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ABSTRACT

An examination has been made of some possible ways of
aciivating a methylene group s that it could bhe used %o
form_methine—linked compoundids and ultimétely a methine-

‘linked macrocycle,

| It was shown that N-oxidation of picolines did not
confer the required activity on. the methyl groups. It was
also shown that the‘methylene'group of a 2—picoly1phosphonate:
‘was similarly insufficiently active.

But it was found that the methylene group of an aromatio
cyanomethyl compound waé reactive and would undergo an
addition~cyclisation reaction with phthalonitrile thus
joining the aromatic ring Xiﬁra cyanomethine link tb an
isoindoline system. A serics of compoundé was prepared
from phenylacetonitrile and 2-pyridylaoetonitrile; and
metal complexes were obtained from sone of the-products
from the latter compound,

Then the reactions were extended to the appropriate
di(cyanomethyl)benzene and_pyridihe compounds. It was
hoped that this would lead to’the formation of the desired
macrocycle. A number of intermediates were prepared, from
which maorocyclés might be ohtained, but only one mzcrocycle
was isolated'ahd this was a di—oyanomethine—di—aza—linked
macrocycle. Also geood evidence was obtained that other

di-cyanomethine-di-aza-linked macrocycles were prepared



rbuﬁ not isolated. Atfempts to prépare tetra-cyanomethine-
linked macrocycles were not sudcessful here, but there are
reasons for thinking that further siudy may be profitable.

_A general survey of the intermecdiates praepared is
included, with particular emphasis on their ultra-violet
absorption ppppcrtics, and a comparison of thesc with their
aﬁélogues in the aza-linked series, |

FPinally a number of suggestions are made as to how

the work descrihed in this thesis could be coniinued.



ACKNOWLEDGEMENTS

I am very deeply indebted to Prpfessor J.A} Elvidge
fof his constant advice and encouragement, and also for
hié unfailing willingness to disbuss or explain anything,
particuiarly p.m.r. spectra.' I would also like to offer
my congratulétions on his appointment as Professor of

Organic Chemistry at Battersea, which I feel sure is

richly deserved.

I am also very grateful to Professor D.H.R. Barton
for extending to me the facilities of the Organic Chemistry
Deparfment;

My thanks are also due to Miss J. Cuckney and her

- staff for microanalytical results, to Mrs. I, Boston for

p.m,r, spectra, to Mr., P, Boshoff for mass spectra and to
Mr. J. Peppercorn and Mr. J. Watson for technicallassistance.
Finally also my thanks to fhe Science Research Council

for a Research Studentship, without which I would have been

 unable to carry out this work.




INDEX

Introduction

Chapter 1- Picoline-l-oxides and their quaternary salts

Experimental

Chapter 2 Di-n-butyl-2-picolyl phosphonate

Experimental

Chapter 3. Model reactions with substituted benzenes

= »l Experimentalb.

Chapter 4 Syntheses using substituted pyridines

Expefimental
Chapter 5 Discussion of resultsl
Chapter 6  Further work |

References

13
19

31
35

42

‘60

T4

97

. 132

147

153



Introduction

This thesis describes an investigation of some
possihle methods of synthesising a new methine-linked

macrocycle(I). Its aza-linked analogue(II) isdalready

known.v It was felt that the new macrocycle might be

of interest and would be capable of complexing metals.'

It would also bear certain resemblances to other

, nacrocyclic pigments such as the technologically

valuahle.phthalccyanine(III)-and to porphin(IV),
parent ring system on which the structure of naturally

occurring pigments such as chlorophyll and haemin are

based. The macrocycle(I) differs from the above

plgments in that it has a eross-congugated rather than.

a. fully conJugated system, and this would be expected

to glve different light absorption properties.

2,17

The macroeycle(II) was prepared , hy the reaction -

of 2,6- dlamlnopyrldlne with 1, ,3-di- im1n01s01nd011ne(V)

'and also w1th 1-1mino—3 th101s01nd011ne(VI) Other

macrocycles have also been prepared by the reaction of
4,7

aother d1am1nes 1n these ways . A number of other

reactlons of amines with reactlve imino groups have'
13611"

i also been investlgated ’ ~In order to. obtaln a
r’methlne—llnked macrocycle it was obv1ous1y necessary

to have a compound contalning an act1ve methylene vroup

Ior reaction w1th the 1mid1ne(v) A simple methyl
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'group would hardly be reactive enough. This was_.

demonstrated by the behaviour of 2-picoline with
1-imino-3~oxoisoindoline(VII). Only under the most
vigorous conditions was there condensation to give

l-(2'-pyridylmethylene)-3-oxoisoindoline(VIII)9

_Under the necessary conditions the 1m1d1ne(V) is

unstable.v We have therefore sought methods of
activating methylene groups in the appropriate

pyridine and'other.compounds SO0 that a macrocycle

might be formed with d1 iminOisoindoline under

moderate conditions."

First, one can consider the ‘well established

- method of using a methylene group attached to an

!

electron withdraWing group, which has the effect of'
making the.protons of the methylene group more ea51ly
removed by base, thereby generating a reactive

»carbanion. The groups most commonly used for this

purpose'are the cyanide, ester and nitro‘groups, and

examples of their use are legion throughout the

Hchemical literature. However it is relevant at thls

pOint to mention just one or two reactions which have

a direct. bearing on the problem in hand The imino "

compound(VII)»has been shown‘to react_with acetoacetic‘

- and malonic esters to\yield the products(X; R=Ac‘andt

)10. The di-imine(V) reacted with ethyl
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' cyanoacetate to give the product(IX), and succinimidine
(XI) also reacted with ethyl cyancacetate to give the

corresponding product(XII)11

. An interesting variation
on this theme is prov1ded by the reactlon of |
succinonitrile with ethyl cyanoacetate to give the same
product(XII)ll,vcnd with benzyl cyanide to give the
product(XIII)g.' Thesc‘reactiono show. that synthesis
of a suitable pyridine derivative could bc expected to
undergo similar reactions, which‘might'lecd‘to the
~desired macrocycle. | ‘ |

A further poss1b111ty is 1ntroduced when one is
using pyridlne»compounds.: This 1nvolves actlvation of
anik (orX) methyl group by_quaternlsation of the
uitrogén,ctom.' The production of a positive charge

on the'uitrogen'atom tends to reducc the clectronT

density at. ‘the (and ¥) carbon atoms (ivhich effect is

reflected in . the p.m.Tr.. spectrum) and thls makes the

methyl groups ‘more reactlve thus: -

- o‘<ﬂ‘
S A*
s sl )
+

WL.;% o '\fl LN

It has been demonstrated that activation of a

2-methyl group by formation of the quaternary salt is

effective in the present context. Thus l-ethyl-2,6-
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lutidinium iodide condenses readily with the di-imine(V),
to give the products(X1V) or (XV) acéording to the
conditions used8° However this route cannot be directly
applied to macrocycle synthesis sinée the two
quaternisinghgroﬁpS'would have to be accommodated in
the centre of the ring and the steric hindrance would
surely prevent closure of the ring, Therefore use of
this method is perhaps limited to cases where the
guaternising groups can be readily removed.

The means of activation already mentioned were
then tried., The use of picolihe-i-oxides and their

quaternary salts was shown to be unsuccessful. Then

- the effect of a phosphonate substituent on a 2-methylene

=

group was examined. This is a relatively new method,

“and has been sﬁccessfully.used in condensations with
‘ketones.  Once again, only negative results were obtained

“when attempts were made to apply this to imino compoundé.

Faced with this lack of success a model reaction was

- tried using benzyl cyanide as the source of an active
‘methylene group. Immediately this approach gave positive
results, cyanomethine linked compounds being readily

"obtained and a series of products were prepared. The

reaction was then extended to the disubstituted benzene,
and subéequently to the corresponding mono- and d4i-

substituted pyridine derivatives. A new synthesis of
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the latter compound wasvwdrked out during this part of

the work.
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Chagter i /

Picoline-l-oxides and their quaternary salts

- Picoline-l-oxides were chosén»as the starting point
for the investigation as it was hoped that their dipolar
character would'lead to the activation of a 2-methyl

group thus:

. *T; 3
T

- this being analogousfto the“ﬁanﬁer of éctivation of a
2-methyl group in'a_qﬁaterni$ed pyfidine. After
condensation, reduction Wouldvrembgé the N-oxide group,
leaving the pyridine. o

. ~All aﬁtemﬁts at"bringing ébout‘the condensation
between 2-piéoline-1;b;ide aﬁd 1,3-di-iminoisoindoline
failed td)yiéid any evidence that reqction had 6ccuired.

12

However, it hés béen shbwﬁ by Liston that the dipole

moment of pyridine-l—oxide‘is 4.28D as pppbsedkto a’
calculated value of 6.6D. ‘To explain this difference

‘he proposed other contfibuting structures:
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This explanation is suppqrted by twq,pieces of evidenpe:
(i) ochiai® nitrated pyridine-l-oxide in the 2- and
4~ positions directly. | |
| (ii) we have measured the proton magnetic resonance
spectra of 2-picoline, 2—picoline—lfoxide and z;pico;ine
ethiodide and found that the methyl protons of the first
two compounds have verybsimilarﬁt values (7.42 and 7.45
| reépectively) which are higher than that (6.92) for the
2-methyl protons‘of 2—picoline:éthiodide."If, as seenms
reasonable, the iﬁduced‘ring qurrents'in the compounds
- make compaféble contributions to the tdtal-éhieldings,
then it follows that the electron density at the methyl
group must be similar in‘the firét'tﬁo compounds and
less in the last. As 2+picoline ﬁs un&eacfive.towards
."‘imino‘COmppﬁhds (wherégs,z—piéoline‘ethiodide’condenses
with 1,3—di—imin61§gindqline) it is not after all
surprising,that 2-p1c01ine—1-oxide'failéd to‘condense:
2-picoline-l-oxide, unlike‘2—picoline, did mot
condense withA1-imino—3+ox01§gihdoline’undér similar
conditions. The product isolated was phthalimide in
'70%.yie1d,‘showing the absence of-aAcomparable'reactibh.
- S&hthésis'of some quéﬁérnary pidbliné—léoxides Was“
carfied'out.in.thevhope that making the molecule cationic
‘f; would bring’about'activation of the methyl group. The

léméthoxy iodides of 2-, 3-, and 4-picolines were
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prepared, but-as that of 2-picoline waS»particalarly
unstable, the‘corresponding l-benzyloxy bromidevwas
prepared and used instead. When‘1-beazyloxy-2-picolinium
bromide was refluxed in a>501vent with‘i,3-di-imino-

isoindoline, the product obtained was the isoihdolinev

hydrobromide. This is presumably formed as f0110w31§’16:
. =22 +
c 6H5-CC‘Q-0- + BH
"Br~  CH

3 o _
: 'CGHSCHO +

‘4This decompOSitibn also accurred when I-Methoxy—4-
\'piéaliniumAiodide was used, . a hydrated hydrlodlde of -
1, 3 d1-1min01sotnd;11ne belng 1solated

A p0331b1e solutlon to thls dlfflculty was sought
in the preparatlon of the l-tfbutoxy—plcollnlumVsalts,
which‘would have no protons on the carbon.adjacent to
theloxygen. But attempts to prepare thls type of
'compound met with no success. |
. ‘A further attempt to av01d the above decompes1t10n
Was'made by u31ng monothlophthallmlde(VI),»whlch is less
'ba31c than 1 s 3=~di- 1m1n01801nd011ne, but which is known

to condense with am1nesl7. When_thls cqmpound was
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treatedeith~l-methoxy-4-picolipium iodide, a highly
crystalline pale red-orange material was obtained,
This was shown to be a 1:1 molecular complex between
mbnothiophthalimide and 4-picoline-1-§xide. ~ The p.m.r.
spectrum sﬁowed a methyl group (¢7.60, .cp 4-picoline-1-
oxide X7. 64) and the 2-pyr1dy1 protons (x1.65, ecp 4-‘
picoline-l-oxide 21.91). Also the integrals of the
various. signals were.cofrect for”the'postulated’struéture.
Compafison of the u,v. and i.r. spectra of the separate
constituents with those of the éomplex‘prOQide further
support e.g. monbthiOphthalimide has“peaks (inter alia)
étv230, 296 and 329 g&« The complexlsimilarly has peaks
at 231, 296 and 329 ga, The,absofption‘of 4-picoline-1-
_oxide at 266 gg:is‘dnly'detectablevaé an enhancement of
€ values cémpared tb/monothidphthalimide.V In the i.r.
sPectium, the'foi1owing maxima of monéthipphthalimide-
‘,are also visible 1n the complex-»1734' 1297 1287, 1192,
1094, 798, 781, 704 en™t, Slmllarly those of 4-picoline-
l-oxide v151b1e in the complex are: 1485, 1247, 1211, -
' 762 cm l;v By reactlon of 4-p1c011ne l-ox1de and
monothlophthalimlde dlrectly under m11d condltlons, thé
vsame complex was. obtalned

1—methoxy-4-p1c011n1um methosulphate was also

' synthe51sed. However‘thls failed to react in any way

‘with monothiophthalimide, 80% of the latter being
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recovered‘eveniaftervrefluxing for 24 hours in dioxan.

It was, therefcre;'concluded that 1—a1koxy¥4-
picolinium.halides and related compounds wefe not
suitable for this type of condensation with 1,3-&1-
Vimino;gginQOline or monothiophthalimide, However, as
.a4result of.this worlk and the proton magnetic resonance
measurements which were maﬁe, it”appeafed that a |
gqualitative measure of the'reactivity of a substituent
methyl groop in a quaternised picoline could bevobtained
by compafison'of its ¢ value with that of the corresponding-
value forothe parent picoline.

The mefhylogroup iﬁ the qﬁaternary compounds appears
at‘lowef field than'in toe parent picoline e;guﬁf for
the picolines,—a'picoline ethiodides are 2-:0.50, 3-:0.36,

4-:0.,41. ' This effect is caused by the electron drain
,from the aromatlc system of electrons towards the
positively,charged nitrogen atom.. This is also the cause
of increosed‘acidity of ihe-protOnefin_the_methyl éroupr.
'particﬁlarly ih the cases‘of 2= endei-bicolines. ‘It‘is
‘therefore.reasooable to soppoée_thatkthe_change'in Y
value is a guide to the increaseﬁin‘the acidity'df:the
Protons;~“3 - | |

The‘effect is less pronounced in the case of
-p1c011ne since the methyl group of the parent picoline

is less reactive than those of its 2- and 4- isomers and
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the activating effect of Quaternisationvis also ;ess'
than in the 6ther two cases.: Byhcomparigon of the "¢
values dne would expect the reactivity of the 3—mé£hyl
group in 3-picolinium ethiodide to be about the same as
that of the 2-methyl in 2-picoline.

An apparent anomaly was observed for the l-benzyloxy-
2- and —4;picolinium;hélides where the change in “t value
| of the nuclear methyi:group from thé parent picoline was
very. much sméller than was observed for the other
quatefnary salts. Thié'must.presumably.be due tb a
- differént effebt of fhé benzyloky.group on theAelectron,
densities round the ring compared with‘the,othgr cases,
‘But it is not easy to See wﬁy thié shouid be so. . Further._
‘experiméntal‘evidénce'would‘bevnecéSSary to provide a |

satisfactory explanation.
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Experimental

SECTION A

Picoline-l-oxides

1, 2-, 3- and 4—n1c011ne—1 oxides were prepared by

the method of Boekelhelde and Linn19

2, Reaction of 1,3-di-iminoisoindoline with 2—picoline—_

7 l-oxide |

1,3-Di-iminoisoindoline and 2-picoline—1-oxide.in

équimolar amounts were refluxed together in é variéty of
solventé for up to 24 hrs., but the only material iéolated
from the reactions was 1,3-di-iminoisoindoline, identified
by its m.p; and by mixed m.p. Even using excess 2-
picoline-l-oxide as solvent produéed no reaction.

. 3. ‘.Reaction 0f l-imino-3-oxoisoindoline and 2-picoline-

l-oxlde » v

31— Im1no—3 ox01soind011ne (0. 7g, 0. 0048 mole) was
heated in 2~p1c011ne—1 —oxide (3g, 0 0275 mole) at 180- 185
for 3 days; The solution  became dark brown. As much as
possible of the excess 2-pic61ine—1—oxide was distilled
off undér high vécuum'( 1 mm) The residue’ was taken up
in n-butanol (5 mls) and a 1arge excess of petroleum
ether (60-8@) was added, giving a dark colpured
precipitate (Q.Sg, 71.4%). Thié.wasvidenfified, after.
recrystallisafion from E;butanol;vas phtha1imide by m.é. o

and mixed m.p. with authentic phthalimide (Found: C, 65,21;
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H, 3.65; N, 10.02. Cale. for C/H.NO,: C, 65.30; H, 3.41;

N, 9.55%)

' SECTION B

'1-Alkyl and -aryioxv—picolinium gquaternary Salts

1. Preparation of l-methoxy-2-picolinium iodide (XVII)

_ 2-Picoline-l-oxide (0.48g, 0.0044 mole) was kept in
an excess of methrl iodide (2—3 mls) in the dark at room
- temperature overnight. A mass of crYétale'(O 75g,.67 5&)
‘were produced wh1ch were recrystallised from the mininmum
volume of acetone, keep:u:xrr the temperature below 50

Whlte crystals of 1—methoxy-2—plcolln1um iodide (XVII)

, ) - . - .
were obtained m.p. 80.5-81.5 (decomp.) (Found: C, 33.70;

H, 3.91; N, 5.36. C INO requires C, 33.48; H, 3.98;

7 10
N, 5.58%). This compound decomposed in the;llght at’
room temperature. | |

2. Preparation of l—methoxy—3—picolinium iodide (XVIII)

3-Picoline-l-oxide (4g, 0.0367 mole) was dissolved
in the'minimum amount of acetone, and ﬁethyl.iodide (10g,
0.0704 mole) added. The solufion was kept at room- |
femperafure overnight in the dark. 'Thé pale yellow
crystalsxﬁere filtered off_ahd recrystallised from acetone

giving l-methoxy-3-picolinium iodide (XVIII) m.p. 97.5°

T
requires C; 33.48; H, 3.98; N, 5.58; I, 50.60%).

(Found: C, 33.93; H, 4.01; N, 5.23; I, 51.46. C.H, (INO
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8. Preparation of l-methoxy-4-picolinium iodide (XIX)

4-Picoline-l-oxide (3g, 0.0275 mole) was dissolved
in ethanol (10 mls) and methyl iodide (7g, 0.0492 mole)
was added., The solution was kept at room'temperature
overnight in the dark. Addition of diethyl ether (20 mls)
and cooling at Oofer.3 hrs.'gave,whiﬁe erystals (2.87g?

141.6%).. On recrystallisation from acetone/ether (1:3),

l-methoxy-4—-picolinium iodide (XIX) was obtained; m.p. 108°
(FPound: C, 33.52; H, 3.77; N, 5.50; I, 50,41. C7H101N0

requires-C, 33.48; H, 3.98; N, 5.58; I, 50.60%).

4.  Preparation off1—benzyloxy—2—picolinium bromide (XX)
1-Benzyloxy-2~picolinium bromide (Xx) m.p.:112—114?

was.prepafed according to'the method of Feely,'Lehn and

 Boekelheidel® in 77% yleld (Found c, 55.43§ H, 5.04; N,.5.04

Br, 28.31. Cale. for 013H14BrN0 c, 55.65; H, 5.00;

N, 5.00; Br, 28.58%). ' '

- b ePreparation of 1—benzyloxy—44picolinium bromide (XXI)

o 4;Picqline—1-oxide (1g, 0.0092 mole) and benzyl
bromide (2 mis, 2, 88g,'0 leé mole) ﬁere kept together
kln the dark- at room temperature for 3 days.‘ A dense
vwhlte pre01p1tate was produced Recrystalllsation from

n-butanol yielded 1- benzvloxy-4-p1c011n1um bromide (XLI),_

- m.p. 108—109 (Found:. c 55. 50 H, 5. 05; N, 5.00; Br, 28.25,

Cqq 14BrNo requires c, 55. 65 H, 5. oo N 5.00; Br, 28. 58m)

6. Preparation of 1- benzyloxy-4fp10011n1um iodide (XXII)
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4-Picoline-1l-oxide (1g, o.oogzﬁmole)‘and benzyl
iodide (2.5 mla, 4.33g, 0.0199 mole) were dissolved in
acetone (5 mls) and the.solution kept at‘room temperature -
for 24 hrs. in the dark. The crystals wefe filtered off
and recrystallised from‘ethanol/ether (1:3) to yield

l-benzyloxy=-4-picolinium iodide (XXIT), m.p. 102°(Found-

' C, 48.32; H, 4.45; N, 4.36.. Cl3H14INO requires C, 47.70;

H, 4.28; N, 4.28%).

7.. .Preparation of l-methoxy—-4-picolinium methosulphate

SXXIIIQ"

(cp the method of Feely and Beaversls)
4-Picoline-l-oxide (2.17g, 0.0200 mole) was’treated_

with dimethyl sulphate (approx. 2 his; 2.5g, 0.0198 mole).

After a 15 mih. induction period,‘the mixture became warm

' and then gradually coeled After a further 15 mins.,, the

: mlxture ‘was heated on:.a steam bath for 12 hrs.  0n'

coollng, the solutlon set to a crystalllne mass, This

was taken up in hot anhydrous acetone and cooled to 0

The cryetals were filtered off and washed with diethyl

ether. After recryétallieatioh from aceteae, white

_ hYgroscepic flakes of l-methoxy-4-pieolinium methosulphate

(XinI) (4.2, 90%) were obtained4m,p' 72°(Lit 20 n.p.

69- 73) (Found c, 40. 54; H, 5.30; N,. 6. 11 Calc. for

13NO S: C .40,85; H, 5,53; N, 5. 96ﬂ)
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8, Reaction of 1,3-di-iminoisoindoline with l-benzyloxy-

2-picolinium bromide

1,3-Di-iminoisoindoline (1.0g, 0.0059 mole) and
1-benzyloxy-2-picolinium bromide (1.93g, 0.0069 mole).
- were refluxed in dry methenol-(40 mls) for 3% hrs. The
solution was cooled and a very small amount of solid
filtered‘off. The filtrate was.evaporated under reduced
pressure to a small volume (2-3 mls) end treated wiph a
large excess of diethyl ether. This yielded a yeliow
precipitate, which after_filtration and drying, gave

1,3-di-iminoisoindoline hydrobromide (XXIV) (1.23g,

1 62,9%) as a yellow powder decomposing at about 300°
(Found. N, 18.13; Br, 34.9. 08H7N3.HBr requires N, 18.60;
,Br 35.4). |

The plcrate was prepared from thls compound and 1ts
1dent1ty w1th the picrate of 1, 3-di—1m1n01s01nd011ne was
shown by m.p. 290 and‘mixed m.p. 289-290, and by analysis
p(ﬁound:'c 44.61;'H, 2.96; N, 22;25.‘pcéic. for .
014H10N607. C, 44.88; ﬁ '2.68; N, 22145%). |
9. Reaction of 1,3-di- 1m1n01301nd011ne with l-methoxy-

4—picolinium iodide-

1 3-D1-1min01solndollne (1.05g, 0. 0072 mole) and
-1—methoxy-4—plcolin1um iodide (1.70g, O. 0068 mole) were
're:fluxed in- dry methanol (40 mls) for. 3 hrs. ‘I‘he-methanol'

was then evaporated under reduced pressure to a small

P
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volume (5 ﬁls). A yellow precipitate slowly formed.

This was 1,3~di-iminoisoindoline hemihydriodide

hemihydrate (0.79g, 52.5%) decomposing at about 150°

(Found: C, 43.81; H, 3.85; I, 29.75. CSH7N3.%(HI.H20)
requires C, 44.02; I, 3.90; I, 29.14%).

The derived picrate was identical with the picrate
of 1,3-di-iminoisoindoline (m.p. 288" and mixed_m.p.
288-298) (Found: C, 44.90; H, 2.83; N, 22.15. Calc. for
014H10Néo7: C, 44.88; H, 2.68; N, 22.45%).

10. Reaction of monothigphthalimide with l-methoxy-4-

picolinium iodide

Monothiophthalimide (0.50g, 0.0031 mole) and 1-
methoxy-4-picolinium iodide (0.72g, 0.0030 mole) were
refluxed in .dry methanol (20 mls)'for 36 hrs. The
methanol was removed under reduced pressure leaving a
‘red mass, which was extracted with diethyl ether. " The
ether was‘eVapbrated to dryness, giving red crystals
(o.aog, 72.3%). After recrystallisation from ethyl
acetate 1argé red crystals of a 1?1 moleqﬁlar comglexi
(XXV) between monothiophthalimide and 4-picoline-l-oxide
(m.p. 134) were obtained (Found: C, 61.68; H, 4.03; |
N, 9.86. 014H12N262§ requires C, 61:65; H, 4.41; N, 10.29%).
Monothiophthalimide (0.25g, 0.0015 mole) and 4-
picoliné-l-oxide (0.15g, 0.0014 mole) ﬁere refluxed

together forjz-hrs. in dry methanol (10 mis). After

<t
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evaporétion of the methanol and recrystallisation from
ethyl acetate, the same 1:1 molecular complex of
monothiophthélimide and.4-piqoliné;1-oxidé was obtained
m.p. 136°and mixed m.p. 135.5 (Found: C, 61.10; H, 3.95;
N, 9.82, 014H12N2023 requires C, 61.65; H, 4.41;

N, 10,29%).

" 11. Reaction of monothiophthalimide and l-methoxy-4-

picolinium methosulphate

 Monothiophthalimide (0.50g, 0.0031 mole) and 1-
.methOXy-4-picoiinium methosuiphate k0.68g;'0.0029 mole)
were réfluxed for 24 hrs.»in'dryvdioxén. ‘ There was no

‘épparent reaction. The solution was evaporated t6 dryness
uhderrreduced.pressure and the re§idue taken up in
‘methanblb(lo mls), reduced fo abouthz hls'énd kept
i'bvernight at 0 A'méss'of red cryst&ls.wéfe prbduced,
'which yielded moﬁqthgsphthalimidév(O.40g; 80%)'identified

by m.p. énd mixed m.p. withfan‘authentic;sample;



Spectroscopic Data

P.M.R. Spectra (5-10% solution in CDC1,)

t values?

Compound
Nuclear | 2 and/or 6 Other
methylb pyridine-H | pyridine-H
2-picoline 7.42 | 1.45 ~ |3.00-2.26
3-picoline 7.69 | 1.56+1.53 |2.,95-2.43
4-picoline . 7.67 1.55 (5.8) 2.92 (5.3)
2-picoline-l-oxide 7.45 |1.66  |2.11
3-picoline-l-oxide 7.66 | 1.91 2.91-2.81
4fpicoline-1—o£ide © T.64 1.91.(6.9). |2.91 (6.7)
2-picoline ethiodide 6.92 0.57.(7.0) |2.16-1.27
3-picoline ethiodide | 7.33 |0.70 . |1.71
4-picoliné ethiodide 7.26 .| 0.46 (6.,4) }1.89 (6.8)
o |xx | | 7.47 | 1.61 3.85-2.56°
XXI 7.63 | 1.82 (6.5) |2.87 (7.0)
XXIT o 7.63 | '1.83 (7.0) |2.86 (7.0)
XvIirr- - 7.30 | 0.63  [1,92-1.45
XIX i 7.24 o.4o,(7.o)» 1.83 (7.3)
'”'_gxxix “7.290 | 0.65 (7.0) [1.92 (7.0)

a. ' Figures in parentheses are

they -can be distinguished. -

doubléts,‘

b, - All singlets.

.- ¢.  Includes the aromatic pr

{‘ .

J values in c.p.s., where

Theselsignals are all

otons of the‘benzyl.group.

e e e e et it
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Other P.M R, features

Compound . " values
Ethyl cnzd Ethyl CH,®
2-picoline ethiodide | 5.10 (7.3) 8.32 (7.3)
3-picoline ethiodide -5.03‘(7.0)' -~ 8.27 (7.3)
4-picoline ethiodide |4.97 (7.3) - 8.25 (7.4)
' _ | Benzyl CHé: Benzyl aromatic protons
XX - |s.50 1 2.85-2.568
xxI | 5.51 1 2.4
XXII ~ |5.53 © 2.63
.,.. o ~ "OCH3f' | "CHsgslﬁ
XVIIXI ‘ 5.38 -
XX o 5.3¢ | -
XXIIT - : 5.46 |  6.20

d." All quartets, J values in ﬁarentheses..~
e;‘ . All tfipléts,»J valueslin7parentheses.
Cf. " All singlets. | o

- Containé‘some pyridine aromatic pfotons.

Light absorption data ;

 ‘ ‘Compound o Solvent '~ Amax (mw) " €x1073
CoXVIID . H0 225 15.15

264 4,63




XIX

XXIII

XXII

XXIiv

' Monothiopht@ali@ide e
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EtOH

- H,0

H.0

H,O

226.5
254
256

227
255

264"

*

225
’ ¥*
249-256
.
262

225-6

: *
256

*
264

228

260

310
314
230
269
‘  28§f 
"295“;

- 320

- 21.80

4.83
5.05 .
7.57
3.86.
5.68
10.26
5.30
4,54
25.22
5.63

4.21

. 27.18

' 16.76 -

3.70
3.71

L 26,72
14,75
?3316.67

15.30

9.97



=20

XXV . I "EtOH . 231 . 29.92
276 20.33
287.5 21.93
:° o
296 19,72
- 827 - 13.13
inflexion

Infra red absorptions (cm_l) (Nujol mull)

xv111§ 1614(m), 1591(w), 1493(m), 1319(m), 1281(s),
© 1164(m), 1142(m), 1119(m), 1095(m), 1013(m),
968(s), 940(w), 906(5), 864(w),'809(s),
- 731-727(m), o ‘
XIX: '_1627(m), 1282(m), 1208(w), 1166(w), 1045(w),
  982(w), 956(s),;945(s), 857(m), 846(m), -822(m),
__ 766(w), 730(s), 691(m). |
XX: ‘1622(s), 1561(m), 1501(s), 1305 (w), 1272(m)
T;,‘1223(m);'1162(s), 1119(m), 1065(w), 1056(ﬁ),
‘l‘fvéaz(m),”gss(m); 917(s), 894(@);”860(s), sis(w),
| nff'792(s), 776(s), 755(s). S o
,’xx1:'] 1ez7(s), 1505(s), 1284(w), 1275(m), 1224(w),
*5ﬁv1215(w), 1200(w), 1162(m), 1101(n), 968(n),
 952(m), 925(m), 912(m), 878(m), 865(s), 826(m),
© 810(s), 770(s), 750(9), 704(s).

' f1;;xXii§f”1625(s), 1499(s), 1282(s), 1220(m), 1202(m)

1159(m), 1939(m), 967(m),‘946(m),,919($), sss(s),
- 830(s), 823(s), 769(s), 752(s), 747(w), 704(s), 694(w).
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1734(5),‘1362(w), 1335(w), 1297(m), 1287(m),
1256(m), 1247(m), 1211(m), 1192(w), 1174(m),

1163(w), 1121(w), 1110(n), 1084(s), 1036(w),

1023(m), 856(m), ssl(m),‘804(m), 798(w), 781(s),

762(m), 741(m), 704(s).
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Chapter 2

Di-n~butyl-2-picolyl phosphonate

This chapter describes the preparation of a reactive

methyiene compound of the type PyCH2X where X is a
phosphonate group. Wadsworth and Emmon821<havé
demonstrated that compounds of the general formula

0=P(OR)2CH2R' would react smoothly with sodium hydride

to give an anion which would then condense with ketones.

The pfoduqts were unsaturated compounds (R")ZC=CHR'
formed by elimination of'tﬁé phosphonate residue during
bthe work-up, Itheémed_reasonable fo extend this type
of reaction to‘a phosphonate where}R": pyridine and
1,3-di-iminoi§gindoline;’ For this purpbse,’dingnbutyl-
p2-pi¢oly1'phosphonatefWas synfhe$ised, | ‘

The first stage of the sfnthesis invblved.the
formation>of 2-chloiomethylpyridineby thé scheﬁe shown

«below:',“

—CH,C1.HC1.

~ The ‘chioromethylpyridine was then treated with sodium
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dibutylphosphite as in the Michaelis-Arbuzov reaction?4,

yielding di-n-butyl-2-picolyl phosphonate by elimination

of sodium chloride.

: , 0 .. :
* (2°4H9°)2&I’N§'—">' | N o
. . . i -1
N// Ha'éf(O'C4H9)2 +NaCl

Having-isolatedvtﬁe desired phosphohate, various
attempts were made to ‘condense the methylene group with
1,3—di-im;no$§glpd011ne. In the first. 1nstance, the
comppunds were refluxad.together in a solvent,’but on
working up the enly material recoyered was the -
phosphonate (as its pierate) in 70% yield., The use of
- sodium butoxide in reflux1ng butanol resulted 1n the
Aformatlon of a 41% yield of phthalocyanine (1dent1f1ed
‘by_the presence of bands at 698 end 664 mu in the
'vvisibledSpectrum). No Other’identifieble material was
e recovered ‘ ’ | | | |

In view of the effect of sodium butoxide, the use
‘of sodium hydrlde was 1nvest1gated 1nstead thls belng
-'_the base originally used 1n the work in ketones. 'It~
was found that addition of a solutlon of the nhosphonate
»1n dloxan to a suspension of Sodlum hydride in dioxan o
.gave rise to immediate evolution of a gas (presumably

dhydrogen) indicatinglformation‘of the anion from the
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phosﬁhonate; 1,3-difiminoi§gindoline in dioxan>wa$
then added and the solutioh'refluxgd} However on
working up a total of 77% of the 1,3—di-iminol§gindoline
was recovered (as its piérate).

- Some time later, afterlit had been shéwn that
cy;homethyl éompounds reacted reédily with phthélonitrile
aé described late: iﬁ thisvtheSis, a reactibn’bétween fhe
phosphonaté and phthalonitrile in.the presence of sodium
ethoxidé was attempted. :A small yield (about 10%) of
- phthalobyanine was obta}ned, but no other identifiable

| broduct was isoi#ted._‘ | v‘ |

It must be qonciudéd'therefore,vthat the phosphonate_
is not suitable for this type ofvéonﬁenéation reactipn,
~in spite.of:theﬂsucéeés of reactions of 6ther;bhosphdnatgs'
»with ketonesk;_ l | . |

The.speétral properties of thé phosphonaté are
recor&ed:iﬁ'the_éxperimental séction, The'p.m.r. spectrum
 gives ;ise to pﬁO"pqints.og inferest."(a) The methylene
fgroup_between.théhphésphorﬁs #tom and thé'pyridine,ring
appeaf;;as a.doublet'with‘a'éoupling conétant of 22 c.p.s.
 This largé‘splittiﬂg-is‘dué to the presence of the
‘phosphorus atom, which has @fspinhof %, adjaéentAto the
| methylene group. (b) The two'héthylehe gréups‘of the two
n-butox&l groups whichiare K to the éxygen atom do hqf

‘appear as a simple tfiplet.“In each of these two
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methylene groups the two constituent protons are not
equivalent to each other. Consider one of these
methylene groups,‘to which the phosphorus -atom appears
as an asymmetric centre, since the three other groups
attached to it are different frOm each other. The
effect of this is that the constituent protons of the
methylene group are in different chemical environments
from each other, and the normal rotatlons of the
’molecule do not average out this d1fference34. Hence
their chemical shifts are‘different,‘and'glvevrise-to
a.basic‘spectrum of a double donblet; This is then
: split'by tbebedjacent methylene gronp to give (in theory)
:twelve lines in all. 'tIn practiceAthe signal is not
‘tresolved due to overlapping of some of the 11nes.

Thls type of effect has been observed for acetals33

35, sulphltes and su1ph1n1c esters36, and

.imldazolldlnes37, but it does not seem to have been

S ethers

observed prev1ously where a phosphorus atom prov1des

“the centre of d1ssymetry.,‘
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Experimental

1, 2-picoline-l-oxide

2-Picoline (60g) yielded 2-picoline-l-oxide (63g,
89%) by oxidation with hydrogen peroxide in glaéial
acetic acidl?, . ‘ ‘

2, 2—pyridyl-methyl acetate

2-Picoline-l-oxide (63g) was rearranged to 2-
pyridyl-methyl acetate (66g, 76%) by refluxlng acetlc
anhydrldelg. '

3. 2-=hydroxymethylpyridine

2—Pyr1dy1-methy1 acetate (66g) hydrolysed with 10%
NaOH to yield 2-hydroxymethy1pyrid1ne (14. 5g; 30%) .
4. 2-chloromethy1pyridine hydrochloride

2-Hydroxymethylpyridine (14.5g) was treated

with thionyl chloride (redistilled, 42g) yielding 2~
_chloromethylpyridine hydrochloride (21.2g, 97%)23,

5.  Di-n-butyl-2-picolyl phosphonateZ?

~Petroleum ether (100-120 sodium dried, 100 mls)
was refluxed in a 250 mls three neck flask (equlpped
with mercury seal stlrrer, condenser and funnel) with
sodium metal (O. 755g, 0. 033 mole) i-n—butyl phosphlte
(6 36g, 0. 033 mole) was added dropw1se over 30-40 mins.
\with stirrlng. After completion of addltlon, refluxing
was continued for a fppjher 4 hrs.-fzechloromethylf

byridine hydrochloride (4.59g, 0.030 mole) was treated
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with 5% sod1um hydrox1de solution (30 mls) and the
resultant oil extracted with dry petroleum ether
(100-120,.2x30 mls). The combined extract was dried
over sodium sulphate, filtered and"evaporated te‘a‘
j-small volume under reducedvpressare. A further 50 mls.
of'dry petroleumiether was added, and the éolution again
evaporated to a small volume to remove any last traces
- of moisture. This was repeated once more, to give a .
.final total‘volume of eolutidn of 10 mls. This wae
‘then added dronise,to'the_refluxing soidtiqn over‘-
30-40 mins. The'reaction‘mixture was then refluxed
for a Iurther 20 hrs. It was'then allowed to cool and
a white precipitate and a gum were evident. The cool
-reaction m1xture-was extracted withll% sodium hydroxide
| solution_(3x50'mls). _Thevpetreleum ether_solution was |
dried overdSQdiud sulphate, filtered}and>evaperated to
" a small volume under feduced pressdre;i‘Dry'petroleum
other (60-80° 100 mls) was added and the solution again
evaporated This~was'repeated'with a'further iOO mls of
petroleunm ether (60-80) The last traces:of sdtvent"

were removed under high'vacuum'(l mm) yielding di-n-

. butyl-2-picolyl phosphonate (4.23g, 53%) as a yellow oil.

This was redistilled in_vacuo, giving an almosticolourless'v

0il b.p. 1397/0.8 mm,‘nD21”1 4845 (Found: C, 58.46;

H, 8.51; Né 5,09, 014H24N03p requires C, 58.95; H, 8342;
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N, 4.91%)., It forms a picfate'which, after re-
erystallisation from n-pentanol, has m.p. 122-123°
(Found:.C, 46f50; H, 5.42; N, 11.11. C,,H,.N,0, P
requires C, 46.73; H, 5.25; N, 10.90%).

‘The ﬁ.v.,abéorption:spectrum of di-n-butyl-2-picolyl
phosphonate in ethanol showéd the folloﬁing'maxima
(e)Q 213(5,151), 249.5*(2,039),'256(2,9205, 262(3,370),
268.5 mu(2,530). | |

The principal maxima of the 1i.r,. spectrum are:
750(m), 850(m), 905(m), 988(vs), 1026(vs), 1063(vs),
1119(w), 1122(w), 1150(w), 1199(m), 1254(vs), 1308(w),
1386(w), 1398(w), 1404(w), 1415(s), 1475(s), 1572(m),
1588(s), 2950(s) em~Y. | |
: The n.m.r. spectrum (10% in CD013) was as follows:

" Line - Intensity Multiplicity Assignment

position (%)

9.08 - 6  Doublet 2 CHg—
| ‘(J=60.p.s.) - " of n-butyl
8.99-8.28 8 Complex - 2 —CHy~CHy—
| “ ; of n-butyl
6.56 " ' _2 ~ Doublet

6.14-5,81 4 Complex 2 -CHy=0
2.,92-2.18 3 Complex 33 4-and S~-protons

of pyridine
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1.44 1~ Doublet ~ 6-protons
(J=5¢.p.s.)  of pyridine

6. Reaction of di-n-butyl-2-picolyl phosphonate with

1,3-di-iminoisoindoline

. Di-n-butyl-2-picolyl phosphonate (0.98¢g, 0;0035 mole)
and 1,3-di-iminoisoindoline (0.50g, 0.,0035 mole) were

refluxed ‘in dry n-butanol (50 mls) for 24 hrs. After 
coollng the solution was filtered from a small amount of
dark blue material (probably phthalocyanine). The filtrate
was evaporated under reduced pressure to a small volume

(approx. 2 mls) No solid separated out, therefore an

i excess of petroleum ether (60-85) was added ‘This

yielded only 74 mg. of nondescript solid. Treatment of

ithe filtrate with ethanolic picric acid gave the picrate .
Aof‘dién-bﬁtyl-z—picolyl phosphonafe (l;l77g, 70%) m.p.
f120 and mixed m,p. 121°% o o -

T, » Reactlon of di-n-butyl- 2—p1001y1 phosphonate and

,1,3-d1—imin01501nd011ne in the presence of sodium

’fjivbutoxide

Sodium (o. 08g, 0. 0034 mole) was dlssolved in dry
n-butanol (50 mls) D1-grbuty1-2-plcolyl phosphonate.%
(0.99g, 0.0035 mole)_was:added"tovthe solution’which t
was then kept at R.T, for’5~mihe." Then 1 3 di- 1mino-§.
'7is01nd011ne (O 50g, 0. 0035 mole) was added and ‘the y

solution refluxed for 22vhrs, After cooling, filtration
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of the solution yielded a purple solid (181 mg., 41%).

. AAsolution of this‘solid inll—chloronabhthelene exhibited
~ absorption maxima at 664dand 698 mw showing that it was
.phthalocyanine;' No other material could be isoiated from

the reaction mixture.

8. - Reaction of di-n-butyl-2-picolyl phosphonate and

1,3-di-iminoisoindoline in the presence of SOdiumA

hydride

Sodium hydride (50% dispersion in mineral oil,

. 0.17g, 0.0035dm01e) was*su8pended'in sodium dried dioxan
(20 mls) . Di-n-butyl -2-picolyl phosphonate (0.98¢,

0.0035 mole) in ‘sodium dried dloxan (20 mls) was added
to:the suspension, Immediate evolut1on of-a gas occurred
-;whichArapidly died down - to a steady flow. After %} hr.,
 the solution was heated to 50 “for % hr. 1,3- Di-imino-
1501nd011ne (0.50g, 0.0035 mole) in dioxan (20 m1q) was
then added and the solut1on heated to 50-60 for 1% hrs,
‘It was then heated to reflux for 2 hrs. ‘The“solutlon
became dark green. After cooling, the solution was |
"filtered giv1ng 0. 21g of pale green hygroscoplc solid (A).
The filtrate was evaporated to a small volume under
'reduced,pressure, and treated Yith diethyl ether giving

a further”0;27g of paie‘green hygrescobic solid (B)., Tﬁe
'filtrate from this’was'treated withvethereal picricvacid .

yielding»0.285g of a yeilow—green picrate (C).. Solid C

it T
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had an i.r. spectrum identical in'every'reSpect with the:
i.r. spectrum of an authentic sample of the picrate of
1,3-di-iminolggindoline, A portion of solid B was
dissolved in ethénol and treated with ethanolic picric
.acid giving ‘a picrate which also showed itself'to have
.an i.r. spectrum identical withjthat of the picrate of

1, 3-di-iminoisoindoline. Solid A was dissolved in water,
‘and the solutlon extracted with chloroforn. The‘chloroform
extract on treatment with ethanolic picric acid gave no

- precipitate initially, and_after standing overnight gave
only a very small amount.of an unidentified piéfate.. The
. aQueous residue,,after ch1oroform éxtraction, was treated
~with ah aqueous solution of picric'acid,, This gave a
;picraté which again éhbwed an i.r. spectrum identical ;
| with that of.1‘3 di-iminoisoindoline.’ |

k' Reaction of dl-n-butyl 2-plcoly1 phOSphonate w1th

phthalonltrlle

Sodium (0. 039g, 0;0017 mole) was dissolved in dry
ethanol (15 mls) Di-n-butyl 2-picbiy14phosphonate
(0 50g, 0.0018 mole) and phthalonitrile (0. 23g, 0.0018 mole)
were added and the mlxture stlrred at room temperature
. for 2 hrs. Colour developed only very slowly and stlrrlng
‘was continued for 20 hrs. at 55. After.coollng the . reactlon
~mixture was. poured into water (150 mls) g1v1ng a blue

precip1tate, ‘This was 1dent1f1ed ag phthalocyanine (0 019g)




. by its u.v. spectrum, The residual filtrate was quite
colourless and no other products of the desired type

could be isolated.
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Chapter 3.

Model reactions with substituted benzenes
9

It was shown by Fitt that benzyl cyanide will
condense with succinonitrile in the presence of sodium
éthoxide to give the substituted succinimidine (X111).
Further the reaction between benzyl cyanide and ph-thalo-
nitrile has been investigated by Linstead et 3131, and
was shown to give l-phenylcyanomethylene-3-iminoiggindbline
(XXV1). This type of reaction should provide a good
synthetic methqd that could be extended to substituted
pyridines, which could lead to the formation of the desired
methine-linked compounds, after removal of the activating
nitrile grouﬁs; |

Ih the first instance the reaction between benzyl
cyanide and phthalonitrile was reinvestigated in order to
provide a more thorough proof of the structure of the
compound prepared by Linstead. From reaction of equimolar
amounts of the twoAreagen#s a 93% yield of the compound
(XXv1) was obtained., This.shows the foliowing importaﬁt'
features in'itsfi;f.'spectrum; (a) C=N absorptionvat

2200 em™1, (b) ©=N at 1660 cm™!

1

. This absorption moved

in the hydrochloride and this is in accordance
25,

to 1690 cm™
with the observed effect of protonation on C=N absorption
26’27, (¢) ©=C absorption at about 1600 em™l,

The p.m.r. spectrum provided valuable negative evidence,
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- in that the presence of a CH peak could not be detected,
ruling out the possibility of structure (¥XV1A). The only
protons détected were aromatic and one of them appears at
lower field than the rest; this is_presumably due to the
effect of the nitrile group on the proton nearest to it.
This tyﬁe of effect has been discussed46'47 particularly
with reference to the acetylenic triple bond. 1In that
case, the applled field causes diamagnetic anisotropy of ;Kr
the electrons forming the triple bond, which in turn
induces a magnetic field which reinforces or opposes the
applied field accordlng to the position in space.
Consequently a proton in the vicinity is shlelded or

deshielded depending on its position relative to the triple

bond, thus:

I

In the case of the acetylenic double bond, the 'cones of

effect' are éymmetrical, but for a nitrile group, which
is dipolar, the cones will be displaced along the bond

axis. The loﬁg-range effect of a nitrile group has been
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observed in acrylonitrile49 and in phthalylidene-cis- and
—-trans-acetonitriles and other gig—cinnamonitriles48.'
Thus it is reasonably certain that the observed effect is
due to the nitrile group present in the molecule,

Further evidence for the position of the double bond

is furnished by the ultra-violet spectrum. The longest

wavelength absorption occurs at 365 mw . Compare this

NC—C—
with compounds of the type \\,ﬂ\ which absorb
| ' : PRl
up to about 320 mm 50. I : The increase
' Nii

of wavelength due to cohjugation with a phenyl group is
usually of the order of 45 gu,Sl, which giveé the predicfed
maximum wavelength of (XXV1) as ‘about 365 mm . Hence it |
suggests that the dduble bond lies between the aromatic
rings producing_an‘extended conjugated system,

There remain two structural features which are not
- yet absolutely determinedf Firstly, the actual position
of the C:N.bond, i.e. whether it is‘in,fact endo- or
exo—cyciic. No’evidepce has been found that will show_v

whether it is one form or the other, but it seems likely

that a tautomeric equilibrium exists thus:

N | ‘ | |
NH 2 \

| : /
NH | | NH,,

although the position of equilibrium may favour predominantly
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one form only. This problem is further discussed in the
chapter on the u.v. spectra of the compounds.

Secondly, the relative positions of the aromatic rings

across the connecting double bond could be syn or anti,
"In order to elucidate this problem, the same reaction was
carried out using phthalonitrile and pentafluorophenyl-

acetonitrile, giving initially the compound (XXX11).

This could not be obtained free from the oxo-compound
(XXX111), thé 1atter_however.easily being obtained pure.
The p.m.r. specfrum of (XXX111) shows only the protons of
the isoindoline ring and the presence of one of these
affected by the cyanide group is again observed. This
.demonstrafes conclusively that the cyanide group must be
‘EXE to the benzene ring of the isoindoline group, and
therefore the two aromatic rings must be anti. Comparison
of the u.v. spectra of the fluorinated and normal compouhds
suggests that there is no change in the gebmetry of the
molecule between the two, and therefore the unfluorinated
compound also has the anti arrangement.

The mechanism of the addition reaction is probably

‘as follows:

INR]
2%
50\
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The imino-compound (XXV1) readily undergoes hydrolysis
with dilute acid to. the corresponding oxo-compound (xxvii1),

and in the i.r, spéctrum the C=N absorption at 1660 cm"1

is replaced by C=0 absorption at 1720 em™?,

The imiho—compound (xxv1‘) and its hydrochloride both
undergo a self—condensation reaction when heated above 200 .
A dark coloured residue is obtained which when pure is fine
- dark red needles, This.new compound absorbs up to 495 mum
in the visible spectrum, indicating an increase in the

length of the conjugated system. Analysis suggested the

structure (XX1X) which is formed by elimination of one

molecule of ammonia from two molecules of the imino-compound. |

 .This is confirmed by the mass spectrum which shows the
molecular ion to have a mass of 473, which is correct for
(XXlX). Peaks also occur at 243 and 229 which are due to
rupture of the molecule into two parts at the single bond
of the linking'nitrogen atom. Thé other’major peaks in
the mass spectrum can all be explaihed in terms of
fragmenfs.of structure (XX1X). This reaction is very

similar to one observed by Clark30 who prepared compounds

i
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such as (XXX) by the action of heat on (XXX1). Clark
'also‘sﬁcceeded in preﬁaringlz:l ligand to metal complexes
of his compouﬁds of the type (XXX). But attemfts to
prepare metal complexes from (XXlX) failed.

Compound (XX1X) is hydrolysed by aqueous ethanolic
hydrochloric acid to give two molecules of l-phenylcyano-
methylene-3-oxoisoindoline, by fission at the linking
nitrogen atom.

Next the reaction between phthalonitrile and two
molaxr equivalents of benzyl cyanide was investigated.

The aim of this was that following formation of the 'two-
unit' compound, reaction should then oécur between the
imino group and the active methylene of another molecule

of benzyl cyanide, eliminating ammonia and giving a 'three-
 ‘unit' compound. In fact, using more vigorous conditions
than previously, such a reaction did take place and

l,3—di(phenylcyanomethylene)isoindoline (XXX1V) was

isolated in good yield (89%). This compound absorbs
further in50'the visible spectrum (415 mm ) than the two-
unit compound (365 mm ), showing a lengthening of the
conjugated system., In the i.r. spectrum it shows (a) C=N
absorption at 2200 Qm-l (b) NH at >33004cm—1 and (e¢) C=C

at 1620_cm_1 (broad). It doés not show any C=N absorption
in the region 1640-1700 cm .

The p.m.r. spectrum further supports the structure,
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nowashowing,two protons moved to low field by the presence
of cyanide groups and.a complex pattern of twelve other
protonshas expected from the struqture.

The mass spectrunm gi#es the expected value of the
. mass of the molecular ion as 345, and also shows a peak
at 172.5 for the doubly charged molecular ion. The
remainder of. tlie breakdowﬁ<pattern is in agreement with
the structure '(xxxw) .

Having successfully taken reactions with a mono-
substituted benzene to their logical conclusion, the
reactions of évdisubstituted benzene, namely 1,3-di(cyano-
methyl)benzene were investigated ﬁith a view to being now
able to carry thé reactioﬁé through to a macrocycle, |

Iﬁitiélly the preparation of a 'two~-unit' compound
was carried out, equimolar émounts of the di(cyanomethyl)
benzene and phthalonitrile reacting readily.at room‘

_temperature to give 1-(3-cyanomethylphenylcyanomethylene)

-3-iminoisoindoline (XXXV) in 81% yield. This compound

was not isolated pure but was well characterised by its
spectral properties. Its u.v. spectrum was substantially
the same as that of (XXVl) but showed a bathochromic
displacement of 14 mm due to the -CH,CN. 1In the i.r,
the C=N, C=N and C=C absorptions were again observed, and
+in the p.m.r. spectrum in addition to expected aromatic

protons, a peak due to the CH, was observed at 6.
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Confirmation was provided by the mass spectrum which gives
the mass of the molecular ion as 284.
The imino-compound (XXXV) was readily hydrolysed by

~dilute aqueous ethanolic acid to give.l-(3-cyanomethyl

phenylcyanomethylene)-3~oxoisoindoline (XXXV1), which was

isolated pure, Its spectral properties were all as
expected, including the exchange of C=0 aﬁsorption for
-CﬁN in theAi.r. and the presence of a CH2 in the p.m.r.
spectrunm.
Having prepared a 'two-unit' compound, synthesis of
‘a 'three-ﬁnit’ compound was now attemptéd. In this case
there are two possible 'thfee-unit' compounds, namély one
derived from one molecule of phthalonitrile and two of the
di(cyanomethyi)benzene, and the other from two molecules
of phthalonitrile and one of the di(cyanomethyl)benzene.
The Synthesié‘of the latter was chosen since it was
anticipated that eéch of the active methylene groups of
the benzene would react with a molecule of phthalpnitrile
at room temperature, whereas formation of the other 'three~
unit! material would, by analogy With benzyl cyanide
| require an elevgted temperature, This might easily lead
to higher reaction products which would have to be separated.
In the event, one molecule of 1,3-di(cyanomethy1)

benzene and two molecules of phthalonitrile did react at

room temperature giving the expected product, 1,3-di(cyano
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(3-imino-l-isoindolinylidene)methyl)benzene (XXXV11l) in

76% yield. This shows a lengthening of the conjugafed
system compared'with (XXXV), there being a bathochromic
shift of 25 gg; for the longest wavelength absorption in
the visible spectrum. Also the i.r. spectrum is consistent
with the expected strucfure, although it is of course not
very different from that of-(XXXV), But it does 'show an
increase iﬁ the number of bands attributable to aromatic
substitution., No suitable solvent for p.m.r. spectroscopy
could be found, but the mass spectrum confirmé the structure,
- giving the correct molecular wgight of 412 and anothef peak
at 206, | |

Compound (XXXV1l) was not the only product isolated
from the above reaction. A small amount of brick-red,
highiy insoluble solid was obtained. From the mass spectrum %
the mdlécular.weight Was'determined_as 523, Furthermore,
an accurateimass détermination of the‘molecular ion.
suggestedvthat the molecular formula was C34H17N7 from

which it was proposed. that the compound was the macrocycle

xxx1X) (10% yield based on phthalonitrile). It is easy
to éee that this could be formed by reaction of (XXXV11)
~with a further molecule of phthalonitfile, followed by
‘ byclisatibn. The i.r. spectrum supports the structure.
.Apart from the usual absorptions due to NH and C=N, it

shows C=N at 20 o::m-l lower than has been found for the
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compounds having C=NH. Also the strong band at about

1530 cm'l

which seems to be particularly associated with
the part-structure > ;;H (or its tautomer) is not
‘present, and the bands due to carbon-carbomn double bonds
in the 1600 cm-l region have become stronger and broader,
which suggests perhaps an increase in the number of these
present in the molecule,

The analogous compound havingvall aza—links‘(XLll)f
has previously been prepared7, but the two compounds are
not:markedly similar. (XL11) absorbs 40 mm farther
into the visible spectrum and is at least'sufficiently
soluble in chloroform for'the u.v. to be measured, whereas
it is difficult tovget a sufficiently concentrated solution
of (XXX1X), even in o-dichlorobenzene,

| Attempts were made to deliberately preparé (XXX1X)
by reaction of (XXXV11) with 1,3-di-iminoisoindoline,
FHowever, in the first instance a long reagtion time was
allowed, and the precipitate which had appeared initially,
had redissolved at the end of the reaction time. 1In a
second experimeht, the'reaction solution was filtered at
intervgls until no further precipitate was formed. ’in
this case a 5% yield of (XXX1X) was obtained, From the
combined residual solutions about.65% of (XXXVll) could

be recovéred after the'reaction‘and was identified by its

u.v, and i,r, spectira.
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The reaction temperature employed (120) was about
20 below that at which 1,3-di-iminoisoindoline begins to
decoﬁpose and it does not seem likely that yields
could be increased by elevation of the temperature,
particularly as formation of (XXX1X) occurs to a very
small extent and then ceases. No evidence was found of
phthalocyanine formation, thus ruling but a possible
‘alternative reaction of the di-imineé. Unfortunately
sufficient time was not available to pursue this problem
any further. '

(XXXVv11l) was hydrolysed by dilute aqueous ethanolic

acid to the corresponding oxo-compound, 1,3-di(cyano(3-

oxo-l-isoindolinylidene)methyl)benzene (XXXV111) whose

spectralﬂpréperties were iﬁ accordance with'its structure, ?
including its molecular weight, determined from the mass
spectfum as 414. An interesting féatufe of its i.r.
spéctrum is that two C=0 absorptions are apparent, at

1735 and 1710 em Y. It is not clear whether the two

. carbonyl groups are giving bands different from each other,
.or whéther each cérbbnyl group is giving rise to two bands.
| The next Step in the main theme of this section was

to attempt the confersion of (XXXVll) into macrécycles.
Initially it was'reacted with diamines, since compounds

of the type of (XXXV1l) have previously been reacted with

diamines to give in that case entirely aza-linked macrocycles.’
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Now it is expebtéd that macrocycles with two aza-links
and two cyanomethine-links should be obtained,

' (XXXVll) was refluxed in dimethylacetamide with,
separately, m-phenylenediamine and 2,6-diaminopyridine.
In both cases a'product was obtained, but analyses |
déinons:trated that they were not pure. U.V, and i.r.
spectfa.were of little use here, but the.maSS spectra
of these impure products demonstrated quite clearly the
pfeéence in both caées'of the expected macrocycile, (XL)'
and (XL1) ;espectively,.since peaks at mass numbers 486
and 487 were-easily-detected.(see overleéf).' Further there
were small peaks at mass numbers 17 higher in both cases,
suggesting that;the non-cyclic 'four unit? compound is
f also present; This shows that cyclisation does not occur
parficularly‘réadily since both products were obtained by
: hot.extraction of the crude‘réaction product with
chlorobenzene, and any non-cyclic material present must
have Sﬁrvived this,

These peaks at higher mass nuqbérs are nof conclusive
proof ofythe'presepée of the non-cyclic compounds since
very sﬁall peaks occur hicher still‘but these are
attributed to the presence of traces of metals complexed
te the compounds., This effect is observed for all the
three-unit compounds previously described, even whenv

analytically pure. This is supported further by the fact

et et
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that the analysts found spall amounts of non-combustible
residues remaining.

Itbseems}most likely ‘therefore that the ﬁacrocycles
(XL) and (XL1) and their non;cyciic precursors were obtained,

although none of them in their pure state.

An attempt was also made to condense.(XXXV1l) with
1,3-di(cyanomethy1)benzene in the presence of sodium
hydride in dry dimethylformamide at 100, A product was
obtained in this case aléo,.again impure,and the mass
spectrum only indicated the presehce of.the starting _ i
‘material (XXXV11). |

Lastly a similar condensation was attempted between

(XXxXv11) and 2;6-di(cyanomethyl)pyridine (vhose preparation

is described in Chapter 4) under the same conditions as

‘
,
;
;
j
i
i
i
|
i
|
;

abo#e, with the same results. The mass spectrum did
suggest ﬁhe presénce of a high moleéuiar weight species
of the right order, but the intensities were very low
and not too much importance can bekafpached to this.

In view of the difficulty of reaction of (XXXV11)
~ with diamines, it seems‘that if the totally cyanomethine-
:linked‘macrocyéles.are to be’obtained,-much_more vigorous

reaction conditions will be ‘required. , |
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.Exnerimental

1, P.M.R. spectra were measured on a Varian A-60
spectrometer in 5-10% solutions of the stated solvent.b
Figures are quoted as 'L values with relative intensity
in parentheses.
2. I.R, spectra were measured on a Unicém S.P., 200
(Nuqurmull). The quoted figufeé are not intended as
a compiete description of thé spectra, but simply to
give the approximate pdsitions of those bands which are:
of some diagnostic importance.
. 3. U.V. shectra,were méasured on a Unicam S.P. 800.
_Solvents used were:~ (a) Ethanol
| (b) 0.2N-NaOH in ethanol
(o) 0.2N-HC1 in ethanol

(d) Chloroform

(e) Dimethylformamide

(£) o-dichlérobenzene.

1. Preparation of 1-phenylcyanomeﬁhY1ene-3-imin01§2;,;

indoline (XXV1)

To a solution 0f sodium ethoxide (from sodium (0.98g,"
“0,043 mole)) in dry ethénol»(SO mls), phthalonitrile (5.00g,
0.039 mole) and benz&l'cyanide.(5.00g, 0.043 mole) were
added, which was swirled to dissolve the phthalonitrile.

The solutibn”was kept at room'temperature for 15 mins.,
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then refluxéd fo? 15 mins,. After being cooled, the solution
was poured into water (50 mls). 2N-hydrochloric acid
(22.1 mls) was added producing a dark yellow solid (8.57g).
The ethanol was then evaporated from the filtrate giving-:
a further precipitate (0.34g). The totgl yield of
_l—ﬁhenylcyanomethylene?a—iminolggindoline‘(XXVI) was |
v.8 91g (93%). It was récfystalliéed from n-butanol (Fbund:-
‘C, 78.34; H, 4.55; N, 17.25. Calec. for 016H11N3‘ C, 78.36;
" H, 4.49,_N, 17.14%). It forms a hydrochloride (XXV11)
'whiéh7was rpcrystalliéed_frém methanol (Found: c, 6%.89;
”H,‘4,25; N, 14.45;;01,.12.55. Calc. for 016H1201N3
c, 68.21; H, 4. 263 N 14, Qi'VCI 12, 61%)
I.R R' (xxv1) 3470w (NH), 2200 (cyan1de), 1660s (C-N), 1605w
and 1590w (c= c),'1525s (amidine band), 1300w, 12155, 1165w,
. 1145w~and 1090 (aryl C—H), 7703, 745 and 700s (aryl C-H).
 _ (xxv11) 3200w (m), 2200 (cyanide), 1690s (c=Nid),
‘”1625 1610w and 1595w (C=C), 1270w, 1240w, 1165, 1125w
‘and 1105w (aryl c—H) 780, 760 725 and 680 (aryl C—H)
P.M.R. (xxv1) in dimethylacetanide. ,

3.21 - 2. 30 (8), 1.97 - 1.78 (1)

(XXV11) in dlmethylsulphoxide.

2,53 - 1,89 (7), 1.56 - 1,21 (2),.

2, Hydrolysis of'l—phénylcyanomethylehe-3-iminoiso—»

indoline (XXV1)

1-Phenylcyanomethylene-3-iminoisoindoline (5g, 0.02 mole)
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was dissolved in ethanol (100 mls) and'ZN—hydrochioric

acid (20 nls) added. This caused some precipitation of

the hydrochloride and more ethanol (100 mls) was added to

give completé>éolution. The solution was refluxed on a
water-bath for 4 hrs. The hotvsolution was then neutralised
‘with 2N—sodiﬁm hYdroxide; Affer being cooled, l-phenyl-

: cyanomethylene—3—oxoiéoindoline (XXV111) separated as pale

| yellow crystals (2. 88g, 75%) m.p. 236 after recrystallisatloné
from ethanol/benzene (3:1) (Founa: C, 78 38; H, 4,34; N, 11, 13
Calc. for’ C16H N0 €, 78.05; H, 4.07; N, 11.39%). From

the mother liquors, 1.18g of (XXV1) was recovered.

I.R. 3250 (NH), 2200 (cyanide), 1720vs (carbonyl), 1610s
and 1590 (C=C), 1300, 1255, 1200, 1165w, 1140, 1090 and
iozo (aryl c-H),~796w, 770, 695s and 690s (aryl C-H).
‘P.M.R.in dimethylsulphoxidé.

2.47 (5), 2.22 = 2,08 (3), 1.52 - 1,33 (1).

3. 'The action of heat on l-phenylcyanomethylene-3-imino-

. isoindoline

lfPhenylcyanohethylene—3-iminolggindoline‘(5.0g,
0,02 mole)‘was:heéted_to 2300for 1 hr. The colour changed
- from yeilowéorange to dafk red. " After exfractive crystalf
lisation (beh}et ) from benzene, dark red needles of

1-pheny1cyanbmethylene—3f(l-phenyicyanomethylene—3-iso—

indoleninyl)iminoisoindoline . (XX1X) were obtained m.p.312°

(Found: C, 80.79; H, 4,07; N, 14.83; "/ : M*t, 473;
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32719V
/o M*, 473, M™T, 236.5).

M*F, 236.5. N. requires C, 81.17; H, 4.02; N, 14.80;
I.R. 2200 (cyanide), 1600bs (C=N and C=C), 1260, 1190,
1150, 1120w and 1095w (aryl-C-H)? 760s, 720w, 705w and

680 (aryl C-H). - - |

4, Hydrolysis of (XX1X)

Compound (XX1X) (0.l0g, 0.00021 mole) was suspended
in a mixture of ethanol (75 mls) and conc. hydrochloric
acid (75 mls)'and the suspension heated on a steam-bath
foqaloihrs.~ During this time the solid dissolved giving ;
.a pale yeilow solution. After being copled, the ethanol was
remdved under reduced bressure and the résidue neutralisgd
with solid SOdium_biéarbonate, Tﬁis gave a yellow solid :
whose i.f,'spectrum showed the presence of both C=0 and
C=N. The solid was redissolved in a mixture of ethanol -
(25 mls) and 2N-hydrochlofic acid (zs'hls) and heated on
- a steam-bath for a‘further 4 hrs. After removal of the
ethanol and‘neutralisation of the’residual agueous solution,.
1-phenylcyanomethylene~3-oxoi§gindoliﬁe (xxvi11) (o0.10g,
0.00041 mole, 95%) was dbtained, having an i.r. spectrum
identical with,that of authentic (XXV111). After re-
‘ crystéllisation from acetonitrile it had’m.p. 237m(cfp.

(XxXV111l), 236).
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5. Reaction between phthalonitrile and pentafluorophenyl-

acetonitrile -

To a solution of sodium . ethoxide (from sodium (0.11g,
0.00047 mole))'in:dry ethanol (20 mls), pentafluorophenyl-
acetonitrile (0.95g, 0.0047 mole) and phthalonitrile (0.59g,
0.0046>m01e) wére added. The: solution was then stirfed at
roem température tor 18 hrs. Ethanolic hydrochlorié acid'
(7N, 0.7 mls) was added to neutralise the solution which
was thén poured, with stirring, into water (300 mls).

After 1 hr. the solution was.filtered giﬁing 0.54g of

orange 1-pentaf1uoropheny1cyanomethYlene-3-iminoisoindoline

(XXX11). It was found very difficult to free this from -
cdntaminatign:withfthe‘oko—compdund.and it was hot obtained
pure. | |

The fiitrate_from above after being kept at room
temperature for 3 days deposited a solid., PFiltration

<yielded O.48g of l-pentafluorophenylcyanomethylene-3-

. o —
oxoisoindoline (XXX111) m.p. 208-210 after recrystallisation

from methanol/water (2:1) (Found: C, 57.49; H, 2.08; N,’8.29;e
: F,'28.60.-'C16H5F5N20‘reqﬁires: C, 57.15; H, 1.49; N, 8.34;

F, 28.28%). B . |
I.R. (XxX111) SzoOms (NH), 2200 (cyanide), 1720s (carbonyl),?
16255 1610w aﬁd 1595w (c=C), 1500s (fluorinated aromatic
ring);41220, il40w, 1130, 1100w and 1070 (aryl C—H),.995S

and 960s (C-F), 780, 760, 745 and 700 (aryl C-H).
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P.M.R.(XXX111) in CDCI,.
2.35 - 2,04 (3), 1.47 - 1.28 (1).

6. Preparation of 1,3—di(phenylcyanomethylene)isoindoiine

= (xxx1v) ,
- To a solution 6f sodium;ﬁ—butoXide(from sodium (0.36g,
0.016 mole)) in dry_g-buténol (50 mls), benzyl eyanide
(3.66@,_6.031 mole) and phthalonitrile (2.00g, 0.016 mole)
were added and the solution refluxed for 48 hrs. The
g;butanol was evaporatéd under reduced pressuré to a small
volume éndAthb residue taken up in ‘ethanol (50 mls). This
was poured with vigorous stirring into waper-(l litre).
Addition of_2N—hydrochlbric acid to neutralise the solution
produced a dark velldﬁ—broWﬂ solid (4’81g, 89.2%). After
: several extractlve crystalllsatlons (Soxhlet ) from methanol,

‘ kbr1ght yellow needles of 1,3~ di(phenylcyanomethylene)iso-

~ indoline (XXX1V) were obtained m.p. 201° (Found: c, 83.70;'
'1H 4.50; N, 12.05; m/ 1*, 345°ZM++, 172. 5._ Cy Hy Ny |

requires: C, 83.49; H, 4.35; N, 12. 17% /e: M* )345;

M*T, 172.5). _ . _ o

I.R. 3300b (NH), 2200msf(cyanide), 1620s and broad (C=C),
1270, 1235s, 1160 and 1115 (aryl C—H) 780, 765s, 760s,

700s and 690 (aryl c-H),

P, M R. in CDCl3 »
2.62 - 1.82 (12), 1.37 - 1.15 (2).
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7. Preparation of 1-(3-cyanomethy1phenylcyanomethylene)

' -3-oxoigoindoline (xxxv1) -

To a solution of sodium -ethox1de (from sodium (0 071g,A;
0.0031 mole)) in dry ethanol (25 mls), 1,3~ dl(cyanomethyl)
benzene (0.47g, O, 0030 mole) -and phthalonitrile (0.36g,
0.0028 mole) were added. The solution was stirred at room

temperaturé for 5 hrs. A vellow colour developed rapidly,
'finaliy goiﬁg 6ark orange-browﬁ. The reaction mixture

was poured info water (200 mls) with vigqrous stirring., .
'bA slight excess of 2N—hydrochloric>acid was added, causing
the finely dividedvprecipitate to coagulate. There was

obtained 0.675g (81%) of crude 1-(3-cyanomethy1pheny1cyano;

methylene)-3-iminoisoindoline (XXXV). This crude solid

(0.10g, 0.00035 mole) was refluxed in a mixture of ethanol
(10 mls) and 2N-hydrochloric acid (10 mls) for 3 hrs. The
ethanol was removed under réduced pressure, and the residual
aqueous solution ﬁeutralised withva-sOdium hydroxide. A
~yellow precipitate was produced which.yielded 0.09g (86%)

of orange powder; After‘recrystallisation from aqueous

methanol 1-(3-cyanomethylphenylcyanomethylene)-3-o0x0iso~

. (2] .
indoline (XXXV1) m.p. 252-253 was obtained (Found: C, 75.77;

H, 4.11; N, 15.13. 018H11N30 rquires; C, 75.80; H,A3.86;\

N, 14.73%).
I.R. (XXXV) 3400 (NH), 2200 (cyanide), 1665s (C=N), 1605
and 1590w (C=C), 1535s (amidine band), 1260, 1215s, 1170



6T—

and 1100 (aryl C-H), 790w, 765s and 685s (aryl C-H).
(xxxv1) 3400 (NH), 2200 (cyanide), 1720s (carbonyl)

1615ms (C=C), 1270w, 1215 and 1145 (aryl C-H), 770s, 730w

and 695s (aryl C¢-H). |

'P.M.R.(XXXV) in pyridine

6.07

in acetone

,5;99'(2), 2.62 - 1.57 (7), 1.47 - 1.28 (1).

(XXXV1) in pyridine |

6.10

‘in'dimethylsﬁlphoxide A

2.48 (4), 2.24 - 2.03 (3), 1.56 - 1.32 (1).

8. Preparation of 1,3-di(cyano(3-imino-l-isoindolinylidene) & .

methyl)benzene (XXXV11)

To a solution of sodium ethoxide from (sodium (0.31g,
0.013 mole)) in dry ethanol (30 mls), 1,3-di(cyanomethyl)
benzene (1,00g, 0.0064 mole) was added and dissolvéd.by
stirring. Then phthalonitrile (1:70g, 0.013 mole) was
added and the solutioﬁ stirred at rooﬁ temperaturé for
20 hrs. It was then poured into water (500 mls) and
2N-hydrochloric acid (7 mls) was added. Filtration yielded
| 3.013g of red-brown solid. 'ThiS'ﬁas taken up in hot |
dihethylacetamide,‘léaVing‘a small aﬁqunt of insoluble

material, This brick-red solid was the macrocycle (XXX1X)

(0.23g,,10%).' It was purified by recrystallisation (hot
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extractor) from o-dichlorobenzene (Found: C, 77.84;
H, 3.46; N, 18.54; "/_: M’, 523 and molecular formula

C, H,,N C requires: C, 78.02; H, 3.25; N, 18.74%;

34fl17N7- Cayfyo¥e
B g MY, 523).
The dimethylacetamide filtrate after cooling was
diluted with water until no further precipitation occurred.

Filtration gave 2.06g (76.5%) of 1,3-di(cyano(3-imino-1-

isoindolinylidene)methyl)benzene (XXXV11) as a dark yellow

'solid. This was recrystallised from dimethylacetamide/

2616°6°
:CH3CON(CH3)2"requires: c, 72.14; H, 5,01; N, 19.63%.

m/e: MT, 412. ¢©

methanol (Found: C, 72.51; H, 4.94; N, 19.46. C,.H. N

Found: H,.N. requires m/e:M+, 412),

26166
" I.R. (XXXV11) 3430w and 3300w (NH), 2200 (cyanide), 1660
(C=N), 1635 and 1575w (C=C), 1530s (amidine band), 1300,
1275, 1240, 1215, 1195w, 1170, 1105 and 1035 (aryl C-H), |
815, 765s, 745w, 715 and 690s (aryl C=H). |

| (XXX1X) 3330w (NH), 2200 (cyanide), 1640s (C=N), 1605s
and 1585 (C:C),'1255, 1180w, 1155, 1115, 1100 and 1025

- (aryl C-H), 800w, 765, 720s and 690 (aryl C-H).

"9,  Preparation of 1,3-di(cyano(3-oxo-l-isoindolinylidene)

methyl)benzene (XXXV111l)

1,3—Di(cyano(3—imiho-l—i$pindolinylidene)methyl)benzene
(¥Xxv111) (0.20g, 0.00048 mole) Wés‘suspended in a refluxing
‘mixture of ethanol (15 mls) and 2N-hydrochloric acid (15 mls) -

for 2 hrs. Filtrationiand drying_yielded 0.19g (93%) of
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1,3—di(cyano(3-oxo-14i501nd01inylidene)mefhyl)benzené

(XXXV111) which was recrystallised from dimethylacetamide

\ (Found c, 75.32; H, 3.78; N, 13.67. c H

26

14N402 rgquires;

. C, 75.37; H, 3.38; N, 13.53%). | |
I.R, 32505 (NH), 2200 (cyanlde), '1735vs and 1710%s (carbonyl)‘
11605s and 1590 (C=C), 1280w, 1230, 1205w, 1145, 1110w and
1095w (aryl C-H), 805w, 775, 715 and 705 (aryl C-H).

'10. Reaction of (XXXV11) with diamines . . _

(a) (xxxV11) (o.zog,.o,00049 mole) and m-phenylenediamine
(0.054¢, o.Ooosd'mole)-were'refluxed in dimethylacetamide

v(8 mlé) fér 18fhrs; “After belng cooled the solution was j
" d11uted w1th a 1arge excess of water (100 mls) The
‘pre01p1tate was allowed,to coagulate at room temperature
for a few‘houfs.' Filtration gave‘O.zlg of a brown solid,
“which wés'extractive1§ crystallised (hot‘extréctbr) from. -
chlorobenzene. | | |
(p) (XXXV11) (o 25¢, 0,00061 mole) and 2,6- dlamlnopyrldlne
(0.070z, 0.00064 mole) were refluxed in dimethylacetamide
(10 mls) for 18 hrs, After being cdoled,the solution was
worked up as above to give'0.24g of brown solid, which
was extractively crystallised (hot.extractof) from’
chlorobenzene. |

‘11, Reaction of (XXXV11l) with 1,3-di{cyanomethyl)benzene.

The dimethylformamide used in this and subseqguent

reactions was dried by the method of Thomas and Rochow43.
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Sodium hydride (53.3% dispersion in mineral oil,
0.019g, 0,00038 mole) was suspended in dry dimethylformamide
(10 m1s). (XXxvil) (o,ng, 0.00037 mole) and 1,3-di(cyano-
methyl)benzené.(0,0SBg, 0,00037 mole) were added and the
solution stirréd at 110°for 20 hrs.  After being cooled,

a large exéess of water (150 mls) was added and filtration
. gave 0.i4g of a brown éolid, which was extractively

erystallised (hot extractor) from chlorobenzene.

12. Reaction of (XXXV11l) with'2,6-di(cyanomethyl)pyridiné
| Using'sodium hydride (0.018g, 0.00036 mole), (XXXVll)
(0.15g, 0.00037 mole) and.2,6-di(cyanomethy1)pyridine
(0.057g; 0.00036 moié) in dry dimethylformamide (10 mls)
the reaction was carried;out as described in the preceding
section. ‘0,16g of brown soiid was obtained, which was

extractively'crystallised (hot extractor) from chlorobenzene,
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U.V. spectra

Compound .' Solvent Amax (131-»\)‘ €x 1073

(xxv1) . : (a) 233 23.59

| 204 9.1l

375 | 14.30

() 284 , 11.74

402  15.36

. (XXV11) (a) 274 ‘ 10.70

294% 9.43

| 365 17,25

(xxviii) (a) 226  19.44

: 2905 10.24

342 . 1T1.57

() 288.5 10.02

© a1e-si7t 8.06

- R 394 22,90

(xx1%) ‘,', (a/d)(4:1),-  344 38,71

kN g S 496* | 11.40
E W 1495 13,59 §
(XXX111) - -~ (a) - 225F | 27.99 | @

o 228.5  28.49

286 . 18.40

293.5  1s.51

332 20.70

(xxx1v) _ . . (a) 239.5 17.31



(XxXX1V) (conf.)

. *
(XxXXV)

'(XXXV15

(XXXV11)

T

(b)

(a)

(D)

.-(c)

(a)

(p)

(e)

260

305.5

415

247

+

261 .

276

307-309

346

503

+

+

536

239-240

294
387

285

418’

270

353

275

341

274

390
296
309

292.5

+

288-289

+

]

11.77

14.35

22.00

24.62
18.76

13.07

8.80
32.02
40.86
21

16
11
19
11_‘
17
8,93
10.58
18.61
9.50
9.79
15,17

14.34

13.49



£{xxxvi1l) (cont.)

(XXXvii1)
(XXX1X)

o Inflexion

Not pure °

=73~

(£)

412
291
342
363
458-462

34.59
19.76
28.89

38.48

. 9.48
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Chapter 4

Syntheses using substituted pyridines

Having successfully completed a series of model
reactions with benZene_derivativeé, it was now possible'
to extend these reactions to substituted pyridines which
should lead éventually to the synthesis of the macrocycle
(111) which was the ultimate aim of this ﬁork._

In order to obtain a complete comparison of the
products from the two series of reactions, almost all the
. pyridine énalogues of the cbmpounds in the benzene series
- were prepared.
2—Pyridy1acefdnitrile was prepared by standard

method528’29

. From this, by reaction with one molar
equivalent of phthalonitrile at room temperature,

1-(2-pyridylcyanomethylene)-3-iminoisoindoline (XLV, R:H)

was obtéined in 73% yield. This showed fhe ekpected
_absorptions (NH, C=N, C=N, C=C and pyridine) in the i.r.

- spectrum. The u.v. speétrum was very similar to that of‘
its benéene analogue,'but,there was a bathochromic shift

of some 27 @M.and ah'increase!ih €values. The p.m.r.
spectrum shoﬁs‘on1y aromatic‘protoné, the.5épyridy1 proton
 being distinguishable at higﬁer field thah.the main compléx
peak.'>It might havé‘been“thought'that the 3-pyridyl proton
should'alsé‘appéar,bn the high field side,' But it has been

44

shown that a 2-vinyl group on a pyridine ring moves the
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3-pyridyl proton to a lower position, The cyanide-affected
proton and the 6-pyridyl protonbare detectable on the low |
field side of the main peak.

This compound was easily hydrolysed by dilute aqueous

acid to 1-(2-pyridylcyanomethylene)-3-axoisoindoline (XLVI;

R*H), whose i.r. demonstrated the exchange of C=N for C=0.

All the other spectral properties were as expected.
The compound (XLV, R=H) also underwent the self-.
condensation reaction with elimination of ammonia to give

the condensed compound (XLV1l), having an almost identical

u.v.‘speétrum to that of its benzene analogue. Attempts
were made to prepare metal complexes from this compound
since it would be expected to have four nifrogen atoms in
" a suitable arrangement for chelation. It is however a
somewhat unusual ligand in that it has one nitrogen atom.
that can form a covalenflbond,'and’three that have only a
lone pair to form avco-ordinate link,.

With cupric acetate in pyridine solution crystals were
obtained whose analysis suggested ‘that it was a copper
complex containing the ligand, one acetate group and a
molecule of pyridine. - Its strucfure is therefore probably

the complex (XLV111), an octahedral complex of Cull. The

i.r. spectrum shows C=N absorption demonstrating clearly
the presence of the ligand in the complex. Also‘there is

a strong band at 1700 c:m-1 which can be attributed tc¢ the
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acetate carbonyl group. o | o
A similar cémplex'gXL1XZ was obtained from nickel
acetate and (XLVIl) in formamide/diméthylformamide solution,
' the‘differehce being that in place of the pyridine molecule

there is one of water. There is however, a considerable
~ difference in thelobserved u,v, spectra, the Cu complek
abéorbing’upbto 429 mm in the visible region and the Ni
complex up to 614 mw. It may be that the Cu complex
decomposed or dissociated in the dimethylformamide solution
employed for the u.v, meésurements because if does not seem
reasonable that two such similar metal complexes shovld
have such dissimilar u.,v. spectra. The other alternaiive
of course is that their stereochemistry differs in some
way.

Froﬁ dimethylformamide solution, cupric acetate and
(XLVll)_give a crystalline complex whose i.r, spectrum |
is identical with’that_of the Cu cbmpléx (XLviii) 1t
cannot contain a.pyridine molecule in this case, but could
contain a water molecule instead. One would have expected
this difference to be reflected in the i.r. spectra of the
two compounds. This suggests that the copper complex
(XLV111l) might not in fact contain a pyridine molecule,
but a Water moiecule. In that case the analytical results
differ much more from the calculated figures than in the

former case. The complex obtained from dimethylformanmide
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solution does not have a similar analysis to that of
(XLVlll), nor does its analysis agree any better with
figures calculated on the basis of its containing g'watef
molecule, It seemé that this difficulty cannot be.resoived
on the information available.

Attempts to prepare complexes of (XLV1l) from salts
of various other metals did not yield any compounds that
coula be designated as metal complexes. In some cases
the u.v. absorption of the reaction solution suggested
that the ligand had been hydrolysed at iis nitrogen link,
leaving a solution of 1—(2-p§ridylcyanomethy1ene)—3—oxo-
iﬁgindoline.iiy _

'Hydrolysis of (XLV1l) occurs very readily with conc.
hydrochlorid acid in ethanol, and from the reaction mixture
two molar equivalents of I—Qz-pyridylcydnomethylene)—3-
oxoisoindoline were obtained. | | |

In order to compére.the ease of (a) a condensation
reaction‘with phthalonitrilé with (b) an elimination (of
ammonia) reaction with isoindoline derivatives, attempts
were made.to,prepare compounds.(XLV,,XLVl, R:H) from
isoindoline derivatives. The reaction of 2-pyridyl-
acetonitrile with 1,3-di-iminoisoindoline in the presence
of sodium ethoxidg in ethanol at room temperature gave only
a 6,5% yield of (XLV, RzH), With sodium ethoxide in

refluxing ethanol, 1-imino-3-o0xoisoindoline gave a 15%



yield of (XLV1, R=H). However it was found that when the:
latter reaction was repeated in the absence of sodium

ethoxide, the yield was raised to 47%, indicating that the

baée'in fact considerably reduces the yield. It also shows
fha}veven under favourable coﬁditions, the reaction with
phthalonitrile, gbing in g&od yield at room temperaturev
as it does, is very much easier than that with an isoindoline
derivative. |

An investigation was also made into the reaction between
phthalonitrile and methyl 2-pyridylacetate to determine
whether an ester group was as efficient an activating
group as a nitrile in thié context. Sodium ethoxide in
ethanol was the'réabtion medium, and it was shown by p.m.r.
spectrum that the product had completely.exchanged the
methyl ester fdr an ethyl ester. The yield of crude imino-
compound was only 40% and it was not obtained pure. Mild

hydrolysis of this crude material gave 1-(2-pyridylethoxy-

cafbonylmethylene)—3-oxoisdindoline (L) whose p.m.r., i.r.-

and u.v.vspecﬁra were entirély consistent with its proposed
structure.:i |

Attempts to obtain the corresponding product using
- sodium méthoxide.in methénol gave onl& products which were
appérently]mixtures.of,the methyl ester and the carboxylic
acid.v This occurred no matter how cafefﬁlly the methanpl

was dried. 1In view of these difficulties, this line of
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investigation wés not pursued;.

Reaction between_phthalonitfile and two moleculés of
2-pyridylacetonitrile was next attempted under the same
conditions as had been used for bgnzyl cyanide. - The

expected product 1,3-di(2-pyridylcyanomethy1ene)iggindoline

(L1, R=H) was obtained though only in 57% yield, which is
considerably lower than the yield with benzyl cyanidé.

It might have beén expected that thevaridyl.compound_
should.give a better yield by virtue of the electron-
.-withdrawing'effect]of the pyridine nitrogen ﬁaking the
methylene group more reactive.

‘ Nevertheless, the desired compound was obtained and
ifs properties agreed with its proposed structure. The
~i.r., showed C=N, C=C and pyridine absorption, but no C=N,
In the p.m.r. spectrum there could be distinguished the
two S~pyridyl protons_af higher field than fhe main peak,
the 3;pyridy1 protons being in the main peak due to the
effect of the adjacent double bénd as before. Two groubs
of protons (the 6-pyridyl and the .cyanide-affected) were
observed atllower field.

" In the u.v. the absorption bands are bathochromically

shifted nearly 100 mu with respect to those of the'two-unit!

compound.
It was also shown that this compound could be prepared

in two stages, firstly by synthesis in situ of the 'two-unit'
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. compound, and secondly by addition of an equimolar amount
©of 2—pyridylacetonitrile and elevation of the temperature,.

Attempted hydrolysis of the nitrile groups of (Ll,

R=H) with-refluxing 75% sulphuric acid led to the isolation

of phthalic acid in 77% yield. But by using 95% sulphuric
acid at a lower temperature it was possible to isolate the

corresponding di-amide, 1,3-di(2-pyridylcarbamoylmethylene)

isoindoline'(Lll). The i.r.'spectrum.indicated the presence

of NHZ at 3500 and 3400 cm—l. Also the amide I and II bands

‘appeared at 1655 and 1620‘cm-1. No Cstabsorption was -

defectable. The u.v.'absorptioﬁ in comparison with that

| of the dinitrilé showed a hypsbchromic shift of about 30 My
demonstrating the’weaker'éuxochromicreffect of the amide
groups.

HydrolysiSA of the'di-amide with dilute sodium
'hydroxide gavewd prbduct whicﬁ was probably the‘di—acid.
“Itsbﬁ.v. spectrum was different from that of the di-amide.
 The,i.r.’spéctrum lacked the amide I and II bands, but
there were strong bands at 1635 and 1585 cm - possibly due
to carboxylio acid and carboxylate ahion.

| Atteﬁpts to decarboxylate this.éompound using basic
'éoppér'oarbonate'or copper powder in refluxing quinoline
gave solutioné which uhdoubtedly contained a copper complex,
but whether it was of the di-acid or of the decarboxylated

material was not discovered. No pure compound was isolated-

e
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from the reaction mixtﬁres.'
~ From the 'three?unit' compound (L1, R=H) metal

comnplexes were prepared. With cupric acetate the copper

complex (Llll;-RiH, M=Cu) was obtained as a monohydrate.

The anhydrous cbmplex was prepared by drying at 0.1 mm/looi
The u.v. spectrum of this complex showed a considerable

bathochromic shift (50 mw) compared to that of (L1, R=H),

“although the intensities were decreased by a factor of

about 2.. Presumably the acetoxy group is preéent in the

'Lanionic form;‘éertainly there is no carbonyl absorntion in

" the 1700 - 1800 cm~! region (of XLV111l). Tt has been shownS

that éupric acetate-dihydrate exists in the cryvstalline

stafe as a dimer, with all the acetate groups bridging

pairs of copﬁer atoms, Also the copper complex of diazo-

'aminobenzene exists asva'dimeric allfbridged structure58.

: Cuprié aéetéte shows'carboxylate anion absorption bands

at 1620, 1605 and 1450 cm™ ' (all strong)®°. It is possible

“therefore that the i.r. absorption of our new Cu complex

at 1520 en”t is produced by the acetoxy group, although

. the second absorption band which is usually shown hy the

"'_acetoxy group has not been located. It is pdssible that
thevstructure is more complicated than that suggested by
the formula (L111). Thus the copper may be octahedral as

" in the dinmeric structure:-



with the water heid only as‘water of crystallisation, If
it ié assumed that this typevdf structure would have similar
bond lengths t0 those in cupric acetate, then the difficulty
arises of accbmmodating both the ligand molecules in the‘
same plane.b A scale drawing shows fhat the pyridine rings
(represented by.N*) would overlap considerably if the |
,Cu—Cu bond wvas of the order of 2.6A as it is in cupric
'.aéefate. In order to prevent this overlap, a Cu-Cu bond
- length of the order of 6A wouidbﬁe required. And this is

surely much too great. The copper complex (L111, R=H, |
| M:gu) is therefore probably monomeric. ‘ |

It is interestingvto note that the removal of the

water has no effect on the i.r. spectrum at all, there
being no'disappearance'ofbaﬁy7peaks. However, this is not
surprisihg because copper aguo complexes frequently fail
to show any absorptions, vin the NaCl r'egion, due to water
molecules?o. | |

. With nickel acetate two different complexes were
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obtained. One 6f them (L111, R=H,'MiNi) corresponds to
the copper compléxvjﬁst described, having one acetate
residuerin it. The u.v. épectrum is very similar to that
6f fhe copper complex, but is bathochromically displaced
by(l3 muw., In the i.r., again there is nb acetoxy carbonyl
in the 1700 - 1800 cm_lr region, but it is possible that
"absorptions at 1500 and about 1450 cm~! are due to
vibrationé of the anionic acetate group. Nickel acetate,
.unlike copper acetate, 1is monomericSl, and there seems no
reason to doubt the monomeric structure of (L11l1l, R:H,
M=Ni). -

| The second nickel complex obtained was shown to be a

2:1 ligand:nickel complex (L1V). It will be noted that

the experimental conditions for formation of the two nickel
complexes are almost identical (including the molar prop-

ortions). The difference is believed to lie in the fact

“fl that nickel acetate is appreciably less soluble in dimethyl-

-~ acetamide thaﬁ in formamide. And consequently when the
former Was ﬁsed, itAiS'likely that it was not all dissolved
~and the excess was filtered pff, thus producingArelative .

quantities more favourable‘t6 thé'Iprmation of the 2:1

complex, | |

 The existence of the two complexes is not unexpected
since the:same situétion occurred in the case of the aza-

linked analoguesl.' In this latter case the 2:1 complex
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waé given a square planaf structure ahout fhe Ni atom,
 which nécessitéted twisting one pyridine ring about its -
aza-link in each molecule of the ligénd in order to
accommodate two molecules.
| For‘the cdmplexﬁ(LlV) it seems more likely that it
I1

is in fact an octahedral complex of Ni~~, and this would -

give rise to the possibility of two isomers:

or

{ Lo

'_'Né'évidence has been found for,the existence of two isomers,

' bﬁtvif the complex is octaﬁedfal then form B would probably
be more étrongly favbured since th»Ni atom would then be
‘in the plane and ét the centre of each ligand molecule.

If it is square planaf;,then ﬁndoubtedly.an isomeris-
ation of one of the pyridine‘rings‘from anti-isoindole to
syn-isoindole ﬁouid have to occur, and the conditions do
not seem vigorous énOugh to bring this about., There seems
to be little evidence'éither;'as to why the 2:1 complex of

=
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the aza-linked analogué should he regarded as sguare-planar
yather than ootahedfal.

The_possibility of,this complex being tetrahedral has
not been diséussed as it'seems.unlikély since relatively

II 58

few Ni'' complexes are in fact tetrahedral”".

There was also obtained a Qinc complex (L111, R=H,
Mgggl whiqh was of the 1:1 type, having an acetate group
Iin5the molecule. This complex is interesting because it
shows an absorption in the i.r. at 1680 cm~! which must
sureiy be attributed to the carbonyl of the acetoxy group.
This‘would suggest perhaps that the metal-acetate bond is
. more covaléﬁt in character than those of the previously
‘ deécfibed éu.and Ni COmplexés. It has a similar u.v.
spectrum to these ‘two éomplexes,'but is apparently less ;%
stable since attempted recrystallisation from hot dimethyl- |
- formamide giVes back a mixture bfkthe‘cpmplex and the ligand.

The next series of syntheses.to be investigated was
that using 2-cyanomethyl-6-methylpyridine. This compound
reacted in exactly the same Way'as:2-pyridy1acetonitrile.

Initielly 1—(6—methyl-Z-pyfidylcyanOmethylene)—3-iminoisda

~ indoline (XLV,‘R:CHS) was prepared. Its i.r. spectrum

confirmed the presence of the expected functional groups,
and its u.v. spectrum showed a slight bathochromic dis-
placement compared to (XLV, R=H). Its p.m.r. spectrum is

‘as expected, showing the -CH3'in‘addition to aromatic protons. .

g
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Also there is of course no signal at low field from a

6-pyridyl proton. This compound formed a hydrochloride (LV), .

and also was easily hydroiyéed to the corresponding oxo-

compound (XLV1, R=CH,).

‘A point worth noting was that a condensed compound

corresponding to (XLV1l) was not obtained from (XLV, R=CH,)
- under the same conditions. In fact the starting material
was recovered unchanged. It is possible that the 6-methyl
groups produce sufficieht steric hindrance to prevent two
moleéules from undergoing condensation. This effect was
observed again in’combounds described later.

It was thought that it might be possible to abstract
a proton'ffbm the 6-methyl group of (XLV, R=CH,) under
the appfopriéte ednditions ahd s0o form a reactive carbanion
whieh‘ﬁould’undergo sélf—eoﬁdensation to a macrocycle.
However, refiuxing (XLv, R:CH3)‘albne‘in basic solvents
(pyridine or dimethyleyelohexYlamine);‘in alcohols_in the
. presence of the.sodium alkoxide (butyl or nonyl alcohols)
“or in'pyridiné with'phthalonitrile;&id not give any products

that could be identified as the desired macrocycle. On .

':.‘one occasion the reaction in dimethyleyélohexylamine gave

“a small yield (about 10%) of an insoluble purple solid,
which from the u.v. absorption in dimethylformamide, was
not a phthalocyanine, Its molecular Weight was determined

_as'517'from the mass spectrum. The i.r. spectrum showed
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..fhe'présencé of C=N, @émonétrating that the product
"originated frbm (xLv, R=CHa), but its strupture has so

far defied elucidation. Nor has it been found possible
tolrepeat this reaction, in spite of many attenpts, under

. ﬁaryingnconditibns. |

| Next, from phthalonitriie and two molar equivalents
of_2-cyanomethyl-6—methy1pyridine,'the'three—unit' compound

1,3-di(6-methyl-2-pyridylcyanomethylene)isoindoline (L1,

R=CH3) was prepared. This compound showed all the expected
spectral charaétefistics exéept that in the u;v.'it shows

a slight hypsochromic-shift‘pOmpared to (Ll; R=H) which is
not the normal effect of substituent méthyl groups. From
_scale diagrams of the molécuie it-is clear that the 6—meihy1
.. groups will interfereAwith one.another §nd this will produce
some.strain~in‘thé molecule #hich‘will in turn reduce the
degree of conjugation of the uqsaturated systen,

After the first‘purifiéatibh‘of.this compound a small
émount of reéidué was obtained whiéh'in dimethylformamide
:;éolutipnvhad an idenfical_u.v.kspecfrum with the unknown
purple compound described above. Unfortunately this does :
B not assist in detérmining the strﬁctﬁre‘ofAthié by-product.
| | Attempts‘were.made to prepare a'macrocycle from (L1, -
R:CH3) by reaction with a 'fourth unit' under various
kcohditions;f:No reaction could be detected with 1,3-di-

iminoisoindoline either in the absence or the presence of
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sodium alkoxide. With phthalonitrile in tue presence of

sodium alkoxide, only starting material was identified

from the reaction. So under these couditions,'even with

the moleoule held in a favourable arrangement, the 6-~-methyl

groups are‘not reactive. } ‘ i
As a last resort, the effect of metal complex formation |

was investigated, since the,presenoe of the metal might

cause a sufficient electron drain from the ligand to make

the”6-methy1,groupe more reactive, Accordingly the mono;

hydrate of the copper complex (L111, R:CH,, M=Cu) was

prepared. This was similar to the previous copper complex
(L111, R=H, M=Cu) and when it was dried it lost a molecule
of water with no chenge in the i.r. absorption spectrunm.
In the i.r. it shows absorptlons at 1520 .and 1330 cn -1
elther or both of which mlght be due to the acetate group.»
';As far as the structure of thls complex 1s concerned, the
same arguments apply as before, and‘it may have a‘bridged
dimeric structure. | | |

- 'When this-oobper oomplex was refluxed with 1,3fdi—'
iminolggindoiine_iu l-hitropropane, a small amount of a
produot was obtained. But the i.r. spectrum did not show
any cyanide absorption (one of the most ea811y recognlsed
absorptions of the ligand) showing that the ligand was not

incorporated in the product. This product was also insoluble -

in dimethylformamide, and most probdbly was oopper phthalo-~
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cyaniue, formed by reaction_of the 1,3~di~tminoi§gindoline
with itseif. |

The reaction.was,then‘repeated using lfimino-3;thio-
isoindoline which does'not_so readily form phthélocyauine.
In this case there was‘no eVidence'of any reaction having
occurred and no product could. be 1solated

It is possible that if the structure of the copper
complex is of some more compllcated ‘bridged type, then
this obstructs the formation of a macrocycle. It was not
found p0351b1e to prepare complexes of this ligand with
several other metals, and so this approach was abandoned.

Hav1ng falled to prepare h macrocycle from any of
these 6~methyl substituted compounds, attentlon was turned
pto_the‘possibility of using 2,6-di(cyanomethyl)pyridine
,which'shouid react in the same way as 1,3—di(cyanomethyl)—r
'benZene;r‘This pyriuine»is not‘readily'available. Only |
one preparation'has been described before41, from the
J‘d10h10ro~ or d1bromomethy1pyr1d1ne and potass1um cyanlde
A'in aqueous methanol (The yields quoted were not hlgh, and

even these were not attained on repetition. It seems that

"~ there must be a competing»intermolecular\quaternisation

k[reaction which will occur'under'the basic conditions used.
: ,Consequently a better method was sought and in the course

of thls it was declded that pyridine—2,6- dlmethanol should

be prepared in reasonable quantities.‘ This compound has
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- been pro_ducedlg’s_z’53

either as a by-product or else by
a several-stage synthesis involving rearrangement of
N-oxides, |

The possibility of reducing a diester of dipicolinic
acid was consideréd since many examples of the lithium
aluminium hydr1de reduction of pyridine carboxyllc esters
are known54 55 56 57. But frequently thevyleld from such
reductions is low and in the case of diethyl dipicolinate
was found to be about 5%39. This low yield may be due to
the fact that pyridine-2 6-dimethanol 1is not very soluble

- in ether, the normal solvent for L.A.H. reductlons. However,
40 '

‘1_ Brown et.al.™ have developed a method for the reduction

of esters in hlgh y1eld by us1ng sodium borohydrlde in

dlglyme (dlethylene glycol dimethyl ether) in the presence

" of certain anhydrous metal halides.

Applled to the reduction of dimethyl dlplcolinate
o tnls method gave a 76% yield of the dimethanol, Thus
| 2, 6-lutidine can readilvcbe converted to‘pyridine-2,6- |
. d1methanol by permanganate oxidatlonSB, esterification39
and subsequent reductlon.~‘

The dimethanol was easlly;oonverted by~thibnyl chloride
“to the corresponding di(ehloromethyl)ovridine. ‘Dhis by
”the action Of.sodiun,cyanide in dinethylsnlphoxide42'

{a non-aqueous neutral medium) was converted to 2,6~di-~

(cyanomethyl)pyridine in 54% yield. Thus a reasonably
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simple route from the easily accessible 2,6;1utidine was
established. |

Having obtained the necessary suﬁstituted pyridine,
its reaction with twe molar equivalents of phthalonitrile
was investigated. As_in the caSe of the benzene nnalogue,

the reaction proceeds smoothly at room temperature and a

'91% yield of 2,6—di(3-imino41-isoindolinylidenecyanomethy1)4'

‘pyridine (LV1) was obtained. The i.r, Spectrum shows the

.cyanide‘and C=N absorptions amohgst'others. Although this
E pew‘cempeund is only cross-conjugated its u.v. spectrum
'showe’e bathochromie‘shift compared to thet’of.the "two-unit!'
compound (XLV, R=H). Thewmolecular weightbis confirmed by
:the“mass Spectrum ﬁhiehIShowe»that the parent‘peak hae
& / 413, and there is a douhly charged .ion at 206.5.
It is interesting to note that there is no evidence
| of a macrocyclicby—product correspondlng to (XXXlX) in the‘
‘benzene series., ' ' |
Attempte to form.macr0eye1ee from'(LVi) and diamines
were made as for thevcerreSponding henzene analogue, and
’almoet identieéi_resuits Were_obtaihed.‘ No pure compounds
 Were prepared,'but~the mass séeetralxresults definitely .
. showed the presence ef comboundsrhaving the molecular
~weights of the macrocycles (Lvi1) and (Lviil) (see overleaf)
Furthermore, 1n the mass spectrum of the product from

reaction with.2,6—d1am1nopyr1dine the peak attributable
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- to the presence of the non-cyclic four unit compound was
much more intense than any that had been observed for the
corresponding peak in the other three cases.

- The attempted condensatlon between (LV1) and 2, 6

dl(cyanomethyl)pyrldlne also fdlled and in this case no
real evidence of any specz.ee of lugher molecular welght
was obtained. | |

It is interesting to compare these results with those
of Eaguley and Elvidge17 who attempted to react the
'analogous aza-linked compound (L1X) with g-phenyienediamine
'to form an asymmetric macrocycle., They found that dis-
'proportionation and recombination occurred which resulted
.in the fOrmation_oi the symmetrical 2,6-pyridine mecrocycle.
Similarly compound (L1X) with 2,6;diaminobyridine gave
both the»possible symmetricai, but not the asymmetrical;

macrocycles.

Hence one concludes that these three unit di-imino

compounds are not as reactive as might have been anticipated.
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Experimental

Spectra were measured as previously (Chapter 3).
Solvents for u.v. were:- (a) Ethanol

(b) 0.2N-NaOH in ethanol

vat 4y

(¢) '0.2N-HC1 in ethanol
(d)'§Ch10rqform
(e) Dimethylformamide
(%) grdiehlorobenzene
(g) Benzene
(h) Dimethylacetamide

1. Preparation of 2-pyridylacetonitrile

Methyl 2-pyridylacetate (51.2g) on treatment with

ammonia solution (d0.88, 80 mls) was converted to 2-pyridyl-

)28, By aistillation of the amide from

29

acetamide (41.3g
phosphorus pentoxide™ ", and treatment of a benzene solution }i
~0f the distillate with dry HC1l gas, 2—pyridylacetonitrilé

hydrochloride (20g) was obtained.

2, Preparation of 1-(2-pyridylcyanomethylene)-3-imino-

isoindoline (XLV, R=H)

v(afﬁlTo a solution of sodium.ethoxide;(from.sodium (1.21g;
 .0.053;mo1e)) in dry ethan01 (7O mls),,2~pyridy1acétonitrile )
vhydrochloride (4.01g,'0,026 mole) was added and the mixture.
stirred until all?the‘solid had dissolved. Then phthalo-
‘nitrile (3.34g, 0.026 mqle).was added and fhe sblution‘was‘

stirred for 4 hrs. at room temperature. The solution rapidlyid
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became dark red, and a considerable precipitate was formed.
The reaction mixture was poured into water (1 litre) with

vigorous stirring. A yellow-orange precipitate of 1-(2-

pyridyleyanomethylene)-3-iminoisoindoline (XLV, R:H)

(5.39g, 73.5%) was obtained%» This was recrystallised by
dissolving it in ethanol at %o”(nai hiéhgr) and evaporating
the solution to small volume at roon temperaturé (Found:

c, 73.41§_H, 4.26; N, 22.67. Cy5H; N, Tequires: C, 73.18;
H, 4.07; N, 22.77%).

(b) To a solutlon of sodlum ethoxide (from sodium (0.32g
0.014 mole)) in dry ethanol (15 mls), 2— pyrldylacetonltrlle
hydrochloride (1.04g, 0.0067 mole) was added and the
soiution stirred until all the so0lid had dissolved. Then
1,3-di- 1m1n01qo1nd011ne (1. OOc, 0. 0069 mole) was added

and the solutlon stirred at room temperature for 5 hrs.,
after which time it had become a dark orange—red colour,
The solution was poured with stirring into watef (350 m1s).
An orange powder (0.1lg) was obtained; This had u.v. and

~i.r. spectra identical with those of 1-(2-pyridyleyano-

| methyLene)—3-iminoisoihdoline from 2(a). The yield was 6.5%.

J.R. 3200 (NH), 2200»(0Yanide), 1655s (C=N), 1610s, 1595s
and 1560 (C=C and pyridine), 1260w, 1230s, 1180w, 1155w,
1115w, 1095w, 1055w and 1035 (aryl and pyridine C-H), 780s,

730 and 685 (aryl and pyridine C-H),
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P.M.R., in CDCl,
2,95 - 2.76 (1), 2.54 - 2.03 (5), 1.47 - 1.29 (2).

3. Preparation of l-{2—pyridylcyanomethYlene)-3-oxoiéof

indoline (XLV1, R H)

() 1- (2-Pyr1dy1cyan0methjlene) 3-iminoisoindoline (5.0g,

0.020 mole) was dissolved in a mléture of ethanol (100 mls) |
and 2N-hydrochlor1c acid (100 mls) and the solution heated |
on a steam-bath for 4% hrs. A precipitate was formed,

The e thﬂ*ol was evaporated.under reduced pressure and the
residual solutlon made alkaline with agueous ammonla (ao.ss8).

After flltratlon, 1-(2-pyridylcyanomethylene)~3-oxoisoindo-

line (XLV1, R=H) (4.60g, 92.1%) was obtained as a yellow S

powder, After recrystallisation from ace?bnitrile it

formed yéllow needles, m.p. 257O(Foundi c, 72.78; H, 3.62;
N, 17.40. C, HN.0 requires: C, 72.88; H, 3.64; N, 17.00%).
(b) To a solution of sodiumkethoxide (from sodium. (0.16g,
0.0070 mole) in dry ethanol (20 mls), 2-pyridylacetonitrile.
>hydrochloridé (0.50g; 0.0032-m01e)'was added and the mixture
stirred until the solid had dissolved. Then l-imino-3-
oxoisoindoline (0.51g, 0.0035rm01e) was added and the
solution was refluxed for 1% hrs,  After being cooled, the
solution was ?oufed into water (250 mis). ’1-(2-pyridy1—
/cyanomethylene)—3-6xoi§gindoline (0.12g, 14.7%) was obtained,
'_with u,v, and i.r. spectra identical with those of the

- product obtained above.
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(¢) To a solution of sodium ethoxide (from sodium {0.08g,
0.0035 mole)) in dfy ethanoll(ZO mls), 2-pyridylacetonitrile
nydrochloride (0.50g, 0.0032 mole) was added ahd the mixture
stirred to dissolve the solid. Then l-imino-3-oxoisoindoline -
(0.51g, O 0035 mole) was added and the solution refluxed

for 2 hrs. The solutlon went dark’ oranﬂe and ammonia was
evolved. After being cooled, the reaction mixture was
poured into water (250 mls) and 1-(2-pyridylcyanomethylene)-
3—ox01§gihdoline (0.87g, 46.9%) was obtained as an orange
solid, After recrystalliéation from acetohitrile it had
m.p. 253-257°and mixed m.p. 255-257, and the u.v. and i.r.
absorptions were identical with those of authentic matefial..i
I.R. 2200 (cyanide), 1730s (earﬁonyl), 1620, 1605w, 1590
~and 1560w (C=C and pyridine), 1280w, 1195, 1170w, 1115w,
1095, 1060 and 1040w (aryl and pyridine C—H), 785s, 1765s,
720 and 695s (aryl and pyridine C—H)

f 2;MLE.v1n CDCL3 ‘

‘ 2,94 - 2.59 (1), 2.30 - 1.95 (5), 1.43 - 1.26 (2).

4, The effect of heat on 1—(2—pyridylcyanomethylene)—3—

iminoisoindoline

1-(2-Pyridylecyanomethylene)-3-iminoisoindoline (4g,
0.016 mole) ﬁas heatedfto'215°for 2Jhrs. with oceasional
stirring. Evolution of ammonia was detected and a purple

solid (3.65g, 94,5%) was obtained, After extractive

crystallisation'(dehlet) from benzene 1-(2-pyridyleyano-
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" methvlene)-3-(1-(2-pyridylcyanomethylene)-3-isoindoleninyl )~

iminoisoindoline (XLV1l) was obtained as needles m.p. 310°

which were blood-red with a green retlex (Found: C, 75.75;

H, 3.40; N, 20.66. C,.H, .N, requires: C, 75.78; H, 3.58;

3071777 .
N, 20.63%). . ”(
I.R. 2200 (cyanide),tiBIS, 3600s;‘1685s_and 1560 (C=N,

C=C and pyridine), 1260, 1190w, 1160, 1110, 1100w and 1040w
(aryl and pyridine C-H), 800, 790, 770s, 740 and 710 (aryl
aﬁd pyridine C-H). | '

5. Hydrolysis of (XLV1l)

Compound (XLV1l) (0.10g, 0.00021 mole) was suspended

i

in a mixture of ethanol (100 mls) and conc. nydrochloric acid -

(20 mls) and the suspension heated on a steam-bath. After
1 hr. the solid had dissolved. Heating was continued for a
further 4 hrs., After being cooled, the ethanol was removed

under reduced pressure. Neutralisation of the aqueous

‘residue with solid sodium cerbonate gave 0.10g (0.00040 mole,

97%) of yellow solid having an i.r. spectrum identical with
authentic 1-(2—pyridylcydnomethy16ne)—3eoxoiéoindoline.

6. Preparation of metal complexes from (XLV1l)

(2) Compound (XLV11) (O.lOg,‘0.000ZI mole) was dis-
solved in hot, dry pyridine (about 20 mls) and the
solution filteréd. Cupric acetate monohydrate (0.042¢,
0.00021 mole) was dissolved in hot, dry pyridine (about

5 mlé) and the solution filtered. The filtrates
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were mixed and kepi at room temperature but no crystals
formed. Therefore methanol (30 mls) was added ard the
solution kept overnight at room temperature. There were

then obtained 31 mg of reddish crystals of the complex

(XLV111), m.p.> 350°(Found:%c; 66.11; H, 3.55; N, 16,35;
Cu, 9.64. C32H19 7020u'05H5N requires: C? 65.73; H, 3.55;

N, 16.58; Cu, 9.40. C32H19N 0 Cu H 0 requires: C, 62.47;
H, 3.42; N, 15.94; Cu, 10.33%). |

I.R.. 2200 (cyanide), 1700s (carbonyl), 1600, 1575s, 1540s,
1300, 1290, 1270w, 1215, 1200, 1165w, 1140, 1110s, 1095,
1050, 1020, 880, 780s, 720, 7105; » 4

(b)  Compound (XLVil) (0.10g, 0.00021 mole) was dissolved

in hot dimethylformamide~(about 40 mls) and the solution
filtered, Nickel acetate tétrahydrate (0:027g, 0.00011 mole)
was dissolved in’formamide (5'mls) and the solution filtered.
The’filtrates were mixed and kept at room temperature for

48 hrs. PFiltration yielded 18 mg of dark coloured crystals

of the complex (XL1X) m.p.>-350°(Found: c, 62.85; H, 3.53;

N, 16.34; Ni, 9.54. C N0

3allaoNglsNi requires: C, 62.98; H, 3.44;

N, 16.07; Ni, 9.63%).

(¢c) Compound (XLVil) (o.iog, 0.00021 mole) was dissolvéd
in hot dlmethylformamlde (about 40 mls) and the solution
.flltered,' Cuprlc acetate monohydrate (0.024g, 0.00011 mole)
was dissolved in warm dimethylformamide (5 mls) and the

solution flltered. The filtrates were mlked and kept at
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room temperature for 48 hrs., Filiration yielded 29 ﬁg of
a crystalline solid, Whicﬁ had an i.r; spectrum identical
with that of the complex (XLV11l). However, it could not
in this case be a pyridinate, and is of uncertain structure

(Found: C, 65.06; H, 3.12; 3, 13.93; Cu, 9.56%).

I.R. 2200 (cyanide), 17003.(earﬁ6ny1), 1600, 1575s, 1540s, |

1300, 1290, 1270w, 1210, 1200, .1165w, 1140, 1110s, 1090,
1045, 1015, 880, 770s, 720, 710s.
(d) Attempted preparation of complexes from FeCl,.6H,0,

CuBr, CrCl,.6H,0, Fe(OAc)z.OH, CoCl,.6H,0, FeSO,, Mn(OAc)z.

41,0, and'Pb(OAc)z.BHOO did not lead to the isolation of

~any identifiable complexes. In most cases some of the

ligand was recovered, and in several cases the u.v. spectrum

of the reaction solution suggested the presence of 1-(2-
pyridyleyanomethylene)~-3-oxoisoindoline, formed perhaps
by hydrolysis of the ligand (XLV1l).

7. -Reaction of vhthalenitrile with methyvl 2-pvridylacetate

To a solution of sodium ethoxide (from sodium (O.l7g,
0.0076 mole))in dry ethanol (20 mls), methyl 2-pyridyl-

" acetate (1.19g, 0.0079 mole) and phthalonitrile (1.00g,

0.0079 mole) were added and the solution was stirred at

room temperature for 4 hrs. It was then poured into water

(500 mls) with vigorous stirring, whereupon 1-(2-pyridyl-

ethoxycarbonylmethylene)-3-iminoisoindoline (LA) (0.90g,

41%) precipitated as a yellow solid m.p. 83-93.
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The yellow solid (0.35g) was dissolved in 2N-~hydro-
chloric acid (10 mls) and the solution heated on a steam-
bath for 2 hrs. After being cooled, the solution was made

alkaline with aqueous ammonia (d0.88). 1-(2-Pyridylethoxy-

carbonylmethylene)~3-oxoisoindoline (L) was obtained as a

pale yellow solid (0.25g, 71.5%). After recrystéllisétion
from aqueous metﬁanol it had m.p. 184.5-186,5 (Found:

C, 68.68; H, 4.87; N, 9.20. Cy .M, N,0, requires: C, 69.39;
H, 4.76; N, 9.52%). -

I.R. (L) 3200w (NH), 1720s (carbonyl), 1695s {carbonyl),
1625, 1585, and 1565w (C=C and pyridine), 1315, 1275, 1230s,
1195, 1170w, 1110, 1085 and 1055 (aryl and pyridine c-H), -
795w, 775, 760w, 715 and 695 {aryl and pyridine C -H).
g;M;g.(LA) in CDCl, E ’ ,
8.71 (3), 5.60 (2), 3.95 (1), 2.53 = 1.67 (6), 1.15 (1). -
(L) in CDCl,
8.80 (3), 5.76 (2), 4.10 (1), 2.82 - 2,08 (6), 1.22 (1),

-0.37 (1).

8. Preparation of 1,3-di(2-pyridylcyanomethylene)iso~

“indoline (L1) . e

(a) To a solution of sodium ﬁutokide (from sodium (0.90g,
0.039 mole)) in dry n-butanol (100 mls), 2-pyridylaceto-
nitrile hydrochloride (4,00g, 0.026 mole) was added and
the mixture stirred until all the solid had dissolved.

Then phthalonitrile (1.68g, 0.013 mole) was added and the -



gclution was refluxed for 30 hrs, After the solution had
:n cooled, the precinitate was filtered o7¥f. Washing

e
NEECRCHH

: water removed scdium chloride and left 1,3-8i(2-

fo
i
oy

pyridyleyanomethylene}isoindoline (L1) (2.59g, 57%)as a

' g _ o .
vellow-~orange sol*a m.p.} 330. It was puvrified by

extrachive oryst 21lisation (Séxhle%) from(ethanol/benzene
(1:1) (Found: ¢, 76.30; O, 3.90; N, 19.86, CooH, oNe requires:
C, 76.08; H, 3.75; N, 20.18%).

(b) To a solution of sodium ethoxide (from sodium (0.13g,
0.0067 mole} in dry ethanol {30 mis), 2-pyridylacetonitrile
hydrochloride (0.50g, 0.0032 mole) was added, and the
solution stirred for 5 mins. to dissolve the solid.
Phthalonitrile (0,42g, 0.0033 mole) was added and this

- solution (A) stirred at room temperature for 4 hrs.

To a solution of sodium ethoxide (from sodium (0.077g,
0.0033 mole)) in dry ethansl (10 mls),r depyridylacetonstrile
hydrochloride (0.50g, 0.0032 mole) was added and the
suséension was swirled until -the base ﬁad'dissclved. This
solution was then added to the préceding reaction solution
(&) énd thg whole sfirred at 45-60 for 17 hrs. Filtration

ave 0.19g of orange solid. The'filtrate was then refluxe

(IQ

or 24 hrs, A further 0.18z of orange solid was obtained.

T ey

Refluxing was centinued for 48 irs., giving a further 0.16g.
A total yield of 0.53g {(47%) of 1,3-ai(2-pyridylicyanc-

v

methylene)isoindoline was obtained, having u.v. and i.r.



spectra identical wiih those of the product {L1) above.

;o

I.R. 2200 (cyanide)}, 1600s, 1585s and 1555s (C=€ and
pyridine), 1260, 1220, 1160 and 1120 (aryl and pyridine .
C-H), 785, 7708, T40s and 680 (aryl and pyridine C-II).

P.il.R. in N-methyl-2-wyrollicdone {avpproximate-no internal
Lo bdaib y M I

standaxrd)
2.83 .- 2.58 (2), 2.50 - 1.92 (6), 1.58 - 1.37 (2),
1.80 - 1.03 (2).

9. Hyérolysis of 1,3-di(2-pyridyvlecvanomethyliene)isoindoline

(2) 1,3-Di(2-pyridylcyanomethylene)isoindoline (0.50g,
.0.0014 mole) was dissolved in QOW/W sulphuric acid (36 mls).
‘Thg solution was stirred at 80 for 5 hrs. After pouring
on%o ice, the pI of the solution was adjusted. to 7 with
'solid'sodium carbonats, TPFiltration yielded 0.592 of a
yellow'solid.' This was tréated with boiling chlorofofm

to extract the organic»matefinl. Evaporation of.the chloro-
foerm solution ieft a2 yellow~hroﬁn solid. After recrystal-

~

lisation from ethyl acetate 1,3-di{2-pyridylcarbamoy

o

fout

methylene)isoindoline (L1l 0,45 82%) was obtained
=2 0L, s

m.p. 212-213° (Found: C, 68.07; M, 4.72; N, 18.40; "/ _:

MT, 383, CopoHy 7N O, requires: C, 68.93; H, 4.44; N, 18.28%;

By oM™, 383).

o

I.R. 3500 and 3400w {(MH,), 3300 (Nif), 1665s (carbonyl,

s

Amide I), 1620s (CONH,, Amide IX), 1600s, 1585s and 1560s

]

)

{C=C and pyridine), 1245s, 1150w, 1125, 1090w and 1005
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(aryl'and pyridine'C—H), 800, 770, 745, 730 and 720 (aryl
- and pyridine C-H). | | .

(b) 1,3-pi(2-pyridylcyanomethylene)isoindoline (0.71g,
0.0020rmole) was dissolved in a mixture of conc. sulphuric

acid (7.5 mls) and water (7.5 mls). The solution was
!.

refluxed for 2 hrs., and théﬁ'coolgd. Crystals of phthalic i

acid (0.26¢g, 77%) were obtained. After recrystallisation
from ethanol/petroleum ether (60—85), the acid had m.p.
197-199 (decomp.) (Found: C, 57.98; H, 4.12; N, £.0.3.

. Cale. for CgH.0,: C, 57.84; H, 4.12%). |
10. Hydrolysis of 1,3-di(2-pyridylcarbamoylmethylene)iso~

indoline ‘ | _
1,3—Di(z-pyridylcarbamoylmethylene)igéindoline was
dissol&ed in a mixture of ethanol (30 mls) énd 10% sodium
hydroxide (30 mls) and the solution was refluxed fof 2 hrs.
. The ethanol was evaporated under reduced pressure and the
‘;precipitate filtered off. This was redissolved in 2N- H
hydrochloric acid, and reprecipitated by careful addition

of solid sodium bicarbonate to pH?Q';A yellow solid was

obtained which was probabiy 1,3;di(2—pyridy1carboxymethylene)‘

isoindoline. It absorbed in the u.v. at 4607, 436, 417
317 and 303 mam. The i:r. spectrum showed peaks at 3400b, .
 1635s, 1585s, 1560, 1360w, 1325, 1260s, 1160, 1130, 1020w,

780 and 750,
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11. Attempted decarboxylétion of the product from above

Portions 6f the crude product (50.mg) from above with

(a) basié'copper carbonate (15 mg) and (b) copper powder
-(15 mg) were separately refluxed in quinoline (7 mls) for
45 mins. 1In both cases dark ted solutions were obtained
aftef filtration. .The uiv, sSéctrdfof these solutions
indicated the formation of copper complexes by the batho-

chromic shift of the major absorptions to the 500-550 mm
| region, B&t no fecognisablé'products were'obtained from
the'reaction}miXtures, and it is not kndwn~whether de-
=;carboxy1atidn had occurred.

12, ' The copper complex of:1,3-di(2—pyridylcyanomethylene)

isoindoline (L111, R=H, M=Cu) : o

1,3~Di(2-pyridylcyanométhy1ené)iggindoline (0.25¢,
0.00073 mole) and cupric acetate monohydrate (0.16g,
0.00079 mole) were ground up together andlplaced ih a
,Soxhlet’thimble. The mixture was extrécted'(hot extracto})'
;  with methanol for 48 hrs., éooled énd filtered. Bright

I green,crystals of the monohydrate.of‘the copper complex

(L111, R=H, M:=Cu) were obtained (0.15g, 40%), m.p. >350.

It was purified by hot extraction with methanol, and then
Soxhlet extraction with chlorobenzene (Fouhd: C; 59.43;

N O Cu,H,0 requlres. C, 59.21;

| H, 3.55; N, 14.17. - C )

24515
,H 3.52; N, 14.38%),

- The anhydrous conplex was obtalned by drying at
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[ . N .
. 100/0.1 mm (Found: C, 61.17; H, 3.12. czénlstozcu
requires: C, 61.48; H, 3,20%).
I.R. 2200 (cyanide), 1600, 1570s, 1545, 1520s, 1340, 1295,

1225s, 1165, 1125, 785s, 720w, 695w and 680w.

13. The nickel complexes of?l,3-di(Z-pyridylcyanomethylene)f

isoindoline

(a) l,3—Di(2-pyridylcyandmethylene)iggindoline (0.20g,
0.00059 mole) was dissolved in the minimum volume of hot
dimethylacetamide (about 20 mls). Nickel acetate tetrahydr-
ate (0.14g, 0.00058 mole) was dissolved in the minimum
volume of hot dimethylécetamidé (about 20 mls). The hot
soiutions were filtered and the filtrates mixed and kept

at room temperature for 3 days. Purple crfstals were

- formed. These were filtered off and washed with a little

gcold dimethylacetamide, and the 2:1 ligand'nickel complex
(L1V) was obtained m.p.> 850° (Found: C, 70.47; H, 3.08;
N, 18.70. 044H24N10N1 requires: C, 70 33 H, 3.20; \
N, 18.65%). | |

(b)) 1,3-Di(2-pyridyicyanomethylené)iggindoline (0.10g,
0.00030 mole) and nickel acetate'tétrahydrate‘(0.070g,
0.00030 mole) were separately dissolved in the minimum

. volumes of hot pyridihe and the hot solﬁtions filtered.
The filtrates.were,mixed and kept at room temperature for

24 hrs. No crystals were'produced;'thereforevthe solution

was evaporated ta a small volume and methanol added. The .
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. nickel-acetate comnlex (L1ll, R#H, M=Ni) then separated

(O.lOg)_as red crystals with a green reflex m;p.')v3500

(Found: N, 15.32; Ni, 12.00. C,,H sNg0,Ni requires:

N, 15.10; Ni, 12.66%).

(e) 1 3-D1(2- yrldylcyanome%hylene)1solnd011ne (0.20g,

0.00059 mole) was dissolved in bhe ninimum volume of hot

- dimethylformamide and the hot solution filtered. Nickel

" acetate tetrahydrate (0.13g, 0.00057 mole) was dissolved

in formamide (5 mls) and the solution filtered. The

tiltrates were mixed and kept at room temperature for 48 hrs.

As no crystallisation occurred} the solution was evaporated

under reduced bressufe to about 2 mls. Crystals of the

nicke; complex (L111, R=H, M <Ni) slowly formed (0.096g)

. which had a u;v.’spectruﬁ identlcalywith that of the product |

from section (h) above, R _ | |

CILR. (L1V) 2200 (eyanide),'lsgs, 1575, 1560w, 1505s, 1325, |

1280, 1215ms, 1180, 1125, 790, 770, 750w, 715w and 700w.
(L111, R=H, M=Ni) 2200 (cyanide), 1600, 1575W,‘1560;

1500s, about 1460bs, 1330, 1290, 1220s, 1175, 1125ms, 795,

780, 755w, 715, T10 and 680.

14, The zinc complex of 1,3-di(2-pyridylcyanomethylene)-

isoindoline (L111, R=H, M=Zn)

1,3-Di(2~-pyridylcyancmethylene)isoindoline (0.10g,
0.00029 mole) and zinc acetate dihydrate (0.063g, 0.00029

mole) were dissolved separately in the minimum volumes of '
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hog diﬁethylformamidg. The hot solutions were filtered

and the filtrates mixed and kept at room temperature for

' 3 days. Crystals of the zinc complex (L111l, R=H, M=Zn)

(0.073g) m.p.> 350 were obtained which had a bright green
reflex (Found: C, 61. 91- H, 3 33; N 14.95. Gy, H, K 502Zn
requires: C, 61.22; H, 3 19; N 14, 88%) .

I.R. 2200f(eyanide), 1680 (carbonyl?), 1605s, 1585, 1570s,
1555, 1520s, 1340, 1310, 1295, 1230s, 1185, 1175, 1125,

905, 875, 795s, 780s, 715, 705 and 695.

15. Preparation of 2-cyanomethyl-6-methyloyridine

hydrochloride

Methyl 6-methyl-2-pyridylacetate (49g) was prepared
‘'by the method of Woodward and Kornfe1d32.i The ester was.
dissolved in aqueous ammonia (a0.88, 80 mls) and kepf at
room’temperaturg for 8 days. The solution was evaporated
under reduced pressure almost to dryéesé, and after re-
crystallisation ffom"acetone 6-methyl-2-pyridylacetamide
(38g, 85%) was obtained.

The amidevwas mixed with phosphorus pentoxide (41g)
and the mixture heated under reduced pfessure (wdter pump)
to 300> The oil which distilled was collected, dissolved
‘in benzene and the solutlon treated w1th dry HC1 gas.
2-Cyanomethyl-s—methylpyrldlne hjdrochlorlde (11g, 26%)
was obtained (Found c1, 21. 05. Ccale. for QBHéClNz:
c1, 21. 07%) - | |
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16. Preparation of 1-(6-methyl-2-pyridylcyanomethylenc)

~3-iminoisoindoline ( YLV, R=CH, )

To a so1ut10n of sodium ethoxide (from sodium (0.46¢,
0.020 mole)) in dry ethanol (50 mls), 2-cyanomethyl-6-
nethylpyridine hydrochlorlde (2 OOg, 0.012 mole) was
added and the mixture stlrred unt11 all the hydrochlorlde
had dissolved. Phthalenitrile (1.52g, 0.012 mole) was

then added and the solution stirred at room temperature

for 4 hrs. The solution was then poured into water (400 mls) |

with vigorous stirring. By filtration,.1~(6—methy]-2-

pyridylcyanomethylene)—3—imihoisoindoline (XLv, R=CH3)

(2.64g,'85.6%) was 1isolated, and recrystallised from

acgueous methanol (Found N, 21.18; CISHIZN requires:

N, 21.54%),

vIt forms.a hydrochloride (LV) which wés recrystal-
liséd from. ethanol (Found: €, 65.15; H, 4.72; N, 18.80;
Cl, 11.63. €, Hy3C1N, requireé:vC, 64.76; H, 4.38; N, 18.89;
C1, 11.98%). o R
I.n. (XLv, R:CH3) 3300w and 3150 (NH), 2200 (cyanide),
_1655ms (c=N), 1620ms, 1595 and 1585 (C=C and pyfidine),
1230, 1180, 1120w, 1095 and 1050 (éryl and pyridine C-H),
790, 765 and 680 (aryl and pyridine C-H).

(LV) 2200 (cyanide), 1665ms (C=NH'), 1625s and 1570

(C=C and pyridine), 1285w, 1255, 1240w, 1170 and 1100 (arYl

and pyridine C-H), 860 (pyridine), 800, 790, 720, 730 and 690 .

(aryl and pyridine C-H).
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P.M.R. (XLV, R=CH3) in CDC1,
7.36 (3), 3.05 - 2.87 (1), 2.42 - 2.01 (5), 1.42 -

1.22 (1).

17. Attempnted preparations of a macrocycle from (XLV,
R:CHBl - 2 \ |

(a) compound (XLV, R=CH3)'(0.20g) was refluxed in dry

pyridine (30 mls) for 3 days. There was no evidence of

any reaction occurring and no identifiable product could

be isolated.

(b) _ Compound (XLV, R?CHB) (0.10g) was refluxed in

dimethylcyclohexylamiﬁe (30 mls)mfsfhiéthfs; Filtration
of the éoolléolution gave an unidentified purple solid
(11 mg) which was not phthalocyanine. It ﬁ@d'm/e (MT): 517
(Found: C, 77.14; H, 4.68%). -

All éttempts to‘repeat thisAreadtion, iﬂcluding use
0f longer reaction times and illumination of the reaction
-mixture, failed. .
{e¢) After sodium hydride (50% dispersion in o0il, 6.01l1lg,
0.0005 mole) had reacted with'dry g—bﬁtanol (25 mls),
compound (XLV, R=CH,) (0.0SSg,’0.000Z'mole) was added and
: the,sdlution refluxed for 18 hrs. No product was identified.
(d) After sodium nydridé (50% dispersion in o0il, 0.0llg,
«‘0.6005 mole) had reacted with nonyl alcohol (redistilléd,
25 mls), compound (XLV, R=CH3) (O;OSZg, 0.0002 mole) was.

added and the solution refluxed for 18 hrs. No product
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was identified.

(e) Compound (XLV, R;CHS)

phthalonitrile*(O.ZOg, 0.0016 mole) were refluxed in dry

(0.20g, 0.00077 mole) and

pyridine (A.R., 5 mls) for 18 hrs, A very small amount
of phthalocyanine, identifiei.by its u.v. spectrum, was

the only product obtained.

18. Effect of heat on 1-(6-methyl-2-pyridylcyanomethylene)- |

3-iminoisoindoline

1-(6-Methyl-2-pyridylcyanomethylene)-3-iminoisoindoline

(0.60g) was heated to 200° for 2 hrs. It melted and became

very dark in colouf..'After being cooled the solid was
groﬁnd ﬁp and extracted (Soxhlet) with benzene. A u.v.
spectrum of the solid that crystallised from benzene showed.
it to be identical with the starting material. . The residual
bthQne solution alsé showed the same u.v. spectrum,
indicating that no reaction had occurred. |

19, Preparation of 1-(6-methyl-2-pyridylcyanomethylene)-

3-oxo0isoindoline (XLV1, R:CH,)

‘ 1—(6—Methy142—pyridy1cyanomethylQne)—3—iminoi§gindoline
‘(O.GQg, 0.0023 mole) was dissolved in a mixture of ethanol
(15 mls) and 2N-hydrochloric acid (15 mls), and the solution
lwas-heatéd on a steam-ﬁath for 4 hrs. After being cooled,
‘the solution was made just aikaline with saturated sodium.

carbonate solution. A precipitate was formed of 1—(6-methy1_ :

—2-pyridylcyanomefhylene)—3—oxoisoindoline (XLVl, R:CHa)
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(0.48g, 80%) Which after recrystallisation from aqueous
ethanol had m.p. 216-218°(Found: C, 73.25; H, 4.27; N, 15.96.
CygHy N0 requires: C, 73.57; H, 4.21; N, 16.09%).

I.R. 2200 (cyanide), 1725s {(carbonyl), 1620, 1590w and

1565 (C=C and pyriéine), 125§w, 11990, 1i7ow, 1095 and 1060w
(aryl and pyridine C—H), 800, 775, 730 and 700 (aryl and
pyridine C-H), ' '
P.M.R. in CDCl,
7.37 (3), 3.02 - 2.81 (1), 2.52 - 1.97 (5), 1.55 -
1.34 (1).

~ 20. Preparation of-l,3—di(6—méthyl;E—pyridylcyanomethylene)~‘

isoindoline (L1, R=CH,)

To a solution of sodium butoxide (frém éodium (1.03g,
O.C4¢ mole)) in dry Q—butanolrisb mls), 2-éyanométhy1-6-
‘methylpyridine hydrochloride (5.00g, 0.030 nole) was
added and the solution swirled until the particles of
hydrochloride had dissolved. Phthalonitrile (1,90g, 0.015
mole) was then added and the solution'refiuxed for 18 hrs.
The solution rapidly became dark red and ammonia was
evolved, The mixture was cooled and filtered to yvield

'1,8-d1(6-methyl-2-pyridylcyanomethylene)isoindoline (L1,

“R:CHQ)'(S,IBg, 56.3%) as a dark red powder., It was purified
by continuous extraction (Soxhlet) with methanol and had

D . Qr L] .
m.p. 213-216 (Found: C, 76.35; H, 4.35; N, 18.85. C,H, N,

requires: C, 76.78; H, 4.56; N, 18.65%).
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I.R. 3300w (Nm), 2200 (cyanide), 1610s, 16003 and 1560s
(C=C and pyridine), 1255, 12303,’1 70, 1125, 1105w, 1040w
and 1005 (aryl and~pyridine C—H);;SQOS,'765s, 735, 710 and
685s (aryl and pyridine C—H)
P.M.R, in CDCIS h ‘ : ,
7.58 (6), 3.04 - 2.83 (2), 2.44 - 2.23 (8), 1.37 -
1.17 (2). ' |
It was found that aftér the first Soxh1et extraction

‘a very small residue of purple solid remained. This was

' , removed‘from the thimble by solution in hot dimethylformamide.

‘:~3purp1e material prev1ously obtalned

“*f_‘er n-butanol (30 mls) and the solution refluxed for 17 hrs.

- The solution had maxima at 614, 562 and 520 m. in the visible

‘spectrum, which was identical'with'the spectrum of the

. >-21.> Attempted preparation of a macrocycle from (Ll R=CH,) |
. (a) Compouna (L1, R=CH,) (0.50g, 0.0013 mole) and 1,3-di- |

" iminoisoindoline (0.19g, 0.0013 mole) were dissolved in

c No apparent reaction had occurred although there was a very
slow.evolution of ammohia."A small piece of clean sodium_
(gizg;'ls mg) was added to the;sdlution which was further | |
: refluxed for 24 hfé.,,but nd~identifiab;e,product could |
:se obtained. l- > ' ;. SRR i. L ‘>_ gg
‘”‘(b) To a solution of sodium butox1de (from sodium (0. 016g,} |
1!‘0 00070 mole)) in dry n-butanol (25 mls) compound (L1,

R=CH31 (0.25g, 0.00067 mole) and phthalonitrile (0.086g,
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0.00967 mole)‘were added, and the solutiqn was refluxed

for 17 hrs. 'Evoiution of ammonia was not detected, Cooliﬁg
of the sdiution gave a solid having a u.v. spectrﬁm identical
with that of the starting matefial, The residual solution
~had the same u.v. specirum.

(c) After sodium hydride (50% dispersion in.oil,10.034g,
0.0014 mole).had reacted with nonyl alcohol (redistilled,

25 mls), compound (L1, R=CH3)'(0.25g, 0.00067 mole) and
phthalonitrile (0.091g, 0.00071 mple)Awere added and the
solution was refluxed for 3 days. There Was'no evidence

of the formationrof any macrocycle and no product was
isolated. | ‘ ) | _

‘T(d) Compound (Ll;”R=CH3)k(0.25g, 0.00067 mole), 1,3-di-
VFtiminoiggindoline (0.098g, 0.00068 mole), and cupric acetate
 monohydrate (0.14g, 0.00070 mole) were refluxed in dry

n-butanol (30 mls) for 17 hrs. Cooling of the solution

. gave back 0.14g of solid which had the u.v. spectrum of

the starting material.

22, The copper complex of 1,3-di(6-methyl-2-pyridylecyano-

methylene)isoindoline (L111, R=CH,, M=zCu)
1,3—Di(Sehethy1~2~pyridy1cyandmethylene)iggindoline
’~‘(O.25g,}0.00068 molé) and'cuﬁric acetate monohydrate (0.15g,
 '0.00675 mole) were sepératelytdisﬁglzgg;inmthe minimum
;‘volumes of hot dimethyiformamide and the hot solutions were

filtered. AThe,filtrates'were‘mixed and kepf at room
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temperature for 3 days. Green crystals of the monohydrate

of the copper complex (L111, R:CH3) M:=Cu) were obtained, m.p.

<
‘,>3so (Found: C, 60.91; H, 3.63; N, 13.48, Gy gHy gN0,50u . Hy0
requires: C, 60.64; H, 4.08; N, 13,60%), which were dried
at 8670.05 mm for 24 hrs. to give the anhydrous complex
(Found: €, 63.43; H, 3.74; N, 14,04, 024H17N500u requires:
Cc, 62.85; H, 3.83; N, 14.10%). |
I.R. 2200 (cyanide), 1600b,ms, 1565w, 1525s, about 1460ms,

1330, 1210, 1190, 1135, 1120, 800s, 780, 695 and 680.

- 28, -Attempted preparation of a nickel complex of 1,3-di-

(6-methyl-2-pyridylcyanomethylene)isoindoline

(a) 1,3-Di(6-methyl-2-pyridylcyanomethylene)isoindoline
(0.11g, 0.00026. mole) was dissolved in the minimum volume
of hot dimetﬁylformamide and the hot so1ution filtered.
Nickel acetate tetrahydrate (0.076g, 0.00027 mole) was
Qissolﬁed in formamide (5 mls) and the solution filtered.
The filtrates were mixed and kept at room temperature,

No crystals'appéared, and the u;v. spectrum of the solution
was identical with that of (LI, R=CH,). The solution was
then heated on a steam-bath for 10 hrs. and then allowed

to stand at room temperature, bﬁt‘no change océurred.

(b) 1,3—Di(G—methyl-z—pyridylcyanomethylene)iggindoline
(0.10g, 0.00025 mole)'and nickel acetaté_tetrahydrate (0.075¢g,
0.00026 mole) were separately dissoived invthe minimum

volumes of hot pyridine. The hot solutions were filtered
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and the filtrates mixed and kept at room temperature, No
crystals formed and the ﬁ.v. of the solution was again
identical with that of (L1, R:CH3).

—~ Similar attempts to prepare complexes from salts of

Zn, Mn and Pb also failed.

24. Attempted prevaration of a macrocycle from (L11l1,

R=CH,, M:Cu)

(a) Compound (L1l1l, R=CH,, M=Cu) (0.050g, 0.00009 mole)

3’

" and 1,3-di-iminoisoindoline (0.015g, 0.0001 mole) were

refluxed in 1~nitropropané;(10 mls)'for 18 hrs., Filtration
gave 10 mg of a burple_compound.’ This compound showed no
.cyanide absorption in the i.r. spectfum and was insoluble
in dimethylformamide. |

{b) Compound (L111, R=CH,, M=Cu) (0.050g, 0.00009 mole)

3!
.and l-imino-3-thioisoindoline (0.017g, 0.0001 mole) were
_refluxed in l-nitropropane (10 mls) for 18 hrs. There

~'was no evidence of any reaction and no pfoduct was obtained.

25, Preparation of pyridine-2,6-dimethanol

Dipicolinic a01d hydrate was prepared by the method

38

"of 501ne and Buchdahl from 2,6- 1utldlne.‘

The dipicolinic acid’hydrate was converted to dimethyl
- ‘dipicolinate by the method of Barnes and Fales®?,

: D1methy1 dlplcollnate (10g, oO. 051 mole) and commercial
sodium borohydrlde (2.4g, 0. 063 mole) were stirred in dry

dlglymc((CH 0CH,C ) 0) (15 mls). Then anhydrous magnesium
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40

chleride (3.6g, 0.036 mole) was added™  and the mixture

- stirred at room tempefature for 36Aminélhrﬁuring this

time an orange colour developed. The mixture was then
heated to 85 for 4 hrs., and most of the colour discharged.
| After cooling, 2N-hydrochloric acid was added until all

thé solid had dissol&ed. The solution was made alkaline -
with;sodiumvcafbonate solﬁtion and evaporafed to dryness.

" The solid residue was crushed and continuously extracted
(Soxhlet) with chloroform. ‘Evaporatibn of the extract
gave a mixture of pyridine-2,6-dimethanol and residual
di-ester. The solid was treated with water, and the

; insoluble di-ester~fi1teréd off, Evaporation of the
aqueous filtrate gave pyridine-2,6-dimethanol (5.4g, 76%)
‘which after two sublimations at 9070.1.mm and recrystalé '
lisation from ethyl acetate had mlp. 114° (Found: C, 60.68;
H, 6.47; N, 10.70. Calc. for C7H9N02: c, 60;43; H, 6.47;

N, 0.0t . |
I.R. 3400 (o0H), 1605 and 1580,(pyridine), 1230 (0H), 1185
"~ and 1110 (pyridine C-H), 1090s (OH), 1030, 990, 830s and
780 (pyridine C-H). A

P.M.R. in CDCl, ' o o ‘
5.40 (4), 2.83 - 2,10 (3). | |

26, Preparation of 2,6-di{cyanomethyl)pyridine

Pyridine-2,6;dimethanol ﬁas converted to 2,6-di(¢hloro-

methyl)pyridine by the method of Baker et 3541.
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The dichloride was converted to the dinitrile by a
method based on that of Smiley and Arnold42

Dry sodium cyanide (1.4g, 0.029 mole) was placed in
a flask equipped with reflux condenser (with drying tube),
stirrér and dropping funnel. Dry dimethylsulphoxide (5.mls) X
was added and the suspehsion stirred and heated tb 100. !
A solution of 2,6-di(chloromethyl)pyridine (2.0g, 0.011 mole)
iﬁ‘dry dimethylsulphoxide (5 mls) was added dropwise over
10 mins. Stirring and heating were continued for a further -
30 mins. The dark reaction mixture was allowed to cool.
Chloroform (25 mls) was added and the mixture poured into
saturated sodium carbonat¢ soclution (50 mié), The chloro-
form layer was run off, and the upper layer.further
_extracted with chloroform (2 x 25 mls). The combined
egtracté‘were washed with saturated sodium. carbonate solution ii5
(20 mls), The chloroform,éxtract was dried (Na2804) and
evaporated leaving a solution of the dinitrile in dimethyl-
-suiphoxide.‘ As much as possible of .the dimethylsulphoxide
was distilled off at 100/0.1 mm;‘/The residue was téken‘up.
in ethanol (charcoal), and after ;véporation of the ethanolﬂ_
solution to Sméll'volume, 2;6¥di(cyanomethy1)pyridine (0.80g,§
' 54%) crystallised out. After recrystallisation from |
| | )41

methanol it had mtp. 95-97 (Lit. 97-98 (Found:N, 27.00.

Calc.. for CgH7N3 N 26 73m)

I.R. 2250 (cyanide), 1595 and 1580 (pvrldlne), 1270w and
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_llGQW (pyridine C-H),,llOO,'lOOO, 950w, 625, 800s and
720 (pyridine C-H).

g;y;g. in CDCl3 | '_‘ ‘ .
6.07 (4). 2.59 (2), 2.20 (1).

27. Preparation of 1,3-di(3-imino-l-isoindolinylidene-~

cyanomethyl)pyridine (LV1}

To a solution of sodium ethoxide (from.sodium'(0.075g,
0;0033 mole)) in dry ethanol (30 mls), 2,6;di(cyanomethyl)
<pyridine (0.252, 0;0016 mole) and phFhalonitrile'(0.4lg;

A'O.6032 mole) were then added, and the solution was stirred
"~ at room temperafure for 5 hrs. Then the reaction mixtﬁre |
was poufed into water (100 mls) witﬁ stirring. After

filtration, the dark yellow 1,3-di(3-imino-1-isoindolinyli-

denecyanomethyl)pyridine (LV1l) (0.60g, él%) was obtained.

- It was recryStallised from dimethylacetamide, giving yellow
crystals oontaining one molecule of dimethylacetamide,
‘decomp. above 306’(Found:’0, 69.41; H, 4.93; N, 22.34,
CasHy5Ny- CHg
The mass spectrum gives °/ : MT, 413; M™™, 206.5. C . H, N
P ‘ }g e’ » Hads s Ve Vorty5ttir

CH

" requires: m/e: Mb, 413; M+f,5206,5);-‘  |
I.R. 2200 (eyanide), 1655ms (C=N), 1630, 1610s, 1590w and
1575 (C=C and pyridine), 1530s and 1520s {amidine band),

_ 13305, 1250, 1240, 1210s, 1180, 1120w, 1100 and 1040 (aryl
Lahd pyridine C-H), 930, 890, 870 and‘8lO$'(PYridine c-H),

. 770s, 740, 715 and 690s (aryl and pyridine C-H).

CON(CH,), requires: C, 69.60; H, 4.80; N, 22,40%.
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28, _Reaction of (LV1) with diamines

(a) (Lv1l) (0.20g, 0.00049 mole) and 2,6-diaminopyridine

(0.055g,‘0.00049 mole) were refluxed in dimethylacetamide
(20 mls) for 18 hrs. .After'being cooled, the solution was
| diluted with water (lsb‘mls). Filtration gave 0,24g of
red¥br6wn solid, whicﬁ was extractively erystallised (hot -
extractor) ffgm'éthanol. | |

() (Lv1i) (0.20g, 0.00049 mole) and g-phenylenediamine
(0.053g, 0.00050 mole) were refluxed in dimethylacetamide
énd the solution worked up as above to give 0.23g of dark
brown powder which was extraetively‘erystallised (hot
extrécfor) from chlorobenzene.

29. Reaction of (LV1) with 2,6-di(cyanomethyl)pyridine .

Sodium hydride (53.3% suspension in mineral oil,

0.015g, 0.00025 mole) was‘suSpended in dry dimethylformamide.‘;y

‘  2,6-di(cyanomethyl)pyridine (0.039g, 0.00025 mole) and

(Lv1) (o.10g, O;Oobzﬁ.mole) were added and the solution
stirréd ét lldafor 20 hrs. After being cooled, the solution
was diluted with water (iSO‘mls) and filtration gave 0.l4g
of brown soiid, which was extractiveiy crystallised (hot

"extractor) from chlorobenzene,
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U.V. spectra

3

Com‘gound - Solvént A\ max (szl o Egx 107
(XLV, R=H) | - (a) 233-234 24.07
| o 239 ' 25.03

273% . 9.84

282.5 11.07

206% 8.96

311 - 6.94

326 | 8.17

366 , 23,712

381 T 25.13

400" 17.57

(b) 253t 12,27

282 9.99

312" 7.68

400" 17.89

| | | l, 422 22.07
’“‘(XLVI,‘R:H) - - (a) >' '_229 : . 24,24
| o asst 22.37

1 272-280 8.30

»'311 e 8.05

358 '. 23.28

370 23.44

3sg™ | 13,26

(p) 290 5.80



(xLvi, R=H) (cont.)

(XLV1l)

¥* ! .
€ were diminishing.

{xXLviil)

(Xle)_

(L) |
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(g)

(e)

(a)

308"

. 405

429

367

a62t

564. -
614
223

226

281.5

20.04
34.10
27,57
36,95
10.36

8.62

14.42

11.44

24,33
23.86

13.01
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(L) (cont,) _ ' 291 12.42
| | 331 15.14
3477 10.01
(b) 2697 11.92
 281.5 13.27
292™ 12.51
374 | 12.27
(L1, R=H) A (a/a)(4:1) 299% 18.03
| | '" : 310 25,55
322 . 24.65
350 . 5.75
369.5 ' 8.04
393 g 9.96
B e 490 20.05
447.5 35.90
478 41.69
(bj  246 28,95
| 256" 25.59
270t 18.39
2827 15.53
300  15.48
323 15.70
389 . 5.64
419 . 5.80

447 15.07



'(Ll,‘R%H) (cont.)

(L11).

(L111, R=H, M=Cu)
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(2)

(b)

256 -
288

298-300

414-418

442-444
470"
314
324

340.5

. 372

392

4227

453

483.5

26,20
2T7.97
33.15
28,50

24,86

22.81

2l.22
16.23
30.09
32,07
29,02
24.00
19.52
13.43

12,27

- 21.13.

21.76

13.46
14,00

S 17.19

8.16
6.70
5.27
12.83

25.35



(L111, R=H, M=Cu) (cont.)
(L111, R=H, M=Ni)

(L111, R=H, M=Zn)

(le)"

(XLV,»R=CH3)
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(e)

(e)

(h)
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(XLV, R=CH,) (cont.) -

@ - (a)
"f(XLV:]., R=CH3) | R (a) ‘

402

- 285

. 367

395

273
282-283
2977

311

325

367

381

+

2537

279

+

408

4

q18%

236

280

382
402
230
275

311"

.. 3873

282



(xLv1, R=CH3) (cont.)

(L1, R=CH,)

(L111, R=CH

3,

M=Cu)
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(e)

(a)

(n)

(e)

22.77
12,67
12,97

6,94
18.8%
19.61
10.65
21.16
17.66
21.41
19.20
30,71
25,61
30.46

25,74

15.83
33.88
39.49
16.62
12,96
28.84
15.77
14.82
14,28
11.40

13.58



(L111, R=CH,, M:Cu) (cont.)

+ Inflexion
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484 11.88
5127 10.34
550.5 11.40
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Chapter 5

Discussion of results

A, General
The synthesis of the macroecycle (111) (p.6), which
was fhe ultimate éim of this work, has not been achieved.
Nor has the synthesis of the corresponding compound having
four cyanonmethine links instead of four mefhiné links., But
there is good evidence that sone di-cyanomethine—di—aZa~
linked macrocycles have been prepared (»p.56 and 93),
although not isolatedg and a synthetic method has been
established for the preparation of the two and three unit
compounds which might yet be ﬁsedifo synthesise the
-macrocycle, since a lack of time prevented an exhaustive
investigation Qf the extension of the synthesis to produce
the macrocycle.,. It is possible that the use of more
vigorous reacfzion conditions would g,i've the desired results.
In the beginning it was shown (Chap.l, p.5) that a
2- or 4-methyl group on a pyridine molecule is not made
more reactive by the presence‘of an N~-oxide group; and it
‘was also shown that the quaternary salts derived froﬁ these
N-oxides were unsuitable for reaction with isoindoline
derivatives, The salts either décomposed, gave the wrong
product or did not react at_ali;'
| A brief investigatioﬁ of fhe activating effect of a

phosphonate group (Chap.2, p.31) showed that, in this case,
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the methylene group to which it was attached was not
sufficiently activated to give the desired resultis.,

Following this the re-investigation o¢f the reaction
between benzyl cyanide and phthalonitrile (p.42) led to
the preparation of a series of compounds, &all intermediates
oh the route to the synthesis of macrocycles. The scope
~of ghiS'pért of the work included a compafison between the
use of phthalonitrile and isoindoline derivatives (p.78).
It was Shoﬁn thatvphthalonitrile reacts more readily and
gives hetter yields thdn-iggipdoline derivatives. The
phthalonifrilekreaction involves an addition and cyclisation,
wheéreas with an iﬁgindoline/deriVaﬁive, céndensaﬁion with
elimination of .ammonia is necessary.

The differencé in reactivity towards phthalonitrile
kbetween 2-pyridylacetonitrile and methyl 2-pyridylacetate
was also compared (p.79). The reaction with the ester gave‘
“only about hélf the yield obtained when pyridylacetonitrile
was used. So the cyanide group is a more effective
“activating group than the ester group here,

The self-condensation reaction of the imino 'two wunit'
compounds was observed (pp.48 and 76), as it hdd been for
the aza-linked compounds (loc. cit;). Although Clark was
“able to prepare 2:1 iigand:mgtal complexes of his condensed
comphunds this was not pdssible with the present ones. An

exception in the pyridine series, was compound (XLV11)
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which formed 1:1 1igand:metai éomplexes (p.78).

.The mefal conplexing properties of the pyridine 'three
unit! materials were also ihvestigated. Compound (L1,
R=H) formed Cu, Zn and Ni complexés whose structures have
alfeady been discﬁssed’in the previous_chapter (pp.83-86),
Similﬁrly compound (L1, R=Cn3) formed a Cu complex, but
failed to form complexes with Ni, Zn, Mn and Pb (p.90).

_ This.may be conneéted with the steric hindrance between
the 6-methyl groups (see scéle diagram'p.isl) pfeventing
the pyridine nitrogen atoms from approaching sufficiently
closely. On the other hand the ionic sizes of thg metals
that fai1ed to form complexes lie on both sides of that of
Cu++, The metal complexes that have been prepared might
well be a rewarding field of investigation by X-ray
crystallography. Tri—deﬁtate ligands are not very cdmmon,
and a comparison of the absolute‘struétures might be very
~interesting and instructive.

| It has also been shown in nhe éase that the activating
' :cyanide group§ can be hydrolysed to émide groﬁps (p.82),
and probably thence to carquylic acid‘groups. The brief
investigation of the possibility of decarboxylating the
product was inconclusive (p.82). It may be that a copper
complex of the decarboxylated product could he obtained

“from a reaction using copper or a copper salt. But the

isolation of the un-complexed decarboxylated product may
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require a different method' Eaton aund Cole62 showed that

decarboxylatlon can occur when a t butyl perester is re-
fluxed in a high boiling solvent. Other methods include
the use of conceﬁtrated équeous potassium hydroxide under
pressure63,.heating the potassiuﬁ salt with calcium oxide64
- and.heating the ammonium salt in glycerol65,

A good.syn%hesis of 2,6—di(cyanomethyi)pyridine has
been worked out (p.91), and it is possible that the method
nay have wider.application, particu1af1y where lithium
aluminium‘hydride reduction of an ester is undesirable,

One macrocycle has been prepared, albeit uninteﬁtionally; |
and character ised (p.52). This is the di-cyanomethine-di- |
.aza-llnked macrocvcle (xx1Xx) having one benzene and three
‘lgg-lndole units. The tetra-aza-linked analogue had
previouély been prepared; aﬁd there is real evidence, in

the form of the méss‘spectral results, that condensation
betwgen_the"three unit"compoundé (XX%Xv1l1l) and (LV1) on
“the one hand, and diamines on thé’other does'take place
to produce macrocycles (pp?56 and 93).. So far thése
products have not been isélated pure, and the optimun
reaction conditions probably have not been attained.

As far as reactions to produce'tﬁe tetra—cyanomethine—
linked mécrocvcles are coﬁderned the signs are less

encouraglng but on the other hand the react;on conditions

used were less vigorous than those for the amine condensations
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and it would undoubtedly bhe worthwhile to examine the

>

possibility of using higher réaction temperatures.

Also it must not be forgotten that there is another

" possible route tc the macrocycles via the other 'three
unit' compound, namely (;1, R:CHéCN). Thisvroute was not
investigatqd, for the reason that the préparation of This
'three unit’ compound would reguire elevéted temperatures,
thereby encouraging formation of higher reaction products
and a. complex réaction'mixture. It is probablelthat if
this compound could be-prepared, macrocycle formation

would be easier than for the ronte chosen. Perhaps b&
first preparing the two unit oompound; and then condensing
this separately with 2,6—di(oygnomethyi)pyridine, rather
than attempting to form the three unit in one reaction,

it wight Dbe possible to isolate the three unit product

(L1, R=CH,CN). From evidence provided by reaction of the
othef cyanomethyl compbunds, this three unit product should
condenée readily with phthalonitrile. o - ‘f?

B, - Spectroscopic properties

(i) Infra-red. Most of the infra-red absorptions of the

compounds were as expected, and require noe furither comnent

[

here. Two points are worth noting however. Firstly, all
the imino ‘two unit' compounds and the two di-imino 'three
S . v . . -1
~unit' compounds showed a strong absorption at ahout 1520 em ~, .

as well as that attributed to C=N at 1640 cm~1. This
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absorption at- 1520 cm disappears on_ hydrolysis tc the

oxo-compound and mﬁst surely be L vibration associated
specifically with the amidine system. A few other byclic
amidines7 show this band around 1520 cmfl. Furthermore,
Prevorsek71'showed for a series of acyclic4N,N'—disuhstituted
amidines, that there were three characteristic bands at
1644-1620 (strong), 1550-1531 (strong) ana abont 1340 (medium)
'here seems no doubt therefore that both acyelic and cyclic o
amidines exhibit at least two strong characteristic bands
in the;infra—red specgtrun, |
Secondly,‘there is a considerahle variation in the
position of the absorptions due to acctate groups in the
metal complexes prepared. Complexes of (XLV11l) showed &
peak at 1700 et (p.101), The Zn complex (Llll, R=H, M:Zn) 3
absorbed at 1680 cm~t (p.110). The other metal complexes |
absorbed at aboﬁt 1500 cmf'1 (pp,ldS and 109). It is
probable that this variation in position reflects the varying
nature of the acetate-metal bond from predominaﬁtly covalent E“
. to predominanfly ionic.

ii) Proton magnetic resonance. The effecti of the cyanide
\ « y

group on one of ihe aromatic protons has-already been
discussed (p.44). It can bé seen Trom the scale diagram
(p.151) that the isoindole 7-proton is nearer than any
phenyl group proton to thé'deshielding zone of the cyéno—

group. By using the nerfiuorophenyl compounds as described



(p.46), it was confirmed that it is the iscindole 7T-vroton

]

that gives rise to the characteristie low Tield signal,
A shielding rather than deshielding efrect is onserved

when one compares the methylene absorptions of pyridine-—

wl

2,58-dimethanol and 2,6-di(eyanomethyl)pyridine {pn.1i19 an
120), Since @& cyanide group has a grcater electron with-

-+
[H

drawing effect than a hydroxyl, it migh

=+

. be exnected that
the nethylene protons would anﬁear at lower field in the
cvano— than in_fho hydroxy-conpound., However, the methylene
protons lie anproximately on the axis of the C=N bhoud in

tiic shiclding fegien. This more +than counteracts the
deshielding due to the greater elgctron~withdrawing power

af the cyanide 0ver the hydroxyl group. The result is

‘that the spectrum of the di{cyanomethyl) compound shows

the methylene protons at higher field thaﬁ those in the
hydroxy compound.

(iii) Ultra-violet. These results are discussed in terms

of the longest wavelength absorptions of the compounds

’since these are characteristic of the whole ohromophofe,
whereas shorter wavelength absorptiohs are due to transitions
in smaller parts of the chromophore.

A diagrammatic compariscon of the electronie absorpiiou
properties of a number of the compounds prepared in this
work and their aza-linked analogues (where known) is set

out on p.139.It should be noted that the arrows serve only
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to show general choemical relationshipns in the varions groups
and t necessarily intended to indicate nciusl reactions

are ne

that have beep or coulid be carricd out,

It can be seen that invariably a cyanomethine-linked
compound absorbs at a longer wavelength than its zza-linked

analogue. As might be expcected, the difference is greater
in the three unit compounds than in the two unit compounds,
This difference may well he a reflection of a fundamental

difference in the excited states of the two types of

compound. It is not simply due to the two types existing

in different tautomeric forms of the amino-imino systen,

sinece 1t persistis in the fixed-bond three unit compounds,

Nor can it bhe Whollv due to the cyanide groups since

1-2 -pyrldylmethvleno 3~0xo0iso 1nn011np ( nared by Barneslé)
absorbs at a longer wavelength (357 ma) than the aza-
analogue (338 mm).

By a comparison of some cyanomethine? with some aza-
linked compounds it is possible to draw some tentative
conclusions regarding the fine struc cture of the two unit
compounds., B? ofeﬂafntLvn of compounds with fixed hond
structures, LElvidge and co—workerss’6 havc shown that in
generallwnere'there ig an endo-cyelic double hond,‘the

n.v., ahsorption is 20-40 gw,further intc -the visible region

they deduced that

than where it is exo-cyvel lC. Trom this

the itwo uniti compound l-phenyiimino- ? iminoisoindoline




existed, at least in the ethanol solution used for u.v,

measuremnent, as a mixture of the two tautomers hecause it

3 5 + 3
Il [3]

s

nead

shows absorption both in the 300-320 mp region an o
360 maregion. This is supported by comparison with the
three unit compound 2—meuhyl—l,3~dipheny1iminoigginéoline6
where both double bonds are of ne’cessi'by exq—cyclic‘. This
compound only absorbs 5 mu further into the visible than
the two unit compound. One expects that removal of auny
'contribution.from an endo-cyclic Torm will reduce the
iongest wavelength absorption, and this is slightly nore
than compensated by the addition of a phenyl group to the
conjuoated'éystem.

Now we -turn to the cyanométhine linked compounds. 1In
this case the three unit cceoumpound, I,Sfdi(phenylcyanomethyl—
vene)iggihdoline, absorbs 40 ma further inte the visible
region than its two unit precurser. We can therefore
deduce that in this case the longest wavelength absorption
of the two unit material 1is dge toithe exo—-cyclic tautomer,
and the;40 mm~ increase representis the increase in length
of the conjugated system on addition .of a phenyl group.
1t the endo-cyeclic tautomer were present one would exnect
its absorption to appear_in the region‘of 400 ma and there
is no evidence at all of a maximum or inflexion in that
region.

This argument can be extended, with limitations as
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will” be seen latexr, to the pyrid tine series oi compounds.
It would be expected that the exo-cyelic double hond form
vould bhe favoured in this case anyway, since then the
hydrogen of the am }0~P1tr0ﬂen can hecomé hydrogen bonded
to the pyridinc nitrogen.

It is interesting tdrexamine_the cprrcsponding
compounGS'inithé pyridine series in a litile more detail.
The 1Qngest wavelength band in the three,unit structure
shows a bathochromic shift of 97 ny~ from the position of
the band given by the two unit stfﬁcturés. This is a very
nuch greater shift th an in the benzene series. A comparison

of the speciri of the he zene and pyridine three unit

kb

compounds in élkaline ethanol {n.143) shows that their
ébsorptions are only 5 @M.apaft, whereas invethanh1 thé
difference is 63 mwm . In alkaline solution it is presumabhly
the metal salt derived by replacement of the proton on the
amino-nitregen that gives rise to,the sﬁectrum. It therefore
seemé Bossihle that the pyridine three unit material abscrhs
so far into the visible region hecause a partial charge

separétion is effected by the attraction of the nyridine

nitrogens for the proton thus:

NC__C_ﬂ which in~

alkaline f//Q§§'f/\\
) : -

%' » - ]
soiution ///
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2

in which the negavive charge can be delocalised. Hence
the speetrum is part-woay between that which wouid he
xpected, and that of the species having a full negative

sen aton,

=

charge on the nitro
.Support for‘this view is obtained from the spectra
of 1,S—di(6—?ethyl—2—pyridyleyanomethylene)i&gindoline.
In this compound it is thought that the twé mefhyl groups
:will sterically hinder one another (see diagram) thus
forcing the pyridine rings away from cne aﬁother and
“therefore making it difficult to form the hydrogeﬁ bonds.

The spectra both in ethanol and alkali more closely resemble

those of its benzene analogue than those of its unsubsitituted

pyridine analogue. ' ' .
Some other empirical observations can be made about |
the u.v,. speétral pronerties. (a) The effect of hydrblysis‘
of C=NH fto C=0 is to cause a hypsochigmio shift ol 20-30 e
both in the aza-linked and the cyanomethine-linked series.
(n) Hydrolysis'of the two cyano groups of l,3—di(2-pyridyl—
cyanomethylene)isoindoline to amide groups also causes a
hypsochromic shift of 34 s (e) Comparison of the condensed:~
compounds shows that the spectra of the two derived from
cyanomethine-linked compounds are very similar to.each
other (only 3 @M.difference) and yet thé 16ngest wavelength
‘bands are 110 @u.further into the visible than from an
aza-linked compound. This can only partly be explained by

e

o



the effect of the different links. By c¢omparison of other
comvounds in these series nne could reasonably predict a
difference éf about 50 m+. I must therefore be scme
difference of stereochemisiry cr fine structure,

The metal complexes (L1111, R=H, M=Cu, Ni and %n) have
spectira very similar to each other (see p.146). These
complexes absorb about 60 mm Further into the visible
than the uncompléxed ligand, and also ahonut 60 mm further
_fhan the Ni compléx of the aza-linked analogue. This
latter difference is much the same as the difference betwéen
the metal free ligands, and is preéumably due simply to

"the difference in linking groups.
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Chapter 6 . - R

Further work

It is suggested that these gtudies should he continued
to determine whether the teira-cyanomethine-linked macrocycle§
can be obtained hy the_rdutes investigated in the present
worlk.

Various other syntheses can be envisaged. The influence
of substitution in the pyridine could be studied. One
variation would bé to stdrt,from 3—hydroxypyridine, which
readily undergoes the Mannich reaction with formaldehyde
’to‘giVe_2,6edi(hydroﬁymethyl)—3—hydroxypyridin966o This
could be converted to the di(ohloromethyf) compound, and
then after methylation of the 3-hydroxy group, into the
2,6-di(cyanomethyl)~-3-hydroxypyridine. The conversion of
‘.this into a macrocycle would make accessible a number of
disuhstitution products. At.the same time, the actual
‘formaﬁion of the macrocYcle would presumably give rise to

two isomeric products. This is because the substituent W

“groups can be arranged syn or anti with respect to an axis
drawn through the two pyridine nitrogen atoms of the molecule,

It follows that 3,5-dihydfoxypyridine, whose preparation”if"

67,68

has been described , should undergo the Mannich reaction =
even. nore readily thusvleading eventually to a tetra-
~ substituted macrocycle.,

Again, preparation of a suitably substituted pyrimidine
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might be of interest. If a 2,4-di(cyanomethyl)pyrimidine
could be converted to a macrocYclé; then one nitrogen atom

would be available on the outer ring of the nmacrocycle for

examination of the effcct of quaternisation of that nitrogen

on the br0perties of the macrocycle. At least one possible
relevant star?ing material, 4-hydfoxy;2,6—di(hydroxymethyl)
-S-methylpyrimidine, has been describgd69 wﬁich might be
-cohverted to the analogous di(cyanomethyl) compound.

Turning to five-membered hetexrocycles, the case of‘
thiophene is of immediate interest since fhiophene itself
is readily chloromethylated to 2,5-di(chloromethyl)thiophene’ 2
and also the chldré groups are readily replaced by acetate
groups, and therefore surely alsc by cyanide groups to‘give
235—di(cyanomethyl)thiophene. A macroéycle prepared from
this would be of particular interest since’ the unsaturated
‘systém would be fully conjugated rather than cross conjugated;
 ‘This‘wou1d provide a much closer énalogy to compounds such
asyhaem énd phthalocyanine; and might be expected to support
a ring current and therefore be aromatic in the same way
as these latter compounds. N

This idea caﬁ of course.be‘extended to byrrole, which
should. be analogous to thiophene. ‘2,5—Di(hydr6xymethy1)—
pyrrole has heen described725 and it is possiblc that this
might be converted into the,di(éyénbmcthyl) coupound ahd

thence 1o a macrocycle.
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The other basic variation on the work described in
this thesis would be the use of substituted phthaloniiriles.

ituenis

o

It would be of interest to study the effect of subs
in two respects: (i) the erfect on the properties of
macrocyeles and intermediates fofmed from them; and (ii) the
'effect'on the cyclisation reaction which forms the iigindole
ring. It might he that electron reieasing'substituents
would reduce the partial positive charge on the nitrile
arbon atom thus making it less susceptihle to nucleopuailie
attackjby the carbanion formed in the cyclisation reaction.
-On the other hand electron withdrawingvsubstituents might

aid the addition reaction.

~

B
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The first diagram is not of an actual compound
prepared, but a composite picture incorporating features
from several of the compounds prepared. Bond angles and

. _ : . " . . T3
lengths are based on those of phthalocyanine and compounds

included in the Chemical Society iables74.

n
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