019 mole) in dry

ethanol (20ml.), and 2-(3-methoxybenzylidene)cyclohexanone

toluene-£-sulphonylhydrazone (0.725g.» 0.0019mole). After

stirring at room temperature, under dry nitrogen for 0.25 hr.,

the mixture was slowly heated to reflux. After heating under

reflux for 9 hr. 1 examination of the reaction mixture "by
i

t.l.c. showed that all the starting material had "been

consumed. The ethanol was evaporated under reduced pressure,

when water (10ml.) was added. The product was extracted

with ether, and the ether solution dried, and the ether then

evaporated under reduced pressure to afford a yellow oil.

Distillation of this oil (l70°/0.05mm.), afforded 4,5,6,7—

tetrahydro-3*-(3-methoxyphenyl)-lH-indazole (0.31g., 72.5%) 1

as a pale yellow glass, showing identical spectroscopic

details as the product from the decomposition in tert.-

butylbenzene.

K 2-(Di-p-t olylmethylene)oyolohexanone

toluene-p—sulphonylhydraz one.

Decomposition in cyclohexane. - The sodium salt was

prepared in the usual way from sodium (0.208g., 0.009 mole)

in dry ethanol (l00ml.),and 2-(di-£-tolylmethylene)cyclo-
hexanone toluene-£-sulphonylhydrazone (4«12g., 0.009 mole).
After the usual drying procedure, the sodium salt was
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obtained as a yellow solid. Dry cyclohexane (150ml.) was

added to the sodium salt, and the mixture slowly heated to

reflux under dry nitrogen, with stirring. No red colouration

was observed during the reaction, and after 14 hr., a

colourless solution with a colourless precipitate was

obtained. After cooling, examination of the reaction

mixture by t.l.c. showed that all the starting material had

been consumed. The reaction mixture was filtered, and the

colourless precipitate washed with ether (l x 50ml.), when

sodium p-toluenesulphinate (l.6g.) was obtained. The

filtrate was evaporated under reduced pressure to give a

colourless solid (2.57g«)» which was recrystallised from an

ethanol:petroleum mixture to afford 4,5, 6,7-tetrahydro-3,3—

(di-£-tolyl)-3H-indazole as colourless needles, (l.97g»»

72.5%), m.p. 101-102°. (Pound: C, 83.2; H, 7.4; N, 9.25.

°21H22N2 re<luires C» 83*45 H, 7.35; N, 9-25%).
I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

When this compound was heated in vacuum, to 170° a solid

m.p. l69~170O was obtained.

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

This compound is possibly 4,5,6,7-tetrahydro-l,3-

(di-£-tolyl)-lH-indazole. (Found: C, 83.3; H, 7.2; N, 9«
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C21H22N2 re1ui:res C> 83*4; H, 7.35; N, 9.25%).
L g-Methylstyryl phenyl ketone toluene-p-sulphonylhydrazone.

Decomposition in ethanol. - The sodium salt was prepared

from sodium (0.0808g., 0.0035 mole), dry ethanol (25ml.), and

a-methylstyryl phenyl ketone toluene-£—sulphonylhydrazone

(l.374g., 0.0035 mole). When all the toluene-|>-sulphonyl—

hydrazone had dissolved, the mixture was slowly heated to

70°. After a very short time a red colouration developed,

which faded during 2 hr. to afford a pale yellow solution.

The solution was then heated under reflux for a further 5 hr.,

when a colourless precipitate was observed. After the

ethanol had been evaporated under reduced pressure, water

(20ml.) was added, and the product extracted with ether

(3 x 25ml.). After drying, the ether was evaporated to

yield a colourless solid. Recrystallisation of this solid

from a benzene:petroleum mixture gave colourless needles of

5-methyl-3,4-diphenylpyrazole (0.51g., 61.4%)» m.p. 179°
(lit.34 179-180°).

L4 Decomposition in oyclohexane. — The sodium salt was

prepared from sodium (0.079g» » 0.0034 mole) , dry ethanol

(25^1.), and a-methylstyryl phenyl ketone toluene-p-

sulphonylhydrazone (l.34g., 0.0034 mole). On stirring at

room temperature for 0.2 hr., a pink colouration devdoped,

and after evaporation of the ethanol under reduced pressure,
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and under anhydrous conditions, a pink glass-like solid was

obtained, which was dried under high vac. for 7 hr. Dry

cyclohexane (30ml.) was then added, and the mixture slowly

heated to 70°, under dry nitrogen, when the intensity of the

red colouration increased. After 1 hr., a colourless

precipitate was observed, and the red colouration gradually

faded to give a colourless solution, and a colourless

precipitate. After heating at 70° for 7 hr»» "the reaction

mixture was heated under reflux for 5 h-r« Examination of

the reaction mixture by t.l.c. showed that virtually all

the starting material had been consumed. The reaction

mixture was then filtered, and the colourless precipitate

washed with dry ether to give sodium £-toluenesulphinate

(0.59g.). The filtrate was evaporated under reduced pressure

to afford a pale pink solid. Recrystallisation of this solid

from a cyclohexane:petroleum mixture gave 3-methyl-3,5—

diphenyl-3H-pyrazole (0.62g., 77.0%), m.p. 81-82° (lit.,8^
83-84°). (Found: C, 82.1; H, 6.0; N, 11.95. Calc. for

C16H14N2: 82*°5 H' 6o°5 N' 1X*95%).
I.r. spectrum : See Appendix.

N.m.r. spectrum: See Appendix.
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2
L Decomposition in toluene. - The sodium salt was

prepared and dried in the usual way. Dry toluene was then

added, and the mixture stirred, and heated under reflux,

under dry nitrogen. After 14 hr., examination of the reaction

mixture by t.l.c. showed that all the starting material had

been consumed. The toluene was evaporated under reduced

pressure to afford a colourless solid. Recrystallisation

of this solid from a cyclohexane:benzene mixture (3:1),

afforded 5-me"thyl-3,4-diphenylpyrazole, m.p. 178-179°
(lit.,"^ 179-180°). The spectroscopic data were identical

to those of 5~me^hyl-3j4-diphenylpyrazole prepared in

experiment M, and are reported in the Appendix.

Thermal rearrangement of 3-Mothyl-3,5-diphenyl-3H-pyrazole.

3-methyl-3,5-diphenyl-3H-pyrazole (O.lg.) was suspended

in dry toluene, and the mixture heated under reflux, under

dry nitrogen. The course of the reaction was followed by

t.l.c., and after 3.5 hr., no further reaction took place.

The toluene was removed under reduced pressure to afford

a colourless solid. Recrystallisation of this solid from

a cyclohexane:benzene mixture (3:1), gave 5*"me'fchy1-3,4-

diphenylpyrazole (0.092g., 92%), m.p. and mixed m.p.178-179°*
M 4 .4-Diphenyl-but-3-en-2-one toluene-p-sulphonylhydrazone

Decomposition in cyclohexane. - The sodium salt was

prepared in the usual way from sodium (0.0625g., 0.0027 mole)
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in dry ethanol (30ml.), and 4,4-diphenyl—but-3-en-2-one

toluene-£-sulphonylhydrazone (l.06g., 0.0027 mole). After

the usual drying procedure, the sodium salt was obtained as

a yellow solid. Dry cyclohexane (60ml.) was added to the

sodium salt, and the mixture slowly heated to reflux, under

dry nitrogen, with stirring. After a few hours, a

colourless solution with a colourless precipitate was

observed, and after heating 'under reflux for 20 hr. ,

examination of the reaction mixture by t.l.c. showed that

all the starting material had been consumed. The reaction

mixture was filtered, and the oolourless precipitate washed

with ether (50ml.) to give sodium p-toluenesulphinate as a

colourless solid (0.48g.). The filtrate was evaporated

under reduced pressure to giva a colourless solid, and

recrystallisation of this solid from an ethanol:petroleum

(b.p. 80-100°) mixture afforded 5-methyl-3,4-diphenyl-

pyrazole (0.43g., 67.6/0), m.p. 178-179° (lit.,34179-180°).
(Found: C, 81.85; H, 6.2; N, 11,85. Calo. for

C, 82.0; H, 6.0; N, 11.95/0).

I.r. spectrum : See Appendix.

N.m.r. spectrum : See Appendix.

\ (ethanol) : 234 and 250(sh) mp. .max •

In view of the work of Sato and Watanabe,34 which was

published after this experiment had been carried out, this

decomposition was repeated, in both cyclohexane and toluene.
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The colourless solids obtained after the usual reaction

procedures were recrystallised from a dry benzene:dry

petroleum mixture. In both cases 5-me"fchyl-3,4-d.iphenyl-

pyrazole was obtained in good yield.

N-Aoetyl—5-methyl-3.4-diphenylpyrazole.4^ - 5-Methyl-

3,4-diphenylpyrazole(0.082g., 0.00035 mole) was suspended

in water (0.3ml.), when a mixture of acetic acid (0.2ml.)

and acetic anhydride (0.2ml.) was added, and the reaction

mixture set aside. No reaction took place, and saturated

sodium bicarbonate solution (lml.) was then added, when a

colourless precipitate was observed. This was filtered

off and recrystallised from 80% ethanol to afford N-acetyl-
«•*>

5-methyl-3,4-&iphenylpyrazole (0.071g., 73.5%)> m«P« 72°

(lit.,34 66°), as colourless crystals. (Pound: C, 78.15;

H, 5.65; N, 10.1%. Calc. for cl8Hl6N20: °» 78*25!
H, 5.85; N, 10.15%).

I.r. (Nujol) : 3340(N-H), 1630 cm."1(C=0).
N.m.r.(CDCl3) : "C 2.7(bs,10H), 7.2(s,Me), and 7.45(s,Me).

0 q-Phenyl-trans-benzylideneacetone toluene-p-

sulphonylhydrazone.

Decomposition in cyclohexane. - The sodium salt was

prepared in the usual way from sodium (0.035g»» 0.0015 mole)

in dry ethanol (50ml.), and a -phenyl-trans—benzylidene-

acetone toluene-£-sulphonylhydrazone (0.60g., 0.0015 mole).
After the usual drying procedure, the sodium salt was
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obtained as a buff solid. Dry cyclohexane (50ml.) was added

to the sodium salt, and the mixture slowly heated to reflux

under dry nitrogen, and with stirring. At no stage of the

reaction was a red colouration observed, and after heating

under reflux for 24 hr., examination of the reaction mixture

by t.l.c. showed that all the starting material had been

consumed. The reaction mixture was filtered, and the

colourless precipitate washed with ether (15ml.) to afford

sodium £-toluenesulphinate as a colourless solid (0.25g.).

Evaporation of the filtrate afforded a colourless solid.

Recrystallisation of this solid from an ethanol:petroleum

mixture afforded 5-me"thyl_3,4-diphenylpyrazole (0.23g.,

63.7$), m.p. 178-179° (lit.,54 179-180°) as colourless

needles. (Pound: C, 81.95; H, 6.1; N, 12.05. Calc.

for C16H14N2: C, 82.0; H, 6.0; N, 11.95%).
P 2-Isopropylidenecyclopentanone toluene-p-sulphonylhydrazone

Decomposition by pyrolysis in vacuum. - The sodium salt

was prepared in the usual way from sodium (0.0354g.» 0.015

mole), dry ethanol (40ml.) and 2-isopropylidenecyclopentanone

toluene-p-sulphonylhydraaone (4*5g«» 0.015 mole). After

the usual drying procedure, the sodium salt was obtained

as a colourless glass.

2-Isopropylidenecyclopentanone toluene-p-

sulphonylhydrazone sodium salt (4.3g.» 0.015 mole) was mixed

with dry sand (l5.25g.), and this mixture then slowly heated in a
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flask, the outlet of which was connected, to three traps joined

in series, and cooled in liquid air. The pressure was 0.05mm.

initially, but at a bath temperature of 120°, the pressure

rose to 1mm. , and traces of a purple solid were observed in

trap 1. On maintaining the bath temperature at 120-130°,
further mauve solid was observed. The bath temperature was

then gradually increased to 140°, when the pressure fell to

0.05mm., and the temperature of the bath was then increased

to 200° and kept at 200° for 0.25 hr. After cooling the flask,

the traps were warmed to room temperature; when the mauve

solid became a mobile liquid (l,15g.). The second trap

oontained a deep yellow oil (0.009g.), and the third trap

contained nothing.
+ —

Mauve solution: I.r.(liquid): 2050(CH-N=N) strong, and

1590cm."■1(c=c).
The mauve liquid was distilled to give 3-isopropylidene-

cyclopentene (0.95g»» 64.4%)> b.p. 56°/lOmm., as a pale

yellow liquid. (Found: C, 88•5» H, 11.5* Calc. for

CgH12: C, 88.8; H, 11.2%).
Examination of the product by g.l.c. (10% SIL, 65°; and

5% PEGA, 50°) showed that the product was pure.

I.r.(liquid) : 1570cm._1(C=C).
N.m.r.(CCl ) : *£* 3.7(m,«CH-), 4.15(m,«CH-), 7.6(m,2xCH2),

and 8.3(d,2xMe).
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P"*" Decomposition in cyolohexane. - The sodium salt was

prepared in the usual way from sodium (0.339g., 0.015 mole)

in dry ethanol (50ml.), and 2-isopropylidenecyclopentanone

toluene-p-sulphonylhydrazone (4«3g., 0.015 mole). After

drying in the usual way, dry cyclohexane (50ml.) was added,

and the reaction mixture slowly heated to reflux. After

heating under reflux for 24 hr., examination of the reaction

mixture showed that no reaction had occurred.

2
P Decomposition in toluene. - The sodium salt was prepared

from sodium (0.24g», 0.01 mole), dry ethanol (40ml.), and

2-isopropylidenecyclopentanone toluene-p-sulphonylhydrazone

(3.013g., 0.01 mole). After drying, the sodium salt

(2.77g»,0.009 mole) was heated under reflux with toluene

(29.47g.). After 14 hr., examination of the reaction mixture

by t.l.c. showed that all the starting material had been

consumed. After cooling, the reaction mixture was filtered,

when sodium p-toluenesulphinate (l.55g.) was obtained as a

colourless precipitate. Examination of the filtrate by

g.l.c. (10%SIL, 65°; and 5%PEGA 50°) showed a product with

R^ identical to the 3-isopropylidenecyclopentene prepared in
the vacuum pyrolysis of the sodium salt. A quantitative

estimation using the D.6 instrument, and using p-xylene as

internal standard (10% APL, 85°), showed that the yield of

3-isopropylidenecyclopentene was 74.1*1$.
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P"^ Isopropylcyolopentane. - A mixture of 3-isopropylidene-

cyclopentene (0.5g.» O.OO46 mole) and 10% palladium on

charcoal (0.05g.) in dry ether (10ml.) was shaken for 10 hr.,

at atmospheric pressure, in an atmosphere of hydrogen.

The mixture wa,s then filtered through Hyflo-supercel, and

the ether evaporated under reduced pressure, to give a

colourless liquid. A flash distillation of this liquid,

"b.p. 126°, afforded a colourless liquid, the p.m.r. of which

showed that ether was still present. Preparative gas-liquid

chromatography (10% GAR, 40°), 15' x 3/8" i.d. packed

column* afforded pure isopropyIcyclopentane.

(Pound; G, 85.85 H, 14.1. Gale, for CgH^: G, 85.65?
H, 14.35$).

IT.m.r.(CDClg) : 8.0-9«0(m» 1QH)* and 8.15(d, 2xMe).
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APPENDIX I

a-Diarylmethylenecyclopentanones

a) N.m.r. spectral data ("tT values)

Solvent: CBCl^

X « -H -£-ch3 -m-OMe -e-cf3

Ar 2.8-3.0,m. 2.9,"bs. 2.6-3.4,m. 2.3-2.9,m.

CH2 7.3,t. 7.2,t. 7.2,t. 7.2 ,t.
(3 & 5) 7.6-7.9, 7.4-7.8,m. 7.4-7 ® 8, in. 7 » 4—7.8,m.

4 8.0-8.4,111. 7.9-8.35,m. 7.8-8.4,m. 7.8-8.2,m.

ch3 7.68,s. 6.3,S.

t>) I.r. spectral data: v cm.""1 (Nu.iol):

CsO 1700 1715, 1700 1700 1715

C=C 1590 1590 1570 1570
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APPENDIX II

Toluene—p—sulphonylh.yd.razones of

a-diarylmethylenecyclopentanones

a) ^"H N.m.r. spectral data (~Tvalues)

Solvent: CDCl^

-H —£-Me -m—OMe -£-CF:

NH

Ar

CH
2

(3 & 5)

CH-

NfH

=N

=C

0„

2.7-3.0 2.75-3.0 2.6-3.4

2.65-2.9,111. 2.75-3.0Tm. 2.6-2.95,m,

7.4-7.8,m. j 7.4-7.8,m. 7.3-7.8,111.

8.0-8,4,m. ' 7.95-8.4,111. 8.0-8.4,m.

7.6,s.
7.6,s, 2xMe |6.25,s,Me; 6.3,d,Mej

| 7.7»s,Me, and 7.62,s.

2.3-2.9

,2.3-2.6,m,4H
2.6-2.9,m,8H

I

7»3—7»8,111.
i

| 7.9—8.4>m.
| 7.6,bs.

1>) I.r. spectral data: v cm,"""*" (Nu.jol):

3460, 3200 j 3250

1600 1630,w.

1570,W. 1600,W. j

1165
1340

1170
1330

3490, 3230

1590

1570

1160

1335

3220

1615,w.

1600

1170
1335

w. = weak absorption.
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1,2-Benzodiazepines ("C values )

a) 1H N .m.r. spectral data y

Solvent CDC1.

-H

-H

-H

-Me

—OMe

-H

-H

-CF.

Ar

<p-H(6)
3a

^h2
(1,2 &

4JH.

3)

2.4-2.9,rn,8H. ,2.75-3.0,m,6H. 2.85-3.45fm,7H. 2.2~2.9,m,6H,' '
I

2,15jd,lH. j 2.4,s,1H. 2.0,s,1H.! I
6.65-7»0,m,lll. I 6.6-7.0,m. 6.75-7.0,m« 6.6—7.0,111.

1 1
7.05-8.O,in,6H. | 7.1-8.0,m,6H. I 7.2-8.2,in,6H. I 7.1—7.9,m,6H.

i i i
7.58,s» 6.1,s,Me.

* 7.63,s. ' 6.35,s,Me. 1
-1/b) I.r. spectral data: v cm. (Nu.jol):

JT-N

C=C

I600w. ' I6l0w. I
i I

I570w. f 1570w. j

_L

1605

1580

1620

w. =weak absorption
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g-Monoarylmethyleneoyolohexanones

) H N.m.r. spectral data (X values)

Solvent CDCl^

H -m-OMe ~£—ITOp
trans- cis— trans- ois-

Ar 2.7»Ds, 2.6-2.9,m. !2.95-3.15,m,2H"3

I
=C-H 2.7,s. 3.75 ,s«

(2.55,B,1H.
2.75»ci,lK.
2.95-3.15»1H. _

2.6-3.4,m.' 1.75,Ha
| 2.45,Kb

3.65,bs. | 2.45-2.5

CH2 7» 0—7 »4 ,® 12H* i7.05-7,35 ,®,2H.
(3 & 6) 7.4-7.75tra»2H. 7*2-7.8,m.lY.35_7e65fm,2H. 7 #2-7 • 6 f 7.0—7.6,m.

CH j
(4 & 5) 7.9-8.4,m. 7.8-8.3,m.>7.9-8.4,®. 7.8-8,4,m. 7.7—8.4,®.

CH, |6.25 6.23

| JABaJA'f B f"

1
.

8c./sec.

t>) I.r. spectral data: vera . 1(Nu.iol):

C=C 1690 . 1700 'l680 1670 1680

C=C 1600 1630 'l600
1

1605 1600,1590
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APPENDIX V

Toluene—p—sulphonylhydrazones of

a -monoarylmethylenecyolohexanones«

a) "Si N.m.r. spectral data (T values)

A» B'

Me

™ AB

Solvent: dgDMSO

X = -H m-OMe £-NO2
trans- cis- trans- trans —

NH -0.2 -0.4
i

-0.22 -0.5

2.23,Ha 2.48,Ha
|

2.23,Ha 2.12,Ha

Ar 2.63,Hb
2.78,hs,5H.

2.88,Hb
2.9-3.l5»m,5H.

2.63 ,H.p
2.75-2.9, and

3.05-3.3,m,4H.

2.45,Hb
1.75,^,2
2.55.V

I
= CH 3.4»s. 3.8,hs. 3.45is. 3.22

CH2
(3^ fc 6)

7.2-7.8,m. 7.3-7.8,m. 7.2-7.8,m. 7.2-7.6,m.

(4 fe 5) 8.2-8.7,m. 8.0-8.5,m. ' 8.1-8.6,m.
!
!

8.0-8.6,m.

7.58,s.
Me 7.68,s.

JAB=JA'B'* =

7.68 ,s.

90./sec.
j 6.25,s; 7.6,s.
| JAB=JA'B-t=:
j 9c./sec.

JAB =JA>B,=9°./Bec.
_=>J - -=8c./sec

B A B

b) I.r. speptraldata: vem. "'"(Nu.iol)
NH 3240 3200 i 3205 1 3230

C=N l630w. | 1600
! 1590

c=c 1600 1600 | 1570
i

SO- 1175 1160 1 1160
I

1165
c.

1345 1320 I 1335
t

1345

w. = weak absorption



1

138.

APPENDIX VI

Tetrahydro—3H-indazoIes

a) ^H N.m.r. spectral data (tTvalues)

Solvent 1,2: CCl^; 3: CDCl^
x = H (1) l 0 y-r* »-=» (D ro -H (3)

y = H H no2
NH -1.4- -1.9. 1*1fS. 2.75»s.

At
2.2—2.45 fin»2H

2.45-2.85,m,3H. 2*8,dt3H# 1.78,Hb
2.2,Ha

ch 3.l5,q,lH.(HY)
°H2 (3 & 6) 7.1-7»6,m. 7•1—7•6,m. 7•1-7•5

°h2 (4 & 5) 8.0-8.4fm. 8.0—8.4fKi. 8.0-8.3 fin.

CH3 6.25

jab=ja*br=10o*/sec*
b) I.r. spectral data: vcm,""^"

CCl^ Soln.(lmra.). GCl^ Soln. (lrnm.) . Nujol

NH 3200-3140,b. 3460, 3200, 3140 3240,b.

G=N 1610 1610. 1600,s.

o IIo 1580 1580.

"b = broad absorption
s = strong absorption
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APPEMDIX VII

Acyclic a>3 -unsaturated, ketones

a) N.m.r. spectral data (V values)

Solvent: CC1, X. 04 X H
G = G -- C -

X !
Ph Y

cis
X = Ph Me H
Y = H H Ph
Z - Me Ph Me

. r\ f r\ O rr P • 1 f Q t 2H ■ and ~ c — qAt 2.6-2.85,m. 'H' ' 2.55-2.8rm,
2.5-2.85,m,8H.

=C-H 3.6,s. 2.97,s. 3.10,s.

Me 8,25 ,s. 7.48,s. 7.8l,s.

h) I.r. spectral data: vcm.

Nujol Liquid Hujol

C=0 1690 1660 1700

1670 1685 1680
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APPENDIX VIII

Toluene-p-sulphonylhydrazones of acyclic /~ ~

/S02-Vv /y^i
a,B-unsaturated, ketones —

a) N.m.r. spectral data (T values)

Solvent: 1,2,: CDC1 , 3: dgDMSO I

N
!l

C = C — C — Z

Ph Y

X = Ph (l) Me (2) trans H (3)
Y = H H Ph
Z = Me Ph Me

N-H 2.0-2.35,™. 2.05-3.15 2.37-3.1

Ar 2.7,s,10H, 2.05-3.15,™. 2.37-3.1,m.
2.75-2.85,4H.

=C-H 3.35,s and 3.85,s^and (unresolved)

3»80^s, '4.12, s.

Me(l) 7.6, s. 7.65,s. 7.6,s.
Me 8,33,b anjL 7#7,S'. and 8.0, s.

8.65,s. 8.18,s*
8) I.r. spectral data: v cm,"'*' (Nu.jol):

N-H 3190 3200b. 3160b.
3210sh.

C=N 1600 1625 1600

b = broad absorption
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APPENDIX IXa

3-Methyl-3> 5-diphenyl-3H-rvrazole

a) XH N.m.r. spectral data

Me

Ph

Solvent: CC1, (~C values)

Ph

'N'
•N

N=N

C=C

At =C—H

2.85,dflH.

2.0,d,lH.

2.4-2.8,m ,8H.

2.4-2.8,m.

-1

Me

8.2,s,

b) I.r. spectral data: v cm. (Nujol)

1630

1600

APPENDIX IXb

5-Methyl-3«4-diphenylpyrazole

a) N.m.r. spectral data

Solvent: CDC1,

Ph

Me'

Ph

■N-
H

.N

Ar Me

2.4-3.0 band. 7.8,s.

-1
b) I.r. spectral data: ycm, (Nu.jol)

N-H 3200-3060,broad absorption
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APPENDIX X

N Me
rN y\

A

Me

The products of the decomposition of

2-(di-p-tolylmethylene)oyclopentanone

toluene-p~sulphonylhydrazone

a) ^"H N.m.r. spectral data (T values)

Solvent CDC1-.

A B

Ar

CH2 (3 and 6)
(4 and 5)

Me

3.0,s.

7.0—7.3

8.0-8.4fm,

7*7is•

2.35»4,2H, and

2.8-3.15»m}6H.

6.7-7.4,m.
7.8-8.4fm.

7.7,s.

"b) I.r. spectral data; cm. (Nu.jol):

NbN

c=c

I65O,strong 1615

1590
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APPENDIX XI

preparation of 3-phenyl-lH-cyclopenta[c]pyrazole

0

I!
H

;> \
Ph

yN.Ts
N H /H
II /

N
Ph

1 2

a) N.m.r. spectral data (IT values)
Solvent CDC1.

H

■Ph

NH

At

=C-H

Me

CH2 (3 or 5) 6.9-7.2,m.
4 and (3 or 5) 7.4-8.2,m.

2.6-2.8

2.07,

2.4-2.7,m,5H. 2.5, and

2.6-2.8,m

2.4-2.7 2.6-2.8

7.6,s.

7•0—7.4,®•

7.6-8.45,m«

JAB=JA«B'=9c'/SeC-

b) I.r. spectral data: v cm. (Nu.jol):

2.2-2.8

2.2-2.8,m.

7.0-7.6,m,6H,

N-H

C=0

C=N

c=c

so„

1710

1620

3200

1650

1600

1170

1340

3140,broad

1610

1590,strong
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INDEX TO DISCUSSION

Page No.

BASE-INDUCED DECOMPOSITION OP THE TOLUENE—]>-

SULPHONYLHYDRAZONES OP:

a-Dialkyl and

a-Diarylmethylene Cyclic Ketones I48

a-Monoarylmethylene Cyclic Ketones 177

Acyolic Ketones 187

Acylstyrenes and Acylstilbenes 195
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DISCUSSION

Earlier workers have shown that the toluene-p-

sulphonylhydrazones of a,p-unsaturated carhonyl compounds can

he cyclised in the presence of base (e.g. sodium methoxide),

to give cyclopropenes, 3H-pyrazoles and pyrazoles (see
* 37

Introduction, pages 28-34). Closs and Boll have

reported that the sodium salts of the toluene-p-sulphony1-

hydrazones of some open-chain and cyclic ketones were readily

cyclised to 3H-pyrazoles on heating the sodium salt to 130° in

high vacuum:

R
\

C=C-C=N-N-S0oAr
h' 1 >2 Na+

R'R

a: R=R =Me; R»=H

b: R=Me ; R'=R2=-(CH2)5-

R'

\
R

R"

(1)

'IT

R

a, 36%

b, 68%

The same workers also found that the 3H-pyrazoles (l)

underwent facile elimination of nitrogen on irradiation with

UV light at 13°, to give cyclopropenes (2):

R«

R'

R

J

N
N

hv
R*

[>
R

/
R

R

a, 65^

b, quantitative

(1) (2)
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The same group also reported the photoisomerisation of the

3H-pyrazoles (3)^"^:

j N1
.N2;n

a, n = 5

b, n = 4
0C

/

hv

/ -60°
He Me

hv

(0H2)n

^H2)n

Photolysis of the 3H-pyrazole (3h) in methylene chloride at

-60° gave the photoisomer (46), which on warming to 0° was

converted hack to the 3H-pyrazole. However, irradiation of

3h in pentane at -60° led to loss of nitrogen, and gave the

unstable cyclopropene (5b). At temperatures above -20° the

cyclopropene derivative dimerised rapidly to give an

unidentified hydrocarbon mixture. This synthesis has now been

extended to the preparation of benzocyclopropene derivatives

from 3H-indazoles, by irradiation of the 3H-indazole in
108

hydrocarbon solvents at low temperatures :
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R = CR, CO Me, OMe

This investigation hegan with two objectives; (a) to

investigate the base-induced, cyclisation of the toluene-p-

sulphonylhydrazones of ketones of type (6), under both thermal

and photochemical conditions, R

varying both the ring size (n), and the nature of R, and

(b) to examine the thermal and photochemical decomposition of

the 3H—pyrazoles produced. As will become apparent, only

the first of these objectives has been achieved, and the

results obtained have led to the study of some related

cyclisation reactions of acyclic a,p-unsaturated ketones.
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Base-induced, cyclisation of the Toluene-p-

sulphonylhydrazones of some a-Dialkylmethylene and

g-Diarylmethylene Cyclic Ketones

Synthesis of the a,ft-unsaturated ketones

The preparation of 2-isopropylidenecyclopentanone was

carried out "by the base-induced Aldol condensation of acetone

and cyclopentanone.

The a-diarylmethylene cyclic ketones (n=3) were prepared

by the reaction of two equivalents of the appropriate aryl

Grignard reagent with 2-ethylenedioxyethoxycarbonylcyclo-

pentane. The latter reagent was prepared by the Dieckmann

condensation of diethyl adipate, using sodium ethoxide as

ft A
the base . The carbonyl function of the 2-ethoxycarbonyl-

cyclopentanone was then protected as the ethylenedioxy deriv-

8s
ative , to prevent reaction of the Grignard reagent at

this site.

A facile removal of the protecting group to give the

P-keto-tertiary alcohol occurred under mild acid conditions,

but dehydration of the alcohcl was much more difficult to

achieve. A standard set of reaction conditions could not

be established for each aryl-substituent, so that several

pilot-scheme dehydrations were carried out each time, and

the course of the dehydration followed by gas-liquid

chromatography. The general conditions used were to heat

a solution of the p-ketal-alcohol in aqueous alcohol,
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containing hydrochloric acid (1-5$)• The solution was

usually heated under reflux, with rapid mechanical stirring,

for 2-5 hr. The duration of reflux and amount of acid used

were kept to an absolute minimum, since a high degree of

polymerisation occurred at this stage, and this accounts for

the poor yield of the a,|3-unsaturated ketones (about 30$).
The other serious limitation of this synthetic procedure

is that the choice of substituents in the aryl ring is

strictly limited to those which do not react with the Grignard

reagent.

2-Isopropylidenecyclopentanone

The anhydrous sodium salt of the toluene-p-sulphonyl-

hydrazone of the above ketone was prepared by dissolving the

toluene-p—sulphonyIhydrazona in dry ethanol, in which an

equivalent of sodium had been dissolved. After stirring at

room temperature for a few minutes, the solvent was evaporated

op a rotary evaporator, keeping the temperature as low as

possible. The resulting sodium salt was then dried under

high vacuum for several hours. This preparative procedure

was used in all subsequent experiments.

It was found that no decomposition occurred on heating

the sodium salt in dry cyclohexane for 24 hours, but when

the reaction was carried out in toluene at 110°, a steady

evolution of nitrogen occurred. The decomposition of the

sodium salt of this toluene-p-sulphonylhydrazone Was also
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carried out by pyrolysis of the sodium salt -under high vacuum.

The anhydrous sodium salt was mixed with sand, and then slowly

heated to 200° under high vacuum. At a reaction temperature

of 130°, a mauve compound distilled into the first cold trap,

and this compound was a mobile, violet coloured liquid, which

evolved nitrogen on standing at room temperature. The i.r.

spectrum of this violet compound showed a strong absorption

at 2050cmo indicative of an aliphatic diazo-compound.

Distillation of this liquid at 56°/lOmm., gave a 64% yield of

a colourless oil, which, by comparison of gas-liquid

chromatography retention times and spectroscopic data, was

found to be identical with the product obtained from the

decomposition in toluene. The microanalytical and spectro¬

scopic evidence indicated that the product was 3-isopropyl-

idenecyclopentene (6), and that the intermediate violet

coloured compound was wholly, or partly the diazoalkene (7).

Further chemical and spectroscopic evidence was obtained by

hydrogenation of the diene, and the structure of this

degradation product was formulated as isopropylcyclopentane

on the basis of analytical and spectroscopic evidence.
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Na

N.N.Ts

120-130

-NaTs

(8)

(7)

%
\

,N
"N

Me
-Me

Me
Y

c

Me

(6)

No evidence was found for "the formation of the 3H-pyrazole

(8), and this result contrasts strongly with that of Closs

and Boll who obtained the 3H-pyrazole from the decompos¬

ition of 2-isopropylidenecycloheptanone toluene-p-sulphonyl-

hydrazone, using the same reaction conditions as this

investigation, as reported at the beginning of the Discussion

of this thesis.

Experiments with Dreiding models have shown that ring

closure (7)->(8) is very unfavourable for steric reasons in

the five membered ring case compared with the seven membered

ring homologue reported by Closs. Perhaps the most

significant difference in the steric configuration of these
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two homologues is the markedly increased flexibility of the

seven membered ring, compared to the cyclopentane derivative.

This effect alone could be sufficient to cause this variation

in the products of these particular decompositions. Hence,

because of the extra strain involved in the formation of two

fused five membered rings, the intermediate diazoalkene follows

the alternative decomposition pathway by losing nitrogen, to

give the carbene. This carbene does not undergo cyclisation

to the cyclopropene derivative (6b), because of the inherent in¬

stability of these compounds, and instead gives the diene (6),

by a simple 1,2-proton shift.

Me M e

G
+

U /

A

Me

\

/ \

.Me

(6b)

The decomposition of the sodium salt of 2-cyclopentyl-

idenecyclopentanone toluene-p-sulphonylhydrazone has since

109
been carried out, and loss of nitrogen was again observed
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9i

oA ^ // (8)

The structure of this product was determined by both

analytical and spectroscopic evidence as 3-oyclopentylidene-

cyclopentene. The correlation of the p.m.r. spectra of the

3-cyclopentylidene and 3-isopropylidene products was

excellent, and spin-spin decoupling by the double resonance

technique gave further evidence for the structure of

3-cyclopentylidenecyclopentene.

q-Diarylmethylenecyclopentanones. -

In this series of compounds 'n' was maintained at 3,

but the nature of R was changed to aryl groups (e.g. 9).

The anhydrous sodium salt of 2-diphenylmethylenecyclo-

pentanone toluene-p-sulphonylhydrazone (9) was prepared as

previously described,and was then heated at 70°-80° in cyclo-

hexane for 25 hrs. Careful observation of the decomposition

reaction was very informative, since no nitrogen evolution

was observed, and after heating at 70°-80° for a short time,

a red colouration was observed. This colouration was most
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intense after about four hours, but gradually faded to give a

yellow solution and a colourless precipitate. The colourless

precipitate of sodium p-toluenesulphinate was filtered off,

and the filtrate worked up in the usual way to give a yellow

crystalline solid, which was assigned the structure (lO),

1,2,3,3a-tetrahydro-10-phenylbenzo[c] cyclopenta[f]-[1,2] -

diazepine.

Ph Ph

70-80°
-NaTs

25 hr.

(10)

Analogous 1,2-benzodiazepines were obtained from the

cyclisation of other analogues of (9), where the phenyl group

was replaced by p-tolyl, m-methoxyphenyl, and p-trifluoro-

methylphenyl groups. The yield of these cyclised products

varied from 80.3% to 55»9%.

The structure of (10) was formulated on both spectro¬

scopic and chemical evidence, and the spectroscopic evidence

will be discussed first:
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The i.r. spectrum of (10) showed no absorption above

3000cm. \ and this excludes the possibility of any N-H bonds

in the system.

The yellow colour of the product rendered unlikely the

possibility of a pyrazole system, since these are invariably

colourless compounds. Further, the yellow colour suggested

the conjugated -N=N- chromophore (Ph-N=N-).

The p.m.r. spectrum showed no peaks 14.0-6.0 , strongly

indicating that no diphenylmethyl proton was present. In the

£-tolyl-derivative, the chemical shifts of the two methyl

.peaks were slightly different (*C7«58> andf7«63). This suggests

that the phenyl rings are not identical, and could indicate

■that one ring is now more substituted than the other.

However, there will probably be hindered rotation of these

£-tolyl groups about the C-Ar bond because of the steric

restriction of these two bulky groups, and this could account

for these different chemical shifts. By contrast, however,

ithe methyl groups of product (ll) showed a single methyl

absorption (T7»7)f where a similar type of restricted rotation

-ould be expected. [The formulation of product (ll) is
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The integral of the p.m.r. spectrum showed- 9 aroitatic protons

to 7 aliphatic protons. There was a low-field aromatic

absorption (£2.15s doublet), integrating for one proton.

This is almost certainly Hg, deshielded by its position,
ortho- to the —N=N- group, and the multiplicity of this

splitting pattern shows that it is split by only one other

proton. By analogy, the p.m.r. of azobenzene shows multi-

plets~£"l.95-2.15 (4H), and 2.3-2.6 (6H), where the four

protons ortho- to (-N=N-) are more deshielded than the six

protons meta- and para- to (-N=N-).

The mass spectrum of this compound (shown opposite) was

very definitive, and all the major peaks in this spectrum may

be explained on the basis of structure (10). The molecular

ion is of mass 260, confirming the expected molecular weight.

[a molecular weight determination by cryscopic measurements

gave a molecular weight of 254j ruling out the possibility of

a polymeric compound.] The first major peak occurs at 232,

corresponding to loss of nitrogen. The next peak is at 205,

showing loss of This fragment is fully conjugated,

which, as expected, is a very strong peak.

h / » ii h
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The peak at 191 corresponds to loss of CH^ from this, and then
loss of ^2^2' £*v:*-n£ "^e Pea^ al 165. There are well marked
metastahle peaks at ca.180, and ca,157. The latter

O

corresponds to the transition 232-*191 (191 /232 = 157»2), "but

the former is more difficult to assign, although it may

correspond to the transition 232->205 (205 /232 = 181.l).

The expected peak ar 77 is observed, corresponding to the

phenyl ion, and subsequent peaks relate its break-down. In

the region 80-120 there are a large number of half-mass

numbers, due to doubly charged ions, which are typical of

stable aromatic systems. As would be expected from the

structure (10), the stable aromatic centres are initially

•unaffected, and the major peaks in the spectrum correspond to

the break-down of the five membered ring, after loss of

nitrogen has occurred. The p-"oolyl-derivative (shown

overleaf) gives a molecular ion at 288, and the rest of the

cracking pattern is consistent with the structural assignment

of this compound.

The analytical and spectroscopic data of the other 1,2-

benzodiazepines prepared were consistent with the structures

proposed in each case.

Chemical degradation of the 1,2-benzodiazepine (12)

also gave products whose analytical and spectroscopic data

were consistent with the proposed structures of these

compounds. Hydrogenation by shaking (12) in ethanol,
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containing 10% palladium on charcoal * gave a rapid, initial

uptake of hydrogen, corresponding to hydrogenation of one

oh.

(ch.co)9o

coch-
h Hj ^COCI^

double bond. Loss of the yellow colour of the solution also

occurred during this uptake of hydrogen, and the product at

this stage showed no strong absorption in the UV spectrum,

showing that loss of conjugation had occurred. However,

work-up of the reaction mixture at this stage gave a yellow

oil, which could not be crystallised. Finally, a satisfactory

hydrogenation procedure was developed by the addition of three

portions of catalyst at daily intervals, thus ensuring that

all the catalyst was not poisoned by the amine formation.

By this method, a second mole of hydrogen was absorbed very
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slowly, and. the diamine (13) was isolated in 31$ yield.

Acetylation of (13), using acetic anhydride, gave the N,N'-

diacetyl-derivative (14).

The i.r. spectrum of the diamine derivative (13) gave

a broad absorption at 3260cm. ^, which was not present in

the 1,2-benzodiazepine. The p.m.r. spectrum of the diamine

gave an integral of 7 aromatic protons to 19 aliphatic protons.

The expected system for the aromatic ring was not

observed, instead absorptions for the aromatic protons were

broad singlets, I 2.85 (4-H) , and 3.45 (3H). The expected

spin-spin interactions are probably not observed because of

the steric crowding of these two aromatic rings. The three

protons of the more substituted aromatic ring are therefore

more shielded than the less substituted aromatic ring, which

is typical of an aromatic amine. The diphenylmethyl proton

was observed as a broad singlet. This broadening

is due to the effect of the nitrogen atoms in the system.

The chemical shift of this proton compares with the position

of the methyl proton of 2-(di-p-tolylmethyl)cyclopentanone

1 5.45 (doublet). The aromatic -NH^ absorbed at'16.2—6.6 (2H)
as a broad peak. The methyl groups showed different

chemical shifts Xl»65, andX7.80, and the protons of the

cyclopentyl ring and the aliphatic amine protons absorbed

as multiplets "£7.0-8.6. The position of the aliphatic amine
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protons is probably 8.0+, since the amine protons of cyclo-

propylamine absorb at "£8«17. The p.m.r. spectrum of the

N,N'-diacetyl derivative also gave good evidence for structure

(14). The aromatic region was shifted upfield compared with

the arcmatic region of the di-amine. The absorption'"£2. 92, as

a singlet, gave an integral for four protons, corresponding to

the p-tolyl group. As in the diamine, there was no evidence

of the quartet. The proton ortho to the acetyl group

was more deshielded than the other two protons of the more

substituted aromatic ring,"£3.35 (lH), and 3.58 (2H). The

diphenylmethyl proton was shifted upfield compared to the

diamine "f 5*2->-5» 6. The other aliphatic protons absorbed

-£7.4-8.6, integrating for 20 protons, corresponding to the

protons of the four methyl groups,"£7.651 7«8 and 7.85» and

eight protons for the cyclopentyi ring. The two protons

attached to the nitrogen atoms(N.COCH,) seemed to be diffuse,
H -j

and were not observed in the p.m.r. spectrum. However, the

i.r. spectrum showed a sharp absorption at 3340cm. ,

confirming the presence of the N-H groups.

Absolute confirmation of these structures can only be

obtained by comparison with the authentic compounds. The

preparation of the authentic diamine was commenced as part of

this investigation, and is at present being pursued by another

member of the research group. These results are not yet

available.
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RESONANCE STABILISATION OF DIAZOALKENES



161.

When the decomposition of the sodium salt (16a) was carried out,

11.8% of the azine (15) was isolated as well as the correspond-

.ng 1,2-benzodiazepine (Scheme A). This clearly suggests

;hat the diazoalkene is less stable in this case, due to the

>resence of the £-trifluoromethyl group, The

yclisation step is slower in this case, and thermal decomposi-

;ion of the diazoalkene to the carbene occurs, and this

lecomes a competing reaction to the cyclisation process.

The reasons for a less stable diazoalkene in this case

rill now be considered. Opposite are shown the principal

canonical forms contributing to the resonance stabilisation

>f the diazoalkene. A consideration of these can be used

;o predict the effect on the stability of the system of various

ubstituents in the aromatic rings. As shown, there are

ranonical forms in which the positive charge resides on the

.romatic ring [forms E and F], and forms where there is a

.egative charge on the aromatic ring [forms H and i],

. priori, it may be thought that substituents in the aromatic

'ing would have little effect, since those which favour forms

I and F would not favour forms H and I, so that the net

ffect of a subsituent would be zero. However, on further

ixamination this may not be true, because not all the

janonical forms will have the same weighting. Since

Litrogen is more electronegative than carbon, it will draw

jlectrons to it, and therefore, the canonical forms E and F
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X = -CF.

will make greater contributions to the stability of the

diazoalkene than H or I, since the negative charge is residing

on the nitrogen atoms in each of these forms. Hence, it is

to be expected that substituents which destabilise forms E and

F will have an important de-stabilising effect on the diazo¬

alkene. In forms E and F, the ]>-trifluoromethyl group is

inductively withdrawing electrons from the ring, thus making

the adjacent positive site more electropositive and hence

destabilising this canonical form.

On formation of the intermediate carbene (l7)y loss of

nitrogen, it may then react with a further mole of the diazo¬

alkene (16), to give the azine (15)*

Purely thermal decompositions of diazoalkanes nearly

always produce traces of azine, and the amount may be quite

substantial with aryl diazomethanes. Moss and Funk"*"^
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have oxidised indanone hydrazone with silver oxide to afford

1-diazoindane, and found that photolysis of 1-diazoindane gave

mainly indan-l-one azine (50%), together with indene (10%), and

indan—1-one (ca.5%). They also rationalised these products in

terms of carbene (18) participation.

The intermediacy of diazoalkenes in these cyclisation

reactions was suspected by analogy with the previous base-

induced decompositions of toluene-p-sulphonylhydrazones

reported in the literature, although the evidence quoted is

rarely little more than observation of a red colouration

during the decomposition. However, this red colouration was

observed in each of the a-diarylmethylenecyclopentanone

toluene-p-sulphonylhydrazone decompositions in this

investigation. A brown colour was initially observed,

which then slowly became red, and this colour then faded to

give a yellow reaction mixture. Also, the formation of the
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azine in the decomposition of £-trifluoromethyl-derivative, hy

analogy with the known mechanism of azine formation indicated at

least some diazo-intermediate in this reaction. The inter—

mediacy of a diazoalkene was confirmed by carrying out the

decomposition of two of these sodium salts in the presence of a

trap. When the decomposition of the sodium salt of 2-(di-p-

tolylmethylene)cyclopentanone toluene-£-sulphonylhydrazone was

carried out in cyclohexane, using triphenylphosphine as a trap,

the characteristic red colouration developed, and after 14 hr.,

work-up of the reaction mixture gave an unaffected yield of the

1,2-benzodiazepine, and a mixture of the triphenylphosphine and

triphenylphosphine oxide. This result shows that the presence

of a trap does not affect the cyclisation reaction. However, on

carrying out the decomposition of the sodium salt of 2-diphenyl-

methylenecyclopentanone toluene-£-sulphonylhydrazone in the

presence of the more nucleophilic tri-n-butylphosphine, no red

colouration developed, and work—-up of this reaction mixture

after only 8 hours gave 2-(diphenylmethylene)cyclopentanone

hydrazone in 85$ yield, and no diazepine was isolated. This

short reaction time indicates that the formation of the diazo—

alkene is not the rate determining step in these cyclisation

reactions, since the diazoalkene is quickly consumed by reaction

with tri-n-butylphosphine, whereas cyclisation to the 1,2—

benzodiazepine takes place much more slowly.
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In thsir investigation into tetraphenyloyclopentadienylid.es,

Singer and Lloyd^1"^ found that 2,3,4!5-'te"fcraphenyldiazocyclo-

pentadiene did not react with triphenylphosphine, and that on

reaction with tri-n-butylphosphine the expected phosphazine

was not isolated; 2 ,3 ?4»5-"te"ti>aPhenylcyclopentadienone

hydrazone being obtained. Hence, the phosphazines formed

by the highly nucleophilic tri-n-butylphosphine substrate

are readily prone to hydrolysis, giving the corresponding

hydrazone.

The decomposition of the sodium salt of the toluene-p-

sulphonylhydrazone of 2-(di-p-tolylmethylene)cyclopentanone

was also carried out under photochemical conditions. The

sodium salt was suspended in dry cyclohexane, and irradiated
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with the medium pressure lamp for one hour. After

filtering off the sodium p-toluenesulphinate and

evaporation of the cyclohexane under reduced pressure,

a red oil was obtained. The i.r. spectrum of this oil

showed a strong absorption at 2050cm. \ so that the

diazoalkene may also be generated by the photochemical

decomposition of the sodium salt. Further, when a sample

of the diazoalkene was heated under reflux in dry

cyclohexane, the corresponding 1,2-benzodiazepine was

obtained. These observations suggest that the 1,2-

benzodiazepine is formed by a thermally induced

cyclisation of the diazoalkene, and not from a direct

cyclisation of the sodium salt of the toluene-p-

sulphonylhydrazone. When a solution of this diazo¬

alkene in cyclohexane was irradiated with UT light for a

further hour, using the medium pressure lamp, no pure

product was isolated. However, the elemental

analysis of this tar showed that it did not contain

nitrogen. If loss of nitrogen results in carbene

formation when the photochemical decomposition is

35
carried out in an aprotic solvent, and Dauben and Willey

found that this did occur on photolysis of diazo-camphane

(see Introduction, page 34)» then the carbene could
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either undergo a 1,2-hydrogen shift to give the diene (19)»

or an insertion reaction to give the indene (20) (Scheme B).

It is uncertain as to whether the final nitrogen-

free product, formed by irradiation with the medium

pressure lamp,is formed directly from the diazoalkene or

from an intermediate product. Further investigation is

obviously required into both the products, and the

mechanism of the photochemical decomposition of the sodium

salts of these toluene-£-sulphonylhydrazones.

The mechanism of this novel cyclisation reaction

is of great interest. It is possible to write a mechanism

involving an intramolecular nucleophilic attack on the

benzene ring by the toluene-p-sulphonylhydrazone anion

with concomitant loss of the anion, this being a type

of S„i' reaction'N± Ph Ph

G

/) + ts

\ H__il-Ts H

(21)

Ph

/
IT—IT

H

(21a)



 



168.

This would then "be followed by re-aromatization of (21) ,

involving a 1,5-hydrogen shift to give the 1,2-benzo-

diazepine (21a). This mechanism seems unlikely for

the following reasons:

a) A Sjji_' reaction involving an unactivated benzene ring
has not been previously reported.

b) A good yield of cyclised product was obtained using

both electron donating and electron withdrawing

substituents in the aromatic ring.

c) Evidence has been found for the diazo-intermediate,

by use of a phosphine trap.

Also, since the diazoalkene, prepared from the photo-

chemical decomposition of the sodium salt cyclised to the

1,2-benzodiazepine in the absence of base, it seems more

likely that the reaction involves a thermal cyclisation of

the diazoalkene, rather than a direct cyclisation reaction,

with concomitant elimination of the toluene-p-sulphinate

anion. In view of these results, it is suggested that

the initial step in this reaction after formation of the

diazoalkene is a concerted electrocyclic process (Scheme B^),

followed by a fast [1,5] suprafacial sigmatropic hydrogen
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migration to restore the aromaticity of the system.

This reaction takes place under relatively mild conditions,

and the sigmatropic hydrogen shift conforms to the

Woodward-Hoffman selection rules^""'"^
The mechanism of concerted processes, such as the

Diels-Alder and other electrocyclic reactions, and the

Claisen and Cope rearrangements have not been well

understood until recent years. The reactions are

subject to thermal and/or photochemical control, and

usually proceed in a highly stereo-specific manner-^5fll6^
In many of the reactions, the rate of reaction is

virtually insensitive to solvent or catalyst, and

intermediate products are rare, so that mechanistic

studies have provided little additional information.

Woodward and Hoffman have considered these reactions

in terms of orbital symmetry considerations^"^>"^4, an^

have introduced a set of rules, which not only

explain a large majority of the reactions known at

present, but also allow predictions to be made on

un-studied reactions.
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A sigmatropic change involves the migration of aft*-bond,

flanked, by one or more "Tf-electron systems, to a new position

within the molecule in an uncatalysed intramolecular process.

The reaction order of these rearrangements is dependent on

the relationship of the CT-bond to the termini of the

~K-electron systems). Thus , the Claisen and Cope rearrange¬

ments are sigmatropic changes of order [3,3].

A priori, there are two topologically distinct ways of

effecting a sigmatropic migration, as shown below for a [l,5^

hydrogen shift:

suprafacial

In the suprafacial process, the transferred hydrogen is

associated at all times with the same face of the 7Tsys-fcemj

and the transition state possesses a plane of symmetry.

In the antarafacial process, the migrating hydrogen atom is
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passed, from the top face of one carbon terminus to the "bottom

face of the other, through a transition state with a twofold

axis of symmetry.

The symmetry allowed [i,j] thermal transformations are

shown "below:

[i» j]

[1,3] antara

[1,5] supra

[1,7] antara

Antarafacial processes are impossible for transformations

in small and medium sized rings, and specific [1,5] thermally

induced hydrogen migrations, uncomplicated by competing [1,3]

or [1,7] processes have previously been observed in both
117 118

cyclopentadienes and cycloheptatrienes . In the system

leading to 1,2-benzodiazepine formation being discussed, since

an antarafacial shift is not possible because of the ring size,

only a [1,5] suprafacial hydrogen migration is predicted from

the rules, and this is in accord with the observed reaction.

The alternative [1,3] and [1,7] antarafacial hydrogen

migrations would give (22a) and (22b), respectively, and these

products were not isolated:

Ph

(22a)
17 ~N

(22b)
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A priori a variety of other products also seemed possible,

but in practice the reaction was found to be selective to give

only the 1,2-benzodiazepine product.

The reason for this is probably that resonance stabilisation

o of the diazoalkene allows it a sufficiently long life-time for

slow cyclisation to occur, and the red colouration was

certainly observed for several hours. Hence, the elimination

of nitrogen to form the carbene, leading to products (B) or

(C) is not observed, and reaction pathway (D) is also not

possible for steric reasons. Only in the p-trifluoromethyl

substituent was a competing reaction observed, for reasons

already discussed.

Hence, this cyclisation reaction involving the

decomposition of the sodium salts of the toluene-p-sulphony1-
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hydrazones of a-diarylmethylenecyclopentanones provides a

novel route to 1 ^-"benzodiazepines, a class of compounds which

until now have received very little attention (see Introduc¬

tion , page 45).

Subsequent work in this investigation was designed to

examine the scope and limitations of this type of novel

cyclisation reaction, so that the ring size (n=4) was

investigated next, where E was ap-tolyl group.

a-(Di-p-tolylmethylenec.yclohexanone). - The anhydrous sodium

salt was prepared in the usual way, and its decomposition was

carried out in cyclohexane. Careful observation of the

reaction mixture during the decomposition showed that no

nitrogen was evolved and at no stage of the decomposition

w;as any colouration observed. Work-up of the reaction

mixture after 14 hours gave a colourless solid, the structure

of which was determined by both analytical and spectroscopic

data. The i.r. spectrum showed that there was no N-H bond

in the product. The p.m.r. spectrum gave an integral ratio of 8

aromatic protons to 14 aliphatic protons, and the aromatic

absorption was not that of two systems, but was a singlet

(£3.0) j this is probably again due to some overlap of the two

jo-tolyl groups. Two of the protons of the cyclohexene ring

are more de-shielded than the other six, and these are almost

certainly the two protons at position 7 (fig. H)» de-shielded
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by the -N=N group. A single methyl absorption (-£7.7)

indicates that the aromatic rings are identical, and that

one ring has not been substituted. The base of this singlet

is broadened due to two other protons at position 4, and the

two pairs of protons at sites 5 and 6 are least de-shielded,

and absorb at"T8.0-8«4. On heating, 4»516,7-tetrah.ydro-3,3—

(di-£-tolyl)-3H-indazole (ll) to 170°/0.01mm., a colourless

compound, m.p. I69--I7O0 was obtained. The i.r. spectrum of

this compound showed that it did not contain an N-H bond,

but it did contain a strong absorption at 1615cm."*''',
indicative of a C=N bond, and a very strong absorption at

1590cm. indicative of a C=C bond, whilst the indazole (ll)

showed neither of these absorptions. The p.m.r. spectrum

showed half of an system H^~^ 2.35, "the other half of
which was hidden by the other aromatic multipletf2.8-3.15>

and the integral showed eight aromatic protons to fourteen

aliphatic protons.
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(23*) \^l (23)

The two protons at position 7 were now diffuse"^6.7—7•4»

whilst the two at site 4 were now upfield at "07.8-8.4,

together with the protons at sites 5 an(l &• The methyl

absorption was still a singlet at"0 7»7. The microanalytical

data showed that this compound is an isomer of (ll) , and the

available evidence suggests that this compound is 4,5,6,7-

tetrahydro-1,3-(di-p-tolyl)-lH-indazole (23), or the 2H-

indazole (23b). Huttel and his co-workersreported a

ro2C

Ph

Ph Ro2C
K Ph

■ R

R

(24)

190 Ph R

(25)

Ph

J
J-Ph

H Ph
V ./

-co,
R-Ph
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very similar example of phenyl migration in their studies on

the preparation and reactions of 3H-pyrazoles, where 3H-

This marked variation in the nature of the cyclised

product between the cyclopentanone toluene-p-sulphonylhydrazone

and its cyclohexanone analogue may be rationalised in terms of

steric factors.

When the steric constraint of the five membered ring is

removed, it is suggested that rapid cyclisation of the diazo-

alkene to give the 3H-pyrazole can occur. This possibility

is supported by the fact that no red colouration was observed

during this cyclisation, indicating a fast cyclisation step.

No trapping reactions have been carried out on this system,

so that the intermediacy of a diazoalkene cannot be proposed

with absolute certainty. Prom the comparison of the reaction

times in 1,2-benzodiazepine formation and 3E-pyrazole forma¬

tion, it seems that the cyclisation to the 3H-pyrazole is a

pyrazole (24), on heating to 190°, gave (25).

n = 3, 4

/
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much faster reaction, and this appears to be the preferred

cyclisation pathway when steric factors permit. This is

not surprising, since the cyclisation step does not involve

a loss of aromaticity during the cyclisation step in this

case, as it does for 1,2-benzodiazepine formation. Hence,

although experiments with Drieding models have shown that

cyclisation to the diazepine is not sterically inhibited,

cyclisation to the 3H-pyrazole is preferred, and no 1,2-benzo-

diazepine was isolated in this cyclisation reaction.

Base-induced cyclisation of the Toluene-p-sulphonyl-

hydrazones of q-Monoarylmethylene Cyclic Ketones. -

Since the preparation of the diarylmethylene cyclic

ketones involved the use of an aryl Grignard reagent, so

limiting the choice of aromatic substituents, and since poor

yields of the a, [3-unsaturated ketones were obtained, compounds

of type (26) were then investigated:



These compounds were readily synthesised by the base-

catalysed Aldol condensation of substituted benzaldehydes

and the appropriate cyclic ketone. For example, the condensa¬

tion of cyclopentanone and benzaldehyde in the presence of

sodium hydroxide took place in 75»8% yield on stirring the

aqueous solution at room temperature for 8.5 hours. The

reaction conditions always give the trans- ketone, which can

often be photoisomerised to the cis- ketone. The analogous

reaction using benzophenone and its substituted derivatives

119
rarely takes place, and even then the yields are poor , so

that this condensation could not be used to prepare the

a-diarylmethylene cyclic ketones.

It was hoped to examine the cyclisations of a series of

cis and trans toluene-p-sulphonylhydrazcnes, varying the

substituent in the aromatic ring and varying the ring size

(n), to determine the factors favouring the cyclisation to

1,2-benzodiazepines compared to the competing cyclisation to

pyrazoles. This part of the investigation was eventually

abandoned, because the cis- ketone could not be prepared in
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the cyclopentane series, and proved very difficult in some

cases in the cyclohexane series. Even when the cis- ketone

was obtained, preparation of the cis toluene-p—sulphony1—

hydrazone was extremely difficult, since the condensation of

the ketone and toluene-p-sulphonylhydrazide is acid catalysed,

and acid enhanced the rate of the cis"trans isomerisation.

The results of the oyclisations of these cis and trans

compounds obtained are discussed here, although lH-pyrazoles

were obtained in all cases.

The decompositions of the sodium salts of the toluene-p-

sulphonylhydrazones were carried out in the usual way, and

although the decomposition of the sodium salt of trans 2—

benzylidenecyclohexanone toluene-p-sulphonylhydrazone took

place at 80°, the cyclopentane analogue did not decompose

after heating at 80° for 25 hours. On acidification of the

reaction mixture, trans-2-benzylidenec.yclopentanone toluene-p-

sulphonylhydrazone was recovered in 98$ yield, showing that

no reaction intermediate had been produced. Decomposition

did occur on heating the sodium salt at 110° in toluene for

16.5 hours. This illustrates yet again the effect of ring

size on the decomposition of these cyclic toluene-p-sulphony1-

hydrazones.

There is no record of any workers trapping or detecting

a diazo-intermediate in these reactions to form pyrazoles;

but in view of the common formation of diazo-compounds in the



180.

decompositions of toluene-£-sulphonylhydrazones, and the work
45

of Brewbaker and Hart , who showed that 3—diazoalkenes,

generated by another route, readily oyclised to pyrazoles at

room temperature, in the dark, it would therefore seem

probable that in the decompositions of the sodium salts of

the toluene-£-sulphonylhydrazones of the 2—benzylidene cyclic

ketones, the generation of the'diazoalkene is the rate de¬

termining step, and this is followed by a rapid cyclisation.

This would account for the absence of any red colouration

during these reactions, since the concentration of the

diazoalkene would always be very low. The Brewbaker:Hart

mechanism^ was reported in the Introduction (Page 37), and

the results of these workers were found to accord with the

general rule that 1,3-dipolar addition reactions are

relatively insensitive to the electron-donating or electron

releasing capacity of the substituents attached to the

dipolarophile.^

2—Benzylidenecyclopentanone. -

The reaction conditions of this cyclisation have already

been discussed, but the mechanism of this cyclisation will

now be considered in more detail.
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In the cyclopentane series, three types of reaction have

"been observed, cyclisation to form a seven membered ring,

cyclisation to form a five membered ring, and carbene formation
rotjC/v-,

followed by a 1,2 proton transfer to give a diene.

Me Me

\ /
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Me Me

\ /
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The apparent anomaly "between the 2-isopropylidene and

2-henzylidene derivatives may "be due to the steric effects

of the substituents on the methylene group, or may be due to

other factors. When R or R'=H, step 27"*27a is a facile

aromatization step, which is not possible when R=R'=Me.

This possibility implies that cyclisation may, in general, be

a reversible process (Scheme C), and that it is only observed

when either the initial product (27) is stable, or when it

(27) can undergo a rapid aromatization by a 1,3 hydrogen shift,

so driving the reaction to the right. Alternatively, this

difference could arise due to the difference in stability of

the two diazoalkenes, where resonance stabilisation with the

aromatic ring can occur in the 2-benzylidene derivative:

Me Me -

n

u +*I il

more stable than

The very unstable 2-isopropylidBne derivative undergoes

fast elimination of nitrogen, and the product is formed via a

carbene intermediate, whilst in the more stable 2-benzylidene

derivative, cyclisation is a competing reaction. However,

further experimental work is necessary to differentiate between

these alternative explanations.
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Many attempts were made to prepare the ois ketone, by

irradiation of a methanolic solution of the trans ketone,

but &n continued irradiation using a photosensitiser, a

complex breakdown of the trans ketone occurred. This result

94
is in agreement with the work of Hassner and Mead , who were

unable to isomerise trans 2-benzylidene-5-methylcyclopentanone.

Presumably the photoequilibrium in this system lies in favour

of the trans isomer, or some minor impurity may be acting as

a quencher.

2-Benzylidenecyclohexanones. -

Since the cyclopentane series could not be pursued,

because the cis ketones could not be prepared, the analogous

cyclohexane series was then studied. It seemed possible

that if the sodium salts of the cis toluene-p-sulphonyl-

hydrazones could be prepared and decomposed, then by suitably

substituting the aromatic ring, cyclisation might be induced

at the ortho- position of the aromatic ring, to give a lt2-

benzodiazepine, rather than at the methylene carbon atom to

give 4,5>6,7-tetrahydro-lH-indazoles.

2-Benzylidenec,yclohexanone. -

The cyclisation of the trans sodium salt of the

toluene-£-sulphonylhydrazone occurred in 15 hours at 80°,
although the temperature was raised to 110° for 3 hours at

the end of the cyclisation, and a 77*3% yield of 4,5,6,7-



Scheme D
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tetrahydro-3-phenyl-lH-indazole was obtained. The product

was thermally stable to vacuum pyrolysis (130°/C.05mm.),
which is to be expected from this pyrazole type system.

This was the only case where the cis toluene-p-sulphonyl-

hydrazone was isolated, and decomposition of this cis compound

at 80° for 16 hours gave an identical product to the trans

decomposition. This either means that the cis sodium salt

of the toluene-£-sulphonylhydrazone is thermally isomerised

to the trans compound, which then cyclises in the usual way

to the 3H-pyrazole, followed by aromatization, or more likely,

that as with the 2-diphenylmethylenecyclopentanone derivative,

cyclisation of the diazoalkene to give a 1,2-benzodiazepine

is a slow step, and cyclisation to the 3H-indazole, followed

by fast aromatization to the lH-indazole is therefore a

preferred reaction (Scheme D).

Many attempts were made to prepare trans 2-(3-nitro-

benzylidene)cyclohexanone, but in all cases 2,6-di—O'^^ritrobQr.zyixfene

cyclohexanone was obtained. This result is in agreement

119
with other reports on this attempted preparation

2- (4-Nitrobenz.ylidene) cyclohexanone. -

The trans ketone and toluene-p-sulphonylhydrazone were

readily prepared, and decomposition of the sodium salt of

the toluene-p-sulphonylhydrazone gave 4»5«6,7-letrahydro-3-

(4-nitrophenyl)-lH-indazole in 82.7% yield. However, the

decomposition did not occur in either boiling cyclohexane
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or toluene, but was complete in 7 hours on heating the sodium

salt at 168° in tert.-butylbenzene. Although it is possible

that the presence of the nitro group in the benzene ring

slowed down the rate of cyclisation of the diazoalkene, this
45

seems unlikely in view of the work of Brewbaker and Hart .

It is much more likely that the generation of the diazoalkene

from the resonance stabilised toluene-p-sulphonylhydrazone

anion required more vigorous reaction conditions due to

resonance stabilisation of the sodium salt anion of this

toluene-p-sulphonylhydrazone.

The deep orange colour of the sodium salt supports the

suggestion of a considerable contribution to the structure

from the canonical form A. All other sodium salts studied

in this investigation were colourless.

The cis ketone could not be prepared on a satisfactory

scale. An extremely dilute solution of a small sample of

the trans ketone did show a change in X on irradiationD
max.
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of the methanolic solution with UV light for several hours, hut

the reaction could not he carried out on a preparative scale.

In all these irradiations carried out in this investigation, the

degree of trans-»cis photoisomerisation was found to he a

function of the dilution of the solution, even at very low

concentrations.

2-(3-Methoxyhenzylidene)cyclohexanone. -

The decomposition of the sodium salt of the trans toluene-

£-sulphonylhydrazone was complete in 5 hours on heating at 100°
in tert.-butylbenzene, to give a 79,6% yield of 4,5,6,7-tetra—

hydro-3—(3-methoxyphenyl)-lH-indazole. The yield of product was

not significantly affected (72.5%) when the decomposition of the

sodium salt was carried out in ethanol (9 hours/80°). Since

dipolar cycloaddition reactions proceed by a concerted cyclic

shift of electrons in which there is little change in the charge

separation in the transition state, relative to the ground state,

these reactions are relatively insensitive to solvent effects

The correlation of the results in the protic and aprotic

solvents in this investigation supports the proposal that the

mechanism of these decompositions is an intramolecular 1,3—

dipolar cycloaddition reaction.

The ois ketone was readily prepared by irradiating a

methanolic solution of the trans ketone with the medium

pressure lamp at 65° for 8 hours, and was obtained in 81.5$

yield. However, the cis toluene-g-sulphonylhydrazone oould
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not be prepared, and experiments showed that the ois ketone

was thermally unstable, and was rapidly isomerised in the

presence of a trace of acid.

The analogy of these cyclisations to the experiments of

Brewbaker and Hart (see Introduction, page 37 ) indicates that

these decompositions involve a slow formation of the diazo-

compound, followed by a relatively fast cyclisation step, and

then aromatization of the 3H-pyrazole intermediate to the

tetrahydro-lH-indazole.

Since these compounds were very difficult to isomerise

in some cases, and because of the lack of certainty that

thermal isomerisation did not occur in the decomposition of

the ois toluene-p-sulphonylhydrazone, this branch of the work

was not pursued any further.

Base-induced Cyclisation of the Toluene-p—sulphonylhydrazones

of Acyclic Ketones. -

As part of the survey of the reactivity and cyclisation

reactions of the toluene-p-sulphonylhydrazones of a-diphenyl-

methyleneketones, the decomposition of the toluene-p-

sulphonylhydrazone of 4»4-diphenyl-but-3-en-2-one was then

examined. The product of this decomposition was assigned

the structure 5-me"fchyl-3,4-diphenylpyrazole on the basis

of analytical and spectroscopic evidence. This structure

indicates that migration of a phenyl group has occurred
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i

during this cyclisation reaction. Since there are very few

examples of phenyl migrations occurring under aprotic

conditions, the related cyclisation of q-phenyl-trans-benz.yl-

ideneacetone toluene-p-sulphonylhydrazone was then carried out,

when the expected product, 5-meihyl-3,4-diphenylpyrazole,was

obtained. This compound gave identical spectroscopic data

to the product of the 4,4-diphenyl-but-3-en-2-one decompos¬

ition, confirming the original structural assignment. From

the results of these two cyclisation reactions, it seemed

probable that this phenyl migration was a thermally induced

process, since the reaction conditions were completely

aprotic. However, the recent work of Sato and Watanabe"^
on the related cyclisation of dypnone toluene-p-sulphonyl-

hydrazone led them to the conclusion that in this instance,

the migration was induced, either by the protic solvent, or

by the proton generated in situ from the toluene—p-

sulphonylhydrazone, on formation of the sodium sa}t. This

anomaly prompted a careful examination of the oyclisation of

dypnone toluene-p-sulphonylhydrazone, and a re-examination

of the cyclisation of 4j4-diphenylbut-3-en-2-one toluene-p-

sulphonylhydrazone under a variety of reaction conditions.
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4,4-Diphen.ylbut-3-en-2-one. -

The decomposition of the sodium salt of the toluene-p-

sulphonylhydrazone was carried out at 80° in cyclohexane, and

was complete after 20 hours. Careful observation of the

reaction mixture showed that no red colouration developed at

any stage of the decomposition. Since the related dypnone

cyclisation developed an intense red colouration, indicative

of a diazo-intermediate, it seems very probable that this

cyclisation also proceeds via the diazoalkene intermediate.

If this is so, then the cyclisation must be a very rapid

process here, so that no build-up of diazoalkene occurs.

It seems probable that the initial product of cyclisation is

(30), which then -undergoes a facile 1,2 phenyl migration, to

afford the 3H-pyrazole (31) , and that this is then followed

by aromatization of (31) to give 5~methyl-3,4-diphenyl-

pyrazole (32). This last aromatization step is probably the

driving force for this reaction sequence.

The structural assignment of the product will now be

discussed.

The analytical evidence was consistent with the molecular

formula, and the product was a white solid, consistent with a

pyrazole type system. Vacuum pyrolysis of the product

(l80°/0.05mm.) gave no thermal decomposition, also indicative

of a stable pyrazole system. The i.r. spectrum gave a

broad absorption 3200-3060cm„ \ showing that the compound
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contained, an N-H "bond. The p.m.r. spectrum showed two broad

peaks; the aromatic protons "02.4-3.0 absorbed as one broad

singlet, the integral of which was eleven protons, since the

N-H is also absorbing in this region. The methyl protons

gave a single absorption at~£"7.8 (3H). Further analytical

and chemical evidence for this formulation was obtained by

the preparation of the N-acetyl derivative of (32). The

i.r. spectrum of this compound gave no absorption above

3000cm. \ showing that (32) contained a secondary amino

group; and a strong absorption at l630om. ^ showed that

this compound contained a carbonyl function. The p.m.r.

spectrum still showed a single band in the region "t?2.4-3.0,

strongly suggesting that there was no N-Ph bond in the

system. The integral of aromatic to aliphatic protons was

now 10:6, and the protons of the two methyl groups had

different chemical shif ts , •£ 7.2 and "^7*42 (singlets).
The p.m.r. spectrum of the toluene-p-sulphonylhydrazone

of this ketone is also of interest, since it was consistent

wii/h the presence of both the syn and anti forms of the

toluene-p-sulphonylhydrazone. The N-H absorption was at

""£"2.0-2.35» and the absorption due to the diphenylmethylene

protons was a singlet^2.7 (10H). The aromatic protons of

the tolyl group absorbed as a multiple!""^.75-2.85 (4H).

The olefinic proton H^ appeared as two singlets "£3*357 and"£3»80»
and the protons of the methyl group B were also resolved
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The suspected product, 5-me"thyl-3,4-d.iphenylpyrazole?was

synthesised by an alternative route.
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place at 80° in 24 hours to give 5-rnei;hyl"-3,4-diphenylpyrazole

in 63.7% yield. Ts _

IT- Na

\\ "
C — C G Me

/ Ph
Ph

II

>>
+ IT

li
=c — c-

Ph

-Me

Ph

V

(32)
-Me

(33)

-J



192.

The product obtained was clearly not (33) , since the i.r.

spectrum showed an N-H absorption at 3200-3060cm. . The

spectroscopic data of this product were identical to those

from the decomposition of 4»4-(iiphenyl-but-3-en-2-one toluene-

sulphonylhydrazone.

An attempt was then made to examine the cyclisation of

the cis toluene-p-sulphonylhydrazones, but although this cis

ketone was easily prepared, all attempts to convert it to

the cis toluene-p-sulphonylhydrazone gave the trans product.

Host of the earlier workers reporting group migrations

during the 3H-pyrazole-»lH-pyrazole rearrangements have

suggested that these migrations are acid catalysed (see

Introduction, page 40), and indeed such migrations do take

52
place readily under acid catalysed conditions :

H Me Me Me

\ / *,i \ /
Me HC1

Me
25° !!

H

Some workers have suggested that alcohols are sufficiently

strong acid catalysts to cause these group migrations.

However, the decomposition of the toluene-p-sulphonylhydrazone

4,4-diphenylbut-3-en-2—was carried out under anhydrous

conditions, in an aprotic solvent (cyclohexane), and therefore

it is suggested that the phenyl migration is a thermally

induced process, and not acid catalysed in this case. This
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reaction was repeated under very carefully controlled anhydrous

conditions, and the crude reaction product was definitely

confirmed as [(32), Scheme E], and no 3H-pyrazole (33) was

isolated. This contrasts strongly with the work of Sato and

Watanabe, who carried out the related cyclisation of dypnone

toluene-p-sulphonylhydrazone (Scheme F). They found that

when the toluene-p-sulphonylhydrazone was added to a suspension

of sodium methoxide in a protic solvent (ethylene glycol), or

an aprotic solvent (diglyme) and heated for about one hour to

I6O-I9O0, that the lH-pyrazole (32) was isolated as the primary

product. However, on carrying out the decomposition in

n-hexane (69°), the isolated product was the 3H-pyrazole (34).

Further, they found that the 3H-pyrazole-»lH-pyrazole

rearrangement took place in quantitative yield on heating the

3H-pyrazole in ethanol for one hour. They concluded that in

this instance, phenyl migration was effected by the action of

the proton from the solvent (ethylene glycol), or from the

methanol which was formed in situ from the toluene-p-

sulphonylhydrazone and sodium methoxide in diglyme. In

support of their rationalisation, decomposition of the

toluene-p-sulphonylhydrazone in n-hexane, using sodium hydride

or n-butyllithium as the base gave the 3H-pyrazole (34) as the

primary product, because the conditions of this cyclisation

were completely aprotic.
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The sodium salt was prepared in the usual way, and the

ethanol evaporated under high vacuum, so that the solution of

the sodium salt did not have to he warmed ahove room

temperature. The sodium salt was obtained as a pink glass,

which was then dried in the usual way. On heating the sodium

salt in each of the solvents used for this decomposition, the

intensity of the red colouration increased to give a deep red

solution, but after a few hours a colourless precipitate was

observed, and the intensity of the colour faded. This suggests

that a diazo-compound is an intermediate in this reaction.

Since the colouration was observed at room temperature, it

seems that elimination of the toluene-p-sulphinate anion to

give the diazo-compound is a facile step in this reaction.

When the decomposition was carried out in ethanol at 70°,
the cyclisation was complete in seven hours, and 5~meihyl~

3,4-diphenylpyrazole (32) was the only product obtained

(61.4$ yield). Using toluene as the solvent, isolation of

the product after heating at 110° for 14 hours gave only (32) ,

but on carrying out the decomposition in cyclohexane at

70-81° for 12 hours, the product obtained was 3-methyl-3,5*"

diphenyl-3H-pyrazole (34) in 77$ yield. Further, on heating

(34) in anhydrous toluene for 3.5 hours, (32) was obtained

in 92$ yield.

These results clearly support the conclusions drawn from

the cyclisation of 4,4-diphenylbut-3-en-2-one toluene-^-



195.

sulphonylhydrazone, that these migrations may also he effected

by heat alone, although the decomposition of dypnone toluene-p-

sulphonylhydrazone in ethanol does establish that phenyl

migration may also be an acid catalysed process as Sato and

Watanabe have suggested. Sato and Watanabe did realise that

their high temperature decompositions(160-190°) were not

aprotic, although their lower temperature decomposition was,

but they failed to demonstrate that at a high temperature,

decomposition under aprotic conditions would also have given

the rearranged product. These experiments therefore support

our original contention concerning these migrations, and it

appears that steric crowding in the 4,4-diphenylbut-3-en-2-one

case may increase the rate of rearrangement, so that even at

reaction temperatures of 70°-80°, the only isolable product

is the lH-pyrazole (32).

Base-induced Cyclisation of the Toluene-p-sulphon.ylh,ydrazones

of Acylstyrenes and Acylstilbenes. -

The decomposition of the toluene-p-sulphonylhydrazones

of type (35) was then investigated, since it seemed possible

that this might provide a facile route to 2,3-benzodiazepines.

H H
G~G.R

(35)

X
H
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"trans-(2-p-Toluoyl)stilbene (R=Ph, X=£-tolyl)
The toluene-£-sulphonylhydrazone of this ketone could,

not he prepared in the usual way hy a simple acid catalysed

condensation at 50°. A mixture of the ketone and toluene-p-

sulphonylhydrazide was heated in refluxing ethanol, containing

hydrochloric acid (0.4$) » and the yield of toluene-p-sulphonyl¬

hydrazone was the lowest recorded in this investigation (57$)•

The sodium salt was prepared in the usual way, and its

decomposition was carried out in cyclohexane at 70°• A

diazo-intermediate is a strong possibility in this reaction,

since the characteristic red colouration was observed after

heating the reaction mixture for a short time. The reaction

was complete after only seven hours, and a yellow crystalline

solid was isolated. This compound was assigned the structure

l-p-tolyl-4-phenyl-lH-2,3-benzodiazepine (36) on the basis of

analytical and spectroscopic evidence (Scheme G).

The yellow colour of this compound supports the proposed

conjugated system. The i.r. spectrum showed no absorptions

above 3000cm.~ , showing that the product does not contain

an N-H bond. The p.m.r. spectrum showed a complex aromatic

absorption £"1.8-3.0, with an integral equivalent to 14 protons,

although the olefinic proton (H^_) could be observed as a
singlet ("C2.92). The proton absorbed as a singlet

£6.05, and compares with the chemical shift of the methylene
120

■protons of diphenylmethane"*£"6.08 . The methyl protons
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absorbed, as a singlet at (__7.55« The mass spectrum was less

informative. The major peak in the spectrum at 282

corresponded to loss of nitrogen from the molecular ion (310) ,

but the other peaks in the spectrum were not easily assigned.

It is very possible that some secondary rearrangement occurs

on loss of nitrogen, giving a stable system which then

undergoes a more complex breakdown.

2-Acet.ylstyrene (R«=H, X=Me).

The ketone was prepared by a cyclodehydration of

N-acetyl-2-phenylethylamine to give the 3,4-dihydroisoquin-

oline, which on ring opening with dimethylsulphate in

Me

aqueous alkali gave 2-acetylstyrene.

The sodium salt of the toluene-£-sulphonylhydrazone was

prepared in the usual way, and the decomposition was carried

out in cyclohexane. Careful observation of the decomposition
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mixture showed that no red colouration developed at any stage

of the reaction, and that no nitrogen was evolved. After

heating for 7 hours at 81°, the product was isolated as a

yellow crystalline solid.

CH = OH,

C=N»N.Ts

Na+

\F

CH - CH,

C = IT = N
1 +

le

This solid was assigned the structure l-methyl-lH-2,3-

benzodiazepine (37) » on "the basis of analytical and

spectroscopic evidence. The microanalytical data was

consistent with the proposed molecular formula. The i.r.

spectrum showed no absorption above 3000cm. ^, showing that

the compound does not contain an N-H bond. The yellow colour

of the compound suggests -N=N- conjugation. The p.m.r.
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spectrum left little doubt about this structural assignment.

The -CH=CH-N= protons showed a clear AX spin system,

"|2.0 (Hx) , 3.5 (H^) , JAX=JXA=9c./sec. , Av AX=90c./sec.
The other aromatic protons showed a complex absorption

*"£2.4—2. 9» and the proton attached to the carbon was split

into a distorted quartet 7• 32 , by the methyl group attached

to C^. The methyl protons were split into a 2:1 doublet
("XT.75) by "the proton attached to C^„ The mass spectrum
gave a clear cracking pattern, and although it is not a unique

solution for this structure, it is good additional evidence.

The moDecular ion is clearly of mass 158» and confirms the

molecular weight. The most intense absorptions of the

spectrum are at M-28, M-29» M-30, and M-31. These correspond

to loss of nitrogen (130) and then subseuquent loss of

hydrogens 130-*127. The transition 13Cb>115 corresponds to

loss of Me* from the ion produced by the initial loss of

nitrogen, and the peak at 104 corresponds to loss of the

-CH=CH- group from the peak at 130. The peak at 102
f

corresponds to elimination of the H-C-Me fragment after loss

of nitrogen. This is a rmich larger absorption than the

130-*104 transition. This shows that two breakdown patterns

are occurring simultaneously, although the transition 130-*102

is the major.

109
The related compound R=Ph has also been prepared,

and the spectroscopic data of this analogue are in excellent
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These cyclisations proceed readily, and a red colouration,

indicative of a diazo-compound, has heen observed in one of

them. The mechanism of this reaction has not yet heen

studied, hut an electrocyclic process, giving the intermediate

(38), which then undergoes a fast [1,5] suprafacial sigmatropic

hydrogen migration to restore the aromaticity of the system

seems very likely. This proposed sigmatropic shift would

oonform to the Woodward-Hoffmann rules, and the reaction

appears to give only a [1,5] shift, since no evidence for

products resulting from a [1,3] (40) or a [1,7] sigmatropic
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hydrogen shift (4l) were observed. Structure (40) would

he a very unstable system.
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