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ABSTRACT

"g—Cyanébenzylfcyahide does not form an iﬁidate with
methokide tut undergoes dimefic_additioh and’cyoliéetion to
l—amino-4-6yano-3-(grcyénobenay1)ggquinqliné. A dbetter yield
- of this prOd#ctWis obtained ffom the action bf‘sqdamide in

. fbrmémidev6nvthe/dinitrile but with this reagenf a secondary

: feaction océursfby‘aftgck of the formamido anion,'génerated
':.in'the,reaétion,-on thé'dinifrilé, to afford a mixture of cis-
'and'zgggg-i—émino-3—formamidoisoquinoline.

o-a -Dicyanoatilbene, from the plperzdzne catalysed .
condensatlon of o-cyanobenzyl cyanlde with benzaldehyde,
suffers nucleoph1lic addition across the aryl nztrlle group on
btreatment with sodamide in formamide to yield l-amino-4=-cyano-
3-pheny11soqn1nol:ne. Analogous l—alkoxy isoqulnolznes are
‘Aobtained by reaoting the stilbene with catalytic amounts of
alkoxldes in the corresponding alcohols but ~in the reactlons
examlned, the yield decreases with 1ncreas1ng basiclty of the
valkoxide. The 3 4-d1hydroisoquinoline is an intermediate
which can be ieolated by rigoronsly excludzng oxygen from the
system.

ﬁydraiiné doeé nof add across the nitfiie groups of

gftiedicyanqstilbene tut effects cle#vage of the olefinic



“-gioup~to yié1d g§c&anobeﬂzy1 cyanide and benzaldehyde.
Hydrbxylamihe, oh;the ofher'hand, forms the acyolio bis-

lfamldoxime whach, vhilst stable in base, snffers oleavage of

"”the ethylenlc group in mild acld and cycliees to homophthal—

_'imlde dloxime.: , }
R Nncleoph111o add1t10n of o-cyanobenzyl cyanide to
64. —diéyanOStllbene-is achieved in the presenoe of_methoxide,
'the product 'being a su'bst:.tuted 1soquinol1ne. .
Reexamination of the reaction between o—cyanobenzyl

éyanidé and‘benzaldehyde in the presence of metho;ide has led
'fo aétefmiﬁation of theAStructure'of the major ﬁrbduct,-an
adduct of two molecules of the d1n1tr11e and one of the

‘aldehyde.,.
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 INTRODUCTION

The greater elec%ronegativityl of the nitrogen over

the carboﬂ atom impatts considerable polarity to the nitrile
v ‘
' charactéristica11y ﬁndergOes-hu01eophilio‘addition at the

group in the éeﬁée The nitrile groupfthérefofe,

‘ e1ectropos1t1ve carbon.

e The w1de range of react1v1t1es shown hy nltrlles

:j-damonstrates that the polarizat1on of the cyano group is
'greatly 1nf1uenced by the moiety to whlch it is attaohed.
__Conversely, the;nitrlle group, whlch 1s’strongly electron

aﬁffacting.bo£h indnctively2 and mesomericaily3, can have 8

: d?ciéive effect'cn3the.béﬁaviour of fhé~rest of‘the molecule.

| , With the 1ntroduction of B second nltrile group into

 a molecule, he above oonsiderations still clearly epply, but.

' in addltion, where the two nitrile groups sre suitably

'_proximaie, nucleophillc addition to one or both cyano groups

 cgnv1ead to.synyhesls of,nitrogen heterocycles. Thus, for

gmpxg,' phtha1§ni?cr1_19 (XLIX) affords .1,3fdi'imin§;1_§_<>_indoli_ne

4

(LI) when heated]ﬁithtmethanolic ammonia under pressure .



\'4

N ;CN," B NH3
NSNew

(xLIX) L (LI)

It is with this aSpeof~of'dinitr11e chemisiry thatr
the present work is concerned.

fhe two cyano groups in‘g—cyéhobenzy1 cyanide (I)
are in differént electr§ﬁic enwiroﬁments. A difference in
tﬁeir reéctivity could therefore be anticipated. Further,
their 3pa£ia1:re1ationship iBVSpch'that additioﬁ~across them
, wduld yiéld;éAéix4membered'ring; Intefesting.pfodncts should

therefore réﬁult from treatment of this dinifrile with

CN
CN

(1)

nucleophiles.

.Indéed; with ammonia,‘the.dinitrile (1) afforded”l,3~diamino_
isoquinoline (IV)7 whilst with hydroxylamine, different
producfs'ﬁere obtained depénding'on the reaCfion cohditioné;v
Isolafion,df:1;amiﬁo-3-hydroxylaminogggéuih§1ine?(LVIII)Sf
qﬁggésféd thet in basic conditions, the alkyi nitrile'of (1)
was morQ suscep£ib1e to‘nucleOphilic attaqk thanbfhe aryi;’In
mildly acidic ﬁedia, however, homophthelimide dioxime (LV)6
was obtaihed;'The‘exblaﬁation 6f this wounld appeér io be that

protonation Of;the'aryl nitrile enhanced its reactivity such



thaf the.rafes'of ottaok by,hydroxylamino_on'bothdnitrile
groups were. comparable. . | , |

‘ | Hydrazine also gave an. isoquinoline product7 with
k.dl(I) but Tohneon and Nasutavicuss found that the stronger base,
}ethoxlde, afforded a product (m.p. 270 ), of the dimeric

'3add1t10n of,the;dinitr11e (1), the structure of which was given

ao.(LIi);

(L11)

Extendlng the duratlon of the reactlon, a second product
(m.p. 225° ) hav1ng the same compos1t10n as (LII) was 1solated,.

;d for whmch, fromul.r,,evidenoo, the ‘structure (LIII) was proposed

ﬂ,fd(LiIf):d

”zfﬂbw, 1t wss found that treatment of the dinitrile (I) w1thd' ‘
‘methoxlde gave a small yield of 2 compound (m.p. 223-224 ),,;
‘which was also obtained as the maaor product (XIV) from the

“reactlon of (I) W1th sodam1de in formamlde.
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CF CN

o (xv)
" From m.ﬁ. and Bpectfal similarifiés it-i§'believedrthat
JOhnsbnband"NésufaQicusf second producfAhad, in fact, the
structure (XIV). | |

The behaviour of o-cyanobenzyl cyanide (I) with
: alkoxide and sodamide,showed that the 1nductiveleffept of the
ﬁitrile group caused the méthyiene groupv(which was_alsov
benzylic) to bevsufficiently‘acidic for sfrong bases to
aﬁstract a ﬁroton; Under more vigorous cqnditions,,wéaker
bases gah also remove this protoh.fThustabfiel and Eschenbach9
aéhieVed‘the piperidiné catalysed Knoevenagel condensation of
the dznltrile (I) with benzaldehyde to yield o~ a=-dicyano-

stllhene (II)

SR Thé*trgns-stilbene'(II)Aie itself, a dinitrile potentially';

"‘capable of forming 6—membered heterocycles. Comparlson of its

1behav1our with that of o—cyanobenzyl cyanide (I) w1th mcleo-

s phlles is 1n¢erest1ng because it again has the two - n1tr1le

groups in different chemical environments but, unllke the_

‘dinitrile (I); qontalns no aoidic hydrogen atoms.



»:Ll-am1no-4—cyano-3~phenylisoquinoline (XX) Under typical Nef

11

I W1th ammonla, the dinitrlle (II) afforded no tract-

eable productlo but-with sodemlde in formamlde, the product was

11

.fimidate synthesis conditione, the ethoxy analog, (XL), of (XX)

»_was obtelned. The corresponding 3 4—dihydroisoquinoline (XXXIX)

':&wae 1solated as an, 1ntermedzate and from the 1nvest1gat1ons D

"'imade, 1t would seem that ox1dat1on to the fulLy aromatic

~istructure (XX) proceeds by the reverse of the mechanlsm

estahllshed for the acld catalysed hydrogenatlon of conaugated}

,double bonde in some biochemlcal systemelQ.

- The: dlnltrile (11) resieted hydrolysis: in acid but -
in alkallne solutzon cleavage of. the carbon-carbon double bond
’.occurred, 1.e., ‘the Knoevenagel condensatlon of o—cyanobenzyl
‘“cyanlde (1) with benzaldehyde was reversed. This result was
'not 80 surprlsing because the electron w1thdraw1ng effect of
v.the nitrlle group:would be‘expected to act1Vate the ethylenlc

;T{group towerds nucleophllic attack. However, the tendency fer

 the dlnitrile (II) to cleave, introduced complzcatlons to

"K;'atteMpted addit1on of basic nncleophiles in equeous medla. No :

'oijadd1tion product was obta:ned with hydrazine, the reectlon :
rmed1um be1ng too basic for the olef1nic group to pers1st But
l the weaker base, hydroxylamine, gave the acyolic bieam1doxime

(LVI) which, whilst quzte atable in baeic solutione was |

readzly cleaved by mild acid to afford homophthalimlde .

" dioxlme (EV) A reaeonable explanation of these resulis is

Athat the nltrile groupvw;thdrews electrons more powerfully
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'.~fhan the ?mldoxime group hut in acid, protonetlon of the amld- o
,Oxlme group renders the electropositlve p-carbon hlghly

'1e1ectron attractzng, with the result that the weak nucleophile,

'”‘water, can attack. ' 1>, o f;fli: PR ”:}‘ o e»'

T e R BRI . o ;/Ef?n,
R cn : s
‘i H>w ff][:: o - [\f]t;\ * NH,

N Sufflc1ent1y actlvated Vot sufficiently , ‘Highly activated.

‘ for attack by OFC’on ' ‘:actlvated for attack . HéO can_aftaék

";,B‘catbon, v . bJ OH on B-carbon. B-carbon.

iNﬁcléophilic aftaCk‘on,gf-q-dicyanostilbene (11)
.prefgrgntially oqcurred acr0ss tﬁe aryl nitrile or»the olefinic
groﬁp;’Exceptﬂin the cese of hydroxylamine, the d, p —unsat-
urated nitrilé_group resisted addition;‘The same order of
réacti#ity‘was>found for the methoxide catalysed addifion off'
o-cyanobenz&l oyanide (I) to the dinitrile (II) in which the
Say. p-unsaturated nitrile moiety took no pa:ﬁ. | .

A natural eytension of the work already descrlbed
ﬁaéltﬁé-reexamlnatlon of the reactlon,of the d1n1tr11e (I) with
"ﬁeﬁéaldehydé.iﬁ the presence,of-éikoxidelOb. Previpusly the

exﬁectgd condenéatioh product (II) was.oitained in small
.ljiéld_ﬁut the’mgjor product was not fully_investigated.;ln
tthevpresent-wofk this'product was‘found to be thé resuit of
add1t1on of two molecules of the dinltrile (I) and one molecule
: _of benzaldehyde. Elucidatlon of its structure shoved that its

. .mode of formatlon was conszstent with the relatlve .cyano group
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',reactlvitles already found. for the dinitriles (1) and (II)
- From the producte obtained by nucleophllic attaok on
the dlnitriles (I) and (11), fhe general order of reactlvity of
"dthe cyano groupe emerged as alkyl ) aryl ) u, p-unsaturated.
,The electrophllicity of the carbon of the alkyl nltrlle group
'c'ls only sllphtly lowered, relatlve to that of HCN due to the |
,'?mall + I effect of the alkyl group. Phenyl and V1ny1 groups h :
exert aﬁ aéﬁrbiimeteiy equally.BMa11>~ I effecf wifh the |
result that from these considerations alone, a reverse order
of react1v1ty to that found would be predicted. However, the
.magn1tudes of the 1nductive effects of alkyl, henyl and vinyl
groups are 1nsign1f1cant compared with that of the n1tr1le |
'group end 1t therefore seems reesoneble to as«ume that reson—
ance effects are largely reSpon51b1e for the observed dlffer-
ences in the nitrlle group reect1v1tiee.,01early, the resonance
concept eannot be. applied to the alkyl nltrile group, hut
,eonjugation;of the_aryl nitrile gronp W1th the aromatic ring
3aiiows Conﬁiibﬁfians-to ‘the £c£a1 eiectronic distritution by
';1resonance structures such es (i) ; where a. carbcn atom other
s than that of the nztrile group bears the formal p031t1ve
| charge. The effect of such resonance is to reduce the electro-
ph1licity of the cerbon of the nitrile group and hence its

react1v1ty towerds nucleoph11es.

z¥ - ¥

Tw R )
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The‘same structures a2pply to the aryl nitrile of (II) whilst
canonical forms such as (iv) can contribute to the electronic

~ distribution for the _q,_p~uneaturated nitrile.

"(iii) BN - (i) B

, o R - . ‘D-
- That resonance effecte do Operete in the. sense g1ven above is
eupported by i r.. Resonance electron donatlon such as expressed
rby the forms (ii) and (iv) conslderebly alters the bond order
of the n1tr11e group and thls 1e reflected in the 1.r. as a‘

13

_1ower1ng of the nltrile etretchlng frequency . Thus the greater
_the resonance contributlon, the lower thezfrequency and the
" lower the reectivity‘ofbthe,nitrile groupe. TheIObeerved

"frequencies~arejgiven in Table:I.

TABLE I

| 3Dinitri1e:f.' 1 ; Nitrile group stretchzng frequency (cm )
: 1 Alkyl o  Aryl S a, B -unsaturated
(1) | 220 2226
’f_(II):;[ S R '1" 2223 2212

It is seen that the frequenczee of the nitrile gronps
~dn Table I (and hence the extent of resonance electron donation
'to the nitr11e groupe) are in the seme order ag the observed

react1v1t1es.v;,] e
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CHAPTER |

REACTION OF o-CYANOBENZYL CYANIDE WITH SODAMIDE IN FORMAMIDE.

Ziegler's methdd for the prebaration of‘amidiﬁes} »
'from nitr11es with sodamide has been sucoessfully extendedl5 17
to the preparatlon of imldines (111) from dinitriles in a few
cases where direot reaction of the d1n1tr1le with ammonia was
difflcult As V1gorous conditions Wwere necessary for the
’vaddztzon of - ammonia to o-cyanobenzyl cyanide (I) and the
product was 1 3-d1amin01aoquinoline (IV)S, the aromatised
tautomer,of”the expeoted 1m1dine, it was of interest to deter-'
| mine7wh¢fher (I) réactéd'smpéfhly under . less vigorous conditiéns

. with sodamide.

'1§y;f¢'

The anide anion, (NH ), as well as be1ng a powerful
nucleophlle, is also a strong base and oonsequently undergoes
reactzons of the type NH2 + B-H :;==i$' NH3 +'B The strength

of the am1de anzon as a base haa resulted in a loss of generality
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'of the Ziegler method'for amidihe’formafion.vfhe eiectron

v W1thdrawing effect of the nitrile group 1mparts slight acldity
to a proton on the a-carbon of a nltrile. In some cases this
acldity has been sufficient for»the amide anion to abstract'
this proton with the result that a dzmerio addition takes
”place to the exclusxon of amidine formation. Acetonltrile (V)

exhibits this ’behav:ourl8 and 80 gives the p-iminonztrile (VI);

NH

o | . crchn
CHN + NI, === cngcn + NH3 —_— an-c-cnzcn
(v) o : n ‘ ' ‘ ~ (v1)

In general it has been found 9 that n1triles contalnlng two
a —hydrogens nndergo this d1mer15at1on wh1le those with one
u-hydrogen, for example d:ethylaoetonltr;le.(VII), react

smoothly with sodamide to yield the amidine.

Et NaNH Et “Cg?NH
\cu-cn _—c2 s Nepd
PR SRS N
Bt Bt Wi,
.,(VII) -

Similaf dimérisafion to that'found with aoetonitriiercould be
: expecfed wifh dioitriies containing-activated o-nydrogens
whlle for sultable din1triles, intramoleonlar addition to

' yield cycllo products was possible. Thus adiponitrile (VIII)

was found,to givo,thevoyclio p=iminonitrile (1x)2°.

- cHON .
). .
\%2 T - l:'_‘;l\cn
CH.CN - : - N
A , v NH
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‘g}cjangﬁeﬁzyl'cyani&é (I)ﬂcdntainéla highly activated
Mefhyléne gfon§ being both bénzylic and in tﬁe u'-poéition to
v’-a n1tr11e group. Sodamide with this dinitrlle could be. expected

‘ to readily form the anion rather than add across the nitrile ‘
B groups. Indeed, the failure to isolate any of the diam1ne (IV)
"from the reactlon showed this to be the case, Further, 1ntra- L
",molecular cyclisation analogous to that found for ad1pon1trile

would'lead to the structure (X).

_ NH

N\

y

~oN
)

‘Thiu uss‘nof obtained as a prodﬁct'suggesting that the formation
.of_thél4—mémbe£ed ring was eﬂeréetiéally unfavourable compared
with dimerisatidn.‘Idéntificationfof the reaction products
‘éhowe§ thatithe rééction.prooéeded vié“a dimerio.éddition inter-

imediate'to'mo#e:Stable oyclised products. B

In Ziegler's or1g1na1 ‘method, a nitrlle was reacted

'”[w1th a slurny of sodamzde in an inert solvent (benzene, diethyl

: fether,,etc.) to yleld the sod1um salt of the amidine from which

fthe frae base wes liberated (usnally in disapp01nt1ngly 1ow

‘yield) by addltion of water.

N N * " . FINH‘ | . ‘v'A‘
. RN ———=>  BRL 1O No¥ ————> R—Q\\

St o : .. \ :



19

Elvidge and coworkers > found that the free imidime could be
obtained directly by usihg formamide as cosolvent for»sodamide
‘and the dinitrile. Here, the inifially formed imidine salt was

~ sufficiently basic to abstract protons from the formamide

solveﬁf.
—CN —————<\-e Ne®
- 2NaNH,, \NH
L — NH '
—CN ' : ————<\-e« N
-NH.
3
- 0,0
}’ /NH . E? Na
NH ONH,CHO : CNH
/- .2 :
g ' NYO N®
(JJI)V

- PFor this reasdh;,formémide wae preferred to thé‘inert solvents
~ in the present‘reacfiqn;
"Allimitafion iﬁfthé usefulhess"of formamide as solvent

”’i;ffor suoh reactions was noted when the. product from the: reactlon

A‘f‘”;of 1minodiacetonitrile (XI) with sodamide in formamide was

.Fffidentifzed as 2 6-diformimidopiperazine (XII)17
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-

w0 e
._,[,Ns\]'cﬁ' ~ NaMH, ///;n RO .-’/[: ::L\
~CN oN ,,7 S ,;-:” oReN Z 17 noHo

i
R

'To explaln thls product it was necessary to propose the

‘; equlllbr1um .

S NHé~‘+',NHéCHO = NH,

4 _NHCHo_-_-;_;;_(i)
Additlon of the formamlde anlon across the nitrile groups with
cycllzatzon and ellmlnatlon of ammonia gave the product (XII)
iThe same equllibrlum (i) wes necessary to,exp1a1n the isolation

of l-amino-3~formamidoisoquinoline (XIII) as one of the products -

from {I) in the present reaction.

’fii;Even at ca.lo a. solution of sodamide in formamide slowly

"'evolves ammonia so it ie clear that in time, the 1ose of this

“volatlle component will foroe the equilibr:um (i) “far to the
'right reduclng the concentration of amide anion to insignif—
vicant proportlons. Thns successful attack of the amide anion

von'a dinitrile.is limlted_in“formamide,ito those reactiona :
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vhere the rate of attack by NH2 is fast relative to the

establishment of the equilibr:um (i). | _ _
"f In the reaction with 1minodiacetonitrile (XI), where -

1 }(XII) was the only ieolated product, it would seem that

"“”ach1evement of the equillbrium  _  i

B

f o e e e ,:,f,‘,j o
U R D N
L) e —— . M a3)
h‘ -‘ :  - _“;. ' L QN:: CN o

§§0

: CNIA;CN;,
(xT)
'_was:sibw compared with équiiibriuh (i)‘ahd what little
further reactlon of the dinltrlle anion as dzd take place led
to polymerlsation. o
Ingthe reaction of (I) however, products resulting
~ from anionic dimerisation were isolated in reasonable yield

which suggested that the equilibrium

S .CN VU' | ' i ' o CKN |
. - T | (i:li)
. o~ CN * 22— 3 + : ' ON _ ,

Q ﬁaé fair1y:rapid1y~eétahlishedvrqlati#e to equilibrium (i)

" and that the subsequent dimerisation was facile..
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SCHEME I

‘Products from the Reaction of o-Cyanobenzyl Cyanide with

‘ Sodam1de in Formamide J
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_ STRUCTURAL IDENTIFICATION OF THE PRODUCTS..

- i) 1-Amino-4-cyano-3-(o~cyanobenzyl)isoguinoline SxiV}.—

(xmv)

'swhen o-cyanobenzyl cyanide (I) was treated with sodamlde in
formamlde at room temperature, colourless prisms of = product 4,
18512N4 ’ seperated from the_solutlon. As the molecular weight
Of this cohpoﬁnd was confirmédvby mass spectrometry to be

‘ ‘éxaétl& twice that‘of (I), it wes clear that the starting

| material had undergone dimeric addition, ag the result of
sodamlde functioning as a base and abstracting a proton from

:(I) to form the anion (Ia)

. ® S | |
oy, & N wm
, o 2 —mm— R 3
S , CN. _ - _CN

'.(I)* : . : | ',(ia)
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o Attack by (1a) across the élkyl nitriié-of'a molecule of (I),V
‘would 1ead to the structure (XV), while attack on the aryl

nltrlle of (I) wonld form. (XVI)..

| "A'ttackon the al_kylnitrilc s

 Afféck:on'the,ary1 nitrile :

.'The i, r. spectrum of A showed that’ neither of the structuresv‘
;(XV) and (XVI) was’ correct for A. Although absorptlons

' correspondlng to asymmetric and symmetr1c stretching vibrat-‘

ivgions of a prlmary amino group were observed at 3450 and

: 3348 cm ,, nltrile stretoh:ng frequencies at 2226 and 2206 cm -1
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" indicated the presenee'of only two nitrile groups in the ‘

-1

molecule. A etrong absorpt1on at 1653 om could most reason-

'ably be assigned to d ring skeletal vibration and a broadened

o peak at 3200'cm -l was attributed to the stretching mode of an

2

'intermoleoulerly bonded NH group. A eimilar bonded NH2 peak
" is observed in the spectrum of (IV)s. Tt was therefore ‘

apperent that_cyolization had occurred after.addition.vBoth.
structures (XV) and (XVI), in beeic conditions, could be
expected to undergo cyclization. The resulting structures are

| givenoinoseheme}II.

SCHEME II

‘“i)rPossible Structures for A from Cyclization of (XV).
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ii) Possible Structures for A from Cyclization of (XVI).

(xv1)

(XvIII)

Satura'teq."alkyi nitriles typically absorb1,3 in the reg";ion_ -
2260—2240 cm'1.é#d'the alkyl nitrile of (I) gbs§rbs within

this raﬁge'at 2250‘cm-1; While there are factors which cénse
fhé frequency Of_élﬁyllnitriles to lié below this rang@zl, fﬁey
are ndt,feievgnf{td‘thq‘étruoturé (XVIII) which should there-
fore abéorb‘atvéifreqﬁéhcy ciose to thaf found for (I). As

the obser#ed'frequenciés for the nitrile groups of A occurred
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well below 2240 cm-;, etructnré (XVIII) was discounted as

posslble for A.»

Table II gives the p.m.r. sPectrnm of A w1th

assignments which‘lndicated struqtnre.(XIV);, f.,'

TABLE II

v'SOlvent 5 d6Dimethy1 sulphox:de.

Sigmal (1) Maltiplicity  Intensity
5.58 ‘singlet 2

2;8-1,9 - 'éomplei  7
2.13  ’.abroadened siﬁgleta) 2
'1.66'  doublet (showing finer_ 1
SRR S splitting), ,

!_%085H7

a) Removed on addition of'D20.

‘methylene CH

_ NH

'Assignment

2

ring protons

2
8-H

It was immediately obvious that both structures. (XVII) and (XIX)

‘were incompatible with the p.m.T. spectrum as neither could

1a§count for the_é4pro£on‘métﬁy1ehe‘signél'atiSfSSE‘. It‘waé"

' concluded that the product A was leamino-4-cyéno-3-(grcyan0benzy1)—

1soqu1n011ne, (XIV)

The i.r. absorption freqnencies for the nltrile groups

of (XIV) are assigned as below._
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2206 ch”l

7-2226rcm;1

The 2226 ém;; frgqﬁéhﬁy lies in’the‘fypibal‘iahge for ary1 
nitriles; 2240;2220.cm_1 whefeas fhg'séé@h&‘fréqﬁen§y ié{ab-_"
normaiiy low. The expléhation:for'fhisgﬁﬁﬁid-aﬁpéar»fo}be'fhe"
same 28 thet giVen.bf Bgidwiﬁngforithg-iow freqnénéies}ﬁhserved' ‘
for the nitfile absorptions §f 13;amihQ; u,’p-nnsaturatéd |
nitriles; Thus significant céntribﬁtioﬁé to'thevstrucfure:from
'charge-separated resoﬁgncekférms (Scheﬁé I1I) are thbught to

~effect the observed lowering of the nitrile frequenéy in (XIV).

. SCHEME III

Charge-separated resonance forms of the Structure (x1v). .
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The u.v. sbsorption curve for A (Fig.I) confirmed the isoquin-
‘oline_.s'th‘zcture (x17) by its corrés‘ipqndence'tb the absorption
envelopes of similarly substitu‘te_d isoquinoline compounds.,
FIGURE I

U,v. efnsorption curves for (XIV) and knbvm, related isoquinolines;

T e

w0 3.0 380

8) in tétrahydrofurap.

N 'b) in. ethanol.
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- Compound (XIV) contains an active méfhylehe group»and.in'baSié
solution could be expected to be in equilibrium with its

anion (XIVa).

(x1v) R | ;; '_"  | ;(xxvg);

That this ani§n~did,pot attackanothér‘mblecule éf (I)‘was_
;attribnted'to steric interferehce. Infernal cyclisétion of
v(XIVa)'gcross éither of the nitriiexgroups required the form—
ation of a strained 4-membered ring and was apparently
energeticélly unfavouiable.1Cdnéequently (X1V) fgacted no
further and éslthe étrong ﬁaée NH;)gradually converted to NH3
during the reactlon, the equllibrium (1v) ev1dent1y moved to

the left until the reaction solutxon was Baturated with (XIV)

and prec:pitation of the product occurred.

Add1t1ona1 ev1dence for the presence of a primary
amino group in (XIV) was obtalned by the preparation of the

monoacetyl der1vat1ve (XXI)

';(xxx);
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4 The i.r. upectrum of (XXI) showed a broadenedrslngle absorption
at 3280 for the NH stretching frequency of a bonded secondary

: emide, two nitrlle stretching frequenoies at 2222 and 2212,

~ the amide I band at. 1674 as a shoulder on the strong isoquino—’

line skeletal vibratlon at 1663 and the amide pes band at |
11523 cm 1. The p.m.r. spectrum confmrmed the struoture (XXI)

and is given in Table ITI.

TABLE III
P.m.r. spectrum of (xx1). Solvent: dsbimethyl sulphoxide.
Signal (7)) Multiplicity . Intensity Assignment
7.94  singlet . 3 acetyl ~CH,
5.3 - singlet 2 ‘methylene CH,
2.8-1.8  complex , 7 ring protons
1.65 douhlet (showing finer . 1 8-H
split'ting), ' :
- =0.8 broad singietg)if o 1. ‘Nﬂl_,

a)_Removed,éhfadditionjof D20.'.vt;€’§fci
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ii) 12-Cysno-6,11-disminobenzo(c)phenanthridine (XXIT).-

(xxii)‘ 

After collection of (XIV), edd1t10n of water to the reaction
flltrate caused the pre01p1tat10n of a small yield of yellow
needles of a product B, which was shown by mass spectrometry
and elehenfal‘analysié.tc have fhe same molecularfformula;i
CygfyoYy o o (x1V). " s | |

, The i.r spectrum of B showed NH stretching absorpt1ons
at 3448 3426 3356 and 3344 and a s1ng1e nltrile stretchlng
absorptlon at 2189 cm 1. These spectral observations suggested

that add1t1on of NH, to = n1tr11e in (XIv) had occurred, followed ‘

3
by a cycllzatiqn andyelimination..However,‘a sensible structure
cannot be arrivéd at in'this way and,'additionally,'the P MeTe
spectra of B (Table IV) preclude structuree for B derived from

- (xxv)
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 TABIE IV
P.m.r. spectrs of (XXII).
i) Solvent : Dimethyl sulphoxide.

Signal (v) Multiplicity.

3,60 -~ broad singlet:

' 2.8-2,0 ‘;complex',

1.55 - double doublet
J, ca ca.8.5, J 'ca.3 Hz .

1.04 doublet (showing finer
: splitting),
J ca.8.5 Hz
.t — ,
0.93 doudble doudblet, .
v‘J‘.O -%08.5) l.]'m‘g_?_o3 Hz )

ii) Solvent @ Dim@thyl,sﬁiphéxide/DZO;"w

2.8-2,0 - complex
1.57  double doublet
1.05 _v ~doub1et (showing finer
L : splittlngL
*,fJ ca.8. 5 Hz

0,95 ,,Vy;double doub]et
Co 'v”fqﬂﬁJ ca. 8 5 J oa.3 Hz

 Intensity

Assignment

'll-NH

2,3,8 and- 9—H .
and 65NH? '

7-H

A-H

10-H

'1 1;2,3,8 snd 9-H

T-E

A;H; o

10-H
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Another possibility for the'formation'of B whs'that (1) had'
undergone cyclizetion to the an1on (Xa) and subsequently
attacked another molecule of (I) across. ‘the alkyl or aryl

nitrile. Such reactlon would have led to elther (XXIII) or (XXIV)

~ Mttack on the - _ Attack on the.

'ffalkyl,nitriig;[;[l.
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Compound (XXIII) waé discounted beceuse the nitrile group in
this.strﬁctﬁie should have givenirisejto a stretching ffequenoy
in thé,i,f; lying inside the rahée‘224O—QQZO cm“1 while thg
_observed frequency for,? was at 2189 cm"1. The p.m.r. spéctrum,
of B'showedvfour 1abile.§rof6hs: (XXIY)‘has,bhlyvfhree_and so ,
was:nof thé étruéture of 3. o E | ‘

Examination of the‘pqssiblé structures for Av(p. 25)‘
B févealed fhatfone of them, (XViII),]Qould easily cyclise |

farther in basic medium,

cyclization
and
tautomerism

« -,‘(xm_)."-»

The st:uéture (XXII)»is cqmpaﬁible with fhe p.m.r.;Spectrum

of B (Table IV). In addition, the NH frequencies observed in
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the i.r. épectrum at 3448, 3356.ond 34é6,o3344 cm_,1 oorrespond
to the asymmeffiovend symmeffio.atretooing f?equencies of the
.fwo NH2 groups. The same reaéoﬁing as fhat given to oxplain the .
low nltrlle frequency of (XIV) (p. 28) applles to ‘the low
-n1tr11e frequenoy of (XXII)

' The ULV, envelopes of l;?-bénZOphenanthridine (xxv)
and chrysene (XXVI) are very simliar 3 (fig. 11) so structure'.
(XXII) could be-expected to have a light absorption envelope
which correspoﬁdeﬁ with that of a siﬁilarly substituted
chrysene. An acoeptablo model for (XXiI) was therefore
6—ncety1-1?-amlnochrysene (XXVII)24>aﬁd‘there’is indeed'a.‘
Teagonable correspondence between the obsorpfions of those
two compounds (fig. 1I1). Thévdifference of oa. 20 om~! between
’the absorptlon maxima of the two compounds is possibly due to
the greater bethochromlo effect of the acetyl over the n1tr11e
group as observed in the pair, acetophenone and benzonitrilezsi

The low yield of (xxxi) "relaﬁve to thaf ‘of (XIV) can
e explalned by considerlng the alkyl nltrile to be more |
;'susceptihle to nucleophilio attack than the aryl nltrlle of (I)
As the formation of (XXII) and (XIV) are competlng react1ons,
“the rate of production of (XIV) would then be greater than that

of product1on of (XXII).



FIGURE I1°°
Ultraviolet a‘bsorption spectra of 1 2-benzophenanthr1d1ne (XXV)

( ) and chrysene (XXVI)(---—) in ethanol.
'5.454
log ¢
T2 %o 30 a0
' FIGURE III

Ultraviolet absorption spectra of 12-cyano-6, ll-diaminobenzo(c)-
phenanthridine (XXII)( ) and 6—acetyl—l2-aminochrysene (XXVII)
(-----) in ethanol.

4.5

4.0
log ¢

3.5¢

230 290 350 ~ 410
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iii) I—AminOAB-fermamidoisoqnihelinef(XIII);~

Additionkef more water to the‘reéction‘filtrete after isolation
of the pioducte (XIV) and (XXII) yieldedia-eolourleee product c,
9N30 which on base hydroly31s gave the known 1, 3—diaminoiso- ‘
quinoline (IV), Compound C was therefore a monoformyl derivative,
After euccessiVe recrystallisations, C ﬁes.obtained as e mixture
~ of cluéters'of.small needles_and 1ong splinters which showed
separate m.p.s ofﬁ207-208° and 2176. An ﬁnﬁeual degree of complex-—
ity ﬁpe observed in both'the i.r._andvp.m.r}'spectra. Exaetly ‘
the same speotral characterlstics were observed for the
product G, prepared by the monoformylatwon of (1v). Whilst 1t
could be expected that, in ateleastwonelof these two veny
éiffereht preparations,a g1ng1e‘honefeimyl derivative‘might be
‘preduced, neveftheless_if wes'ﬁeseibie that each gave a mixture
éﬁd that suecessive fecrystallieafieﬁe ﬁereznot separatiﬁg
hthe two compounds, 1-amino—3—formam1do- and 3-amino-1—form—y

‘amdo-moquinonne, (xm) and (xxvxn)
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Thevp}m.r..spectrum offc,(fig.’IV) shows amino group
sizgnals at 3,05 and 3 241* of unequal intens:ty. This suggested
either 8 mlxture of the monoformyl derlvatlves (XIII) and

(XXVIII), or possibly, a mixture of cis- and trans isomers of

- one monoformyl derlvatlve. Now the l—amzno and 3-am1no s1gnals
in the PeMeT. Spectrum of 1, 3-diaminoisoqu1nol1ne (IV) in
dzmethylsulphoxlde-occur at 3.58 and 4.771 respectivelys,
,Sfructure (XX?IIi):was‘therefore unlikely because neither of
the observed aﬁino group signals for C corrésponded with the
expected 3-amin§ signal position.

The étructure,of C was fﬁlly determined by comparison
of the p.m.:?. _specfra of ¢ and formz;ninae' (XXIX). The un-
expected complexlty of the p.m.r. spectrum of (XXIX) was |
satlﬂfaotorlly eyp1a1ned, by Randall and coworkersgs, as a.
consequence of the exlstence of cig-and Izggg formamldo isomers
in thevsolutlon.4Ezten51on'of this concept to (XIII) g1ves the

isomers

frans-(XI111)



'PIGURE IV

Proton magnetic resonance spectra of l-amino-3-formamido-

isoquinoline (XIII).

a) Solvent : d6&imethylsu1phoxide.

b) Solvent : d6dimethylsu1phoxide-deuteriumvoxidé.
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Randail et al. found that the trans-formyl’and-NH'protons of
-(KYIX) were coupled with a large coupling constant (Jnll 2 Hz)

and their signals occurred at 1ower field. than the correspond— .

llng c1s-protons which showed only a small coupling (J ca.O 2 Hz)._]‘v

' These feetures were 1mmed1ate1y obvious in the spectrum of
(XIII), the coupling of the fbrmyl protons dlsappearing in
dlmethylsulphoxlde / denterium ox1de solvent. In addltion, the
carbonyl group in the c1s-form would be expected to desh1e1d
‘the 4—proton whereas in the igggg—form, the 4-proton would |
be expected at hlgher fzeld near the value (4 107 ) observed
'for‘(IV)S. The positions of the two 4-protonBIWereas predicteé,p‘v
~ that in the gigeisomersunder the‘aromatic complei (2.9 po'2.3 )
asdvthat from‘tﬁe trang-isomer at higher field 3;677‘. Thel
-amino group of the i;ggg-isomerkwas assigned the 1owep_fie1d
sigoel of the two by cohparison of the integfals with ihose of
peaks already assigned. |
Best egreement;betweep calculeted and obserﬁed p.m;r,

results was obtained by con51dering ¢ as (XIII) ex1st1ng 1n |
ea. 60% of ‘the trans~form. The results are g1ven 1n Table V._VJi =

. The p.m.r. spectrum showed the presence of 018— and
;trans-forms of (XIII) in solution and the complexity of the 1.r. efl
spectrum of a nugol mll of (XIII) was strong evidence for the
same 1somerism exlstlng in the condensed phase. In partlculer,

’:the two strong absorptions at 1675 and 1650 om d were most ;}}}' 

.,readlly as51gned a8 the amlde I bands of the two 1somers.‘fi:;557“u

‘ Isomerlsm elso provided a reason for the observed double:gf”;ﬁvf’ﬁ*f“
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T

meiting point and crystal’form.; ' "Q
TABLE V
: Signai'assignmentsffbrithe'p.m.r. speétrum of»(XIII)~in
- dédimethylsnlphoxide and comparisoniof the found and calculated =

integral values for a mixture of 60% tréns-génd 40% cis-isomers.

“Found Calc.

' fﬁﬂiﬁEﬂgﬁi L | Mu1t1p1ic§ty . Intensity Intensity
trans 4-H 3,67 - singlet - '0g6 . - 0.6
cis W, 3.23 broad singlet 0.8 0,8
‘trans NH? , 3,05 . »broadVSinglet ",f 1.0 1.2

cis 4,5,6 &7-H - co
and 2.9-2.3 complex 3.6 3.4
 trans 5,6 &7-H o -

gig‘& trans 8-H 1.89 : doublet (showin ’1.0 1.0
: ' finer splitting ’
“JO 9.?;'805 Hz

3

gig‘f&rmy1>ﬂ_ | 1.74 broad singlet ' 0.4 : 0.4;
trans formyl E  0.76 doublet, i‘o;7_v- 0.6
T J11.2 Hz i o
~cis FH s 0.13  g broad Singlgt 04 Q;4 o
‘trens FH  _0.22  broad doublet, 70;5 o 0.6

'J 11.2 He
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Under more vigorous conditlons than thOSe used to
obta1n (XIII) £rom (IV), 1 3~diformamidoisoqu:nol:ne (XXX)

vas obtained.

. GHBCOOCHO .

lCH3COOCHO

THCHO
\ |
\/J\NHCHO

(XxX)

Again,'the complexity of the p.m.r. spectrum of (XXX) indicated
cié~3£gg§-150merism but the numﬁer of possible isomers for this
dlformamido product and the overlapping of s:gnals made a381gn—
ment of the 1ndiv1dua1 signals largely 1mposslble. -

The 1dent1fication of C as (XIII) establlshed three )
 ,points : i) The equ111brium (i)(p. 20) was reasonably establuii:"
'ished dnrlng the course of the reactlon._" o iy |

i3) The formamido anion was not suff1cient1y ﬁaélc“:
to remove the cx-hydrogen of (I) and 50 cause dimer1satlon.'_'

, 111) The formamldo anion was sufficiently strong a. |
nucleophzle to attack the alkyl n1tr119 of (I) and in so d01ng
confirmed that the alkyl nitrile was more . susceptible to

nucleophlllc attack_than the aryl.
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' The above assertions rest on the mechanism of form-

. stion of (XIII) being

_— & T
R ¢ : .
| 7 P

~ NHCHO

protonation
and.

tautdmeriSm -

(xr1r)

‘That (XIII),ﬁas not obtained by attack of (IV) on the formamide

solvent under basic conditions
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we s demonstrated by recover1ng (IV) unchanged after reactlon |
with nodamide in formamide for 6 hours at room temperature.
The only other posslbility was that attack of the
amide anion on (I) gave the amxno-:mine (XXXI) wh1ch rather
‘than tautomerise to (IV) attacked a formamide molecule to , .“

yield (XIXI):

()

: Th1~ mechanism was belleved unlikely as’ it wnuld have to
: compete w1th the faclle tautomerism of (XXXI) to (IV) and so0 n
'r'at least some of compound (IV) should have been obtalned.-vaf

: However, none was isolated.
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iv) 1-Amino—A4—cerbamoyl--3-( o—cyanobensyl)isoquinoline (XXXII).—

On one occasioﬁ, after“cbllection of the preéipiféfed'produét7‘ ‘
(XIV), addition of water to the reaction:filtrafe'caﬁsed‘%he'f 3
separation of cdlourless_plates of the ihcidental'hydrqusié
product (XXXII), °18ﬁ1 JF,0+ A single hif;‘i_le étreﬁdmng' o
frequency in the i;r. spectrum at 2224 cm_l‘shdﬁedithat itiwas- '
the A-nitrile of (xIv) évhich had been hydrolysed to a.m:ide.v T!;e‘ o
kstfucture (XXXII1) waé cdnfirmedvby the PeMeTe specfrtm.whiqhg |
is given with assignments in Table VI.b o |
Erom‘fhé p.m.r. spectral results it waé bléar that

~ the amide C-N bondkexhibited.pé#tial double‘bbnd Characfer27;

restricting rotatidn £0 that the'two ahido'pfotons'gﬁve-risé SRR

"~ to separate s1gnals. The proton cis to the carbonyl group wﬁs
deshlelded and absorbed at lower fleld than the iggggrproton |

- (cf. (XIII) ). On deuteration of the compound by exchange with_‘
deuter1um oxide, the signal from the cis-proton disappeared as;5 *v
expected but even on addltion of a trace of base (triethyl—‘“ o
‘.amlne) a vest1ge of the igggg-signal remazned.“ 

It seemed posslble that specific solvation of

(XXXI1) in dlmethylsulphoxide,resnlted in ster;o-growding,~‘“



such fhat this;p?oton‘was'rQsistant t9fexchange;f

P.m.r;kspectrum?df-(XXXII).,  15361vént

AT

TABLE VI

Signel (1) Multiplicity =

3.24

2,8-2,3
2.16
T8
0.65 °

~0,18 2)

b)

~ singlet

approx. double doublet

minglet
"GOmplei',::
. epprox. double doublet v

doublet (showing finer

“splitting),

.‘Io ca. B'SVH‘Z .

“broad singlet

broad singlet

a) Removed on deuteration.

'b) Partially removed on deuteration.

: d Dimethylsulphoxide.

N

‘methylene CH,

~ ring protons .
CosE

‘f '8;HU:f:"‘

" trans-NH

cis-NH



CHAPTER Il

AREACTION-OF.gr -DICYANOSTIEBENE WITH AMMONIA AND HITH SODAMIDE

IN FORMAMIDE. ‘

The eage of abstractlon of a proton from the a.-carbonff7ljﬁ

to the n1tr11e results 1n o-—cyanobenzyl cyanzde (I) undergo:.ng
Knoevenanpl condensatlons w1th aldehydes. Thus (I) condenses'l[fﬁﬁ
with ben?eldehyde, in the presenoe of = base catalyst to yleld

o-a -dlcyanostll'bene (]fflf)9

. CN R . . ,
' + PhCHO piperidine -
v CN . ' N

(1)

Addition of ammonia across both mtnle gronps of (II) with
su'beequ‘ent .cyclizat:on and elimination of,ammonia would form'.

the imidine (XXXIII).

) ;(XXXjII)

) E '48}.
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The reaction of methenolic ammonia withf(ii)_under pressure
was reportedloé'as giving ineéneinsive results, the reaction
proeeeding elmost‘eomplefely‘to aﬁ intraetahle fer. Yhen this
>reaction'wes reexamined under iees vigorous conditions, equally
dlvappoxntlng results were obtalned. In all caees, the reaction |
| evzelded elther tar, or a mixture of tar ‘and starting material.
As the dinitrile (II)vdid not conta1n_1gb11e~a-hyaroe"
gens to the nitriie groupe, it eouldfnot‘undergo dimefieation
~analogously to (I) by reaction with sodahide'in fofmemide;fiff'-'

was therefore feasible that, under mild cond1t10ns, sodamlde

in formamlde should react cleanky with (II) to give the 1m1d1ne 1~‘

(XXXIII), by addition of the amide anion. (NH ) acroes the S

nitrile groups. ‘ _
Now, E1v1dge and Jones 29 found that treetment of o—_..v'
cyénqoinnamonltrlle (XXXIV) w1th methanolic-ammonla'ln a,q‘
Carius tube geve largely infractable material butza1s0'a poei‘
yield of a product (xxxV) which resulted from eddition of
ammonza, not across elther nitrlle group, but across the

' carbon~carbon double bond.

N v . ,‘NHB R
,lilln:;;/ﬂ\- TR
LN /f_~cnf‘q B

| (xxxxv)

ks (xxxv) ; o i
Isolatzon of (XXXV) suggested that congugetlon w1th

a n1tr11e ﬂroup and the benzene ring, rendered the oleflnzc SEINEC
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group of (XXXIV).more sugceptible tﬁandeither nitrile group to
nucleophilic eddition. However,.tﬁe validity of this supﬁosition'
could only be detérmined‘by-identdficatioﬁ'of>the mejor reaction,
leading to ter. fhe vigoious eopditions emplojed‘ieifhe_reéetioﬁ"n
}:' mey:haVe coused polymeriéation of a pfoducfwdhitdelly forﬁedoj?i
by addition of ammonia across either or bobh nitrile groups.
The presenoe of an a, p-uﬁsétureted nitrile moiety
in (I1) meanf thet beheviour similar to that obsefﬁéd for
compound (XXXIV) could be expected . Hence an alternative '
product to the imidine (XXXIII), from the reactlon of (II)
| u1th sodamlde in formamlde, was the comp031t1ona1 1somer i'

(XxxvI).

(XXXVI)

When (IT) was treated with sodamide in formamide'atvroom + emp-
erature, the produCt D, which eeparated as oolourless needles

from solutlon after several days, had a oomposzt:on c 6H11 3

Thle corresponded to add1t10n of NH ‘and loss of 2H . The mass_7l'; '

ppctrum conflrmed that the molecular weight was 245 and as‘!?‘

this wes two 1ess than the molecular weight of (XXXIII) or “tfef‘?km
(XXXVI), the reactlon had afforded neither of the predicted
products. Fv:dently the primary produot of addition of ammonlafdf“'
had undcrvone dethronenation 1n the basic medium. Whilst the

1m1dine (XXXIII) conld not reasonably ellmlnate a hydrogen L
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molecule, the isomer (XXXVI) might have done 80 to yield the

stilhene (KXXVII)

m)' o (XXXVT) | - (XXXVII)

An i.r.vépeotruﬁ (mjol mll) of D shoﬁea‘aﬁébrﬁtiOns at.
f3546, 3357’and,3218 cm-} coiresponding to.NHz asymmetric énd -
'symmetric stretbhing~and boﬁded NH Stretching ?ibrations
respectively. But the appearance of only one nltrlle stretch-
ing absorntlon at 2193 cm 1 and a stronv absorpt:on at 1642 |
cm"l, most readily assigned as an aromatic rlng skeletal
v1brat10n, ruled out (XYXVII) as the structure of D.

A further posq1b1e structure fox'D, compatlble with

.the i.r. data, was (XX)

(xx) .

.Thls also adequately eccounted for the low n1tr11e frequency,5
in the ier. spectrum of‘D. The explanat1on is that already

given for (XIV) (see s 28)
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Tye prescncewcf aﬁiNHz_gfoﬁp‘waévconfirme&.by thc',c;
the broad 2-proton singiet\ét 4.i5+ in‘theAp.m;r;:specffum;'
This signal was rcmovéd;onichaking the solutioh;with deut-
erium oxide. The rema1n1ng 9 protons gave rlse to 2 complex
,multlplet (unchanged after D20 shake) between ?.7 and 1. 77‘.’c |

Conf1rm?t10n that (XX) was the correct structure‘
 for D was provided by the similarity of the u.v. absorption
curve fO‘thaf for 4—éyancel—ethoxy-3-phcnyli§gqcino1ine
(Lx) (Ch. VI). The absofption maxima. Wifh extinction co-

efficients are given in Table VII.

TABIE VIT
Compound B | ‘  A ma#(nm)‘(é x 10-3)
() | 217 (33.9) 257 (33.4) 330 (14.4)
@) | 217 (34.3) 256 (33.2) 309 (16.0)

It was therefore ooncluded that the product D, was l-amino-

4—cvano—3~phenyllsoqu1no11ne (XX)

It wes obv:xous that the aryl nitrlle and. the car‘bon—-:',.‘v‘»_

1-cqrbon double. bond of: (II) had been attacked Ain the formation
~ of the product‘(XX). But from;th1s~product clcncrlt was not ‘
possible to determine at which of these two sites on (II),

: o - .
- initial 2ttack by amide anion (NH2) had occurred. Evidence
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" wes ohtsined by exsmination of the resction of (II) with
methoxide in.méthanol.'This reactioh, whiéh-is discusséd in
Chapter VI, wo.e shown to proceed,v1a initial. attaok by

‘methoxide on the aryl nltrile of (II) to give the dihydro

- 1ntermednate (XXXIX) wh:ch dehydrogenated to (XL)

Methoxide and amide anion are similarly reacf1ve nucleophlles,
the latter being somewhat the stronger. Consequgntly, it was
reasonable to assume a commoh mechanism for their'reaction
'wiﬁh'(II).'By anélogy; fherefore;'the mechanism of form—
ation of (XX) from (II) was believed to involve 1n1t1al
attack on the aryl n1tr11e of (II) by am1de anion, £ollowed
‘hv has e~cata1ysed dehydrogenation. Deepite stringent precaut-
ions to exclude oxygen from the react:on»and work—up, none

of the dihydro 1ntérmediate;(XXXVIII)’was iéolated.




~ CHAPTER Il

REACTTON OF o-a ~DICYANOSTTLRENE WITH HYDRAZINE,

The successfuljreabfioh &f géfl-diQYandétiibene-(ii)ﬁfif
with sodamidev(Ch. Ii) ehdonraged exemination of the»behaviour » .
of other nltrogen bases towards this d1n1tr11e. o

Hydrezine, wh1lst unreact1ve in the cold,.had béen
_found suffic1ent1y nucleophilic to yield 1, 3—d1hydrayinoiso~
,'qu1n011ne (XLI) vhen, in excens S, it was heated under reflux |
in aqueous ethanol with o-cyanobenzyl cyan1de (I) for several

7.

honrs

N o NH2
. "'—""'——'-'—'"

o :‘ ;,‘ E, B (az)  ,

‘It wag povﬂlble that under szmilar conditions, hydraz1£e =
would add to the dinitrile (II) |

| If hydr921ne were to. attack (II):n the same way as
'd1d sodam1de, the product of such reaotion wonld be 4~cyano-

1~hydra21no-3—pheny1isoquinoIine (XLII)
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Ho‘wever, when the dinitrile (II) and lxyd'razine ('4 mol) in

in agueous ejhanol_were heated under reflux for 4 hours, 6-
eyanobenzyl cyanide (l)-(74%) was obtained. The dinifrile (11)
hed evidentlj undergone eleavage acress the olefinie fﬁnction»
and the reoction had demonstr ted the reversibility of the

Knoevenagel condensetion of the dinitrile (I) with benzalde~

hyde, o ' o o _ |
N | e
- @C/CN + PHCHO  —= O o+ O
_ ~ “Ph - -
o (1)

'Reversal of the condensatzon of an actzve methylene wzth a
carbonyl compound, is not uncommon. Generally, the condens-‘
ation product PhPH._.CXY, is susceptible to base cﬂtalysed
hydrolJtic cleavage 1f at least one of X end Y is electro-

negatlve. Thus, for example, benzyl1deneacetone (XLIII)
31

glves, on alkalineicleavage, benzaldehyde end»acetone . .
OH/HO

PhCH:.—_:'CHCOCHB —-—-—-—-—9- PhCHO + CH3000H3

(XLIII)
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'_.When‘both X and'Y are electron attracfing, cleavege io e'orﬁe--

times pDS’lble w1thout base catalys1s. Benzylidenemalonitrile_"

(XLIV) affords benzaldehyﬂe and malonitrile on heating in r'
neutral 95% ethanol3? | | '
| - ®mOo . |
PhCH::__C(CN)2 - ——=—=  PhCHO +_c52(cn)2~

(xLIv)

‘It is relevant to note that desPi‘te 1ts huge excess, ethanol L

took no part in the above reaction, the attacklng nucleophlle;r L

being identifled as a- water molecule.u

The mechan1sms for olefinio cleavage where the

attucklng nucleophile was water32 and hydroxide 1on33, have ?f  :3:‘

been esteblzshed and 1t 1° obv1ous that the catalytic effect 7_.:5

~of added hydroxide in the former reactlons was due to the

1ncrcased nucleOph11101ty of OH over H20 Whilst it was pur~

ported34 that the cleavage of benzaloyanoacetophenone (XEV)

to benzalaz1ne (X1v1) and cyanoacetophenone (XBVII), proceed- :oi“

ed via 1mhal attack by hydrazine on the carhon-carbon o

'double'bond, there was‘no‘QV1denoe that this_was,,invfact,:"'

~thercaee;
| cy NHZNHQ" | R
PhCH=1C —_— (PhCH._N- ) + PhCOCH,CN
, Ao FtOH 2 bt 2
“copn = Aae P , BN
(k) o (xwn) o (xwIin)

Indeed it.soems>mororregsonablo that'hyﬂroxidéiigeneratedgbxrrik'
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the eppreciab1e basicityVofThydrazine,“was the micleophile.
.NH.";NH FEO0 == WEE, ;'dﬁe
22 ,1 2 f'rff_-,;e 3 e2.‘f

T " sz

 That hydrazine wag not essential for the cleavage of (II), was
demonetrated by ach1ev1ng the carbon—carbon double bond rupturef'
on b0111ng (II) in aqueous ethanolic sodium carbonate. “‘ -

| It has been sh0wn3‘ that addltion of a01d to the
reactlonvsolutlon 1nh1bits the cleavave of actlvated oleflns.;;
Acoord1ngly, it was hoped that by heatlng the d1nltr1le (II)
with hydrayine hydrate (2 mol) and hydrazine d1hydrochlor1de
(2 mol) under ‘reflux, sufflcient acid would have been added

to the reactlon medium to retard the cleavage reactlon whlle‘
at the same time allow hydrazlne to add,aeross the»nitrlle‘a"
grouﬁs of (II). Certaihly,'when this reaction was'performed,
retardation of the olefinic cleavage was evident, as, after
28 hours, etarting material (217) was recovered. But 1s01at10n
" of the products (1) (35%),and (XEVI);(31%),-(both yields
calculated on reacted startihg~materia1), shewee that cleavé :
‘age persisted to the exclusion of atteek aerose the niiiile
groups. | | ‘V‘ | |

It has been stated35, wifhout elaboration, that

ac*!y:ivated'olefine frem eondensation reactions, give Miehael
adducts with hydraz1ne hydrochloride. On the other hand, the

.product (YEVIII),'obta1ned when benzalcyenoacetophenone (XEV)

. wves treated wath aqueous ethanolic hydrazzne hydrechlorlde ;
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alone34, wae clear evidenoefthat “in this caee at 1eest con-
densation of the carbonyl group of (XLV) with hydrazine was

the only reect1on to ensue.‘

16 11N0 A+ NH2HH2.HC]. —_— 016 13 3 4 ;'qu -+ HC1

(XLV) R . -(XLVIII-)_'

Nevertheless, it was considered}worthvhile to treat the di—.
nitrile (II) with hydrazine dihydrochloride alone. The attempt d~
was abort1ve, as8 starting mater1a1 (95%) wes recovered after:
b0111ng an absolute ethanolic eolutlon of (II) wlth hydrazine i
d1hydrochlor1de (5 mol) for 48 houre. The slight solubillty
. of hydrazine d1hydroehloride in absolute alcohol could have
resulted in t00'10w a concentretion of nucleorhiie in’solution'
for reaction to proceed at a signiflcant rate. Consequently,
the reaction was repeated with eufflcient added water to
completely dlssolve the salt at reflux temperature. But again;;:':
bafter 24 hours, start1ng material was recovered quantitatlvely.
| With the failure of ao:dic solutions to afford any
reactlon, further attempts to react the d1nitrile (II) with
’d hydrazine in basic media were made. There still remeined the
poss1bilzty that by mlnimleing~the proportlon‘of_water'ln the-
_ reaction medium, the cleavage reection could be retarded and :

atteok hy hydra51ne on the nitrile groups of (II) could be

achieved. A 10 moler excess of hydrazine hydrate in absolute *iiff77ff”

ethanol under reflux agaln afforded the product (I) (81%)

- after 2 hours. This result'was-eomewhat eurprieing ae¢
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o-cyanobenzyl cyanide (I) itself had been found to react with
1e30 Hove

hydrazine ﬁnder these conditions~ . Hbﬁeﬁer; uéihg‘hydrazine
'bydrate as both solvent for (II) and reapent the product .
(XLI) (88%) wag obtained after 2 hours at 95 . " |

‘ Lowering the proportlon of water in the réacfibn Lo
‘still further by using 95% hydrazine, resulted in cleavage of N
the d1n1trile (II) even in the cold. At the same time, the o
observatlon that o-cyanobenzyl cyanlde (I) was not attacked
by hydraylne in the cold but- required 8 temperature of ca. 80°ja'
for thevproduct (XLI) to be obtained, led to ankgltgration |
in the experimental prpéedure in an attempt td_achieve,rapid‘i 3
attack by hydrazine on the nitrile_groupS‘ﬁf‘(II). It wﬁs o
‘hop'ed tﬁat by ;,,aa.ing the dinitrile (I1) in emall fport;ons |
%o 95% hydrazine st 80° éndvheating the solution.under_ ib
reflux (ca. 1400).for 1 hour, the initial conditions would
"be sufficiently energétic for,nitrile addition to occur at
a competitivevratgito §1efiﬁiéroleavégq. Disappointingly, no

product of such ettack was obtained, but i901atibn'qf the

product (XLI) (64%) showed that cleavage had‘occﬁrred. ;
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. SCHEWE w

Mechanism for the hydroxide catalyeed cleavage of

o~ a-di cyanost ilbene (11 )

[0 = ~.,0N;;.~7

1. PhCH=C .+ O —= PhCH-—-C\" o
. c 6H 42-0}!' o i C 6H 4o—CN :
€5 R @

ex
: - -/ e
2. (31) + H0 —= PhCH—CH\_ + OH
o o CgllpeC¥
(4i1)
CN

3. (i31) + OH —== Ph(|1H——CH : + HYO

oe » 06N49_—CI.W.
(iv)

or (11) = (iv)

oN

- o u o~
4. (iv) == PnCHO + c{ | |
: 06H4'2;-CN
O
: /CN ' -
5. (v) + H20 = C§, .+ OH
‘ \OGH 0-CN

‘ 4=
(vi)
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It had been found36 that, whereas phthalon1tr11e
‘ (XLIX) was unreactlve towards hydrazine hydrate in boilingf.v
ethanol, add1t1on of sodlum ethoxide as catalyst caused anef
immediate vmgorous reactlon w1th formatlon of 3~hydrazono-f

1—1minoi 01nd011ne ().

IO o
| ©: " o,
_ cN - CEs0®

(XLIX)

A finallettempt‘te effect hydrazine attock on the nitrile
groups was therefere made by adding'fhe dinitrile (II) in
small portions to 95% hydrazine at 50 to which a catalytlc ,
amount of sodium methoxide had been added, and heating the

~ solution at 60° for 2 hOurs. Again, the cleaved product
(XL1) (37%) was obfained'together with a trace amount of a
preduct E, m.p. 2410;2430, of which_there was only sufficient
to obtain an i,r.'end}a mass Spectrum. A parentvpeak\of.327
‘in the mass spectrum made it diffieulf to enﬁisage‘the
preduct as resulting,ediely from hydrazine a&ditienvto the
dinitrile (II),:though absorptiors'in:fhe i;r. at 3340,
1644 and'1615 cm'l and absenoe of nitriie'absdrption were '

good evmdence that attack by hydrazzne on the nltrzle" :

groups had occurred. Perhaps a more reaeonable suggastlon_ﬁ';ﬁ,;iya

- for the format:on of E was that o-cyanobenzyl cyanide (I),
formed in the reaction, underwentvdimerlzatlon, in the

presence of the strong base,;mefhoxide, (c.f.ireaction of .
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(1) with'sbdamide);'and the product thns-fofmed reacted .
further with hydrazine to yield the unidentified compound E.
SCHEME V
Produnts from the reactlon of o-a -dicyanostilbene (II) with

hydrazine.

\n (

N——N

:‘()‘{LV'I) o



CHAPTER IV

REACTION OF o-a ~DICYANOSTILBENE WITH HYDROXYLAMINE..

The results describéd»in.the previdus chapter,
concerning the reaétion of'hydrazine with grcf-dicyano--
stilbene (IT), clearly indicated the instability of the
ethylenic function of this dinitrile in basic media. Tt was
obvious that cleavage of the carbon—carbdh doﬁblekbond of
(11) dould be expected in attempfed nucleophilic additions
of other nitrégen bases across the nitrile groups of (II),
Further, achievement of nmicleophilic attacklacross the
ﬁitrile groﬁps of the compound (II) was the more difficult
becaﬁsé cﬁnjugation of both the nitrile groupS'to;unéaturated
m01et1es, lowered thezr susceptibility to nncleophilic
attack. The prohlem was, therefore, to employ reagents whlch
malntalned high nucleophilic power under conditions whlch :

retarded ethyleniq cleavage.'

Now, it is known that hydroxylamine is an except-»

38

ionally powerful nucleophmle towards nitriles” . Recent
conflrmatlon of this generalization was found in the reaction

of groyanobenZyl oyanide'(I) with hydroxylamine under mild

63



acld condltionss, in whlch both nltrlles ‘were attacked to form
" the (non-lsolated) bisamidoxime 1ntermed1ate (IJV) which

rapidly cyclised to the d10x1me'(LV)..g

O

o  Lan T

e

 However, deépité.fhisfhigﬁ‘nﬁ&leobﬂilioity;fhydbﬂijiémipéiis: r
a weaktbasé,‘weaker thaﬁ’hydrézine,}andfaé it had‘already
been confirmed (pi 57)‘£ha£-redﬁctioﬁ in thé baéicity-of‘th§ff

eoctlon medium. retarded olefznic cleavage of (II), it was  ‘
belleVed that cond1tions could be found for successful adduk'i
itlon of hydroxylamlne across the nltrile groups of (II)
without the olefinlc function of (II) being ruptured.

v e e
NHOH 4+« HO 2=——> ©NH.OH + _OH-

08 + HO0 == N,
 K25o.=l6.6.x:i0~? '

Indeed, when the d;nztrlle (II) was heated under

reflux wath hydroxylamlne (4 mol) in. aqueous ethanol for -
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‘27 hcurs,'thejprqduCt ?,.whiCh’sepcraféd ag colourlcss,prishs
on cociing; had~a'cdmpositicn,»Ci6H16N402, correspcnding to
the ﬂdditlon of 2 moles of hydroxylamlne. A mass spectrum
conf1rmed that the M.W. ‘was 296 and absence of n1tr11e
stretch1ng frequencles 1n an i.r. spectrum was evidence that
" both nitrile groups of the compound (I1) had been attacked.
in additich, absorption freduenoies at 3420 and 3330v(NH2);'
| 3245br (OH); 1675,-1640'(ary1,amidcxime-1 and II bands29);
and 1668, 163&cm“1kyp~ﬁnsaturated amidoiime 1 and.II bands)
providéd good evidence that the product‘F'was.the bisamia—'v;
oxime (EVI) . : -

| Further evidence that structure (EVI) was correct
for F was furniched by the 51m1lar1ty of the u.v.,absorption '
curves for. the blsamidoylme (DVII) of o-oyanoiggggo:nnamc-,f 

n1tr11929 and the product F (Table VIII)

.,TABLEvaiIa

Bisamidoxime A @ai (nm) =~ e x 19-3
310 R . 8.4
222 15.6
1 1.0
230 | 13.2
(wvr)

a) in methanol. PR b) in ethanol.
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A p.m Tr. spectrum of F in dimethylsulphoxlde

(Tahle IX) confzrmed the b:sam1dox1me structure (EVI) for P,

TABLE-IX',

Solvent : Dimethylsulphoxide.

Signal (v) Multiplicity " Intensity Assignment

4,73 broad singlet 1 e
4.37  broad singlet ‘2 b,
3.14_‘x ' broad singlet - B 2 1  a-NH2.

3.052.6 v mﬁltiplét 9 b-NOH and ' -
S . : L 8 ring prdtpns],.

2.4 mltiplet 1 &

0.64  brosd singlet 1 d-NOH

Solveht :’Dimethylsulphoxidei/ deutériumIOxidg;

4.73  ‘broad singlet .1 o-H
3.0-2.5 ;vmuitiplet'kv'}: .8  8ring prqtong_

2.35  miltiplet 1 aF
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The protons of the a, p-unsaturated amidoxlme group of (EVI)
| were belleved to be deshielded to a greater exient than those
of the aryl amidox:me'group owing to thelr prox1m;ty t0 the
two aromatic rings. Addiinnally, fhe'aryl amidoxime group
'lay in the shlelding reglon of the oarbon—carbon double bond
whereas the protons of the u, p-unsaturated amidox1me group
would be deshielded by the oleflnlc function. |

Reduotion in the reaction time . brought about a
cofresponding decrease in yield of the blsamldoxime (EVI) :
and, as in no case was a product from hydroxylamlne attaok on
only one nitrlle group of (11) isolated, it was believed that -
the'rates of addition of hydroxy;omine_to eaoh nltrile group
were comparable. g | | | |

It was hoped that by 1noreasing the reaotlon tlme,

a cyclic product would be obtalned by a oondensat:on between the

amidoxime groups of (wvi). When an aqueous ethanollc solutlon of . e

the d1n1tr11e (11) and hydroxylamlne‘(3 mol) in the presence of
an excess of sodium hydrogen oarbonate was heated under “. |
,ireflux for 12 hours, kept ovarn1ght (18 hours) ‘at oa. 15 £

and heated under reflux for a fur%her 6 hours, almost colour—
less flakes of a product G (30%) were obtained. The product

‘G had a oomposition 6938 > ,:and a mass spectrum confdrmed d
the M.W. as 176. It was apparent that cleavage of the ; ‘
oleflnlc group of (11) had océurred and, in the light of them;""
prev1ous reaction which ylelded the bisamidoxime (EVI), thzs‘;:
result was 1n1t1311y puzzling. The possibllity existed that

the excess of sodium hydrogen carbonate had increased the
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polarity of the rewot1on medlum and fhat such conditions
enhanced the carhon-oarbon double bond cleavagp to y1eld
"in1t1a11y benzaldehyde and. o-cyanobenzyl cyanlde (I) whlch

‘ then repcted with hydroxylamlne to yield the product G. But
 vP1v1dge ‘and coworkersz9v6 had already shown that in the s
A:presence of exccss hydroxylamlne under conditions 51m11ar tosf:
those in the. present react1on, o-cyanobenzyl cyanlde (I)
';afforﬁed 1-am1no—3—hydroxyamlnoisoquino11ne (UVIII), i. e.  ;‘.‘

not the product G.  ,

S ey mEoE
‘ CN ~ . excess

“(:)_;_

However, earlzer work39 had shoun that reactlon of the i~
nltrlle (1) with hydroxylamlne (1 mol) gave homophthal~
1mide—3-ox1me (3-hydrox1mino—l—oxo-1 243y 4-¢etrahydroiso—

qulnollne) (LIX)

A~ smoen
e o

iy
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Now th1s structure (LIX) hed the correct composition for the
product G and the i.r, absorptlons of ¢! at 3200br (OH), |
1644s and 1582 (1m1dox1me I and IT bands); and_16656vcm -1
(laotam C=0) were compatible. Hence it seemed thaf in'the] .
ﬁresent reaction, the dinitriie (II),hed;firsf ﬁn@eréonei»
olefinic cleavage to:the;producf:(I)'ard benzeldehyde;,Rgoidr*e‘
| reaction of benzaldehyde with ﬁ&droxylamine to.the oximeihééee
then lowvered the hydroxylamlne concentratlon,to approximate '
the cond1t10ns under which formation of (LIX) was preferred
to (LVIIT). | R

Doubts that the product G was identlca1 w1th the
chompound (LIX) arose from comparison of'the me1t1ng points.
Hhereas the monoxime (LIX) was obtained as colourless needles,
me p. 158 the colourless flakes of G showed high stability
to hest up to ca. 230 at wh1ch temperature they decomposed
without melting.

As aci& hydrolysis of G gave the known homophthal-
1m1de (LXII), the only reasonable alternatlve to the structure A
(LIX) for G was homophthallmlde-l—oxlme (LXI) x pel.r
',spectrum of G‘(Table X) confirmed thls‘v;ew whilst a come
parison of the'ﬁ.ﬁ.r. spectra of G, homophthaiimide-(LXIi)
and the dioxime (LV) :(Table XI),‘provided‘oonvincing evid-
_ enoe that the product G had the structure ( LXI). The shift
tollower fieldbof the 8-profon’re1ative to tﬁe ofher ring
protons in 21l three oompounds was'due to the deshieldingk
effect of the substituent in the l-position.AFroh the

observed signals for the 8~proton ot the compounds (LXII)Y
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shd'(ﬁv) it was e#ideni fhéf“thé:carbdnyl'gféupvexerted‘a
greater deshlelding effect on the 8-proton than did the
ox1me group. The 010°ene s of the 8-proton slgnal valueé of
‘the product G and the dloxlme (ﬁV) implied that the oxlmev
group of G was in the 1-p051tion 1.e..that structure (LXI)

- Was oorrect for the product G.
MBIEX
P.m.r. spectrum of the product G : Homqphthalimide—l~oxime (1x1).,

Solvent : Dimethylsulphoxide}

Sienel (v ) Multiplicity . Intensity Assignment
6.16  sing plet 2 4-CH,
3.0~2.4- - complex | 3 o ring protons
2,15 doudlet (showing 1 8-H
~ finer splitting), :
-Jca.85HZ' »
'_0.38 " ‘broad singlet - 1 ‘ NH
0.94~  singlet: 1 . 1-NOE

Solvent : Trifluoroacetic acid.

5.64  singlet . .2 . ACH,

S 2.7-1.8 complex - 3 4 ring proténsv‘t;:

e



| _:TA_BLE x16
.P.m.r. results for homophthalimide (LXII), homophthallmlde-
l—oxlme (LXI) and homophthalimide dioxxme (LV) 1n dimethyl—  75f

‘sulphoxxde.

‘Compound | g‘ Signal p031t10ns ( )

NOH

NOH

()

When the reaotlon tzme was’ reduced, the blsamld-f:m?7

ox1mo (LVI) was obtained 1n good y1e1d and so this product
was clearly an intermedlate in the formation of (LXI) Two
‘pathnays for the conver51on of (II) to (LKI) were then

envisaged (Soheme VI)
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vThe"bisemidoxime (LVI)'itself, wae foundefo'be very
stable iﬁ'beeic‘solutions;‘It'wae recovered ina84% yieldfafter"
being'boiled in'equeous ethenolicveodfumroarbonatelfor~3 hoursﬂ
Startnng material was rccovered frOm several attempts to obta1n
the product (LXI) by treat1ng the blvamidox1me (BVI) w1th
,hydroxylamlne-and excess sodium hy@rogen carbonate;et,reflu;.'
' temperature.in aqueoue ethanol, Even efter 36 hours, SO%‘of
unreacted hisamidoiime'was recovered, althoughvthe gradual
dec:ease in yield of sfarting material as the reactioh time
was increzsed did suggest that fhe expected conversion wee
- slowly taking place. But the stability of the bleamldoxzme
| (LVI) undeér these condltlons was somewhat greeter than would
be expected from consideration ofﬂeither of the above reaction.
pathways. From theee it conld reasonably be argued thet con- e'
»vers1on of (LVI) to (LXI) should proceed at least. ‘as. rapldly
as (II) to (LXI) However a p0831b1e reason for thls not
beinﬁ 80 was thought to be the cons1derﬂble dllut1on of the
"~ reagents occa81oned by the low eolub111ty of the blsamidoxlme
relatlve to the dznitrlle (II), 1n ethanol.~w‘.

Neither of the in’uermedia‘tes (Lv) or. (anx)
(Scheme vI) was. 1eolated but (EV) was a known compound.x e:e
A+tempte to. achleve ite partial hydrolyels to (LXI), under-"ele‘
elmllar oondltions to those for the conversion of (II) to :
(LXI), ailed. Formation of . (LKI) under basic cond1tione was
therefore believed to proceed via pethway (11) However, when .
 the dinitrile (II), hydroxylamine (2 mol) and hydroxylam1ne

hydrochloride (2 mol).in aqueoue ethanol were heated under.
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roflux for 3 hours, the yelTow priamr (60%) which ﬁeparoted
on cooling were 1dontified as the dioxime (LV). When the
~reaction time was-increased to 30 hours, hydrblysis of' the
dioxime occﬁrréd to yield the monoxime (1x1) (51%); in gﬁd—‘ 
ition, when the bisamidoxime (LVIT) and'hydr'oxyia‘mine h&dro;
chloride (1 mol) in aqueous ethéné; were heated‘undér reflux
for 3 houre, the dioxime (LV) (37%4) Wes again obtained to-
gether with a quantity of tar. These resultsycléarly ihdic~’
ated that the route for the‘reaction of the diﬁitriie (II)
with hydroxylahine under'mild acid conditibnsiwas'the path-
wey (i) in Scheme VI, | | |
"Contrary to the Eehaviour;of the dinifriig (11),
_the biéémidqximé (1v1) suffered olefinic cleavage rapidiy‘
in acidic,media‘and~on1y veiy slowly in basic mediag Thié
was explaiﬁed by the low electron ﬁithdrawing'effect.of the
'amidoxime'group which resulted ih loﬁ activation of thevaf
carb§n~carbon‘double.bond in*thé compouhd (BVI)'t0wards
A nucleophlllo cleavage 1n neutral or haszc media. On- the,
_ other hand, in acidzc nedla, protonatlon of the amidoxlme

group made it powerfully electron w1thdraw1ng, with the

result that the ethylen;c group becgme hlghly polarlzed and7f-"

'therefore readlly susoeptible to additlon of water and sub-:

»sequent clhavage., | . - |
Tn those reactions where cleavage occurred to

yleld either of the producto (EV)and (LX1), the secondary

" product, benzaldoxlme should obviously have been obtained

from reaction of initially formed benzaldehyde with the
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éxcess hydrqulamine»inAthe reaction media.vFrom none of these
reactions wasfhisproduct isolaféd,_a poss ible reason for
uhlch was thought to be the instadbility of th1s oxime in the
reactlon medium. However, when the 2~chloro-analogue (LXV)
(from reaction of grcyanobenzyl cyan;de (1) w1th;2:chlorof.
benzaldehyde) . of the dinifrile (Ii);fin aquéousvéfhanoiQWa$ :
heaféﬁ under reflux wi{h.hydroxylamine (2 mol) and hydréxylék
amine hydrochloride (2 mol) for 4 hours, the-dioxime (wv)

(45%) end p-chlorobenzaldoxime (LXVI) (57%) were obtained.

NH20H

excess'ﬂﬁzoﬂ.H01'

(LxvI) -

Tt vas hoped that hy subaectlng the hlsamldox:me
’(EVI) to higher temperatures, the unclenved cycllc product

(LXVII) cou?d be obtalned.
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Accordingiyi the‘bisamidoxime'(EVI) wes heatedfunder:reflux
for 3 hours in:didxan. Thé solﬁticn.beCamé'deep réd»but oﬁly
starting'materiél (844) was recovered. ,‘
Cyclization to the‘dioximé (LXIX)Vhad been readily
| achieved by sublimation of the bisamidoxime (LXVIII) of .
40

glutaronltrlle v

_J’/\\L_ 150° / 10mm %J:Tj:Lk |
, > :
HON NOH | HOR < N7 NoH

5 Frr T ,
(vrrr) : o (LKIX)"

'An attempt was therefore made to achleve chlléatlon of the
blsamzdoxlme (LVI) to the cyclic product (LIVII) by
sublimation. However, the compound_(ﬂVI) was found to be
stoble under a vacuum ova.OSmm fo a temperaturé.of at._

least 200°,
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SCHEME VII

Pr‘odu_cvts from reaction of g—n-dicyanéétilbene (11) with

‘hydroxylamine.,
_CN .
——_—-__——T-»
Z~” “Ph
o
(11)
OH NOH
— NH
0 NOR

(1x1) )




CHAPTER V

REACTION OF o-CYANOBENZYL CYANIDE'WITH METHOXIDE IN METHANOL.

Alkoxides have been found sufficiemtly basic to
- generate. the carbanion of nitriles.contaiﬁiﬁg aihydrogeﬁ ,
atom on the a=-carbon to thebnitrile group. Thus:Atkinson and -
Thorpé42 ohtained theAéimeric imine salt (LKXI)'on'ﬁreating o

benzyl‘cyaﬁide (LXX) with sodium'éthoxide'invefhanol;””

©\/C Eto Ned

prolonged
treatment

end

73



79
Accordingly, treatment of'g}oyaﬁobénzyl cyanide (I)
with methoxide in methanol should yield l-amiho¥4-cyano;3-

(o-cyanobenzyl)isoqulnoline (XIV), already obtained f£rom the

action of sodamide on this dinitrile.;
| o Mede-Néz‘
cN o

}(I) | - o . (XIVv)

Whilst sodium methoxide ‘in methenol did react with
g~cyanobenzyl>cyanide'(I) to give the pfedicted product (XIV),
the rate of formatioh of the product was markedly éloWer than
that found using sodamide in formamide as the basic medium
(Chapter I). Indeed, only é 9%‘yie1d‘of (XIV) was obtaiﬁed
when the dinitrile (I) was heated under reflux with sodium
methoxide in methanol for 8 hours. |

The large difference in the abilzty of amide (Nﬁcﬁ
and methoxide (Me0 ©) to achieve dimerization of o-cyano-
benzyl cyanide (I) resulﬁedvperhaps from their very different
effective basicity. They were not used in the game'solvenx .
and, mbreover, sevéral’workers43'44 have shown,that’methoxide
is heavily»solvafed in methanol; causing.a iowe:ing of the |
effective»basicity of this anion.

The solvent effect on the rate of the present
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reaction was well illustrated when the dinitrile (1), in a

1:1 solution of methanol in'diméthylsulphozide', 'w.as heated

under reflux for 3 hours with a qatalﬁi'c:'amoﬁnt.o'f,}sod_iumb Lo

_methoxide. The yield of the product (XIV) was 44%. .



CHAPTER VI

REACTION OF o-a ~DICYANOSTILBENE WITH ALKOXIDE IN ALCOHOL. -

Base~catalysed addition of water to suifably._
activated olefins has already been discussed (Ch. IIij;f' 

R X

. R X
N 7 o®mo o, Lo L
c=¢ 2 R'— ¢ —C —R"
| . —_— P '
R R , OH H
(i) o (11)

It is the presence of the ionizable hydrogen atom on the
hydroxyl group in the adduct (ii) which generally results

in the reaction proceeding to the cleavage produéts (iii)

and (iv). P
~ mltoenm
R v
{ ,/X : _ .
R—CLeR s RRIC:0 4+ R,
g L0 ®

& (i) (i11)  (iv)

In contrast, whilst the analogous alkoxide-
catalysed addition of alcohols to activated alkenes has

been established as a general reaction, the resulting

81
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adducts (v) do not contain an ionizable hydrogen atom of the
type in (ii) and no cleavage of thesévadducts by alkoxide

alone has heen,reported45;

R /X , 1;{! )I{
‘\C.‘::C IQOR/ROH R"—-_(': -—(‘3——Rm

_ —_— . '
By \R" OR R

(1) | (v)

Tow, as cleavage of the double bond in o- a-di-
cyonostilbene (II) weg facile (Ch. III) with hyd:oxide,'it
could be anticipated that treatment of this dinitrile with

godium ethoxide in ethanol would yield the addﬁct‘(LXXII).

CN U~ __CN
o, — OO,
—_—
A ph | Ph
CN B

(11) (1xx11)

However, this adduct was not:obtained vhen afsolution of o-
a ~dicyanostilbene (IT) and a catalytic amount of ébdium
ethoxide in absolute ethanol wes heated atYGOO for A houfs.
Mess'spéctrometry.showed that the colourless:product H,
m.p. 132.5°, had 2 moleéular weight (274) whiéh,wasvz‘units:. .
less than jéxpected. In ngreement the composition;'by comb~

ustion, was fonnd to be C . So evidently the product

N
1871 4720

‘hnd been formed by addition of ethanol to, end loss of two

hydrogen rtoms from, the dinitrile (IT). A possidle



83

structﬁre was (LXXIII), but this was soon dismissed because
there was only one nitrile stretching mode (at 2218 cm-l)
in the i.r. spectrum of H and the melting point of H differed

from that reported’® for the stilbene (LXXIII)'(115-116?).

(Lxxix) | B - (IXXI1I)

Some of the compound (LXXIII) was pfepéred
according td Gabriel and Posner's method,; and ité assigned
strucfﬁre confirmed by analysis, mass spectrometry, the two
j.r. nitrile stretching modes ai 2225 and 2204 cm'l,'and
its conversion wifh acid into the known isdcoumaiin |
(1xxv1)?®, also obtained by addition of dilute acid to the

sodium salt (LXXIV).
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on | | ®

- . ®n
@/ + PhoOGL NaQH = - :
CN _ , Z~ ~Ph

CN o
CN
(1)
_AgNO3 ag.
®
R /1,0
| Y
N S | CN'OA |
OEt < BT » €.
~\Ph R o= =~ ~Ph
CN - CN
(LXXIII) , | (LXXV)

That the product H had not been obtained by ethoxide
attack on the carbon-~carbon double bond of the dinitrile (171) |
was then evident. A poseible alte?native ﬁasvthat the'product
H had resulted from ethoxide attack oh the aryl nifr;le group

of the compound‘(II).

Imidate formation (vi), discovered by Neflli.
WH
'0®/ R e
RON R'C”/ R'OH re?
. \\\OR'
(vi) .

ic promoted by the presence of electron-withdrawing substituents
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in the ﬁitrilé;:alfhbughjsignificant imidétgLyields'havé'been 
obtained from nitriles lacking sﬁch-groubé. Thﬁs;fwhi1ét:2e‘>‘>
nitrobenzonitrile gave the imidate7(LXXVII) in_86%'yiéld;f :f““

benzonitrile itself afforded 20% of the imidate (LXxvirr)#l.

PO MeO~/ MeOH : Phc’// ey
' ‘ . SS\OMe ~ S
(LXXVIIT)
NH
O : . 7 , ,
A MeO~/ MeOH , 2 v
R-NO,CH CN - 2-N0206H40\\\ . (86%)
: OlMe
(LXXVII)

It was not-unfeasonaﬁle therefore to expect the
dinitrile (iI) and efhoxide to form the imidate (IXXIX). If
cyclization ensued to give (LXXX), followéd by dehydrogehat~
ion, then the substituted isoquinoline (LX)'ﬁoﬁld result;'an¢» 
this structure appeared to be compatiﬁle wifh thé charéctéf-:
isfios found for thevcoﬁpound H. In particqlar,vfhe p,m,r;
‘spectrum of H in carboﬁ'tétfacﬁloride (TabléfXV).sﬁowédl

signals ettributable to ethoxy and aroméfic:protdhs:only.k
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OEt
Xy - -2H Ny
D e
~ . »
Ph ~ Ph
CN | S CN
(1Lx) | | - (zxxx)

That H was the’j_:_s_gquinoline (LX) was then showm Ey its acid
hydrolysis in T8% yield to 4~cyano~3~phenyli§gcarbostyril
(Lx.xxx), identical (i.r. and m.p.) with authentic mater'ial
-obtained by the action of ammonia on 4—cyano;3—phényligg—

coumarin ( LXXVI ) 48 .

0Et
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Schaefer:anvaeférs47 foﬁﬁd-fhat ﬁhen‘diethoxy~
acetonitrileV(LXXXII)Ywas treated with primary alkoxides»in‘
alcohol, the'yield of imidate (LXXXIII) décreased?oniy -
slightly as the alcohol varied -fzv‘o.rAn ¢y to G- In a&dition, '

;secpndary_alcohols did not show a large decréase in yield'

compared with that from their primary isomers.

- (‘céﬂso)2c,Hc\ 8
= OR

o @
- RO/ ROH
(cznso)zcncm —

(xex1z) o _(Lxxxxn)‘_,‘

It waslof inteiesf to determine whether the same cdﬁstancy' 
in. yield held ffor the regction of o-a ;dicyanostilbené (11).
-&8 the alcohol waslfaried." } | .
The dinitrile (11) was reacted for‘4vhouré at.60°.
with each.of thé alcohdls : métpépol,vefhanol, propanolé ‘

butanol and isopropanol in the presence of a cétalytic::_v

amount of the'corresponding sodium alkoxide; A'cfyétalline,‘  ,

product wae obtained in every case except with isoprOpanolfffs

which gove only tar. The products with yields and mélting: f; f_"'

points are given in Table XII.



Alcotol / Alkoxide

MeoH / Me0®

EtoH / BtC° .

prof / Pro®

" BuoH / Bﬁoe

iProH / iPr0°>

88

TABIE XIT

~ Product

Yiel?l. %

- MePe

61

24

20

12

. 152

108.5°



89

The prod.ucté (xv), (LXXXIV) and (LXXXV) were all found to
have the approprilate compositions and M.W.s. 'I'haf fhey. were
a].l' alkoxy homologues of the j._e;_gquinolinb stfucture (1x)
was established by the close similarity of their ’uvav; sréctré .

~ in 96% ethanol (Table XIII).
TABLE XITI

Compound "~ A max (nm)

(e x 1073)

(xt) P17 256 308 325¢h - 337sh
(30.8)  (20.0) (13.4) (10.4) (6.0)

w .
B

C(x) | e 256 309 seh 33gen
| Ga3) (33.2) (16.0) (12.6)  (6.9)

(LXXXIV) 217 256 309 325h  339sh

(xxxv) 217 256 309 325k 340sh
| - (31.4)  (30.3)  (14.5) (11.5)  (6.1)

(o) (Lo) (48) (L) (62
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/ The results given in Table XTI showed that the
yield of product decreaced as the basicity of the alkoxide
increased. This trend at first seemed tb cqnflict,With the
findings of Schasefer.and Peters. However, studies of alkox—
ide catalysed addition of alcohols to activatéd alkenes

showed that the relative resotivities inecreased with

49,50,

increaging basicity of the alkoxide

meo® { m® ( prd® ( mBu® ( ipr® __(4)
" A reasonable explanafion of the results in'Table XII there~
fore apbeared to bé that in the reaction of g}cx-dicjano- '
stilhene (II)Awith alkoxide in alcohoi, attacl by alkoxide
on the afy1nnitri1e group compeféd with attack by theAsame ‘
. nucledphile acfdss the olefinic g§oup. But ﬁﬁereas_thek 
reaction rate remained aimost constant fér‘attack>on the 
‘aryl nitrile group, the rate bf éttack oﬂ.the carbon-éafbon '
double bond increased according to the séQnen§ei(i),gs the.w‘
‘alkoxide variea. | ” |
Disappointingly, né addﬁct.from éttack across the
olefiﬁic,group_ofA(II) ﬁas isolafed-from any 6f‘th§ reactions.
But jt was observed that the more 0 thé,fight the nlkoxide
lay in the sequence‘(i), the greater the quantity of tar
‘ohtéined frbm the reaction. This suggested that'ihitiélb>
attack on the oiefinic group of (IT) resulted in polymer—

isation rether than formation of the expected adduct.
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i el
o ~ ©or | CNor

7P S &y~ “Ph
~oN T ©  on

An example of polymerisation of this'kind_has been reported5o.‘
Although the structure of the product from reaction

of the dinitrile (II) with alkoxide in alcohol had been

satisfactoriljbdetefmined as a substituted iggquinoiine, its

immediate précursor in thebprOposed reactién sequence was

the corresponding dihydroisoquinoline. There~was no cleaf‘

rerson why fhis intermediate shduld not have been the final

“product from the reaction. Because the reaction between the



92

dinitrile (II) and methoxide in methanol had afforded the
highest yield of prodﬁcf, this reaction was reexamined in
an attempt to obtain the compound (XXXIX) as a stable

product.

CY  Me0%/ MeoH
ZPh
cN

(11) | - (xxxIX) | ()

The reaction waé repeasted as before but with éfeéautions
takenvto ezcludé oxygen. The first-crqp of_cciourless
crystais from recfystallisationvof the reéction product
from methahol undér nitrdgen~was éhown'by mass spectrometry
to be a mixture of two components of M,W. 262 and 260. This
was ehcouraging evidence that fhé-miXture‘éomprised the
comﬁounds (XXXIX) and (XL). Cohﬁelling evidence for the
presence of the dihydroiggquinoline'(XXXIX)‘was afforded by
the,éppearance of é pair of doublets, assignable tovH—3fand |
H-2, in a.p.m.r.>spéctrum of thé'mixture in déutgrochldro-

- form (Fng’V). By comparison o% this spectruﬁ wifh that of
~the compound (XL) in deuteroéhloroform (Fié.iVI), inIWhich‘ :
the methoxy signal occurred at 5.77t , the pignal at 6.12 1
in Fig. V could be assigned to the methoxy protdns‘off‘l‘
(XXXIX). The ratio of the intensities of the sigmals at
6.12 and 5.80* in Fig. V gave the ﬁrOportidn of the tw§

components of the mixture at 68% (XXXIX) and 32% (XL).
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FIGURE V

Proton magnetic resonance spectrum of a mixture of (XxxIX) and
(XL) (in deuterochloroform) obtained from reaction of o-a-

dicysnostilbene (II) with methoxide in methanol under nitrogen. o

-
(¥, ]
-]
~4

FIGURE VI

Proton magnetic resonance spectrum of 4-cyanoe1-méthbxy»3—

phenylisoquinoline (XL) in deuterochloroform.’

U1
~
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The signals from’(XXXIX) are tabulated below (Table XIV).
TABLE XIV

P.m,r. resﬁlts for 4~cyano—1emethoxy—3-pheny1~3,4—dihydr6—

isoquinoline (XXXIX) in deuterochloroform.

Signal (7))  Multiplicity Intensity . Assignment
6.12  singlet | 3 ~00H,

6,14 ~doublet,J 12.0 Hz 1 3E
5.17 doublet,J 12.0 Hz 1 4-H

2,8-2.,0 complex - 9 ~ ring protons

~The higher-field doublet was assigned to thes3-proton because
it exhibited line broadening (Fig. V) which could be explained

by quadrupdlar'effects due to the adjacent nitrogensl.

As the dihydroigoquinoline (XXXIX) had been obtained
from the reaction of gr-a—dicyénoétilbene (I1) with methoxide
in méthanol vhen efforts to exclude oxygen had beeh made but
not when thé reaction was performed invaif, it séemed clear
that the conversion of,(XXXIX)»fo’(XL) was the regult of
aefiai_bxidation. Howevgr,'a small second crop from the re-
crystallisatioﬁ of the reaction product was obtained, which
was the_dihydroiggquinoline (XXXIX). This could bhe recrystall-
ised from methaﬁol in air to yield analytically pure, cubic
crystals of the dihydroiggquinoline-(XXXIX) which, in benzene,

gave the p.m.r. spectrum shown in Fig. VII,.
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FIGURE VII
Profzon magnetic resonance spectrum of the dihydroisoquinoline

(XXXIX) {in benzene).




26

The stability of (XXXIX) to oxygen'a1one was also demonstrated
by the fact that the p.m.r; spectrum in Pig. V was unchanged
after the solution had been refluxed in ox&gen for A5 minutes.
Further experiment _established that the.‘biidation |
wes Qatalysed'by alkali. The solution of (XXXIX)*ih'benzenég
Which‘had given ihe p.m.f. spectrum in Fig,iVii;bwaé'gﬁépgr-
ated and the fesiduevredissolved in methanolito'whicﬁ‘$  ‘ |
catalytic amount of freshiy prgpared sodium metthidé had x“”
been added., The gsolution was heated under reflﬁxifcrids, o “f v
minutes with oxygen passing througﬁ ite Thé yéllowstlﬁtiOA'f J
was then evaporéted to dryness and the ?roducts'extracted‘.‘
‘from the sodium methoxide into benzene. Tﬁe soivent was re-
moved from the bénzene‘extraét andkthé glassy residue dried
'IOVer‘phospﬁorus pentoxide.vThé dfiedvresidue was.rédissolved’
in benzene and the f.m.r.‘spectrum of theAsoiufion_waS»taken.
A new signai at 6.27T was good evidence_for‘thé ptesence of
the oxidation‘product (XL). (The methoxy prdtons of this
¢§ﬁpounﬁ in benzene gave 2 signal at 6.25;74) Additional
proof of fofmati§n ofb(XL) was obtained by evaporating fhe
benzene qolufion, rinsing the residue with methanol and.
filtering.‘Neeéles_réhained which upon recrystallisation

were shown by m.p. and i.r. to be the product (XL). o



TABLE XV

P.m.r. results [for ca. 8% solutions in a) carbon tetrachloride,

b) deuterochloroform and ¢) dimethylsulphoxide].

Multiplicity

Compound Signal(r)
(1xx117)®  8.83  triplet, J 6.8 Hz
' 6.17  quartet, J 6,8 Hz
2.T-2.1 complex
(LXXVI)b 2.7-1.8 ' complex
1.68  doudlet (showing
finer splitting),
J 7.8 Hz
(1x)® 8,50  +triplet, J 7.0 Hz
2.,9~1.5 ‘complex . |
(LXXX1)® 2.7-2.0 complex
' 1.73  doudble doublet, :
: J, 7.2 Hz,J_ 1.7 Hz
-2.22 broad singlet
(xn)? 5.82  singlet
‘ 207"1.7 Co_mplex
(Lxxx1v)® 8,89  triplet,J,p 6.8 Hz
8,08  sextet (showing A
= finer splitting)
' 5.45  triplet,Ju, 6.2 Hz
2.8-1,7 complex -
(1xxxV)? 8.98  distorted triplet,
S T3 6.8 Hs
8.8-7.8 complex W.V
'5.39  triplet, J 6. 1Hs
2.7-1.6 complex

Intensity Assignment

N

| -o(cHV)

~OCH2uH3

-0CH,CH

=273
rlng.protons

‘ring protohs'
 8-H |

~OCH20H3

-OCHQCH3

ring protons

riﬁg protons
8-H

NH

~0CH.,
Ty
ring protons

-o(cﬁz)zcn
C B A

- =0CH,CH CH.

2= 3 -

"\f-ocq C.H.

=272 5

3

-.~00H“(cH~)20H

-0CH
c 2C3H7

'rlng protons

- ring protons

3.



CHAPTER VII

REACTION OF o-CYANOBENZYL CYANIDE WITH o- a ~DICYANOSTILBENE

_ IN THE PRESENCE OF METHOXIDE,

The dirﬁerisa,tion of o-cyanobenzyl cyanide (I) to
the product (XIV) where methoxide was the cataiytic base,
. proceeded at a slow Tate (Ch. V). In contrast, an appreciable
yield of the produc‘b/ (XL) was obtained from the nucleoph.i'lvic'v
. attack by methoxide on the aryl nitrile of o a-dicyéno-—

stilbene (II) (Ch. VI).

CN | :
@;/ Me0®/ MeOH O ~y -
.
CNY - V. slow Z
| : CN  CN
(1) |
(x1v)

CN :
Me0®/ MeOH
) Ph moderate
CN '
(11)

98 =
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It could he supposed therefore fhatn¥he outcome of attempted
codimerisétioh”of the two dinitriles (I) and;(II) would
merely be the formation of the prodﬁct (XL) with the dinitrile
(1) spectating. Bub the work of others showed that this resu1t ,'
was not inevitable. In particuiar, Atkinson and’coworkerssg,
having found that the reaction of ethyl cyanoacetate (LXXXVI)~
with o-toluonitrile (LXXXVII) in the presence of ethoxide, |
required #igorous'conditions,'were surpriseé at the greater
erse with which benzyl cyanide (LXXXVIII)'added to_thé'nitrile ‘;

(LXXXVII) under ethoxide catalysis.

Et00C 1 '
\ S CN o
CH, + [: :I -~ OEt
// 2 | cm——
NC ~CH, '
- (LXXXVI) (LXXXVII) -
, . .
g, -
. as————
_ | CH,
. CN
(LXXXVIII) (LXXXVII)

Apart from the unusual ease of formetion of the producti(XC),
a salient point of fhis reaction was the preferenqé showm by R
the anion of (LXXXVIII) for attack on the aryl nitrile of

(LXXXVII) rether than on the saturated nitrile of a neutral



100

molecule of (LXXXVIII), Were the", two dinitriles (I) ‘and (Ii)
to hehave>simiiar1y, 2 product of their additioh;in the ¢
precence of hethoxide could be expected. -
When equimolar‘quantities_of Qrcyanobenzyl‘éyanide

(1) énd 9-a ~dicyanostilbene (II).wefe heated at 60° fo£14, 5
hbﬁrs in methanol to which a catalytic amount of[sodium.  -
methoxide had been éddéd, colourleés needleé of the prq&uct
(Xt) (25%) were, in fact, obtained. But in addition;-cdléﬁr-.
less cubes of a compound J (33%) were isolated as the major
product. The M.W, of J was found by mass spéctrometry to be
372 and as the composition of J agreed with the formula, |
025H16N4 , it was clear that fhis prqduct regultéd from.the'
addition of groyﬁnobenzyl cyanide-(l) to gy-é-ﬁiicyano—
 stilbene (II). |

| The tﬁrée possible modes of attaék.by the anion
(Ia) of o-cyanobenzyl cyanide (I) oﬁ.2-4y~dipyanostilbene

(11), and the respective produqts are shown in Scheme VIII. -
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. SCHEME VIIT

(12) (11)
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Sfrucfure (XCII) ooniaining no amino cfy'.>t~o_up,,.wéa‘s  ﬂ
immedizately disoounted on eyamination of 1.r. and P m.r. fh
spectra of J (p. 109). | ~ . 1 }_v 
| Only two nltrile stretohlng frequenc1e (2°15;and
2210 om~ ) iieTe observed in the i.r. of the product 3. Fow .
both struoturev (XCI) and (xc111), wh1ch would preferentlally

exist in the enamine form, contained three nltrlle groups.
For structure (XCI) to show only two nitrile stretohlng modes
it was necessary {0 assume quenchlng of the p-amlno—-a, p-
vns@turuted nltrile frequency. Thls assumption seemed tenuous
when it was recalled that the stretch1ng mode of the s:.mllarlyi
conjugated p—ethoxy nltrlle in structure (IXXIII) (Table XVI)‘
was observcd, although at a lower frequenoy than that expected
' for normal a, p-unsaturated nltrlle groups. HoweVer, even
accepting the assumption, the observed-frequenoles‘wero too
low for either to be assigned to the éryllnitrile of (xci)
.The aryl nltrile groups of several related compounds (Table :

XVI) gave absorptzons whlch were always very close to

2225 cm -1 and it was d1ff1cu1t to env1sage a meohanlvm whlch . f j1

- could effect c*:1.gn:1f:mcan*l; lowerlng of the aryl nitrlle g’k -

frequenoJ of (XCI) from this value.- ’ e >'i ‘
For structure (XCIII), the two . aryl nltrlle ;"}

frequencies could be expected to be unresolved, but, a"aln,

have a common value very close to 2225 cm 1;
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TABLE XVI

Nitrile stretching frequencies of related dinitriles.

_CN 2226 om™t

CN . 2250 cm~ -1

(1) o an

- As none of the above three‘structurés §ould be
easily reconciled with the ohserved speétral d;té;:fhé  '
possxblllty of 1ntramolecular cyclzzatlon of" thelr respectlve ;‘
anions (XCIa), (XCIIa) and (XCIIIa) was cons1dered. Thls |
appreach afforded six p0831b1e structures for J (Scheme IX),

starting from the three 1n1tia1 gnions. o
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 SCHEME IX

i) Cyclization across the

aryl nitriler

ii) Cyclization across the

olefinic group

ii4) Cyclizatibn'across:the-v

a,p-unsaturated nitrile
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(xc:xa)

Cyclization across the

aryl nitfile

, ' . NC |
i) Cyclization across the NN

aryl nitrile® . : | |

' CN
: Ph

(XCVIII)

ii) Cyclization across the

aryl nitrile
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Ffom the p.n;r, results for J in acetonitrile
(p. 110) it was}unneoéseary to consider the stnuctures (xev)
and (chIi) further. A broad twp—proton singlet.at 3.54 7
which wes removed by addition‘of denferium oxide to fhe.sol-n‘

~ ution waﬁ good evidence for the presence of an amino group.f

o “urthermore, a p.m.r..spectrum of a compound posse351ng

either Btructure (XCV) or (XCVII) would be expected to show i
a palr ofvdoublets in the region of 6t corresponding to twO' 
v1cinﬂ11y coupled protons. ' | | |
It was clear that 1dent1fication of the products
from ozonolysis of J would estﬂblish which of the'remaining .
pescible structures was correct. From thzs degradatlon, the |
isolation of benzaldehyde verifled the presence of a benz 1
moiety in the molecule. Dl;app01nt1ngly, 1ntractab1e materlal
was the only other major»product of the reactlon and no , ﬂ';f
| further reliable stfuetural information abouf j-oou1a be .
obtained, ‘ | . |
‘Rather.sunprl singly, in the iight of fhelbehavionr g
of J with ozone, the oxxda+1ve cleavage of J by permanganate_'
proceeded smoothly to afford colourless prlsme of an hygro— |
gcopic product XK, C,, H,,N.O ,whioh,on heating,regdilyviost '

1711372
a molecule of water 1o yield bright yellow prisms of L,

G171 9377

spectrometry.

H N.0, the M. U. of which was confirmed ag 271 by mass

By eetabll hing the structure of L as (CI), it was
possible to deduce that K had the structure (C) and that

(XCIV) was the correct structure for J as none of the other
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possible strctures (XCVI), (XCVITI) and (XCIX) could, on

oxidation, yield (C) and subsequently (CI).

SCHEME X -

Products from the;perménganatébpiidation 6f‘(XCIV).'

ey (o)

In the formetion of (XCIV), the anioﬁ (Ia) behaved
28 hed the methoxide micleophile (p. 98) and attacked thé"
aryl nitrile of the dinitrile (II).iﬁowevef, the imino anion
thus formed,vrather'than cyclise across the doubie bond of
(II),ithep‘addedito the remeining aryl nitrilé in a fashion
remihi5cenf of,the mechanism of formation ofvthe dimeric
prﬁducf (XIV) from o-cyanobenzyl cysnide (I) (p. 98). Tt
wvould seem that in these‘two cases, steric factors detérmined

the mode of cyclization.
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Condensation of o~cyanobenzyl éyanide (1) with
anisaldehyde afforded the p-methoxy analogue (CII) of o-a -
aicyanostilbene (11). ‘Treatment of (CII) with methoxide in
methanol afforded the ﬁuhstltuted 1soqu1n011ne (CIII), ac1d

hydrolysis of which yielded the. 1socarbostyril (CIV)

CCH . ~_CHO
3 /[::::If _ ‘piperidine
» ————pi
A - MeO o

" In a resction to effect methoxide catalysed additibn‘

‘of o-cyanobenzyl cyanide (I) to the dinitrile (CII), the
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compouns (?III)‘and the addition product (CV) were obtained.

(1)

(ev)
This reaction therefdre proceeded analoéously to that of gr f
cyanobenzyl cyanide (1) and‘gy-aedicyanostilbené (iI)‘ih the

presence of méthoxide,

 SPECTRAL DATA

(4)

T.r. (nmujol mull).

3485, 3368 SRR NH2 agymmetric and symmetric stretching
3215 ' o bonded NH stretching
2215, 2210 2 xC=N stretching

16308 om T o isoquinoline skeletal vibration
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P.m.r. (solvent : acetonitrile).

Signal (r )  Multiplicity Intensity Assignment
3.54 broad singlet? 2 NH,
2.8-1.8 'complei - 14 - olefinic and ring
’ Lo . protons

a iy - .
removed on addition of deuterium oxide.

(ii) Monoacetyl derivative of (XCIV).

@ T (11)

I.r. (mjol mll).

Variable absorption intensities in the NH and C=N stretching
regions were good evidence for the existence of the'taﬁtomeps:

(i) and (ii) in the solid state.

3226 NH (i) stretching
3175 - NE (ii) strefchix;g
2223 and 2213 2 x C=N stretching
1722 amide I ﬁand (ii)
1685 cm"1 |

amide I band (i)
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P.n.?. (solvent : d.dimethylsulphoxide).

Sipnal (T) Multiplicity Intensity ~ Assignment
7.80 ‘singlet o 3 ‘ CH3
2,8-1.8  complex 13 olefinic and ring
. . ' - protons
164 doublet (showing 1 8-E

finer splitting),
_}Io _C_Ef_o 8.5 HZ

-0.91 broad singlet® 0.8 NH (i)

# removed on addition of deuterium’oxide tthhe sbiutioh.hf‘A
The intenozty of 0.8 proton found for the NH r':w*ruav.l was attrlb-’
uted to the prcsence of the two tautomers (i) and (11) The
51gna1 from the NH proton in (11) was not observed. P0331b1y

it oocurred ‘under the 13 proton complex but perhaps more

reasonably the 31gna1 wag too0 broad and low . to be recorded.

(4ii)

I.r. (nﬁjol mull)

The hygroscoplc’ﬁature of this compound made it dlfflcult to-
vmeasure the 1.r. opectrum. The spectra from a number of attempté
~showed varlatlons.;ngever,‘thg,observations were‘not 1ncon~;
sistent with the,giveﬁ structure. AliHsp¢ctra ShOQéd Q’Sihg;e 

nitrile stretching frequendy at 2216 0m~;.i‘
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T.r. (nujol mull).

3303 ) NH stretching
- 2221 , ' C=N stretching
1 y =lactam carbonyl strétching

1735 cm

P.m.r. (solvent : deutercchloroform).

Signal (1) Multiplicity Intensity Assignment

2.7-1.8  complex -6 '~ ring protons .
1.7-1.3 ‘ complex o 2 - 4~ and 8-protons
-0.53 broad singlet® 1 m

a - 4 T s
removed on addition of deuterium oxide.

U.v. (solvent : 96% ethanol).

Light absorption by this bright yellow compound extended
above 400 nm which was consistent with its highly conjugated

structure.
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(v)

.I;I‘. (mle]. fmll].) .

3497 and 3301  NH, asymmetric and symmetric;stretcﬁing?iif_, SO

2
3096 ' ‘bonded NH stretching :
2215 and 2204 2z caN stretching
1645s | _ ”iggquinoliné SKeletal'viﬁratioh
1255s emy aryi'ether C -0 - C stretching

P.m.r., (solvent : deuterochloroform).

Signal (1) Multiplicity Intensity Assignment
6.23 singlet | ) 3 ~0CH,
g2 . broad singlet® 2 ,NHZ’.T
3.25-3.05 quasi doublet 2 H,
 2.84  singlet o A
2.6-1.9 | ~ complex ' ‘10 ring protons

~

“ removed on addition of deuterium oxide.

" The pregence of the methoxy group in the molecule
caused 2 fortuitousVSeparation in the ring proton signals

meking identification of the olefinic proton possible.
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Tt

(vi) lMonoacetyl derivative of (CV).

Recrystallisation of the product of "acetylation

of (CV) from 96% ethanol afforded yellow prisms f:om the warm
solution and colourless prisms when the solution was cooled
below 200.‘It wag found that,by-apprOpfiéteiy éontrolling the
temperature at which cr&stallisation occurfed, the yeilow'and'
éolouriess prisms couid be iniercdnverted. This béhaviour’
indicated tautdmerism‘and, since thé’composition of thevcolour-v
'less‘Prisms-was.fopnd to bev028H20N402‘, it was believed tbéf f
the two differently coloured prisms were tautoméis of the

monoacetyl derivative of (CV). On heating, the'coiburleSS’.
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prlsms gradually became yellow and f1nally melted at °10 ,'

the meltlnb p01nt found for the yellow prlsms. leferences

1n the 1.r. spectra identlfled the yellow prlsms as 2 e';

mixture of the tautomers (i) and (ii) and the oolourless

prisms as the tautomer (111) the oolourless prisms showedjff~uV
La elngle «harp absorptlon at 3420 correSpond1ng to an 1m1no;;;ai7"'
‘WH stretchlng mode, a s1ng1e n1tr1le stretchlng frequency |

at 2212 and an 1mide carbonyl stretchlng frequency at

1709 cm 1 the yellow prlsms dlspleyed broad NH stretchlng fjfoef ,ff..»f

abeorptlons between 3300 and 3100, two nitrile stretchzng
frequencles at 2225-end 2210 and a sli ghtly broadened amide jQ ‘
I band at 1690 cm -1, The ebsorptions for the yellow pr:l.zsms..»k:l
were consistent W1th the tautomer (i) but the broadened NH
absorptzons and a shoulder at 1709 on the carbony;eetretch—e.b“
ing mode at 1690 o suggested fhe'presehcejof e,emel;i{ .
amount of the tautomer (ii). ‘ S

(vii) | cN

cx

"(011)»

P;h.r. (solvent : carbon tetrachloride).

Signal (v) |IMultiplicity Intensity Assignment

6,14 -singlet B
3.1-2.4 oomplex’ | 4 ring protons ..
2.35 single£ o R | olefiniciH _;»f:'

2.3=1.9 . complex : ' 4 . ring,protonelb
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(viii)

(c1II)

P.m.r. (solvent : carbon tétrachloride),

Signal (v) Multiplicity Intensity Assignment

6.14 . ginglet’ 3 ~OCE,
5.75 . singlet 3 1-06g3

3.2-1.7v , compiex o . 8 ring prdtons.



REACTION OF o-CYANOBENZYL GYANIDE WITH BENZALDEHYDE IN THE

PRESENCE OF METHOXIDE,

Severél'bases have‘been'fouhd to cﬁtélyse
Knoevgnagel condénsationé succeSSfully,‘Typica;ly,.amines,-
~2lkoxides or sodamide have been ﬁsed; Thus pipeiidine
 ¢at$1yses the c§nden§afion of gfcyanobenzyl_cyanide,(I) with
benzaldehyde to afford gfiiedicyanostilbene (Ii) in 70%
yield9. But on attempting the éame coﬁdensafion'using.

10b obtained, as the major product,

ethoxide in ethanol, Jones
a quite different, insoluble product which he failedvto
éharacterise becausé 6f ifs lack of'reaétivity. This reaction,
relevant to the wdfk desqribéd in'the pfevious chapteré, was
reexamined. - | | X o | .

| Initially, ethoxide'ih ethanol was‘uéed but if ﬁéé
found. that méthqxide’in méthanol gavela.cleaéer reéctipn and
the ééme‘prbducté so thég1atter_reagents‘wére used ing511>ﬁ
: éﬁbsequen‘c vexperix‘nentsz. | | | _

| ' Heatingiequiﬁolér.quanxities of fhé'dinifriie.(I)L1   

‘and,benéaldéhyde;ét:60°lfor 4 hours in methgﬁql,'td ﬁhﬁ?h;a .

catalytic smount of 5odium,mefhoxidq had been addéd,-gaﬁe a

117
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major product M»(25%). This was insoluble iﬁ common solvents
and only moderately soluble in hot 2~éthoxyethanol, 1,4—dioian
and tetrshydrofuran (THF). The colourless mgterial'from THE

vas oﬁtained; after being dried at 400/0.05mm,'as fihe cream
0.%C HgO . Mass spectrometryf_

25 g™ 4 )
~ confirmed the M.Y. of M as 390 and, by 2 THF fragmentation

prisﬁs of the hemisolvate C

pattern, the inclusion of'this solvent in the material. Under

more vigorous conditions of drying, pale,yellow priéms of the

,uneolvateﬁ material were obtained. |
The poor solubility of M caused difficulties in

the 1nvestlgation of its structure. Attempts to overcome

these were made hy reacting the dinitrile (I) with 2—subst1t-'

- uted benzaldehydes. In each of the three cases.tr;ed, the

~reaction proceeded.analogously to thaf with benzaldehyde. The

ma jor products, homologues of M, are listed with compoéitional

data in Table XVII.
TABLE- XVII

Major products from the’methqxide catalysed reaction of o-

: HO
cyanobenzyl cyanide (I) with p-substituted benzaldehydes,/[:::rs‘

X Product Appearance '~ Composition = m/e

i : M palg yellgw prisms CZSHIBN'O 390
: , T

OMe N | pale yellow prisms C, H2014 > 420

i ) . y - ) N ', .

c1 0 | - yellow prisms - ‘ 25H17N Cc1l0 424

OBu ? - pale yellow prisms 29 26 4 2 462
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Whilst producfs N and 0 were rather more. soluble than M, a ":" -

mar”ed 1mprovement in poluozllty characterlotlcs wae’ found
for the p-butoxy homologue, P, which wag oven moderately
yooluble in ethanol. However, the*c homologues showed a tend- if,f
ency to form sparlngky soluble clathrates w1th‘solvents,
behaviour remihiecent of fhe parent compouhd With THF élfeady _ 
mentioned. On one occasion,'attémpted recrystailisaﬁion of M |
from dioxan failed bécause solvated material preciﬁitated 3
almost quantitatively from the hbf solution befofe filtration.
Similar behaviour was observod for the products N and O, ahd_
recrystallisation Of P from ethanol could not be;aohieved for-_
the same reason. Again, P,thich was feadily_SQIuble io cold
acetohe; cryStallised out agaiﬁ almost immediately : after
being éif~dried-for 14 hours, th prisms were-foundvto‘be
hemi-solvated with acetone., But despite these difficulties,
reprocducible spectré were Obtained'thus'éliowing re1iao1e
structural de&uctions-to be‘médé. . o ""
| When the spectra of the four products M, N, O and
P were compéred, the following oommonvfeatures'emérgod 2
I.r. i) broéd general absorpfion between 3500 and 3000 omfl
(NH stretohing) | |
oii) a single nltrile stretchlng frequencJ between 2230
and 2226 on”- (ary1 om), L
iii) strong multiple absorption between 1650 and 1610 :wf‘
—1 (c=N stretch1ng). | R
U.ve ~no red-end absorption maxima above‘350ﬁm‘éugéo9tiﬁg o

a structure involving not more than two fuéed‘
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aromatic rings (anthracene absorbs at 375nm53 )

B 1) the only intense daughter ion peak at m/e 313
| correﬂponded to the 1oss of —C6H4X fronm the parent> f‘:‘
(conflrmed by metastable peak) '
ii) theAparent 1on 1ncreased by,3tmass‘unité éffer1; 
..sémpiesvﬁere mﬁlled:ﬁifh.déuferium éiide;bTﬁig"
imﬁlied the pre§¢nce of 3k1aﬁile‘protoné;-
P.m.Tr. (solvent : dsdimefhylsﬁlphoxide) |
i) three l-proton NH signels at low field ( (2.47)
v(remdved on addition of deuterium oxide) confirmed
‘thg mass:épectral finding of 3 labile protons. The
.1dw chemical shifts’suggeéted‘imino or amide grouﬁs‘v
rather than amino groups. | |
ii) tﬁo 1—protonvsingléfs at 22.5.70>and 5.65t showed

the presence of two non-equivalent methine protons.

The product M,clearly resulted from thé,combination ’
of two molecules of the dinitrile (I) and one molecule of
benzaldehyde. ComplicationS»in Knoevenagei‘condensations have

been repdrted54’55

to. arise from the further attac? by the -
enion of the active methylene compound on the 1l:1 condensat1on
product. It has already been showm (Ch. VII) that in the
present case such attack leads to the formation of the product '
(XCIV). Water would be present (from the initial cohdgnsation)
‘g0 it wes oqnceiﬁable that alkaline hydrolysis of (XCIV) hed
oceurred to-yield the product ﬂ. But the compound (Xc1V) was:
found te resist alkaline hydrolysis and, in any‘eveﬁt, the

possiblé strucfures.for M which would have ensued could not
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be reconciled.wifh the spectral dgta giﬁen above. Furthermore,
the Obsérvation that the present feéétion afforded M in
virtuaily unchanged yield when carried out under cOnditiOns,
of contlnuous dehydrat1on10b, contradlcted any mechanlsm
involving condensatlon and subsequent hyﬂrolys1s.

Start1ng matgrlal (72%) was recovered.fro¢'an-
.attempted methoxide catalysed additioﬁ of the éompoﬁnd (x1V)
(Ch. 1) to benzaidehyde. This result excluded,the possihili£j‘
that formation of M involved (XIV) as an intermediaté.'By
congidering the initial step to bé self-addition of the
dinitfile (1) to yield a dimeric intermediate which, rather
than cyclise to (XIV), attacked the carbonyl carbon of benz-
 aldehyde, other possible structurés for M wére obtained, but
these were inconsistent with the spectral data;‘Notably,'they
all possessed an amino grouvp Which should have,givenirise to‘
" a broadened 2~prdton singlet in the p.m.r. spectrum in the
T 4 region (cf. 1,3-diaminoigoquinoline spgctrﬁh)?.

| The conclusion’was;'therefore, that the reactidﬁ;
:‘proceeded via attack of the anion (Ia) on benzaldehyde to |
afford the anion (CVI) whlch elther protonated and dehydrated f;
vto the stilbene (II) ( a . minor reaction product), or, reacted, '

~ further with grcyanobenzylvcyénide,(I)‘to»yield'theV?rbdu¢tjM.
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.. protonation
' and _
dehydration

SO
~" “Ph -
CN

(1)

Clearly, the anion (CVI)'couid cyclise to the imidic tautomer -
which could itself then sttack the dinitrile (I) or alte:t"nnv
atlvely the anion (CVI) might be protonated and then be
attacked by the anion (Ia) However the resultlng am1no~1so~L l
quinoline structures vere dlscounted by the p .m,r. results
for the reasons alrcady glven.

It remained to conslder the possible structure« for i]
M derived from attack by the anion (CVI) on the dlnltrlle (I) .
Of the everal °tructures obtalned in this way, only one, ‘1'
(CVII) (X=H) could be reconciled with the pem.r. spectra1 x? hh
‘data (Table XVIII) so this structure wes therefore believed

correct Tor M,



123

SCHEME XI

Mechenism for the formation of the products (CVII).

M, X=H

N, X = OMe
0, X=ClL .
P, X = OBu




' TABLE XVIIT

Puom.r. results for the product M with assignments for

structure (CVII) (X = H).

(cVII) (X = H)

Solvent : d6dimethy1sulphoxide.

Signal (7) ~ Multiplicity ‘Intensity  Assignment
5.67 . singlet 1 HA
5.65 singlet ‘ 1 ‘ HB‘k
3.0-2.4 complex 11 o ring protons>
2.25 broad singlet® 1 T-NE
2,15-1,8 complex - _ 2 | ring protons
1.37  broad singlet® 1 10-NH
~2.03 . %broad singlet® 1 9-NH

& removed on addifion of deuterium‘bxide.'

The assignments in Table XVIII were made on the

' following grounds : i) Buckling of the dihydrdpyrén ring =
cauées the dihedral angle between HA and HB to approxiﬁate
90o thus explaining the observed absence of coupling between

these two adjacent protons.
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.ii) The imidic nitrogen would be the most
hagic site wifh‘the consequénce that the 74NH could be
reasonably as ﬂzgned to the highest NH 31gna1.

iii) It is knmm)6 that in the syutems,(;r/,
electron den51ty is reduced about the endocycllc nitrogen.
The ﬂcidlc rlng NH in. (CVII) could therefore be assigned to
the lowect obecerved NH signal. |

| The p.m.r. results (Table XIX), for the monoacetyl
derivative, (CVIII), of M, confirmed the above assignments.

TABLE XIX

P.m.r. results for the monoacetyl compound (cviiz).

Solvent :,d6dimethy1sulphdxide;

Signal (7)) Multiplicity Intensity -Assigﬁment
7.99 singlet 3 acetyl CH3  ' 
5.60 singlet 1 Hh
4;78 singlet 1 HB

3e2-1.7 complex 13 ring protons

~0.84 broad singlet® 1 10-NH
~1.56 | bréad singlet? 1 9-NH |

a removed on addition of deuterium oxide.
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Dioappearance of the hig hest fleld NH ﬂlvnal shoxed,_ B
ag expected, that °cety1at10n had occurred at the mopt basi
n1tr0fen. Increased resonance electron withdrawal by the acetyl

rrroup (cf. >==NH) would czuse the obperved downfield ghlft

of HB. f\" lk’i:)
0 CH
U 3
‘The compounds (CVII) were unaffected by hot dilute
mineral acids in which they wére}insoluble.'No usefullproductS'
reculted from treatment with concentrated'minéral acids. How-
ever, when the compound N, (CVII, X = Oﬁe), Was heated undér s
- reflux in )0% aqueous trif]uoracetlc ac1d, the materlal
dlssolved to give a yellow ﬂolutlon which on cooling,
' a o o ‘
afforded colourless needle of a product 027H21N304. Loss of
2 molecule of water during thermograv1metrlc analysis indic-
ated that this was a monghydrate, 191\!303.1!20 and the
appearanoe of 8 parent»peak at m/e 421 in g mass.spectrum
.conflrmed that the true molecular formla was 026 19 3 3

The p.m. r.‘spectra - in two solvents - (Table XX) verlfaed 77f ﬁ'

vthe converslon of the product N to the lactone (CIX)




TABLE XX

P.m.r. results for the lactone (CIX).

i) Solvent -t d6dimethyléu1phoxide o

Multiplicity .

Signal (v)
6.29 ginglet
5.83 singlet
540 singlet
3.09 doublet (showing
finer splitting),
J 'cz. 10 Hz
2.9-1.7 complex
-D4 v. broad singleta

removed on

ii) Solvent :

6.25
5.37
5.34
3,14

2.8-2.1
1.44
1.33

0.9

Intensity.

Agsignment

eddition of deuterium oxide.

deuterochlorcform.

singlet
singlet

singlet

“doublet (chowing

finer splitting),
J, ca. 10 Hz

complex
broad singlet

broad singlet

v. broad singlet

OCH
3 i
1 HA
S
2 » HC
10 ring protons
2 2 x WH
J
OCH
1 HA
1 n
2 Hb
10 ring protons.
: syn- and
1 ' .
anti-10-NE
1 9-NH o
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The signals from the two NH protons of (CIX) mer”ed
to a broad singlet in déulmethylsulphoxlde, 1ndicat1ng that
exchange’between these tWO'protons in this solvent was fast
on.the nom.r. time scale. However,'tﬁe ethange‘fafe iﬁ:f'
.deuterochloroforﬁ was clearly iedﬁbéa sinqe sebaraté‘éignéis .
were obsefvéd. The appéérance of the higher~£ié1d'sighait é§ :;ﬁ
a broadened doublet was gffributed to syn- andfggiiefﬁr@§ of
: the_imipo groub. | . e o

In‘aécord withlthe structure (CIX).ah i.r.ispéétrum: ,
-showed the persisteﬁcé‘of the nifrile tretchlng frequency
’af52236 oL and a 6~lactone oarbonyl gtretching frequency
at 17’0 cm’ 1Q_
| Treatment of the oompounds M, N, 0 and P Wlth
Adilﬁte sodium hydroxnde‘gave f1ne, bright yellow prlsms‘of E

Ry R, S and T revpectlvely. Closely correspondlng UeVe L

aboorptlon curves showed these products to be homologues. f‘” o

Extension of the light absorptlon to 404nm and the absence‘

of & nitrile stretching frequenCy»in their i;r.'spectra;'

suggested that 1ntramolecular cyclmzatlon across the nltrmle ?f;f5

group in the compounds (CVII) had occurred to y:eld these 5 "

products. The compositlon of Q, 25 18N40 ' was 1dentlcal tO'fYVf‘“f

that of M and whllst 1n1t1a11y the megs spectrum of Q
appeared to suggest a M. 1. two mass unlts less (1.e. 388),;
‘enhanced intehsity‘éf the peak at 390 over the predlcted:
intensity from isotopic abundance tablés3oltogefhgr withba'

metastable at 386 corresponding to the fragmentation
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390 —»388, confirmed that the M.VW. waé, in féct, 390, The
same features were observed in the mass spectra of R, S'and
T and the presence of an intense peak at 313 in all four
spectra, vhich could onlj be assigned to the loss of CgH X
from ‘the parent ion (conf:rmed by metastable pea?), supported
the above conclusion,

The solubilities of»the;evyellow products were
lowef than those of the compounds (cviI). However, the p-
butoxy product, T, was sufficiently éoluble in dsdimethy1~
sulphoxide for a‘p.m.r.Aspectrum'to be obtained. This spectrum
showed signals of unedual'ihtensity'frqm two bﬁtoxy groups. |
From the areas of the signals it was c1ear that a slighfly N
'broé.dened singlgt at 4.127 and two low-fieldA’broadened» ;
singlets (1.53 and 0;731 ) were associated with the more
intense tutoxy signals whilst two very 1§w~fie1d broad -

singlets' (-1.91 and ~2.60 1 ) we;-é associated with the less

intense butoxy sighals. The‘reméining signals gave,fise to
a_complei pattern in the‘aromaﬁic}region'(3.7 to 1.71_);

On the above evldence, treatment of the compoundslfV

i(CVII) with base was belleved to form produots hav1ng the

structure (CX), wh1ch in solution, at 1east, exlsted predom— A

1nant1y in the tautomerlc form (CXa)
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e,
B ~
intramolecular’_
‘cyclization se
X 5% )

Q X=H
R, X = OMe
S, X = C1
T, X = OBu

The broad singlets at 1.53 and 0.73rwere assigned o non=
equivalent amido protons in (CXa).whilst those at ~i.91‘and  :
-2 .60Tvwere assigned to the corresponding protons in (CXb).

The.remainiﬁgilabile pfétons evidently gave riée.to signalé.

under the aromatic complex as presumably did the olefinic -
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proton in.(CXb).‘The_sigﬁal at 4.lér\waé ascigned to the
methine proton ih (CXé) and its'slight broadening was believed
to arise from the slow tautomerism (CXa) =— (CXb). | |
The i.r,,spectfa of the compounds Q, R, S and T
wefe‘similar and absorptioﬁs at ga. 3420, 3340 (NH2 stretch-
rli.ng) and ca. 1660s (amide I band) were not Vinc‘onsi'stel:at with
the presence of an amido group. |
| Small yieldé of the products Q, R, S and T were
obtained directly from the reaction of the dinitrile (I) with |
the appropriate p-substituted benzaldehyde in the presence of
methoxide. It was clear that methoxide achieved the convefsion
(CXII)——=(CX) as effécti§e1y .as hydroxide. Slightly higher
yields of (CX) could be obtained by extending the duratién of
‘the reaction or increasing'the conqgntration ofvmethdxide, buf
both these reactipns were very‘dirty, presuﬁably due to self;
condensation feactions of the excess benzaldehyde and from

methoxide attack on the minor stilbene product.
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" NOTES

Analytical'and Spectral Data: : -

Meltihg points were determined on a Kofler micro hot stage using
standardised thermometers. Mixed melting points were determined
uéing,a Gallenkémp meltiné poirnt apparatus.

Microanalyses were performéd either by br. Alfred Bernhardt,
Microanalytisches Laboratorium, W. Germany, or by the Microanalytical

Service, Chemistry Department, University of Surrey, Guildford.

A Stanton Instruments Ltd. Thermobalance was used to obtain thermo-
gravimetric analyses.
Mass spectra were obtained using an Associatéd Electrical Industries

MS 12 Spectrometer (ionization energy, 70 ev).

Ultraviolet data were obtained using a Unicam SP 806 B Spectro-
photometer. Unless otherwise stated, the solvent used was 96%
ethanol. When teﬁrahydrofuran was uséd as solvent, it was first
redistilled under nitrogen. The following abbreviétions areiused

after the absorption values: infl, inflection; sh, shoulder.
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For routine infra.red absorption spectra, a Unicam SP 200
sbectrophotometer was used whilst, for more precise measurements,
spectra wéré taken dn‘a Grubb Parsons Spectromaster or a Perkin-
vElmer 157G Grating Spectrophotbmeter. .The sﬁectra are those of
the compounds as nujol‘mulls unless otherwise stated. The
following abbreviations areAﬁsed after the absorption;values:

s, strong; br, broad; w, weak; sh, shoulder.

The proton magnetic resonance results were obtained using either

a Perkin-Elmer 60 MHz N.M.R. Spectrometer operating at a sample

temperature of 34° or gféfuker WH 90 FT N.M.R. Spectrometer.
7 _ '
Tetramethylsilane (t.m.s.) was used as inteéernal standard with all

solvents.

Reagents and Solvents:

With the exception of those mentioned separately, all reagents were
supplied by B.D.H. Chemicals Ltd., Poole, England or by Fisons

Scientific Apparatus Ltd., Loughborough, England.

Whenever used, nitrogen was first dried by passing through

concentrated sulphuric acid.
Ethanol, unless otherwise stated, means the 96% agueous azeotrope.

Benzaldehyde was distilled under nitrogen before use. Other

aldehydes were used as supplied.
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p-Butoxybenzaldehyde was supplied by Eastman Kodak Co., Rochester, N.Y.

o-Toluonitrile was supplied by_Fluka AG, Switzerland. This material
was converted to o-cyanobenzyl chloride57 which was then treated
with sodium or potassium cyanide to afford g?cyénobenzyl cyanidess.

P.m.r. data for these three compoundsvwerevobtainedrfrom~reference 5.

Purified o-cyanobenzyl cyanide (m,p. 770) was obtained from the
crude product prepared in the above manner either by several re-
crystallisations from aqueous ethanol. (charcoal) or by éold-finger

sublimation at 900/15mm.

9;&—Dicyanostilbene9 wasbpurifiéd to constant melting point (1250)

before use. Spectral data for this compound are given below:

I.r. v, 2223, 2212, 1595, 1576w, 1289w,
: - max
1248w, 1205w, 1188w, 1075w, 946, 770,

756, 686 cm .

U.v. A (om) (€ x 1073): 212 (30.4), 227sh (15.4),

250sh (7.9), 306 (23.0).-

P.m.r. At 60MHz, the p.m.r. spectrum,of'the compound in
deuterochloroform was observed as a complex

pattern of signals between 2.7 and 1.97T.



CHAPTER IX

PRODUCTS FROM THE REACTION OF o-CYANOBENZYL CYANIDE WITH

SODAMIDE IN FORMAMIDE.

Notes: Formamide was deoxygenated by passing dry nitrogen
through it for 45 min.

The reaction was performed under nitrogen and

with light excluded.

(i) 1-Bmino-4-cyano-3-(o-cyanobénzyl)isoquinoline (XIV).-

QTCyanobenzyl'cyanide (I) (8.25g) was dissolved with warming

in formamide (80ml). The solution was cooled to room'temperature
and an ice-cold soiution of‘powdered 85% sodamide ng) in
form&mide (LoOml) was added in small portions; " The reaction
gsolution immediately became light’tan in colour.and was stirred at
room temperature for Z2h. The product, which had bégun to separate
after lh, was collected, washed with‘a.little formamide, boiled in
ethanol to remove*occluded formamide, dried, and rgcrystallised
from tetrahydrofuran to yield colourless prisms of‘(XIV)
(1.57g,v18%), MePo 223-224° (Found:: c, 76.1; H, 4.2; N,'19.6.
C,gH, N, requires c, 76,1; H, 4.2; N, 19.7%), n/e 284,

vmax(cm’l) : 3450, 3348, 3200br, 2226, 2206, 1653s, 1619, 1580

136
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1558, 1511, 1491, 1408, 1195, 788, 775, 759, 682. U.v. p29. .

(ii) Monoaﬁetyl derivativé (XXI) .- 1Th§.preceeding prod#gt.(0.7lg)
was ground ana 2dded to acetic anhydride (5ml) in glacial‘écetici
acid (5ml) and heaﬁed under gentle reflux for 35min. Thevhot
reaction sdlutioﬁ was poured onto ice'(30gf and the oil which
formed soon solidified»when scratched. - Crystallisation from
tetrahydrofuran_gave colourless prisms of (XXI) (0.74g, 91%),
m.p.‘233—235°>(decompo) (Found : C, 73.8; H, 4.3; N, 17.3.

€01 440 gequires C, 73.6; H, 4.3; N, 17.2%), m/e 326. vma¥(cm-l) :
3280,'2222, 2212; 1674, 1663s, 1573, 1523, 1340, 1308, 1019, 782, 765,
755, 677. Amax(nm) (é x 10-3) : 240 (35.2),‘279infl. (6.9), 285 (8.1),

294 (8.8), 306 (10.6), 335 (10.6), 349sh. (7.5).

(1ii) 12-Cyano-6,ll—diaminobenzo(c)phehanthridine (XXII) .~ Water

(ca. 300ml) was added to the:reaction filtrate from (i) till turbid.
The green solid which separated was colledted after lh, washed with

a little ethanbl and recryétallisgd from ethanol (charcoal) to

give yellow needles of (XXTr) (0.25qg, 3%), m.pQ 285° decomp.

» 18H12N4 requires C, 76.1;

'~ H, 4.2; N, 19.7%), ﬁ/e 284'.Vmax(cm-1) : 3448; 3426, 3356, 3344, 2189,

(Found : C, 76.6; H, 4.2;‘ N, 20.1. C

1620, 1570, 1560, 1523, 1507, 1409, 768.‘Kmax (nm) (€ x 1073 :
220 (23.3), 234 (23.0), 254 (32.4), 271 (35.2), 293 (19.8), 303infl.

(19.0), 319 (17.2), 360 (14.0), 394sh (6.2).

(iv)'.l-Amino~3-fOrmamidbisoquinoline (XIII) .- After collection of
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(XXII), the reaction filtrate from (iii) was again made turbid by

the addition of water (ca. 300ml) and the pale Yellow product which
separated was recrystallised from ethanol (qharcoal)»to yield
coléurless needles and splinters of (XIII) (l.54qg, 14%), double M.Pe
207-208o and 217°. ‘The mixed crystalline form and double m.p.
peréistéd after successive reCrystallisatioﬁs from ethanol (Found : i)
C, 64.5; H, 4.9; N, 23.1; ii) C, 64.4; H, 4.9; N, 23.5. €, oHoN50
requires C, 64.2; H, 4.8; N, 22.5%); m/e 187.vmax(cm“l): 3475,

3388 (NH2 asym. and symm. stretch), 3260s (amide NH stretch).

3160b: (bonded NH stretch), 1675s, 1650s (amide I bands), 1619s,

1602, 1562, 1523, 1510, 1408 1327, 1290s, 1199, 995, 795s,. 787s,

739, 678.

(v) Hydrolysis of (XIII) to 1,3-diaminoisoquinoline (IV).- The compound

(XIiI) (0.1g) was dissolvea in ethanol (Sml)‘and_éN sodium hydroxide '
(20ml) and thé reacﬁion heated undexr réflux for 1lh. ‘.EvapératiOn_of
alcohgl from the solution precipitated yellow solid which was
collécted, washed thdroughly with water and recrystallised;from
aqueous methanol to.yield yélloﬁ prisms of (IV)i(O;OGg; 71%)}v.'w

m.p. 232-233° (Lit.”

231.5-232.5°) undepressed by admixture with
authentic specimen. The i.r. spectrum of a nujoi mull of the
product was identical to that of (IV) prepared by reaction of

ammonia with (I).

(i) l—Amino—4ﬁcarbamle-3-(o—cyanobenzyl)isoquinoline (XXXII) .-

Repetition of the reaction of (I) with sodamide in formamide under

the same conditions again gave (XIV) (0.77g, 9%). Addition of
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water (ca. 300mls) to the reaction filtrate failed to precipitate
(XXII) on standing for 1lh. The creambproducﬁ which separated
after 12h was collected and recrystallised from ethanol (charcoal)
to give colouriess plates of (XXXII) (0.92g, 10%), decomp. 256°

(Found : C, 71.6; H, 4.6; N, 18.5 . C O'requites c, 71.5;

18%14%4
H, 4.6; N, 18.5%), m/e 302. v (em™h) : 3472, 3381 (NH, asymm.

and symm. stretch), 3196br'(bonded NH stretch), 2224 (CEN stretch),
1685s (amide 1), 1620s, 1605, 1572 (amide 1I), 1524, 1414, 1361,

1332, 1299, 1l266s, 1250, 1156, 799, 763, 746, 678. Xmax(nm)(e X 10—3) :
222 (42,0), 252 (16.2), 277sh (3.8), 285sh (5.8), 312 (12.6), 342infl

(6.0).

Formylation of l,3—diaminoisoquinoline .- Acetic formic anhydride28

was prepared by adding 100% formic acid (lml) to acetic anhydride
(2ml) at Oo, heating the mixture at 50o for 15min and immediately
cooling in iceo. :

(vii) l-Amino-3-formamidoisoquinoline (XIII).- Cold acetic formic

anhydride (3ml) was added dropwise to a solution of (IV) (0.24g) in
100% formic acid (Sﬁl) at ice-water temperature and the reaction

was stirred at 0° for 2h. Water (20ml) was a&ded and the solution
neutralised with aqueous éodium.carbohate° The product which
separated was collecied, washed with watef and crystéllised from
ethanol (charcoal) to yielé colouriess needles of.(XIIi) (O.ZZg; 79%).'
The product-had identical i.r. Spectrum and doﬁble m.p. to thosé_of

(XIII) prepared in (iv) above.
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(viii) 1,3-Diformamidoisoquinoline (XXX) .- When the above

formylation reaction was repeated ét réom temperature for 6h, the
almost coLourless produét which began to separate from the amber
solution after 4.5h waé-collected and a second crop obtained by
addition of water (1O0ml) to the filtrate. The combinéd crops

were recrystallised from tetrahydrofuran-ethanol (charcoal) to yield
colqurleés fine needles of  (XXX) (O.2§, 62%) m.p. 262-263 (decomp.)
(Found : C, 61.4; H, 4i1; N, 19.5. C,,HN.O, requires C, 61.4;

H, 4.2; N, 19.5%), m/e 215. V__ (cm ) : 3220 br, 3140br,.3080br,
(NH stretch); 1690s, 1670s (amide I bands); 1633, 1525, 1460s,
1430, 1406, 1380, 1365, 1340s, 1280, 1259s; 1235, 1150, 1128, 810br,
750, %07, 689{ 660. A max(nm) (e x‘lo—3) : 240 (37.9), 277sh (7.05.

290 (11.6), 301 (12.1), 347 (6.1).



CHAPTER X

PRODUCTS FROM THE REACTION OF 0-0~DICYANOSTILBENE WITH AMMONIA

AND WITH SQDAMIDE_iN FORMAMIDE.

(i) 1-Amino-4-cyano-3-phenylisoquinoline (XX) .- In formamide (40ml),

outgassed by passing dry nitrogen through it for 40min, sodamide powdet
(0.5g) was diééblved slowly with stirring and cooling. Witﬁ the
temperature maintained at égf 260, g;a—diCYanosﬁilbene(II) (l.ng)vwas
added in small portions‘to the colourless solution. After 15 min.
stirring at room temperatﬁre, the added dinitfile had dissolved and
the solution had become gélden brown. Lighﬁ was égclﬁded and the
sblutién was stirred uﬁder‘nitrogen for 1lh, The goiden brown solution’
waé’stoppered and plaéed in the refrigerator. Afﬁer'G days, -
appreciable precipitation of colourless product had occurred. The
solid was collécted under nitgogén and on drying it became pale

lilac in colour. Recrystallisation from diethyl ether gave colour-
less needles. A second crop,vshown by i.r. to be the same product,
separated from thé reaction filtrate and was collectea. it.waé

found stable in‘air and was recrystallised from ethapol. - The combined
yield of colourless needles was O.3g, 24%. M.p. 173-174°  (Found :

C16%11N3
N, 17.1%), m/e 245.vmax(cm'l) . 3546, 3357, 3218br, 2193, 1642s, 1615,

141
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1550, 1545s, 1348, 1250w, 1160w, 780w, 760, 700, 683, U.v. p. 52.

(ii) Reaction of gju-dicyanostilbéne(II) with ammonia .- The

dinitrile(II) (1.0g) was placed in a Carius tube cooled in ice.
Ammonia (ca. 7ml) in methanol (1Oml) was added and the tube sealed.
Heating at temperatures below 100° did not cause sighificant reaction

whilst at higher temperatures gross decomposition occurred,



CHAPTER XI

PRODUCTS FROM THE REACTION OF o-0.~DICYANOSTILBENE WITH

HYDRAZINE.

Notes: Reactions were performed under nitrogen and solvents
were fi?st deoxygenated by pésSing nitrogeﬁ through
themn. in all cases when starting ﬁaterial was
recovered or e-cyancbenzygcyanide (I) or 1,3~
dihydrazinoi§gguinoline(XLI)vwas obtained'as product,
its identiy was confirmed by m.é. and i.r. éomparison:

with that of authentic material.

(i) Reaction of o-0~dicyanostilbene(II) with hydrazine .-

(2) The dinitrile(II)‘(1,73§) hasndissolved_in hot ethanol
"~ (100ml) , and hydrazine hydrate (l.Sq, 4mol) in water (40ml) was

added. The amber solutionAwasrheéted under ;éflux for 4h, codled in
ice and kept overnight at 50. Some darkgnihg of‘the'solution
occurred’but no. product séparated. Evaporation of the solution
to ca. 46ml under reduced pressure thén afforded fawn plates (0.74g,
74%) which on recrystallisation from ethanoi géve (1) as'qolourless.
plates (0.34g, 34%). The dark reaction filtraté yielded only

tar from which no crystalline product could be obtained.

 v143">
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(b) The dinitrile(II) (1.73g) was dissolved in hot.ethanol
(lOOml),_hydrazine hydraté (0. 75g, 2mol) and hydrazine dihydro-
chloride (LGlé,vaol) in water (40ml) were added, and the solutién |
heated under reflux for 28h. Cooling the solution in ice afforded
needles which, after recrystéiliSation from ethanol, were i&entified.
as startihg materialv(0.37g, 21%). Reduction of the reagtioﬁ
filtrate to.S§:4oﬁl under reduced pfessure, fiitration through
charcoal and coéling gave further product. Recrystallisation of
this product from ethanol (éharcoal)-water yielded colourless plafes
of (I) (0.30g, 35%); -The reaction filtrate was made turbid by the
addition.of water and the solid which separated was collected, dried,.
dissolved in benzene and loaded on to an alumina column (lOOQZOOﬁesh)
(50g). The first fraction from-elution with the same solvent gave
yellow prisms (O.Bég, 31%),.m.p. 920, m/e 208, of benzalazine (XLVI)
(m.p. lit.37 930),.treatment_of’which with 2,4-dinitrophény}hydrazine in
dilute hydrochloric acid afforded the dinitrophenylhydrazone of |

benzaldehyde.

(c) Hydrazine dihydrochloride  (3.9qg, 5mol) was ground and
stirred with refluxing absolute ethanol (50ml). The dinittile(II)
(1.73g) was addedband the solution heated under reflux for 48h. On

cooling, starting material (L.64g, 95%) was xecoveréd.

(d) The dinitrile(II) (1.73g) was dissolved in hot ethanol
(LoOml) . Hydraziné'dihydrochloride (7.88g, '10mol) in water (30ml) was

- added and the solution heated under reflux for 24h. On cooling, starting
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material (1.7 g, 98%) was recovered.

" (e) The dinitrile(II) (1.73g) waé dissolved in a hot solution
of hydraiinevhydxate (3.75g, lOmol) in abéolute ethanol. The
‘'solution was heated_undér reflux for 2&, reduced to half volume and
cooled in ice. The dark amber:colour of the solution»indicatéd some
decomposition, but no producf separated. Addition of water (50ml)
caused the crystallisatibn'of almost’colourless flakes of thev
dinitrile(I) (0.86g, 81%). The filtrate became very dark and no

further crystalline product was obtained from it.

(£) The dinitrilé(iI) (1.73g) was dissolved in warm hydrazine
.hydrate (SOml).k Oily droplets (g:cyandbenéyl c&anide) appeafed in
the bright yellow solution but dissolved és the tempefature was
raised to 950. After heating for 2h at this tempefaﬁure, the amber
solution was cooled in ice. Slow precipitation of pale yellow
product was achieved by.bubbling nitxogen through tﬁe éold solution
for 2h. Recrystallisation from benzene gave pale yellow prisms of

the product (XLI) (1.25q, 88%) m.p. and mixed m.p. 136o (decomp.) .

(g) The dinitrile (II) (0.5g) was dissolved in 95% hydrazine
f20mi) at 15° and the flask was stopperéa. <fAfter.4’days,‘ha1f the
solution was evap§rated under reduced pressure over conéentrated
'sulphuric acid to yield.a black tar.. Evaporation of én ether
Kéharcoal) extract gavé brown solid'which when recrystallised from

ethanol (charcoal) -water gave'colourless.flakés of,thé dinitrile (I).



146

Water (15ml) was added to the remaining half of the reaction solution,
and the product»ﬁhich separated was recrystallised from ethanol
(charcoal)jwater to give colourless flakes of the dinitrile(I) (total

yield, 0.15g, 48%).

(h) The dinitrileiii) (0.79) was added iﬁ.émall portions to
95% hydrazine'£20ml)’at 800. The ﬁemperature of the golden solutioh
_ was raisedkto féflux temperature (ég: 140°) and the solution heated
under feflux.fér l1h. Addition of waﬁer-(ZOml)_totthe_solﬁtion at ‘ 
ice-water temperature precipitated reasonably pure pale yellow pfisﬁs

of the product (XLI) (0.37g, 64%). The dark filtrate was discared.

C(4) Sodium méthpxide‘(o,lg ﬁa in 5ml Meoﬁ)_Was addéd to 95%
‘hydrazine (25ml) and the solution heated to 50°. Theidinitrile(II)
(1.15g) was addéd.in small portions and the deep red‘solution waé
maintained a£'60° for 2h, The solution was cobled in iée,water
(20ml) was added and a product slowly separated over lh. Re-
cfystallisatignvfrom bénzene—petrdleum ether (b.p. 60—800) gave
a first crop of fine'yeilbw prisms fo.oig), m.p. 241—2430, ~m/e
327, and vmax,334o, 1644,11615, 1576, 15255,.1262; 1233, 943,»762,

1 .

701, 676 cm . A second crop of almost colourless flakes was

identified as the dinitrile(I) (O.26g, 37%).

(ii) Reaction of o-0i-dicyanostilbene(II) with sodium carbonate .-

- The dinitrile(II) (0.38g) was dissolved in a hot solution of sodium
carbonate (1.06g) in water (20ml) and ethanol (30ml), which was
heated under reflux for lh. Waﬁer'(ZOml) was added to the amber

solution and the solid which separated was collected, boiled with
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water (to dissolved sodium carbonate impurity)_and collected by hot
filtration, The bright yellow prisms‘(0.04g,'13%) were identified

by m.p. and i;r. as the product Q, C 0, described later

257164
(Ch.XVI). Acidification of the reaction filtrate and addition of
Brady's reagent precipitated bénzaldehyde_as the 2,4-dinitrophenyl-

hYdrazone (6.l7g, 36%, from glacial acetic .acid).



CHAPTER XII

PRODUCTS FROM THE REACTION OF 0-0,~DICYANOSTILBENE WITH

HYDROXYLAMINE.

Note: Whenever mentioned; "l mole hydroxylamine" implies 1
mole hydroxylamine hydrochloride plus 1 mole sodium

hydrogen ca:bonate.

(i) The bisamidoxime (LVI) from o-u—dieyanostilbeﬁé (I1). -The dinitrile
(IT) (4.60g, 0.02mol) wéé dissolved in.h§t eth;noi;(léoml) and water
(50ml). A solution of hydroxylamine hydrochiofide (5.56q, 0.08mol)

and sodium hyd:ogén cafbonate (6.72g, 0.0Bmol)'in Qater (35ml) was

added and tﬁe solution heated under reflux for727h. Evaporation of

thé reaction solutidn tb hélf voluﬁé under reduced pressure gave the
product (LVI) on cooling. “bne recrystailiéatioﬂ‘from ethanol(chafcoal)
yielded ¢olourless prisms of fLVI) (3.88qg, 66%) which decompsed

without melting at ca. 230° (Found : C,64.5; H,5.4; N, 18.9.

C1 a8y N0, requires C, 64.9;'H,5°4;>n, 18.9%), m/é 296, u.v. p.65,‘
vmax:3420, 3330, 3245br, 1675, 1668, 1640, 1636, 1575, 1504, 1348,
1222,A1205,v1168, 1156, 1098, 920, 778, 733, 750, 670. cm_le

. The bisamidoxime (LVI) with iron (III) chloride gave a violet

colour which gradually turned black.

148
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The same product (LVI) was obtained when the following changes in the

reaction conditions were made :
(a) The reaction was terminated after 24h. (Yield of (VI), 62%)

(b) The reaction was terminated after 18h and only 3 moles of

hydroxylanine were used (Yield of (LVI), 52%).

(c) Agueous dioxan used as solvent and the reaction terminated

after heatihg under reflux for 3h (Yield (LVI), 36%).

(a) Excess sodium hydrogen carbonate (4mol) was used and the

reaction terminated after 23h (Yield (LVI), 61%).

The bisamidoxime (LVI) was found to be stable under the following

conditions:

ia) The bisamidoxine ‘LVI) (0.5g) was diésolved inAa hot
»solution of sodium carbonate (C.18g) in ethanol (50ml) and water (30ml)
and‘the s§lution was heated under reflux for 3h. , On cooling,
colourless prisms of (LVI) separated and a second crop of impure
bisamidoxime (LVI) was obtaiﬁed by reduction of the filtrate
volume. After recrystallisation from ethanol {(charcoal), the yield
of (LVIi was 0.42g, 84%.
(b) The bisamidoxime (LVI) (0.5g, 1.7 x lO—BmOl) was

dissolved in hot ethanol (150ml) and a solution of hydroxylamine
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hydrochloride (0.12g, 1.7 x lo-3moI) and soditm hidrogen carbonate
.(0.42g, 5.1 x'leBmol)’in Water (30ml)'wa$vadded. ‘-The solution
was heated under reflux for 3h,‘evaporated to one third volume ﬁnder
réduced preséure and eooled in ice. Startiﬁg material was

recovered (0.45g, 90%).

(¢) The reaction (b) was repeated but the solution Was heated
under reflux for 25h. Recrystallisation from ethanol (charcoal) of

the orange product gave colourless prisms of (LVI) (0.32g, 64%).

(d) The reaction (b) was repéated but the solution was heated
under reflux for 36h. Again, recrystallisation of the orange_préduct

from ethanol (charcoal) gave colourless prisms of'(LVI) (0.25g, 50%).

(e) Starting material (0.42g, 84%) was recovered when the

bisamidoxime‘(LVI) (0.5g) was boiled for 3hin dioxan (80ml).

(f) The bisamidoxime (0.3g) was heated under a vacuum of
0.05mm in an attempt to obtain the cyclic product (LXVII) by
sublimation. = No sublimation occurred as the temperature was raised

to 200°vand the bisamidoxime (LVI)fwas‘reqoverea unchanged.

(ii) Homophthalimide dioxime (LV) from o-0~dicyanostilbene (II) .-
The dinitrile (II) (1.15qg, 6.005mol) was dissolved in hot ethanol
(40ml) and a solution of hydroxylaminé (1.39g, 0.02mol) and sodium
hydrogeh caibonate (0.84g, 0.0lmol) in water (15ml) was added,

The solution became yellow immediately and was heated under reflux
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for 3h. Some §roduct had separated and was collected. Cooling

in ice yieldedla second crop, and é‘third‘crbp'waé obtained by
:educing the filtrate to‘ggf ha;f volume. - The combined crops were
recrystallised from aqueous éethanol tb give yellow prisms of the
dioxime (LV) (0.58g, 60%) identified by comparison of m.po, i.r.

spectrum and mass spectrﬁm with those of an authenticAsample.

(1ii) Homophthalimide dioxime (LV) from the bisamidoxime (ILVI) .-

The bisamidoxime (LGi).(O.Sg) was dissolved in hot ethanol (150ml)
and hydroxylamine hydrochlofide (0.12qg, lmol) in water (1Oml) was
.added. The yellow solution became fluorescent as it was heated
under reflux for 3h; | The Volu@e was reducedvto gg.'40 ml and the
yello& product (0.12qg, 3?%) which separatedlgn cobling was re-
crystallised from aqueous ethanol and idenﬁified as the dioxime (LV)
as in (ii) above.
When the reaction was repegted atklsq for 27h, starting material
(Lvi) (0.37g, 74%), together with a small yiéld of the éioxime (Lv)

(0.03g, 9%), was obtained.

(iv) Homophthalimide-l-oxime (LXI) from o-0-dicyanostilbene (II)..-

_ (a).Thé dinitrile (II) (l.5g) was dissolved in hot ethanol
(55ml) ahd hjaroxylaﬁinevhydrochloride (1.36g) and sodiﬁm hydrogen
carbonate (5g) in water (30ml) were added. The‘solutioﬁ was heated
under reflux for 12, kept overnight (18h) atlggflso and heated under

reflux for a further 6h.  The product which separated on cooling
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gave, after three recrystallisations from ethanol (charcoal), almost
colourless flakes of the monoxime (LXI) (0.35g, 30%) which decomposed

9822

at 230° (Found : C,6l.1; H,4.6; N,15.8. C.H.N O, requires
C,61.4; H,4.6; N,15.9%), m/e 176. v ¢ 3200br, 1665s, 1644s, 1582,

1412, 1350, 1330, 1133, 1098, 988s, 957, 935, 860, 830, 791, 762,

720 em T, A (am) (e x 1070) : 220(11.8), 259(9.0), 293 (L.5).

The product (LXI) gave no colour éhangerwith iron(III) chloride.

(b) The dinif?ile (I1) (2.30g, 0.0lmol) was dissolved in hot
ethanol (70ml) and  hydroxylamine hydrocﬁloride (2.78g; 0.04mol) and
'sodium‘hydrogen cafbonate (1.68q, 0.02mol) ih wafer (35ml)‘were
added. The yelléQ solution was heaﬁed’undeﬁ refluﬁ for 30h, reduced
to half volﬁme under reduced pressure and cooled in ice. Thé
orange productvwhich separated was-recrystalliSed from ethanoi
‘(chércoal) to give almost colourless flakes of the mpnoxime (LXI)
(O.9g, 51%), identifiea by m.p. and i.r. companiéon with the product

in (a) above.

(v) Acid hydrolysis of'homophthaliﬁide—l—oxime (LXI) to homophthalimide

{LXII) .- - The monoxime (LXI) Ko.lg) was heated under reflux for
ih in 3§-h§drochloric'aéid (30ml). :The proaﬁct which separated
on cocling was recrystallised from water (charcoal) to yield colpurless
néedles of homophthalimide (LXII)F(O.OGSg, 71%).:» The product froﬁ
ﬁhis ieaction énd an authentic specimen had identiCal i.x. spect?a
ahd both decomposed with a characteristic dark green colour at

: 37b
205-210°. (Lit. 2339).
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(vi) Reaction of p-chlorobenzalhomophthalic acid dinitrile (LXV) with

hydroxylamine .- The dinitrile (xLv) (1.32q, 0.00Smdl) was dissolved

in hot ethanol (Soml) and hydroxylamine hydrochloride (1.39g, 0.02mol)
and sodium hydrogenvcarbénate (0.84g, Q;OImoi) iﬁ'water (20ml) were
,added; The Yeliow soiution:wasﬂheatea undér réflu# for 4h. Thé
produétb(LV) which separated:on cooiingiwaé cqllectéd and the"
filtr;te evaéorated tovdfyness under reduéed pressure. bThe residue
was washea thbrqughly in water and extracted with éther‘(2x10ml).:
The soiid which remained was shown (i;r,) to be the dioxime (v).

The. ether extract was dried over magnesium sulphaté and evaporated

" to dryness. The crude‘Efchiqrobenzaldo#imev(LX§I) (0.45g, 57%) Qas
recrysﬁallised f;omvbenzéne—petrglegm ether (b.p. 60-800) to yield

. - 41
yellow needles, m.pa‘loso_(lit. 1

1070), m/e 155. The combined
fractions of the dioxime (LV) were recrystallised from aqueous

ethanol to give yellow prisms (0.43g, 45%).

(vii) Attempted base hydrolysis of homophthalimide dioxime (LV) to

the monoxime (LXI)'.-’

| (a) Tﬁe dioxime (Lv) (0.199, 10 ol) was added to a hot
solution of hydroxylamine hydrochlo?ide (0.14g, 2 x lo-3mol) and
sodium hydrogen carbonate (0.17g,2 #110-3mol) in 96% ethanol (15ml)
‘and water (15ml) . The yellow solution was heated under reflux fof
6h, salt which had precipitated was removed, and thelfiltrate left to
;stand for three days. The yellow produét which separated was re-
crystallised from ethanol (charcoal) ~water to affofd yvellow prisms of

starting material (0.13g, 68%), identified by m.p. and i.r..
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(b) The dioxime . (LV) (O.20gi was dissolvedvin hot 96% ethanol
(15ml) and sodium hydrogen carbonate (0.5g) in wéter (20ml) was added.
" The solution, after heéting under reflux for lh, gave no precipitate
when cooled in icé so;water'(lbml)‘ﬁas édded éﬁdgthe dir#y solid
whicﬁ separated over'thrée-days was‘:écrystalliéed frdm ethanol (charcoal) -
water to éfford'staitinqimaterial (O.llq,SS%j, iaentified as in (é) .
above._‘ ﬁo further crystallinélproduct:was obtained from the

reaction filtrate.



CHAPTER XIil

PRODUCTS FROM THE REACTION OF ©-CYANOBENZYL CYANIDE WITH

METHOXIDE IN METHANOL

Reaction of o-cyanobenzyl cyanide(I) with methoxide in methanol ;-

 (a)‘Q-Cyanobenzyl“cyénide‘(I)'(i;42§, O;élmol) Was dissolved
in methanol (20m1) under'nitﬁogén_and a solﬁﬁion of sodium methoxide
(0.54qg, O;Olmnl) in metﬁanolb(loml) was slowly‘addéd with stirring.
With the temperature maiﬁtained atlggf lSO;,the solution Qas |
stirred under nitrogen‘fdr 3h. Evapoxation of the.deep réd solution
to half volume under reduced pressure afforded péle lilac plates.
A secpnd crop was ob;ainediby fﬁrther‘concentration of the filtrate.
Recrystallisation of the combined product from methanol (chaxpoal)—
water.gave'colourless flakes of starting maﬁeriél.(o.67§,v47%)
identified by m;p° and i.r.. Evaporation of the reaction filtrate

still further afforded a quantity of black tér which was discarded.

" (b) o-Cyanobenzyl cyanide(I) (0.5g) was dissolved in methanol
(lOml)‘and avsoiﬁﬁion ofvscdium meﬁhoxide (O;Q4g.ﬁa in 3ml MeOH) was
addéd. ' The solution bécame greenish yellow immediaﬁely and was
maintained at 60° for 3huundef nitpdgen. The deep'green solution

became deep red on standing at gg.‘lsc overnight.  The colour was

155
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‘discharged on neutraliSationiof the solution by dropwise addition .

of 3N-hydrochloric acid*}; Additi'on' of water (20ml) precipitated an

o almost colourless product which was shown by i.r..to be starting

material ' Sublimation of the product at 90 /lSmm gave colourless
prisms of o—cyanobenzyl cyanide (I) (0 3lg, 62%), which had a

v m,p.,of 77 undepressed‘on admixture with authepticimaterial;;'

(c) The_proceduré in'(ii)iwaé’répeateoeusihé'a 2 maiar
excess of sodium methoxide (0.16g Na invshliMeOH); " The reactiou'was
appreciably dirtier and'a‘reduced yield‘(o.ldg;:ZO%)'of startiué
material (I) (identified by m.p., i.r.) was obtained on sublimation

of the crude reaction product.

(d) g;Cyanobenzyl cyanide»(I) (l.42g)-was dissolved in
methanol (20ml) and sodium methoxide (0.05g Na in 5ml MeOH)’was
added. The yellow solution darkened as the reactiOn was m&intained
for 8h under nitrogen at reflux temperature. Cooling in ice
afforded pale yellow prisms which on recrystallisationAfrom tetra~
hydrofuran (charcoal) gave colourless prisms of l—am1no—4—cyano—3—

(o-cyanobenzyl)isoquinoline (XIV) (0.13g, 9%) identified by

identicality of MePe and i.r. spectrum w1th those of authentic material.

(e) o-Cyanobenzyl cyanide (I) (0.5g) was dissolved in dimethyl—~
sulphoxide (5ml) under nitrogen. Sodium methoxide (0.05g Na in
Sml MeOH) was added and the golden solution heatea'to reflux
temperature.» The solution became dark brown on Heating under

reflux for 2h. Addition of water (1Oml) and cooling afforded
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product which on washing with water and ethanql was obtained as
very pale yellow prisms of (XIV) (0.22g, 44%) (by i.r.). Re-
crystallisation from tetrahydrofuran gave (XIV) as colourless prisms

(0.15g, 30%), m.p. 223°, m/e 284,



'CHAPTER XIV

PRODUCTS FROM THE REACTION OF 0-0~DICYANOSTILBENE WITH

ALKOXIDE IN ALCOHOL.

(1) "4-'Cyano-l-methdxy-'a-'-ghenyl:Lsoquinoline (XL) .- o=-0-Dicyano-
stilbene (II) (4.60g) was.dissoived in methanol {100ml) at 60°.

, Sodium methoxide solution (0.2g Na in 20ml MeOH). was added and the
sqlution was geaﬁéd at 6d° for 4h; The product, which separated
from the dark 6range solution overnight, c:ystallised from
methanol as coléurless needles (3;2g, 61?), m.p. 152o (Found : C,

78.6; H, 4.8; N, 10.7. C 0 requires C, 78.5; H, 4.6;

17%12™2 _
N, 10.8%), m/e 260. Voax® 2220, (C=N stretching), 1615 (C=N stretching), 
1576, 1569, 1506} 1345, 1280, 1329w; 1202 (aromatic ether C-O
stretching), 1170w, 1156, 1095, 1074, 1027w, 972, 872, 777, 765, 706
and 675 cm‘l(arqmatic c—ﬁ bending).‘ U.v; 5h89.-When the reaction

was scaled down to quarter’quantitiés the same yield (61%) was

obtained.

(ii)’4-Cyano—3,4—dihydro—l-methoxy—3-phenylisoduinoline (XXXIX) o=
The dinitrile (II) (l;ng) was dissolved in freshly distilled methanol
(30ml) outgassed with dry nitrogen and heated to 60°. With nitrogen

passing through the solution, an outgassed solution of sodium

158
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methoxide (0.07g Na in 5@1 MeOHﬁ was added and the reaction was
heated at 60o for 4h. No solid‘separated on cooling,the stoppered.
solutlon overnight §O- the volume was -reduced under ‘nitrogen to ca.
15m1 whereupon pale yellow crystals (0.75q) separated. Re- |
crystallisation from methanol ‘under nitrogen afforded a first crop
(d.ng) of oolourless crystals, shoWn by p;m.r,.(éee text).to'be a
vmixture of 68% (XXX1X) and 328 (xr) . A~second crop, obtained
during a further recrystallisetion from methanol, gave colourless
cubes of (XXXIX) (O.ngl,'m;p. 1220; m/e 262. (Found : C, 77.6;

N.O requires C, 77.9; H, 5.3; N, 1lO. 7%).

17 14 2

Voo 2250 (CEN stretching), 1650s (C=N stretching), 1600, 1580,

H' 5.3; N’ vlo.79 C

1500, 1450s, 1355, 1322, 1319s, 1300, 1278, 1198 (ether C-O stretch),

1145, 1090, lo50, 970, 869; 784, 755, 740, 700, 688, 668 Cm—l

(aromatlc C-H bending) Ama*(nm) (€ x'10—3) :_211(26.5), 247 (7.0),

262sh (4.4).

(iii) 4—Cyano-léethoxy—B-phenylisoquinoline'(LX).Q The dinitrile (II)

(Q.Qg) was dissolved in absolute ethanol (90ml) atAGOo.i.Sodium-
ethoxide solution (0.lg Na in 5ml EtOH) was added and the solution
heated at 60° for 4h. dn standing at,So’overnight, the brown
solution afforded erystalline product which waskreerystallised from
ethanol to yleld colourless needles of (LX) (0.56g, 24%), m.p. 132.5

(Found : C, '78.6; H, 5. l N, 10.0. N0 requlres c, 78 8;

C16814%
H, 5.1; N, 10.2%), m/e 274. Voax 2218 (C:N'stretchlng), 1620
(C=N_stretching), l5805, 1568, 1511, 1427s, 1339s, 1286, 1185
@romatic ether C-0 stretchlng), l163, 1109, 1093, 1072, 1030, 1022,

891; 775, 758, 688 and 679 cm-; (aromatic C-H bending). U.v. p.89.
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Attempts to obtain further product from the reaction filtrate yielded

only tar.

(iv) 4-Cyano-3—phehyl%ifp#opo#jisoquinoline.(LXXXIV),r¥ The dintrile
- (I1) (1.09) was-dissqlved:in‘pfopénbllkéoml) ét 66Q._  A'sqiﬁtion of:
| sodium propoxide (0%07giﬁéﬂinflomi:PrdH)_was aédé&xénd the‘sélutiOn
heated‘at'6oobfor 4h; ' No éroduct'separaﬁed‘from'the'solution'when |
left to stand aﬁ 5° bvernigﬁt. The produC£ WhichAwas obtained when
thékvolumeiwas réduced under partialvvacuum to ca, 15ml was re-
crystallised from ethanol (cha;cpalj ﬁo yieldicélourléés needles of
(LXXXIV) ‘(0.25.9,' 20%) , in;p. 110° (Found : é, ‘7‘9;3; H, 5.7; N, 9.8.
19 16 20 requires C, 79.2; H, 5. 67 N, 9. 7%), m/e 288 AY nax ? 2220.
(CEN stretching), 1620 (C=N stretching), 15765, 1562, 1505s, 1425s,
1380, 1345s, 1183 (aromatlc ether Cc-0 stretchlng), 1152w, 1088 1073,
1029w, 970, 898w, 868w; 777, 762, 699 and 671 cm -1 (aromatlc C-H

bending). U.v. p.89. Further concentrationvofvthe reaction filtrate

yielded tar from which no crystalline product could be extracted.

(Q) l—Butoxy-4—cyano-3—phenylisoquinoline (ﬁXXXV):;- k The dinitrile
(II) was dissolved in butanol (50ml) at 60°. A solution of sodium_
butoxide (0.07g Na in 5ml BuOH) was added and the solution was heated
at 60o for 4h; . No solid product séparated when cooled at 5o évernight
and the reaction volume was reduced under partial vacﬁum to ca. iSml. |
A small amoﬁnt of tarrygproduct separatéd‘from the'syrupy solution

aﬁd waé collected, tritﬁrated with a little ethanol and filtergd to
yield a small ciop of yellow cxystals which on recr&stallisation from

ethanol (charcoal) afforded colourless needles of (LXXXV) (0.l5g, 12%),
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m.p. 108. 5° (Found : C, 79.4; H, 6.1; N, 9.2. C 0 requires

2‘0H.;Lv8N2
C, 79.5; H, 6.0; N, 9.3%), m/e 302 V___ : 2230 (CEN stretching),

1618 (C=N stretching), 1580, 1558, 1510, 1431§, 1358, 1339s, 1309w,
1286w, 1243w, 1188'(a£omaticlétherzc-o stretching),fliﬁo, lQSO,Y
1039w, .és_s, 874w, aoaw,i.'jegw; 772, ‘718 ;r;a 7_68‘6‘ ".c;ﬁ'l_‘(é'rhoﬁzatic Cc-H
.benaing), U.Vo'Pesgf fﬁfﬁﬁe? coﬁcéﬁﬁiation ofitﬁé reaéti6n filtrate

~ afforded a considerable amount of tar from.whi;hvéttempté to extract‘

crystalline product failed.

(vi)jReactién of o?a—dicyanostilbene (I1) with'sodium.isoggppoxide in
isopropano .- ‘The dinitrile (IIf.(IQOg) was dissoivéd in'i§gpropanol
(45ml) at 60°. A solution of sddium iggpropoxide (0.07g Na in 5ml

_ Eggpropangl) was added and the feaction heated ét 60o for 4h. The
reaction solution afforded_‘no proauct on cooling overnight,anq'
conceﬂt?ation of.thé filtrate gavé,tar from which-no crystal1ine
prodqct.could be qbtéined;b | |

- ' 46
(vii). Preparation of the sodium salt (LXXIV) . - o-Cyanobenzyl

cyénide (I) (6g) and benzéyl chloride (ég) weré_warmed on a steam

bath until aAmelt was just obtained;  on addition éf'aqueous 10%
sodiﬁm hydroxide (120ml) with vigorous shaking, an exothermic

réaction ensued and the solution became b;ight'yellow. The reaction
témperature wés kept below 40o for O;Sh aha a smail quantity‘of solid
matter was removed by filtration., . The yellow crystalline paste

whiéh separated on cooling the solution for 2h Was‘cdllectéd and re-
crystallisea from warm water to yield almost colourless needles which

when redissolved in water and'filtered through charcoal, gave a
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colourless solution. TheAsalt'(LXXIV) wes not isolated, because the
aqueous sblutioh was used’directly?invthe-preparetiqnfof (BXXV) and

(LXXVI) (below) .

46 ;""‘1 o
(viii) Preparation of the silver salt (Lxxv) ' The,aqueous,sodium

salt (LXXIV) was added to aqueous 51lver n1trate. lThé product (LXXV)
precipitated as dense colourless prisms which darkened on expoeure
to light. The product was collected and drled without further

purlflcatlon and’ used in the preparation of (LXXIII)(beloW). N

(ix) a-(o—Cyanophenyl)—B-ethoxycinnamonitrile (LXXIII)46 ~ The

reasonably pure silver salt (LXXV) (1. 3g) was slurrled ‘with sodlum
drled ether (20ml) and iodoethane(l 5ml) was added ._The~migture was
heated undervreflux for.40min°5 silvex iodide removed by hot
filtration and the filtrate eeepoiafed to-dryneee;eJVThe.Qisccus
residue slowly crystallisea and waerecrystallisea_fiem etﬁanel
(charcoal) to give colourless needles of (LXXII) (O,Sg; 50%) m.p. 115-
116? (Lit. 46 115—1160) (fo@nd : C, 79.6; }H, 5.2; N, 10.2.
‘Calculated for C18H14N20 : C, 78.8; H, 5.1; N?'10-2%): ﬁ/e 274.

Vo 2225 (aryl C=N stretching), 2204 (a,B-unsaturated CEN

stretching); 1668 and 1519 (C=N a&nd C=C stretching); 1490w,

1450s, 1318s, 1296w, 1275, 1252w, 1l63s (ether Ceobstretching),
1108, 1077w, 1015, 970w, 940w, 902w, 845; 775, 768 and 710 cm -
(aromatic C-H bending)."lmax(ng) (e x 10’3) : 205 (24;2), 225sh

(17.9), 274 (10.5), 305sh (6.7).
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(x) 4-Cyano-3-phenylisocoumarin (LXXVI) .-

- (a) From the sodium Salt,(LXXIV)46 .= The product (LXXVI)
precipitated as colonriess needles when the aquéous sodium salt
(LXXIV) was added to 3§hydfochloric acid. One.recryétalliéation

46

-from ethanol gave needles, m.p. 208° (rit.*° 204-205°) (Found :

c, 77.7; H, 3.6; N, 5.5. Calculated for €, (HoNO, ;l‘c,77;7; H, 3.6;
N, 5.7%), m/e 247 Voax 2236 (CENistretching), 17495 (8slactone

C=0 stretching), 1612, 1348, 1329, 1240, 1154, 1100, 10l12; 760, 697,
686,v672w (aromatic C-H behding). Amax(nm)(e X 10'3):2212 (27.2),
226sh (17.3), 232infl (15.6), 240infl (13.8), 305 (16.8), 330sh
(12.3), 348sh (5.8). . The same productv(LxXVI),‘identified by m.p.

and i.r., was obtained Qhen the aqueous sodium salt (LXXIV) was

added to a cold, saturated aqueous boric acid solution.

(b) From acid hydrolysis of (LXXIII) .- The dinitrile (LXXIII)

(0.26g) was dissolved in a hot solutidn of‘3§hydrochlori¢ acid (20ml)
and concéntrated hydrochloric acid (O.Sml) and the solution was heated
under reflux for 1l.5h. ihe product whi¢h separated‘on cooling

was récrystallised from ethanol to give colourless needles of

(LXXVI) (0.l4g, 56%), having m.p., and i.r. and u.v. spectra

identical with those of the product in (a) above.

(xi) 4-Cyano-3-phenylisocarbostril (LXXXI)48 -

(a) From acid hydroiysis of (LX) .- The compound (LX) (0.29)

was dissolved in acetone (15ml) and 3Nhydrochloric acid (1lOml).

Concentrated hydrochleoric acid (lml) was added and the reactionAheated
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under :reflux for 1h. ‘ColouileSS crystals separated as the reaction
proceeded and after cooling in ice, the product was collected and
recrystallised from ethanol to yield colourless needles of (LXXXI)
(0.14g, 78%), m.p. 270 <(Found : C, 78 2; H; 4. 2; N, '11.3.
Calculated for Cl6HlON20 : C,'78.lrea,'4;l; N, 11;4%), m/e 246;
Viax 3160br (bonded NH), 2230 (CEN str“etchint;'), 16655 (6-lactam
C=0 stretiching), 1614,41500, 1458s, 1383, 1347, 1285w, 1273w, 1170w,
1150, 884; 775w,;764, 701 and 690 cm-l (aromatic C-H bending).

A (nm)‘(e n 10_3) : 215 (36.2), 2331nfl.(1953);‘244infl. (18.2),
310 (15. 8), 325sh (12.9) 340sh (6.4). Under the‘Same7conditions,
ac1d hydroly51s of (XL) gave a product (78%) identical (m. p. and i.r.
spectrum) with the product (LXXXI) obtained by aC1d_hydroly51s of

(LX) .

(b) From the action of ammonia on 4-cyano-=3-phenylisocoumarin
'(LXXVI)48.r The isocoumarin (LXXVI) (1.0g) Was heated in a sealed
tube with ethanol (12ml) and liquid ammonia'(g§:~7ml),at ca. 140° for
18h. The product which separated on cooling was collected and re-
crystallised from ethanol to yield colourless_needles (0.62g, 62%)
which had a m.p. and i.r. spectrum identical with those obtained for

4-cyano-3-phenylisocarbostyril (LXXXI) in (a) above.



CHAPTER XV

PRODUCTS FROM THE REACTION OF o-CYANOBENZYL CYANIDE WITH

0-0~DICYANOSTILBENE IN THE PRESENCE OF METHOXIDE.

(i) Reaction of o-cyanobenzyl cyanide (I) and‘o~d-dicyanosti1bene:(II)

in the presence of methoxide.- Q—CyanObenzyl cyanide - (I) (5.68g,

4 x 10_2 mol) was dissolved in'mefﬁanol (120m1) ‘to which ‘sodium methoxidev
(0.2g Na in 20ml Meoﬁ) had beeﬁ édded..' o-0~Dicyanostilbene (II) (9.20g,
4 x 16-2 mol) was added and the solution maintainéd‘athOo for 4h. Crude
prisms of (XC1V), which had separated on cooling the aark brown solution
~ overnight, were collected and immediately, needles of (XL) crystallised
in the filtrate. SlightyreduCtion in volume of the filtrate and

cooling afforded a érop of priéms ofb(XCIV) and needles of (XL).

Further reduction in voiume of the filtrate'under partial vacuum gave a
black gum from which no solid pr¢duct could be extracted, v‘Ref
‘crystallisationsifrom ethanol (charcoal) gaVé a) colpurless needles

of (XL) (2.60qg, 25%); identified by m.p., mixed m.p. and i.r. spectrum
and b) colourless prisms of (XCIV) (4.8$g, 33%), m.p,~207o (Found : C.

80.3; H' 404; N' 1.5.1. C requires C, 80.7; H’ 4.3; N, 1501%)0

2571674
m/e 372. v___ : 3485, 3368, 3215, 2215, 2210, 1630s, 1617, 1575, 1548,

1508, 1345, 1152, 929, 874, 778, 769, 736, 691, 682 cm—l. Amax(nm)
3. :

(€ x 10 7) : 220(39.0), 255(26.2), 305(24.6), 344sh(12.0), 360sh(6.4).
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(ii) Monoacetyl derivative of (XCIV) - The compound (XCIV) (3 og)

‘was finely ground and dissolved in acetic anhydride (20m1) and glacial
acetic acid (20ml)’ and the solution heated under reflux for 4Smin.

The hot pale orange solution was- poured on to ice (80g) and the oil
which formed was. caused to solidify by scratching, to give an’ almost
'colourless product,‘recrystallisation of which from tetrahydrofuran '

- afforded colourless prisms of the monoacetyl derivative of (XCIV)

(2. 4g , 72%), m.p. 219 (Found : C, 78.0; H, 4.‘3; N, 13.6. C27H18N4O ’

" requires C, 78;3;-H, 4.4; N, 13.5%), m/e 414, kmaxlnm) (e x 10 3)

(solvent : tetrahydrofuran) : 251 (31.8), 305 (25.2), 338sh (15.6),
352sh (8.9).V _ : 3226, 2223, 2213, 1685, 1619, 160lw, 1576, 1568, 1510,

1344, 1280w, 1240, 1042w, 1009w, 951w, 774, 769, 693, 678 cm

(1ii) Ozonolysis of the‘monoacetyl'derivativeroff(XCIV) .- The acetyl
derivative (2.07g, O;OOS_mol) fromlii) ahove_waS“stirred in A.R.
glacial acetic acid (lOOml).at 10°. When most of the solid vas
dissolved, an‘approximately BM excess of ozoneiwas passed through the
solution over 30min. Zinc dust (4qg) was carefully added to the cold
reaction mixture followed by cold water (100ml);. vThe-dark solution
and sludge were stirred at 10 for 2h. bpon reﬁoval of the metallic
sludge, addition of water (70m1) to the filtrate precipitated a
dirty flocculant solid which on recrystallisation from.methanol (charcoal)
~gave a small yieldv (1omg) of yellow needles m.p. 1499, m/e 273 and |
- a quantity of tarry material. The reaction filtrate was steam
diStilled, the distillate affording bensaldehyde,'isolated as the .
2,4-dinitrophenylhydrazone (0.7lg, 50%) identified by m.p. (2370),
mixed m.p. and 1.r. comparison with authentic material. Attempts to

obtain further’product from the distillation residue were abortive.
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(iv) Permanganate o#idaﬁion‘of'(XCIy)‘.—, The comﬁound.(XCIV)

(0.93g, 2.5 x 10'3 moi)» w}aé.idi‘s'so_lved' ;rﬁ'pyridine“A(Zoml) with stirring.
With the flésk‘cooled iniicggpdtassium petmanganate (0.79g,. 5 x 10—3molf
in wateri(ISml) was sldWiy,éddedo An immediate exothermic reaction
was noted and mangénese dioxide was precipitatgd° After 1Omin all
the perméngahate’waﬁ consuméd (nQ pink'in spbt'én fi;ter paper).4 The
rgactioh was acidified wigh di;ute hydroéhloric‘éqid (1oml 3N, 0.5ml conc.)
and the manganese dioxide 'convéited tovsoluble manganous salts by
éassage througﬁ the solution‘of sulphuf dioxide for 15min. The
colourless proauct in the brdight yel}ow solutién wés.cdllected,

washed with boiling water to dissolve any benzpi¢:a¢ia present, and
recrystallised from tetrahydrofuran¥96% ethaﬁol tdvy;eid colourless
prisms of (C) (0.45g, 63%). Drying the‘product ove;-phosphorous
pentoxide below 40O gave,colourleés anhydrous prismé which, when
analysed encapsulated,-wgre‘fbund to have the compdSitiop C, 70,5;'

H, 3.7; N, 14.6. .'C17H11N302 requires C, 70.6; H, 308;_N” 14.5%.

The anhydrous prisms readily gained weight on exposure to air to yield
a_hydrate of variablé compositiong: "I.r. SPectra Of © varied
according to the étate pf hyd:ation’aﬁd possibiy inﬁermoleculaf assoc-
iation of the sample. ’Géneral broadening of*absorptionsbwas obsgerved
in the 3500 to 3000 and 1700 to 1600 cm_l regions but-constant
absorptions were observed at : 2500, 2216, 1680s, 16205; 15835, L334,'
768 cm—l. In ;bsolute ethanol there were U.Vf Ama#’ vatv218, 256,
‘and 333 nm. The mass épéctrum of (Cj was identical to that of (CI)

except for overloading of the peak at 18 (watér),

On heating the colourless prisms gradually converted to bright
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yellow prisms of (CI), thch did not melt aﬁha sharp ;emperature but
lost their crystalline fofm at SES 270° to form an émorphous masss
A quantity of (CI) wa;Vprepared'by heatihg-(c)x(O;ng in an oil bath
at 210° for 1h. The\&éliéw product was recrystallised,twice'from
benzene to yield bright yélloﬁyprisms of (CI’_(O.lAg, 75%)'ﬁhich again
iost their.érystalline f°£@ at E§3v27o° (Found : C} 75.6; H, 3.3;

N, 15.6.'cl7H |

9

Voo, ¢ 3303, 2221, 1735s, 1649, 1610, 1598, 1313, 1296, 1180, 1153br,

N.O requires C, 75.3; H, 3.3; N, 15.5%), m/e 271.
1100, 1025, 970, 874, 773, 761, 698_cm-lg A éax(nm) (€ x 107
220 (36.0), 237 (31.0), 257sh (19.7), 286 (5.9), 318 (8.9), 335inf. (8.1),

360sh (6.8), 392 (5.5), 4l6sh (3.2).

(v) Condensation of o-cyafiobenzyl cyanide (I):with'anisaldehyde to yield

‘the stilbene (ClI) .- '(Preparatibn according to the method of

~Gabrield and Eschenbachg) Q;Cyanobenzyl c&anide (iOg),anisaldehyde
(11.9g) and piperidine (10 drops) were heated at 140-_-150o for 1.25h.
The hot product, a dark oil, was dissolved in hot ethanol.(ZOOml). on
cooling, the productvseparated as pale yeliow crystals which on re-
crystallisation_froﬁ ethanol (charcoal) gave colourléss needles,of (CI1I)
(llq4g, 62%), m.p. 115.5° (Found : C, 78.4; H, 4.8 N, 10.7. C, 1, ,N,0
réquires C, 78.5; H, 4.6; N, 10.8%, m/e 260.vma¥ : 2228, 2212, 1612,
1593s, 1567, 1522, 1488, 1432, 1319, 1271s, 118ls, 1165, 1030, 958,
949w, 934,‘832,’762, 753 cm . Amax(nm) (€ x 107) . 216 (18.4), 240sh

(12.4),'2605h (4.8), 336 (24.3).

(vi) Preparation of the substituted isoqpinolihe (C1I1) .- The dinitrile
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(CII) (0.5g) was dissbived in methanol (20ml). Sodium methdxidé

(0.0Sg Na in 5ml MeOH) waé added'and'the reéction?maintained aﬁ 60o

fdr 4h; The proéuct which separated from the~aark'solution on cooling,
was recrystailiséd from ethanol Ycharcoal) to yield colourless needles
of (CIII)>(0.29,138%),'m.p; 168° (Foﬁ#d : C, 74;6:’3, 5.0; N, 9.5.

C g, 4N,0, Tequires C, 74.5;:H, 4.8; N, 9.7%), ﬁ/e'zgo.'vméx . 2225,
1609, 1576, 1558w, 1524, 1505, 1348; 1307; 1284w, 1251,_1201, 1172,
lléSw, 1092,‘1031, 975, 876w,‘867w, 836, 815, 790w;:769; 735w, 702w,

1

673 cm S - Xnm) (e x 1070): 218 (32%3), 234sh (20.6), 255 (13.6),

284 (20.6), 316 (19.5), 350sh (6:3) o

(vii)'Acid hydrolysis of (CIII)Lto thevi30carbos§yril (CIV). ~ The

substituted isoquinoline (CIII) (0.45g)_was heated under reflux in
acetone (45ml):and hydrochloric acid (10ml 3N ahd 4ml conc.) for 2h.

The préduct»which separated asbthe hydrolysis prqceeded was collected and
recrystallised from tetrahydrofuran fo yieldvfine colourless needles of
(CIV) (0.38g, 89%) m.p. 307° (Found : C, 73.7; H, 4.3; N, 10.3.

Cy 48 ,N,0, requires C, 73.9; H, 4.4; N, 10.1%), m/e 276. V. 3170,

3050, 2225, 1664s, 1608s, 1522, 1501, 1450, 1345, 1298, 1260s, 1183, 1l4e6,

1034, 882w, 870w, 845, 817, 788, 770, 701w, 684 cm -

. A (nm)
max
(e x 10_3) : 216 (32.0), 235sh (13.4), 254 (1l1l.1), 271sh (7.6), 317

(15.2).

(viii) Reaction of o-cyanobenzyl cyanide (I) and the stilbene (CII) in the

preéence of methoxide .- o-Cyanobenzyl cyanide.(I) (2.20g) was
dissolved in methanol (50ml) to which sodium methoxide (0.lg Na in 20ml

MeOH) had been added. The stilbene (CII) (4.0g) was added in small
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portions and the solution maintained at 60° for 4h. Cooling tﬁe dark
reaction solution iﬁ ice gavé crystals which on recrystallisation from
ethanol (charcoal) were obtéined as coloﬁrless n;edLgs of (CiII)

(1.65qg, 37%), identified;by‘m.p. and i.r; compafisbﬁ with a sample

" prepared in kvi) abdvé. | On standingy} the»react&bh filtrate affdrded

a second crop, recrystallisatién of which from tetrahydrofuran*ethanol'
‘(charC§al) gave almost coléurléss prisms‘of (EV) (1.62g, 26%), m.p. 217°
| €t gNi0 requires C, 77.6; H, 4.5;
(N, l4.o%), m/e 402. vmax:;3497)'33ol, 2215, 2204; 1645s, 1604, 1591,

1577, 1550, 1512s, 1430, 1311, 1255s, 1180s, 1032, 832, 771, 759 cm_l;

3

(Found : C, 77.6; H, 4.5; N, 14.0.

A (Am) (€ x 1077) : 219 (44.8), 232infl (33.7), 256sh (23.8), 325 (32.2).

(ix) Monoacetyl derivative of (CV) .-  Compound (CV)’(O.Bg)_was finely

ground and heated under gentle refluxfin.glacial acetic acid (4ml) and
.acetic anhydride iSmly foi 15min. The hot péle;yelléw sblution was poured.
on to ice (30g) and the oil whiéh formed sq§n solidifed én being
scratched. The almpst colourless pioduct nearly completely‘dissolved

in hot ethanol but a‘small quantity of bright.yellow,prisms remained‘and
dissolvéd with difficulty only on boiling.  The boiliﬁg»solution was
colourless but charcoal was added and after filtration, the.cool filtrate
affqrded colourless brismé (0.29g) . Afsecohd crop ofubrighﬁ yeiloﬁ prisms

(0.03g) was collected from the filtrate after it had stood overnight.

'The colourless prisms were warmed in acetonitrile. Some dissol-
ution occurred but the bulk of the prisms became bright yellow and

dissolved only with difficulty on boiling to give a colourless solution.
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-‘Cooling the filtered solution afforded a‘érop of mixed colourless and
yellow’prisms which were .redissolved in boiling ethanol to give a
colourless solution., 'Xéilow prisms‘crystallised from the warm solution
and were collected. The filtrate, whencholed beléw 209 afforded

colourless prisms. Total yield 0.25g, 75%:

Data for the colourless‘prisms : mM.p. Becamekyeliow on heating,

'. o T e | ) .
finally melting at 210° (Found : C, 75.8; H, 4.4y N,,12.5. C28H20N402

requires C, 75.7; H, 4.5; N, 12.6%), m/e 444. V___ : 3420, 2212, 1709s,

1610, 1598, 1566, 1555, 1505, 1328, 1303, '1288, 1260br, 1176, 1026,827;,770,

759, 669 cm .

. Data for the yellow pfiSms : m.p. 2i0°. vﬁax: 33007to 3100br. multiple
absorption, 2225, 2210, 1709sh, 1690br, 1614, 1604, 1586, 1572, 1560br,
1509br, 1425, 1339, 1309, 1260; 124sbr, 1176, 1026, 827, 759, 755, 671 cm~l. ,
" The yeilow prisms éould be recovéied from éthanélic solutions by -

inducing crystallisation above 200; Crystallisation l;elow‘ZOo afforded

the colourless prisms  (by m.p., i.r.).



 CHAPTER XVI

PRODUCTS FROM THE REACTION OF OLCYANOBENZYL CYANIDE WITH

BENZALDEHYDE IN THE PRESENCE OF METHOXIDE.

Notes: . In agreement with Chapter VIII, the following o

notation is. employed in this Chapter-fo;

| QQEEQEEE v"}ﬂ 'f_  Structure Number{ ; ﬁ
M ‘ .1" f  :k f:é(CVII)i,X ;[H;ﬁh;?
N BRI -ﬂ"f'(_'cvviI).-,-_x = ome f .
o  e 3 ‘”.y(ckvn).,:‘x = c1
P - ‘ .fl ,:' (CVIi;,jX =_§Eﬁ W3'
0 _ .. :> ffe(cx)'A; x'=iH‘*
R (ex) , X = Ome
s I ’('CX)' Cx= c1
T | o xy , x= 0Bu

Compounds haVingstructure (CVIi)‘became deeper yellow
and then charred on heating. Decomposition of the

compounds was complete by.290°.

Compounds having structure (CX), except‘T, were stable to

heat up to 33.2500 at which temperature they began to char.

172
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(i) Reaction of o—cyanobenZyl-cyanide (I) with benzaldehyde in methoxide

and methanol .-

‘(a)AThe‘dinitrlle fi)vxéog) was dissolvedvinfwarm methanol (150ml),
and sodium nethoxidev(o 2g:Na‘inﬁ25ml MeOH)kadded,~follerd by benze
;aldebyde (ng); The yellow solution was heated at 60 .for 4h. SOme
: solld began to separate from the dark brown solution after 2h. and more

7was obtained on coollng the flask 1n ice. Recrystallisation from

:Vtetrahydrofuran (THF) (charcoal) and drying at 40 /O 05 mm gave fine

‘cream prlsms of hemisolvated M (6 7g, 25%) (Found : C, 75 8, H, 5. l,

13 4. N 0. %C (e} requires C, 76 l, H, 5 2 N, 13 2%), m/e 390

25 18 4 87

.f(96%), 313 (100%), 251 ," The sample after being mulled with D2

m/e 393 (lO%), 392 (14%), 391 (10%), 390 (4%), 316 (77%), 315 (lOO%)

O. gave

314 (59%), 313 (14%), 253 :ma 3soo 3ooo, 2226, 1650—1610br, 1570,
1540, 1309, 1277, 1254, 1216w, 1165w, 1047w, 1030w, 880br, 765, 756,
697, 682 cm -1 Xméx (nm) (e x 10° 3) (solvent THF) 276(4 3), 284 (4. 3),

348(14.7).

Tne reactlon flltrate‘slonly afforded a second crop.of crude product,
~more of whlch was obtalned‘by reducing the filtrate to half-volume.
'Further attempts to obtain solid product gave an 1ntractable tar. "TheA
: crude product was boiled_;n ethanol and filtered;hot,r, The flltrate was
jboiled With charcoal, refiltered'and éllowed to cool;;i The colourless
needles (2.16g,17%):whichvseparatedfwere.ldentifleda(m.p;,fi;r,) as
-g—u—dicyanostilbene'(ix) (cf;'p;1355} :iThe residue, fromrthe ethanol
filtration, was recrystallised from Tﬁf to afford,veryffine yellow
prisms (O.l4g, 0.5%) identical,(i,r., m.s.) with tbefproduct Q

obtained in (ii) below.
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(b) Repeating thé‘procedure in (a) above but using sodium
ethoxide and ethanol iﬂ"plaée’of sodium methoxide and methanol, the
reaction became darker, and reduced yieids of the same products were

obtained (M, 10%; (II), 6% Q, 0.3%).

(e) Underflegs vigorous conditions the reaction in (a) above
 was much cleaner but»néﬁe'of‘the product Q was obtained and the yield
of M was reduced. Thus‘at-25? for 4h. the reactioh afforded M (15%)

and II (8%) whilst at 5° for 4h, the yield of M was 3% and of (II), 6%.

(ii) Treatment of the compopﬁd"M with hydroxide .- “The compound M

(0.5g) was heated under reflux in 2N~-sodium hyd}roxi‘d.e,for'Zh°

Evolution of ammonia was not detected and the solid did néot dissolve
but became brith yellow. Recryétallisation from THF afforded very
fine bright yellow prisms of the hemihydrate of Q (0.48g, 92%) (Found:
C2sf18My
. * . *
N, 14.0%), m/e 390 (11%), 389 (20%), 388 (59%), 386 , 313 (lOO%), 251
vmak 3440, 3370, 3220, 1655s, 1l642s, 1610, 1584, 1571, 1540, 1522, 1435, .

c, 75.8; H, 4.8; N, 13.7. o} 5H20 requires C, 75.2; H, 4.8;

1346, 1284, 1259, 1150, 1119, 1020, 888, 814, 755, 747, 699 cm -..

(iiif Acetylation §f the comp&und M .- The coﬁpound M (3.90g) was
fihely ground énd added to acetic anhydride.(zsml) and glacial acetic:
acid (30m1). Thé mixture was heated under reflux for 2h, and cooled.
Bright yellow éolid wés collected énd recrystallised from benzene-
petfoleum eﬁher (b.p; 60—800)'to‘affprd yéllow prisms of the monoacetyl
derivéti&e (3.80g,‘88%). The prisms did not melt,bﬁt charred at ca.

270° and finally decomposed at ca. 290° (Found : C, 75.2; H, 4.7;
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N, 12.8. 0, requires C, 75.0; H, 4.6; N, 13.0%), m/e 432 (27%),

€780
430 (18%), 390 (36%), 388>(38%), 356 (31%), 355 (l00%), 313 (83%).

Sk : N ; *
There were meta stable peaks at 351 (432-CH3C0), 350 (430-CH3CO), 292 |
(432—06H5), 276 (355-CH3co), 251 (390-66H5). 'vmax3180’ 2?30, 1716,
1650s, 1590s, 1550, 1396, 1315, L218, l200s;'ll5o, 1lol5, 992, 790, 771,

760, 735, 700, 694vcm-l.

(iv) Attempted oxidation of the compound M with permanganate..- The

compouhd M (0.39g, 0.001 mol) was stirred with pyriéiné (20ml) at 10°.
Potassium permanégante (0.32qg, 0.602 mol) in water (loml) was added

and the mixture sfirréd at 10° for 2h, No reactipﬁ was observed, so

a furthei quantity of permanganate (0.32g) in'wager (loml) was added
and, with nitroéenibassing over,ithe solution was heated undeﬁ,reflux,
for lh. Although the permaﬁganate had been COnsumed and manganese
dioxide had'preciéitated,vthe colourless prisﬁs (O.3lg; 79%), recovered
from the yellow solution after passage of sulphur dioxide, were found

to be starting material (by m.p., i.r.).

(v) Reaction of o-cyanobenzyl cyanide (I) with anisaldehyde in methoxide

and methanol .-

(é) The dinitrile;(I) (20g) was dissolved iﬁ warm meﬁhanolv
(lSOmli and sodium methokide.(O,Zg'Na‘in 25ml MeOH) was added, followed
by-anisaldehyde (l9g). Thevyellow solutién was heated at 60° for 4h.
The pfcduct, collected after cooling tﬁe flask in ice, was recrystallised
from THF to affofd-pale yellow prisms of N (8.9g, 29%) (Found : C, 74.1;

H, 4.9; N, 13,2, requires ¢, 74.3; H, 4.8; N, 13.3), m/e

Coet20M42
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420 (100%), 313 (94%), 233.5 . v_,,3500-3000 multiple absorption,
12226, 1640s, 1610s, 1570, 1540, 1510, 1309, 1253, 1179, 1032, 824, 765,
756, 737, 683 cm . Axm (om) (€ x 1o'3x(solveht : THF) 277 (6.2), 285
(6.0), 348 (16 0). T(d DMSO) 6. 30(3,singlet), 5.72(1, singlet), 5.66
n(l,singlet), 3 3-1 7 (13, complex), 1, 17(1 br singlet), -2, 14(1 br

51nglet). 'In a spectrum of the compound in trifluoroacetlc acdd,

the two methine proton signals occurred at 4.96.and 4.79T.

vContinued ymrk-up of the reactiou as in (ia) above afforded

(1) . Colourless prisms of the stilbene (CII)‘(Z.lg, 6%, from
ethanol)  identical (m.p.,bi.r.) to the product (CII ) from the
piperidine cataIysed”condensation.of the ainifrile (1) With anisaldeh- .

yde (p.168).

(2). Very fine yellow prisms of R(O.Qg,.3%,‘from THF) {Found :

c, 74.1; H, 4.8; N, 13.2. requires C, 74. 3; H, 4.8;

C26M20M4%
. . *
N, 13.3%), m/e 420 (7%), 419 (19%), 418 (58%), 416 , 313 (l0O%), 233.5 .
v__. 3440, 3360, 3200, 1645s, 1640s, 1611, 1584, 1573, 1541, 1522, 1348,
1290, 1250, 1170, 1040, 1023, 860, 825br, 787, 760, 748, 680 cm .

max

A (nm) (g x 10—3)(solvent THF) 275infl (18.6), 302 (16.2), 347infl (11.0),

384 (16.2), 404 (l6.6).

The same product R(95%)(by i.r., m.s.) was obtained from treatment
of N with 2N-sodium hydroxide under reflux.
(b) When the reaction was continued for 24h. at 60°,the

solution became very dark and the yield of N (10%) was reduced, partly
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. by conversion to R which was obtaired in slightly increased yield (5%).
‘Attack by methoxide on the stilbene (CIi) gave the product (CIII)
(3%) ,identical és regards m;p. and i.r. spectrum with the compound (CIII)

already described (p.168).
(c) ‘Repeating the'reaction for 4h. at 60°.using one mole of
sodium methoxide gave a very dirty reaction from which small yields

of R(1 - 8%) and (CIII) (1 - 2%) were isoléted.:f

(vi) ‘Acid hydrolysis of the compound N .- The compound N(1.00g)

was dissolved in 50% aque¢ué trifluoréacetic acid (20ml) and heated
under #eflux for 4h. The yellow soiution was poured on to ice (100g)
and fhe:yellow cry;;als which formed weré rec;ysﬁallised from methanol
(charcoal) -water to yield dolourless needlesbof the monohydrated lactone
(CIX) (O.éSg, 62%), m.p.v194-l95° (Found : C, 71.3;AH, 4.,5; N, 9.6,
C26H19N3O3. HZQ requires C; 71.1; H, 4.8; N; 9.6%); m/eb421° Thermo-
gravimetric analysis $f the mohohydrate gave é weight loss of 3.7%
(90—1200). Loss of one mole of water requirés a weight loss of 4.1%.
vmax 34QO—3000, 2230, 1730; 1660br, lGlo;vlSll, 1335br, 1304, 1253, 1211,

1178, 1035br, 939, 821, 763, 754 cm *. A (o) (€ x 107%) 227 (34.6),

ma

279infl (7.4), 285 (8.9), 310 (11.1), 345infl (7.1).

(vii) Reaction between-o-cyanobenzyl cyanide (I) and p-

chlorobenzaldehyde with methoxide and methanol .- The dinitrile (I)

(5.5g) was dissolved in methanol (35ml) and sodium methoxide (0.05g,Na

in 5ml MeOH) added. _p-Chlorcbenzaldehyde  (Sg) was added and the

‘solution heated at 60° fdr 4h.  The solid which had separated from the
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cooled solutioﬁ'was‘recrysﬁallised from‘THF tb'afford fine yellow
prisms of the producﬁ.o'(l;25g, lS%)-(Fouﬁd :VC, 70.5; H, 4.1; N, 13.0;
ci, 8.3. C,gH; ,N,CLO réquireg c, 70.7% H,‘4.o; ﬁ,'13.2; cl, 8.4%),
m/e 426 (22%, P+2), 425 (18%, P+l), 424 (62%,P) ’ 3i3 (1;30%), 231*.
vm;;3500f3ooo, 2228, 16$Qf16165,~1575br, 1543; 1504, 1479, 1311, 1280,
1257, 1216, 1167, 1092, 1014, 868br, 816, 769, 759 s xmag(“ﬁ)
(é X 10_3)(solvent:THF)_276 (4.8), 284 (5.0, 343 (15.9). T (d,DMSO)
‘ 5,65(2, singlet), 3.2 to 1.6 (13, complexj, 1.24 (1, br singlet),

-2,15(1,br singlet).

Furthef‘produCt.wasvobtained by'reducing #ﬁé\¥§acfion_filtrate;_.
to half—voluﬁe. Cooling a hot éthanol (chércoalf{gxtfact affoided
colourless prisms (6.13g,71%5 idéntical (m.p., i.r.) with the p-
chloro-substituted stilbene (LXV) described in (viii) below. Re-
crysfallisation from TﬁF éf the ethanol-insolublevreSidue‘yielded
.fine bright yellow prisms:S‘(O.lOg;‘l%),.m/e 4?6 (3%;P+2), 425 (7%,P+1),

‘424(22%, ?),v422‘(48%),:426*, 313 (100%), 231*. vgax3420( 3350, 3195,
3120, 1650s, 1638s, 1608, 1580, 1568, 1540, 1523, 1345, 1290, 1276,

1262, lo86, 1020, 860, 815, 758, 747 cm-l.

(viii) Piperidine catalysed condensation of o*gyanébenzyl‘cyanide

(I) ‘with p-chlorobenzaldehyde .- The dinitrile(I) (6.00g), p-

3

chlorobenzaldehyde (7.46g) and piperidine (12 drops) were heated at

. 150o for 1.75h. The hot dark liquid was dissol&ea‘iﬁ hot ethanol
(iZOhlf and the solution was cooled. The yeilow solid which
separated was collected, dried, dissolvéd in benzeﬁe (1looml) and passed

over alumina (200g, 100-200 mesh), using benzene (600ml) for elution.
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The first and last fractions of very crude materiél were discared
and the very palevyEllow prisms, obtained by removal of the solvent
from the intermediaté’fractions, wére recrystallised from ethanol
(charcoal) to afford colourleSS‘prisms‘bf gj-cﬁiqro-g—u—dicyano-
stilbene (LXV) (6g, 54%), m.p. 137° (Found : c, 72.8; H, 3.6;.

N, 10.5. C Cl requires C, 72.6; H, 3.4; N, 10.6%), m/e 264.

16792
v 2226, 2220, 1608, 1587, 1495, 1411, 1261, 1093, 1080, 1013, 932,

825, 774 em . A
: .o max-

nm) (€ 3_10’3)'254,(4.8),'305'(20.81.

(ix) Reaction of o-cyanobenzyl cyanide' (I) with p-butoxylbenz-

‘aldehyde using methoxide and methanol .- The dintrile (I) (8.65g),

Efbutoxybenzaldehyde’(1og) and sodium methoxide_(o,lg’Na in 10ml MeOH)
were dissolved in methanol_(60ml)‘and the‘solution was heated at 60°
for 4h. | Yellow crystalline solid separated'from‘the dark solution and
was collected. Further'prodﬁct’was obtained by reducing the volume
of the filtraﬁe. ‘The cémbined yiélds were boiled in ethanol and
filtered hot. Treatment of the filtrate with_cha¥coal and cooling
afforded very pale yellow needles (1.36g, 6%) m.p. 85-87°., .vm;x2228°
2218, 1592, 1520, 131%, 1275, 1260, 1181, 1039, 1005, 832, 755 em L.
Amax(nm)(s b4 10-3) 216 (19.0),.246sh (12.8), 2€dsh (5.4), 337 (25.2).
By the éi@ilarities in ﬁheir i.r. and u.v. spectra,'the product was
shown to be the p-butoxy-homcdogue of the stilbene (CII) (p.168). Re-
crystallisation of the résidue from THF yielded pale yellow prisms

of P(1.85g, 13%) (Found : C, 75.1; H, 5.9; N, 12.1. requires

Caot6N4%2
*
C, 75.3; H, 5.6; N, 12.1%), m/e 462 (100%), 313 (67%), 212°. V___

3500-3000, 2230, 1640s, 1615s, 1575br, 1540, 1507, 1308, 1250, 1175, 1030br,

870br, 820, 760, 735, 682 cmnl. Kmax(nm)(s b4 10-3)(solvent:THF) 277
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(6.0), 285 (5.8),»348 (15.0). T(dGDMSO) 9.12 (3, distorted triplet),
8.9-8,0 (4, complex), 6.06 (2, triplet showing finer splitting), 5.72. .
(1, singlet),5.66(l, singlet), 3.4-1.7 (13, complex), 1.22 (1, br singlet),

- 2.16(;, br singlet).' on additidn‘of D Q,'the.signals at 1.22 and

2
-2.16T were removed and the complex between 3.4 and 1.7T then had an

intensity corresponding to 12¥§r6£ons.

;(x)'Treatmeﬁt of’£ﬂe comgpuﬁdif with hydroxide .- vThe compound.P
(0.30g) was heated ﬁﬁder;reflﬁﬁ'in ¢thanol (lSﬁl)‘and;2§rsodium hydréxide »
(20ml). After 20 min, all the éolid'héd diséolved tblgive é bright
yelléw solution. Heating was continued fqr lh; ~ Evaporation of

- most 6f the eﬁhaﬁol caused the p?é;ipitation of yelibvaroduct which
was collectéd, washéd tﬁoroughly with wéter andyrecrystallised froﬁ
THF to afford bright yellow prisﬁékof T (03289,‘93%), m.p. 243—2450,
m/e.462 (18%), 460 (80%), 458*, 313 (106%), 212*. vmax3420,'3340, |
3180, 3135, 1655s, 1640s, 1610, 1582, 1568, 1534,11509, 1342, 1287, 1278, 
1265, 1246, 1220; 1169, 1148, lo068br, 1020, 852, 825, 809,781, 743,
672 em™ . A___(mm) (€ x 107) (solvent : THF) 275infl (19.0), 302 (16.7),
347 (11.4), 384 (16.6), 404 (17.0). T(3,DMSO) 9.4 - 8.1 (7, complex),
6.28 (1.2, br triplet), 6.06 (0.8; br tfiplet),'4;l2 (O.65,Asinglet),
3.7 - 1.7‘(14, complex), 1.53 (0.61, br singleﬁ), 0.73. (0.57bx

singlet), -1.91(0.40, br singlet), - 2.60(0.35, br singlet).

(xi) Attempted alkaline hydrolysis of the compound (XCIV) .- The

compound (XCIV) (0.3g) was heated under reflux for lh in methanol

(30ml) and 2N-sodium hydroxide (7ml). on cooling in ice, the yellow

solution afforded pale yellow product which on recrystallisation from
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methanol (charcoal) was obtained as colourless prisms (0.2g, 67%) of

5 .

starting material (by m.p., i.r.).

(xii) Attempted methoxide catalysed condensation of the compound

(XIV) with benzaldehyde .- The compound (XIV) (0.28g) was dissolved

in hot methanol (25mi) containing sodiumlmethqxidé-(Q.OSg in 5ml MEQH)L
‘To the'refluxing~soluﬁion,.benzaldehﬁde (0;15§)'iﬁ methahol (5ml) was
added dropwise. - The colourless‘solution,wﬁichrsmélt stfongly of

‘ benzaldehyde after it had been heatgd ﬁndervrefluxvfor éh, was

cooled in ice to éfford colourless prisms of starting maﬁerial (0.209,

72%) (by m.p., i.r.).
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