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A B S T R A C T

£-Cyanobenzyl cyanide does not form an im idate w ith 

methoxide "but undergoes dim eric ad d itio n  end o y c liz a tio n  to  

l-amino-4-c.vano-3~(o-cyanobengyl) iso cruinoline* A b e t te r  y ie ld  

o f t h i s  product i s  obtained from th e  a c tio n  o f sodamide in  

formamide on th e  d i n i t r i l e  but w ith t h i s  reagent a secondary 

re a c tio n  occurs by a tta c k  o f th e  formamido anion, generated 

in  th e  re a c tio n , on th e  d i n i t r i l e ,  to  a ffo rd  a m ixture o f c i s -  

ahd trans-l-arairio-3-form am idoiso q u in o lin e .

£ -  a—D icyanostilbene, from th e  p ip e rid in e  ca ta ly sed  

condensation o f  £-cyAnobenzyl cyanide w ith benzaldehyde, 

s u ffe rs  n u c leo p h ilic  a d d itio n  across th e  a ry l n i t r i l e  group on 

treatm ent w ith sodamide in  formamide to  y ie ld  l-am ino-4-cyaiK>-

3-phenylisocfuinoline. Analogous 1-alkoxy iso qu ino lines are 

ob tained  by re a c tin g  the  s t i lb e n e  w ith  c a ta ly t ic  amounts o f 

alkoxides in  th e  corresponding a lcoho ls b u t, in  th e  re a c tio n s  

examined, the  y ie ld  decreases w ith in c re a s in g  b a s ic i ty  o f th e  

alkoxide* The 3 .4-dihydroisoqu in o lin e  i s  an in term ediate  

which can be is o la te d  by r ig o ro u sly  excluding oxygen from th e  

system*

Hydrazine does not add across th e  n i t r i l e  groups o f 

£ -  d -d icy a n o stilb e n e  but e f fe c ts  cleavage o f  the  o le f in ic
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group to  y ie ld  £-cyanobenzyl cyanide and “benzaldehyde.

Hydro xylamine, on th e  o th e r  hand, forms th e  acyo lic  b i s -  

amidoxime which, w h ilst s ta b le  in  base, su ffe rs  cleavage o f 

th e  e thy len ic  group in  mild acid  and c y c lis e s  to  homophthal— 

imide dioxiroe.

N ucleophilio  a d d itio n  o f o-cyanobenzyl oyanide to  

< i-a -d icyanost ilbene  i s  achieved in  th e  presence o f methoxide, 

th e  product be ing  a su b s titu te d 'Iso q u in o  l in e .

Reexamination o f th e  re a c tio n  between o-cyanobenzyl 

oyanide and benzaldehyde in  the  presence o f methoxide has led  

to  determ ination  o f the  s tru c tu re  o f th e  major p roduct, an 

adduct o f two molecules o f th e  d i n i t r i l e  and one o f the  

aldehyde.
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I N T R O D U C T I O N

The g re a te r  e lectronegativ ity '* ' o f the  n itro g en  over

th e  carbon atom im parts considerab le  p o la r i ty  to  th e  n i t r i l e
4-—->

group in  th e  sense  c =  $ n i t r i l e  group th e re fo re ,

c h a r a c te r i s t ic a l ly  undergoes n u c leo p h ilic  ad d itio n  a t th e  

e le c tro p o s it iv e  carbon.

The wide range o f r e a c t iv i t i e s  shown by n i t r i l e s  

dem onstrates th a t  the  p o la r iz a tio n  o f th e  cyano group i s  

g re a tly  in fluenced by th e  moiety to  which i t  i s  a tta c h ed .

Conversely, th e  n i t r i l e  group, which i s  s tro n g ly  e le c tro n
2 3a t t r a c t in g  both in d u c tiv e ly  and mesomerically , can have a

d ec is iv e  e ffe c t  on the  behaviour o f th e  r e s t  o f th e  m olecule.

With th e  in tro d u c tio n  o f a second n i t r i l e  group in to  

a m olecule, th e  above co n sid era tio n s s t i l l  c le a r ly  app ly , but 

in  a d d itio n , where th e  two n i t r i l e  groups are  su ita b ly  

proxim ate, n u c leo p h ilic  a d d itio n  to  one o r  both cyano groups 

can lead to  sy n th esis  o f n itro g en  h e te ro cy c le s . Thus, fo r  

example, p h th a lo n i tr i le  (XLIX) a ffo rd s 1 .3-diim inois o in d o lin e  

(L i) when heated w ith m ethanolie ammonia under p re ssu re ^ .



I t  i s  w ith th i s  aspect o f d i n i t r i l e  chem istry th a t 

th e  p resent work i s  concerned.

The two cyano groups in  n-cyanobenzyl cyanide ( i )  

are  in  d if fe re n t  e le c tro n ic  environm ents. A d iffe ren c e  in  

t h e i r  r e a c t iv i ty  could th e re fo re  he a n tic ip a te d . F u rth e r, 

t h e i r  s p a t ia l  re la tio n sh ip  i s  such th a t  ad d itio n  across them 

would y ie ld  a six-membered r in g . In te re s t in g  products should 

th e re fo re  r e s u l t  from trea tm en t o f t h i s  d i n i t r i l e  w ith

nu c leo p h iles .

( i )

Indeed, w ith ammonia, the  d i n i t r i l e  ( i )  afforded  1 ,3~<liaroino-- 

isoqu ino line  (iV )^ w hilst w ith hydroxylamine, d i f fe re n t  

products were obtained depending on th e  re a c tio n  c o n d itio n s .
e

Is o la t io n  o f l-amino-3~hydroxylamino iso qu ino line  ( LVIIl)

suggested th a t  in  basic  co n d itio n s, th e  a lk y l n i t r i l e  o f ( i )

was more su sce p tib le  to  n u c leo p h ilic  a tta c k  than  th e  a ry l .  In
6m ildly  a c id ic  media, however, homophthalimide dioxime (LV) 

was ob tained . The exp lanation  o f th i s  would appear to  be th a t  

p ro tona tion  o f th e  a ry l n i t r i l e  enhanced i t s  r e a c t iv i ty  such
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th a t  th e  ra te s  o f a tta c k  by hydroxylamine on both n i t r i l e  

groups were comparable.
7

Hydrazine a lso  gave an isoqu ino line  product w ith
Q

( I )  hut Johnson and N asutavicus found th a t  the  s tro n g e r base, 

e thox ide, affo rded  a product (m.p. 270° ) ,  o f  the  dim eric 

a d d itio n  of th e  d i n i t r i l e  ( i ) ,  th e  s tru c tu re  o f which was given

as ( L II) .

CN

(L II)

Extending th e  du ra tio n  o f  th e  re a c tio n , a second product 

(m.p. 225° )  having the  same composition as (L Il)  was is o la te d , 

fo r  which, from i . r .  evidence, th e  s tru c tu re  (L II l)  was proposed

CN

( l i i i )

Now, i t  was found th a t  trea tm en t o f th e  d i n i t r i l e  ( i )  w ith 

methoxide gave a sm all y ie ld  o f  a compound (m.p. 223- 224°) 

which was a lso  obtained as th e  major product (XIV.) from the  

re a c tio n  o f ( i )  w ith sodamide in  formamide.



CH CN

( X X V )

From m.p. and sp e c tra l  s im i la r i t i e s  i t  i s  "believed th a t  

Johnson and N asutavicus ' second product had, in  f a c t ,  th e  

s tru c tu re  (XIV)•

The behaviour o f  o-cyanobenzyl cyanide ( l )  w ith 

alkoxide and sodamide showed th a t  th e  inductive  e f fe c t  o f the  

n i t r i l e  group caused the  methylene group (which was a lso  

benzy lic ) to  be s u f f ic ie n t ly  ac id ic  fo r  s tro n g  bases to  

a b s tra c t a p ro ton . Under more vigorous co n d itio n s, weaker
9

bases can a lso  remove th i s  p ro ton . Thus G abriel and Eschenbach 

achieved the  p ip e rid in e  ca ta ly sed  Knoevenagel condensation o f 

th e  d i n i t r i l e  ( i )  w ith benzaldehyde to  y ie ld  o -a -d ic y a n o -  

s t i lb e n e  (X I).

CN

( i d

The t r a n s - s t i lb e n e ’ ( I I ) i s  i t s e l f ,  a d i n i t r i l e  p o te n t ia l ly  

capable o f form ing 6-membered h e te ro cy c le s . Comparison o f i t s  

behaviour w ith  th a t  o f o-cyanobenzyl cyanide ( i )  w ith  nucleo

p h ile s  i s  in te r e s t in g  because i t  again has the  two n i t r i l e  

groups in  d if fe re n t  chemioal environments b u t, u n lik e  the  

d i n i t r i l e  (X), con ta ins no ao id ic  hydrogen atoms.
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With ammonia, th e  d i n i t r i l e  ( I I ) afforded no t r a c t 

ab le  p r o d u c t h u t  w ith sodamide in  formamide, th e  product was 

1-ami no -4-c.vano -3-phenyl  i  s o cm ino lin e  (XX). TJnder ty p ic a l  Nef** 

im idate sy n th esis  co n d itio n s, the  ethoxy analog, (XL), o f (XX) 

was ob tained . The corresponding 3»4-dihydroiso qu ino line  (XXXIX) 

was iso la te d  as an in te rm ed ia te  and from th e  in v e s tig a tio n s  

made, i t  would seem th a t  ox id a tio n  to  th e  fu l ly  arom atic 

s tru c tu re  (XX) proceeds by th e  reverse  o f the  mechanism

estab lish ed  fo r  th e  acid  ca ta ly sed  hydrogenation o f conjugated
12

double bonds in  some biochem ical systems •

The d i n i t r i l e  ( I I )  r e s is te d  hydro lysis in  acid  but 

in  a lk a lin e  so lu tio n  cleavage o f the  carbon-carbon double bond 

Occurred, i . e . ,  th e  Knoevenagel condensation o f £-cyanobenzyl 

cyanide ( I )  w ith  benzaldehyde was rev e rsed . This r e s u l t  was 

not so su rp r is in g  because th e  e le c tro n  withdrawing e ffe c t  o f 

th e  n i t r i l e  group would be expected to  a c tiv a te  th e  e th y len ic  

group towards n u c leo p h ilic  a tta c k . However, the  tendency fo r  

th e  d i n i t r i l e  ( I I ) to  c leave , in troduced com plications to  

attem pted a d d itio n  o f b asic  nucleophiles in  aqueous media. No 

a d d itio n  product was obtained  w ith hydrazine, th e  re a c tio n  

medium being too basic  fo r  th e  o le f in ic  group to  p e r s i s t .  But 

th e  weaker base, hydroxylamine, gave th e  acy c lic  bisamidoxime 

(LVl) which, w h ils t q u ite  s ta b le  in  b a sic  so lu tio n s  was 

re a d ily  cleaved by mild ac id  to  a ffo rd  homophthalimide 

dioxime ( LV) .  A reasonable exp lanation  o f th ese  r e s u l ts  i s  

th a t  th e  n i t r i l e  group withdraws e le c tro n s  more pow erfully



th an  th e  amidoxime grmip hut in  ac id , p ro to n a tio n  o f th e  amid- 

oxime group renders the  e le c tro p o s it iv e  p-carbon h igh ly  

e le c tro n  a t t r a c t in g ’, w ith th e  r e s u l t  th a t  th e  weak nuc leoph ile , 

w ater, can a t ta c k . ■■

V s O / C N

N .

NIL

S u ff ic ie n tly  a c tiv a te d  Not s u f f ic ie n t ly  Highly a c tiv a te d ,
fo r  a tta c k  by OH0  on a c tiv a te d  fo r  a tta c k  Ĥ O can a tta c k

P-carbon. hy OH0  on p-carbon. p-carbon.

N ucleophilic  a tta c k  on e -  a - d i  cyano s t i lh e n e  ( I I )  

p r e fe re n t ia l ly  occurred across th e  a ry l  n i t r i l e  o r th e  o le f in ic  

group. Except in  the  case o f hydroxy lam ine, th e  a ,  p -u n sa t

u ra ted  n i t r i l e  group r e s is te d  a d d itio n . The same o rd er o f 

r e a c t iv i ty  was found fo r  th e  methoxide ca ta lysed  a d d itio n  o f  

o-cyanobenzyl oyanide ( i )  to  the  d i n i t r i l e  ( i l )  in  which th e  

a , p -u n sa tu ra ted  n i t r i l e  moiety took no p a r t .

A n a tu ra l ex tension  o f  the  work a lready  described  

was th e  reexam ination o f th e  rea c tio n  o f th e  d i n i t r i l e  ( i )  w ith  

benzaldehyde in  th e  presence of a lk o x id e ^ 3. P rev iously  th e  

expected condensation product ( I I )  was obtained in  sm all 

y ie ld  hut the  major product was not f u l ly  in v e s tig a te d . In  

th e  p resen t work th i s  product was found to  he th e  r e s u l t  o f 

ad d itio n  of two molecules o f  the  d i n i t r i l e  ( i )  and one molecule 

o f benzaldehyde. E lu c id a tio n  o f i t s  s tru c tu re  showed th a t  i t s  

mode o f form ation was c o n s is ten t w ith th e  r e la t iv e  cyano group
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r e a c t iv i t i e s  a lread y  found fo r  th e  d i n i t r i l e s  ( i )  and ( I I )•

Prom th e  products obtained "by nu c leo p h ilic  a tta c k  on 

th e  d i n i t r i l e s  ( i )  and ( I I ) ,  th e  general o rder o f r e a c t iv i ty  o f 

th e  cyano groups emerged as a lk y l )  a ry l  ) a , p -u n sa tu ra te d . 

The e le c t ro p h i l ic i ty  o f th e  carbon o f the  a lk y l n i t r i l e  group 

i s  only s l ig h t ly  lowSred, r e la t iv e  to  th a t  o f HCH, due to  th e  

sm all + I  e f fe c t  o f the  a lk y l group. Phenyl and v in y l groups 

exert an approxim ately equally  sm all -  I  e ffe c t w ith th e  

r e s u l t  th a t  from these  co n sid era tio n s a lone , a rev erse  o rder 

o f r e a c t iv i ty  to  th a t  found would be p re d ic te d . However, the  

magnitudes o f th e  inductive  e ffe c ts  o f a lk y l, phenyl and v in y l 

groups a re  in s ig n if ic a n t  compared w ith th a t  o f th e  n i t r i l e  

group and i t  th e re fo re  seems reasonable to  assume th a t  reson

ance e ffe c ts  a re  la rg e ly  responsib le  fo r  the  observed d i f f e r 

ences in  the  n i t r i l e  group r e a c t iv i t i e s .  C lea rly , th e  resonance 

concept cannot be app lied  to  th e  a lk y l n i t r i l e  group, but 

conjugation  o f the  a ry l n i t r i l e  group w ith  th e  arom atic r in g  

allow s c o n trib u tio n s  to  th e  t o t a l  e le c tro n ic  d is t r ib u t io n  by 

resonance s tru c tu re s  such as ( i i )  , where a carbon atom o th e r  

than  th a t o f the  n i t r i l e  group bears th e  formal p o s it iv e  

charge. The e f fe c t  o f such resonance i s  to  reduce th e  e le c tro -  

p h i l i c i t y  o f th e  carbon o f th e  n i t r i l e  group and hence i t s  

r e a c t iv i ty  towards nu c leo p h ile s .

( i )  d i )
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The same s tru c tu re s  apply to  th e  a ry l n i t r i l e  o f ( I I )  w h ilst 

canonical forms such as ( iv )  can c o n trib u te  to  th e  e le c tro n ic  

d is t r ib u t io n  fo r  th e  a ,  p -u n sa tu ra ted  n i t r i l e .

( i i i ) N
II

That resonance e f fe c ts  do opera te  in  the  sense given above is  

supported by i . r . .  Resonance e le c tro n  donation such as expressed 

by th e  forms ( i i )  and ( iv )  considerab ly  a l t e r s  th e  bond o rder 

o f th e  n i t r i l e  group and th i s  i s  re f le c te d  in  the  i . r .  as a 

low ering o f th e  n i t r i l e  s t re tc h in g  frequency*^. Thus th e  g re a te r  

th e  resonance c o n tr ib u tio n , th e  lower th e  frequency and the  

lower the  r e a c t iv i ty  o f th e  n i t r i l e  group. The observed 

frequencies a re  given in  Table I .

TABLE I

D in i t r i le K i t r i l e group s tre tc h in g  frequency (cm"’*) •

Alkyl Aryl a , p -u n sa tu ra ted

( I ) 2250 2226

( n ) 2223 2212

I t  i s  seen th a t  the  frequencies o f  the  n i t r i l e  groups 

in  Table I  (and hence the  ex ten t o f resonance e le c tro n  donation  

to  th e  n i t r i l e  groups) are  in  the  same o rd er as th e  observed 

r e a c t iv i t i e s .
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C H A P T E R  I

REACTION OF o-CYANOBENZYL CYANIDE WITH SODAMIDE IN FORMAMIDE.

14Z ie g le r’ s method fo r  th e  p rep a ra tio n  o f amidines.
15-17

from n i t r i l e s  w ith  sodamide has been su c ce ss fu lly  extended 

to  th e  p rep a ra tio n  o f im idines ( i l l )  from d i n i t r i l e s  in  a few 

cases where d ir e c t  re a c tio n  o f th e  d i n i t r i l e  w ith ammonia was 

d i f f i c u l t .  As vigorous cond itions were necessary  fo r  th e  

ad d itio n  o f ammonia to  o-cyanobenzyl cyanide ( I )  and th e  

product was 1 ,3-diam inoisoquino lin e  (IV )-*, th e  aroraatised 

tautom er o f th e  expected im idine, i t  was o f in te r e s t  to  d e te r

mine whether ( i )  reac ted  smoothly under le s s  vigorous cond itions 

w ith sodamide.

^ ' :.<±) ( iv )  ■■

The amide anion, (NH^), as w ell as being a powerful

nuc leoph ile , i s  a lso  a s tro n g  base and consequently undergoes
■ 0  ■■ . ' 0  •" 

re a c tio n s  o f th e  type NĤ  + B-H ^  NĤ  +T3. The s tre n g th

o f th e  amide anion as a base has re s u lte d  in  a  lo ss  o f g e n e ra li ty
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o f th e  Z ieg le r method fo r  amidine formation* The e le c tro n

withdrawing e f fe c t  o f the  n i t r i l e  group im parts s l ig h t  a c id ity

to  a proton on th e  a -ca rb o n  o f a n i t r i l e *  In  some oases th is

a c id ity  has been s u f f ic ie n t  fo r  th e  amide anion to  a b s tra c t

th i s  proton w ith th e  r e s u l t  th a t  a dim eric ad d itio n  tak es

p lace  to  the  exclusion  o f  amidine formation* A c e to h itr i le  (V)
l8e x h ib its  t h i s  behaviour and so g ives th e  p-imino n i t  r i l e  (V I) .

0  0  CH CN r
CH,CN + NH. CH.CN + NIL ----- — 5*. CH.-C-CH.CN

3 d d 3 3 d.

(V) (VI)
19In  general i t  has been found th a t n i t r i l e s  con ta in ing  two 

a-hydrogens undergo th i s  d im erisa tio n  w hile those w ith  one 

a-hydrogen, fo r  example d ie th y la o e to n i t r i le  (V II) , re a c t 

smoothly w ith sodamide to  y ie ld  th e  amidine*

HaNH, V ”
CH-CN ----- ----- — >  .CH-G.

m  Et nh2

(V II)

S im ila r d im erisa tio n  to  th a t  found w ith  a c e to n i t r i le  could be

expected w ith d i n i t r i l e s  con ta in ing  a c tiv a te d  a -hydrogens

w hile fo r  s u ita b le  d i n i t r i l e s ,  in tram o lecu lar a d d itio n  to

y ie ld  c y c lic  products was possib le*  Thus a d ip o n i t r i le  (V II I )
20was found to  give the  c y c lic  p - im in o n i tr i le  (IX) •

PH.CN
/  * NaNH.

(CH? )o  ---------------

CH-CN

(V III)
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o-Cyano'benzyl cyanide ( i )  con ta ins a h igh ly  a c tiv a te d  

methylene group being both benzylic  and in  th e  a - p o s i t io n  to  

a n i t r i l e  group. Sodamide w ith  th is  d i n i t r i l e  could be expected 

to  re a d ily  form th e  anion ra th e r  than  add across th e  n i t r i l e  

groups. Indeed, th e  f a i lu r e  to  is o la te  any o f the  diamine ( IV) 

from th e  re a c tio n  showed t h i s  to  be th e  case . F u rth e r , in t r a 

m olecular c y c lis a t io n  analogous to  th a t  found fo r  a d ip o n i t r i le  

would lead to  the  s tru c tu re  (x).

T his was not obtained  as a product suggesting  th a t  th e  form ation 

o f th e  4-membered r in g  was e n e rg e tic a lly  unfavourable compared

showed th a t th e  rea c tio n  prooeeded v ia  a dim eric a d d itio n  in te r 

mediate to  more s ta b le  cy c lised  p roducts .

w ith  a s lu r ry  o f sodamide in  an in e r t  so lven t (benzene, d ie th y l 

e th e r , e tc . )  to  y ie ld  th e  sodium s a l t  o f  the  amidine from which 

th e  f re e  base was l ib e ra te d  (u su a lly  in  d isap p o in tin g ly  low 

y ie ld )  by a d d itio n  o f w ater.

CN

(x)

w ith d im erisa tio n . Id e n t i f ic a t io n  o f th e  re a c tio n  products

In  Z ie g le r’ s o r ig in a l  method, a n i t r i l e  was reac ted

R-CN
NaNĤ

R-C
kh2
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■ IS" 17Elvidge and coworkers J found th a t  th e  f re e  imidine could he 

obtained  d i r e c t ly  by u sin g  formamide as cosolvent fo r  sodamide 

and the  d i n i t r i l e .  Here, th e  i n i t i a l l y  formed im idine s a l t  was 

s u f f ic ie n t ly  b a s ic  to  a b s tra c t protons from the  formamide 

so lv e n t•

CN

(m )

/NHf — 4 ©
2NaNH2

.<
'NH

------------- =► /NH

'NH

Na©

Na

-NH.

— (

®Na®

NH

\ ®  Na®

For th is  reason, formamide was p re fe rred  to  the  in e r t  so lven ts 

in  th e  presen t re a c tio n .

A l im ita t io n  in  th e  u se fu ln ess  o f formamide as so lven t 

fo r  such re a c tio n s  was noted when th e  product from th e  re a c tio n  

o f im in o d ia c e to n itr ile  (XI) w ith sodamide in  formamide was
17

id e n tif ie d  as 2 ,6-diform im idopiperazine (X Il) .



To exp la in  t h i s  product i t  was necessary  to  propose th e  

equilib rium

NH_ + NH.CHO ^ = = ^ :  NH. + NHCHO _ . - ( i )2 d j

A ddition o f th e  formamide anion across th e  n i t r i l e  groups w ith 

c y c liz a tio n  and e lim in a tio n  o f ammonia gave the  product (X II) . 

The same equ ilib rium  ( i )  was necessary  to  explain  th e  is o la t io n  

o f 1-amino-3-formamidoIsoquinoline (X IIl)  as one o f th e  products 

from ( i )  in  th e  p resen t re a c tio n .

NaNH2 /  NĤ CHO

NHCHO

w (XIII) ■

Even a t ca.lO  a so lu tio n  o f sodamide in  formamide slow ly 

evolves ammonia so i t  i s  c le a r  th a t  in  tim e, th e  lo ss  o f t h i s  

v o la t i le  component w ill  fo roe th e  equ ilib rium  ( i )  f a r  to  the  

r ig h t ,  reducing  th e  concen tra tion  o f amide anion to  in s ig n if 

ica n t p ro p o rtio n s . Thus su ccessfu l a tta c k  o f th e  amide anion 

on a d i n i t r i l e  i s  lim ited  in  formamide, to  those re a c tio n s



©
where the  r a te  o f a tta c k  by NĤ  i s  f a s t  r e la t iv e  to  the  

estab lishm ent o f the  equ ilib rium  (i)*

In  th e  re a c tio n  w ith  im in o d ia c e to n itr ile  (X I), where 

(X II) was th e  only  iso la te d  product, i t  would seem th a t

achievement o f th e  equilib rium
■ i ■ •

.N.
©

4- NH,
CN CN 

(XX)

HH, +3 ( i i )
CN CN

was slow compared w ith equ ilib rium  ( i )  and what l i t t l e  

fu r th e r  re a c tio n  o f th e  d i n i t r i l e  anion as did take  p lace led  

to  po lym erisation .

In  the  re a c tio n  o f ( i )  however, products r e s u l t in g  

from anionic d im erisa tio n  were iso la te d  in  reasonable y ie ld  

which suggested th a t  th e  equilib rium

CH + NH.

( I )

CN
„ _ ( i i i )

CN

was f a i r l y  ra p id ly  e s ta b lish e d  r e la t iv e  to  equ ilib rium  ( i )  

and th a t  the  subsequent d im erisa tio n  was f a c i le .



SCHEME I

Products from the  Reaction o f  o-Cyanohenzyl Cyanide w ith 

Sodamide in  FormamideJ

CN

(XIV)

NHCOCH.

CN

CN

(I )

(XXI)

NHCHO

(X III)

NH;

(IV)

(XXXII)

CHO

NHCHO

(XXX)



23

STRUCTURAL IDENTIFICATION OF THE PRODUCTS.

i )  l-Amino-4-c.vano-3-( o~c.vanobenzyl)ieo qu ino llne  (XIV.)»-

CN CN

(XIV)

When (D-cyanobenzyl cyanide ( i )  was t r e a te d  w ith sodamide in  

formamide a t room tem perature, co lo u rle ss  prisms o f a product A, 

^18^12^4 1 sePs ra ‘fce(̂  f r 0*11 th e  so lu tio n . As th e  m olecular weight 

o f t h i s  compound was confirmed by mass spectrom etry to  be 

ex ac tly  -twice th a t  o f ( i ) ,  i t  was c le a r  th a t  the  s ta r t in g  

m a te ria l had undergone dim eric a d d itio n , as the  r e s u l t  o f 

sodamide fu n c tio n in g  as a base and a b s tra c tin g  a  p ro ton  from 

( I )  to  form th e  anion ( l a ) .

©

( I )  ( la )
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A ttack "by ( la )  across the  a lk y l n i t r i l e  o f a molecule o f  ( i )  

would lead to  th e  s tru c tu re  (XV)f w hile a tta c k  on th e  a ry l 

n i t r i l e  o f ( i )  would form (XVI)*

A ttack on th e  a lk y l n i t r i l e  :

CN

NC

CN

( la ) (X)

m
CN

CN CN

(XV)

A ttack on the  a ry l  n i t r i l e  :

CN
CN

NC
j t

CN

(la) ( I )

CN CN

CN

(XVI)

The i . r .  spectrum o f A showed th a t  n e ith e r  o f the  s tru c tu re s

(XV) and (XVI) was co rrec t fo r  A. Although absorp tions 

corresponding to  asymmetric and symmetric s tre tc h in g  v ib r a t 

ions o f a prim ary amino group were observed a t 3450 and 

3348 cm"1, n i t r i l e  s tre tc h in g  frequencies a t  2226 and 2206 cm~
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in d ica ted  th e  presence o f only two n i t r i l e  groups in  the

ably  he assigned to  a r in g  s k e le ta l  v ib ra tio n  and a broadened

in te rm o leou la rly  bonded NHg group. A s im ila r  bonded NHg peak

apparent th a t c y c lie a tio n  had occurred a f t e r  addition#  Both 

s tru c tu re s  (XV) and (XVI), in  basic  co n d itio n s , could be 

expected to  undergo cy c liza tio n #  The r e s u l t in g  s tru c tu re s  are  

given in  Scheme I I .

SCHEME I I

i )  P ossib le  S tru c tu re s  fo r  A from C y c liza tio n  o f (XV)•

molecule# A strong absorption at 1653 cm* could most reason*

peak a t 3200 cm* was a t t r ib u te d  to  th e  s tre tc h in g  mode o f an

i s  observed in  th e  spectrum o f (IV) • I t  was th e re fo re

CN CN CN CN
(OT)

\ f

NH.

CN CN

(XIV) (XVII)
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i i )  P ossib le  S tru c tu re s  fo r  A from C y c lisa tio n  o f (XVI)*

CN

CN

HN

NC

CN

CN

(XVI)

CN

CN

CN

CN

(XVIII) (XIX)

S atu ra ted  a lk y l n i t r i l e s  ty p ic a l ly  absorb*^ in  the  reg ion

2260-2240 cm” * and the  a lk y l n i t r i l e  o f ( i )  absorbs w ith in

t h i s  range a t 2250 cnf"*. While th e re  are  fa c to rs  which cause
21th e  frequency o f a lk y l n i t r i l e s  to  l i e  below th is  range , th ey  

a re  not re lev an t to  the  s tru o tu re  (XVIII) which should th e re 

fo re  absorb a t a  frequency c lose  to  th a t  found fo r  ( I ) .  As 

th e  observed frequencies fo r  th e  n i t r i l e  groups o f A occurred
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w ell "below 2240 cm’"’*, s tru c tu re  (XVIII) was discounted as 

p o ss ib le  fo r  A.

Table I I  gives th e  p .m .r, spectrum of A w ith 

assignm ents which in d ica ted  s tru c tu re  (XIV).

TABLE I I

Solvent : d^Dimethyl sulphoxide.

S ignal ( t ) M u ltip lic i ty

5*5® s in g le t

2 .8- 1.9  complex
a)2.13  "broadened s in g le t  7

1.66 doublet (showing f in e r
s p l i t t in g ) ,

J c a .8*5 Hz —o —“■* ■

a) Removed on ad d itio n  o f  DpO.

I t  was immediately obvious th a t  both s tru c tu re s  (XVII) and (XIX) 

were incom patible w ith th e  p .m .r. spectrum as n e ith e r  could 

account fo r  th e  2-proton methylene s ig n a l a t 5*58T • I t  was 

concluded th a t  th e  product A was l-am ino-4-cyano-3-(<>-cyanobenzyl)- 

iso q u in o lin e , (XIV).

The i . r .  absorp tion  frequencies fo r  the  n i t r i l e  groups 

o f (XIV) are assigned as below.

In te n s ity  Assignment

2 methylene CĤ

7 r in g  pro tons

2 NĤ

1 8-H
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NH,

CN
2206 cm"1 2226 onT1

The 2226 cm~  ̂ frequency l i e s  in  the  ty p ic a l  range fo r  a ry l 

n i t r i l e s ?  2240-2220 crrT'*' whereas the  second frequency i s  ab

norm ally low. The exp lanation  fo r  t h i s  would appear to  be the
22same as th a t  given by Baldwin * fo r  th e  low frequencies observed 

fo r  the  n i t r i l e  absorp tions o f p -a m in o -a , p -u n sa tu ra ted  

n i t r i l e s .  Thus s ig n if ic a n t  c o n trib u tio n s  to  the  s tru c tu re  from 

charge-separated  resonance forms (Scheme I I I )  a re  thought to  

e f fe c t  the  observed low ering o f  the  n i t r i l e  frequency in  (XIV),

SCHEME I I I

C harge-separated resonance forms o f th e  S tru c tu re  (XIV).

NH,

CN
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The u .v . abso rp tion  curve fo r  A ( F ig .l )  confirmed th e  isoqu in -  

o lin e  s tru c tu re  (XIV) by i t s  correspondence to  the  abso rp tion  

envelopes o f s im ila r ly  s u b s ti tu te d  isoqu ino line  compounds.

FIGURE I

U .v. absorp tion  curves fo r  (XIV) and known, re la te d  iso q u in o lin e s .

30-

250

a) in  te trah y d ro fu ran

b) in  e th an o l.



Compound (XIV) con ta ins an a c tiv e  methylene group and in  basic  

so lu tio n  could be expected to  be in  equ ilib rium  w ith i t s  

anion (XlVa).

CNCNCNCN

(XIV) (XlVa)

That th i s  anion d id  not a tta c k  another molecule o f ( i )  was

a t t r ib u te d  to  s t e r ic  in te r fe re n c e . In te rn a l  c y c lis a tio n  o f 

(XlVa) across e i th e r  o f th e  n i t r i l e  groups requ ired  th e  form

a tio n  o f a s tra in e d  4-membered r in g  and was apparen tly  

e n e rg e tic a lly  unfavourab le. Consequently (XIV) reac ted  no 

fu r th e r  and as th e  strong  base NH® g rad u a lly  converted to  NĤ  

during  the  re a c tio n , the  equ ilib rium  ( iv )  ev iden tly  moved to  

th e  l e f t  u n t i l  th e  re a c tio n  so lu tio n  was sa tu ra ted  w ith  (XIV) 

and p re c ip ita t io n  o f the  product occurred .

A dditional evidence fo r  th e  presence o f a prim ary 

amino group in  (XTV) was ob tained  by th e  p rep a ra tio n  o f th e  

monoacetyl d e riv a tiv e  (XXI).

[COCH

CN CN

(XXI)



The i . r .  spectrum o f (XXI) showed a broadened s in g le  abso rp tion  

a t 3280 fo r  th e  NH s tre tc h in g  frequency o f  a bonded secondary 

amide, two n i t r i l e  s t re tc h in g  frequencies a t 2222 and 2212, 

th e  amide I  band a t I 674 as a shoulder on th e  s tro n g  isoquino

l in e  s k e le ta l  v ib ra tio n  a t 1663 and th e  amide I I  band a t 

I 523 cm*"3-. The p .m .r . spectrum confirmed th e  s tru c tu re  (XXI) 

and i s  given in  Table I I I .

TABLE I I I

P .m .r. spectrum o f  (XXl). Solvents dgDimethyl su lphoxide.

S ignal ( t ) M u ltip l ic i ty  In te n s ity  Assignment

s in g le t 3 a c e ty l ~CH^

s in g le t  2 methylene -CH?

complex 7 r in g  protons

doublet (showing f in e r  1 8-H
s p l i t t in g ) ,

J  c a . 8 .5  Hz—O
broad s in g le t8 1 NH

7.94  

5.36 

2 .8- 1.8 

1.65

—0.8

a) Removed on a d d itio n  o f B^O.



32

i i )  12-Cyano-6. ll-d iam inobenzo(c)phenanthrid ine (XXII)

7 eT 2
’r ^ r

10
4

V
CN

1

(XXII)

A fter c o lle c tio n  o f (XIV), ad d itio n  o f  w ater to  the  re a c tio n  

f i l t r a t e  caused th e  p re c ip ita t io n  o f a sm all y ie ld  o f yellow 

needles o f a product B, which was shown hy mass spectrom etry 

and elem ental an a ly sis  to  have th e  same m olecular form ula,

C18H12H4 » aB ( m ) *
The i . r  spectrum o f B showed NH s tre tc h in g  abso rp tions

a t 3448, 3426, 3356 and 3344 and a s in g le  n i t r i l e  s t re tc h in g

abso rp tion  a t 2189 cm” *. These s p e c tra l  observations suggested

th a t  ad d itio n  o f NĤ  to  a n i t r i l e  in  (XIV) had occurred, follow ed

by a c y c liz a tio n  and e lim in a tio n . However, a se n s ib le  s tru c tu re

cannot be a rr iv e d  a t in  t h i s  way and, a d d itio n a lly , th e  p .m .r .

sp e c tra  o f B (Table IV) preclude s tru c tu re s  fo r  B derived  from

(XIV).
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TABLE IV

P .m .r. spectra  o f (XXII) .

i )  Solvent : Dimethyl sulphoxide.

S ignal ( t  ) M u ltip l ic i ty  In te n s ity

3.60 broad s in g le t  2

2 .8 -2 .0  complex 7

1.55 double doublet,
I 0 c a .8 .5 , ca .3  Ha

1.04 doublet (showing f in e r
s p l i t t in g ) ,

J o c a .8 .5  Hz

0.93 double doublet,
J  c a .8 . 5 , J  ca .3  Hz —o —  -m —

i i )  Solvent : Dimethyl sulphoxide/D^O*

2 .8 -2 .0  complex 5

1.57 double doublet 1

1.05  doublet (showing f in e r  1
s p l i t t in g ) ,

J  c a .8 .5  Hz-O   ■ ■
0.95 double doublet, 1

’ c a .8 .5 ;  oa .3 Hz

Assignment

i i - nh2

1 , 2 , 3 , 8  end 9-H 
and 6-NHp

7-H

4-H

10-H

1 ,2 ,3 ,8  and 9-H

7-H

4-H

10-H



Another p o s s ib i l i t y  fo r  the formation o f  B Was th at ( i )  had 

undergone c y c liz e t io n  to  the anion (Xa) and subsequently  

attacked another molecule o f  ( i )  across the a lk y l or ary l 

n i t r i l e .  Such rea ctio n  would have led  to  e ith e r  (XXIII) or (XXIV)

CN

CN

CN

CN

Attack on theAttack on the

a ry l n i t r i l ea lk y l n i t r i l e

.NH,

NH, NH,

(XXIII)
(XXIV)
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Compound (XXIII) was d iscounted because th e  n i t r i l e  group in

th is  s tru c tu re  should have given r i s e  to  a s tre tc h in g  frequency

in  th e  i . r .  ly in g  in sid e  th e  range 2240-2220 cm~* w hile the
— 1' ■observed frequency fo r  B was a t 2189 cm • The p .m .r. spectrum 

o f B showed fo u r la b i le  p ro tons: (XXIV) has only th re e  and so 

was not the  s tru c tu re  o f B.

Examination o f th e  p o ss ib le  s tru c tu re s  fo r  A (p . 25) 

revealed  th a t  one o f them, (XV III), could e a s ily  c y c lise  

fu r th e r  in  b as ic  medium.

CN

B

(XVIII) e y e liz a tio n  
and 

tautom erism

The s tru c tu re  (XXIl) i s  com patible w ith  th e  p .m .r. spectrum 

o f B (Table TV). In  a d d itio n , th e  NH frequencies observed in



th e  i . r .  spectrum a t 3448> 335^ and 3426, 3344 cm"’"*' correspond

to  th e  asymmetric and symmetric s tre tc h in g  frequencies o f th e

two NĤ  groups. The same reasoning  as th a t  given to  exp la in  th e

low n i t r i l e  frequency o f (XIV) (p* 28) ap p lies  to  th e  low

n i t r i l e  frequency o f (XXIl).

The u .v .  envelopes o f 1 ,2-benzophenanthridine (XXV)
o \

and chrysene (XXVI) are  very  s im ila r  ( f i g .  I I )  so s tru c tu re  

(XXIl) could be expected to  have a l ig h t  absorp tion  envelope 

which corresponded with th a t  o f a s im ila r ly  su b s ti tu te d  

chrysene. An acceptab le  model fo r  (XXIl) was th e re fo re
O A

6-acetyl-12-am inochrysene (XXVII) -and th e re  i s  indeed a

reasonable correspondence between th e  absorp tions o f th ese

two compounds ( f i g .  I I I ) .  The d iffe ren c e  o f ca . 20 crrf"* between

th e  absorp tion  maxima o f th e  two compounds i s  p o ss ib ly  due to

th e  g re a te r  bathochromie e f fe c t  o f th e  a c e ty l over th e  n i t r i l e
25 ,group as observed in  the  p a ir ,  acetophenone and b e n z o n itr i le  .

The low y ie ld  o f (XXIl) r e la t iv e  to  th a t  o f (XIV) can 

be explained by considering  th e  a lk y l n i t r i l e  to  be more 

su sce p tib le  to  n u c leo p h ilic  a tta c k  than  th e  a ry l n i t r i l e  o f ( i ) . 

As th e  form ation o f (XXIl) and (XIV) a re  competing re a c tio n s , 

th e  r a te  o f production  o f (XIV) would then  be g re a te r  than  th a t  

o f  production o f  (XXIl).



FIGURE I I 2^
U ltra v io le t  abso rp tion  sp ec tra  o f l f2-benzophenanthridine (XXV)

) and chrysene (XXVI)(— - - )  in  ethanol

4 . 6 -

log  £
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FIGURE I I I
U ltra v io le t  abso rp tion  sp e c tra  o f 12-cyano-6,ll~diam inobenzo(c)-
phenanthrid ine (XXII )(-■■■■   ) and 6 -acety  1-12-aminochrysene (XXVIX)2^
(•--*•) in  e th an o l.
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i i i ) 1-Amino-3-f ormamidoiso cruinollne (X I I l) ,

r -2

^^NHCHO

(X III)

A ddition of more w ater to  th e  rea c tio n  f i l t r a t e  a f t e r  is o la t io n  

o f th e  products (XIV) and (XXIl) y ie lded  a co lo u rless  product C,

qu ino line  (IV ). Compound C was th e re fo re  a monoforrqyl d e riv a tiv e*  

A fte r successive r e c r y s ta l l i s a t io n s ,  C was obtained as a m ixture 

o f c lu s te r s  o f sm all needles and long s p l in te r s  which showed

th e  same sp e c tra l  c h a ra c te r is t ic s  were observed fo r  th e  

product C, prepared by the  mo no f  briny la t  ion of ( IV) • W hilst i t  

could be expected th a t ,  in  a t le a s t  one o f these  two very 

d if fe re n t  p repara tions, a s in g le  monoforinyl d e riv a tiv e  might be 

produced, n ev erth e less  i t  was p ossib le  th a t  each gave a m ixture 

and th a t  successive r e c r y s ta l l i s a t io n s  were not se p a ra tin g  

th e  two compounds, l-amino-3-formamido- and 3-amino-l~form- 

am ido-isoquinoline , (X IIl) and (XXVIIi).

^10^9^3° wkich  on ^a s e hydro lysis  gave th e  known 1.3-diamino iso

sep ara te  m .p.s o f 207-208° and 217°• An unusual degree o f  complex

i ty  was observed in  both th e  i . r .  and p .m .r . spectra* E xactly

[CHO

(XXVIII)



The p .m .r. spectrum o f  C ( f i g .  TV) shows amino group

s ig n a ls  a t 3*05 and 3 .2 4 T o f unequal in te n s i ty .  This suggested 

e i th e r  a m ixture o f th e  monoformyl d e riv a tiv e s  (X IIl)  and

(XXVIII) ,  o r p o ss ib ly , a m ixture o f c i s - and tran s-iso m ers of 

one monoformyl d e r iv a tiv e • Now the  1-amino and 3-smino s ig n a ls  

in  th e  p .m .r. spectrum o f 1 ,3-diam inoisoquinoline ( IV) in

S tru c tu re  (XXVIIi) was th e re fo re  u n lik e ly  because n e ith e r  o f 

the  observed amino group s ig n a ls  fo r  C corresponded w ith th e  

expected 3-araiho s ig n a l p o s it io n .

The s tru c tu re  o f C was fu l ly  determined by comparison 

o f th e  p .m .r. sp ec tra  o f C and form anilide (XXIX). The un

expected complexity o f th e  p .m .r . spectrum o f (XXIX) was
• ' 26s a t i s f a c to r i ly  explained , by Randall and coworkers , as a 

consequence o f th e  ex is tence  o f c is-and  trans-formamido isomers 

in  th e  so lu tio n . Extension o f th is  concept to  (X IIl) gives th e

5dim ethylsulphoxide occur a t 3*58 and 4*77T resp ec tiv e ly ^

isomers

H

H

cis '

H 0

X  2 TT

 ̂ l A  r.

H

tra n s - (X I I l)



FIGURE IV

Proton magnetic resonance sp e c tra  o f l-am inp-3-formamido-  
ijBoquinoline (X I I l ) «

a) Solvent : dgdim ethylsulphoxide.

"b) Solvent : dgdim ethylsulphoxide-deuterium  oxide.
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Randall e t a l .  found th a t  th e  tran s-fo rm y l aiid-NH protons o f

(XXIX) were coupled w ith a la rg e  coupling constant ( J » l l . 2 Hz) 

and t h e i r  s ig n a ls  occurred a t  lower f i e ld  than  th e  correspond

ing  c is -p ro to n s  which showed only a sm all coupling (J  ca .0 .2  Hz). 

These fea tu re s  were immediately obvious in  th e  spectrum o f

(X II l) ,  the  coupling  o f  th e  fo m y l pro tons d isappearing  in  

dim ethylsulphoxide /  deuterium  oxide so lv e n t. In  a d d itio n , th e  

carbonyl group in  th e  c i s -form would he expected to  desh ie ld  

th e  4-proton whereas in  th e  t r a n s - form, th e  4-proton would 

he expected a t h igher f i e ld  near th e  value (4*10t ) observed 

fo r  (IV )^. The p o s itio n s  o f th e  two 4-pro tons Were as p red ic te d , 

th a t  in  th e  c i s - isomer under th e  arom atic complex (2 .9  to  2 .3  ) 

and th a t  from th e  t r a n s - isomer a t h igher f i e ld  3*67t .T h e  

amino group o f  th e  t r a n s -isom er was assigned  th e  lower f i e ld  

s ig n a l o f th e  two hy comparison o f th e  in te g ra ls  w ith  those o f 

peaks a lready  assigned .

Best agreement between c a lcu la te d  and observed p .m .r . 

r e s u l ts  was ob tained  by considering  C as (X III) e x is t in g  in  

c a . 6ofo o f the  t r a n s - form. The r e s u l ts  a re  given in  Table V.

The p .m .r . spectrum showed th e  presence o f c i s -  and 

t r a n s - forms o f (.XIIl) in  so lu tio n  and th e  complexity o f th e  i . r .  

spectrum o f a n u jo l mull o f (X IIl)  was s tro n g  evidence fo r  th e  

same isomerism e x is tin g  in  th e  condensed phase. In  p a r t ic u la r ,  

th e  two s trong  absorp tions a t 1675 and 1650 cm were most 

re a d ily  assigned as th e  amide I  bands.of the  two isom ers. 

Isomerism a lso  provided a reason fo r  th e  observed double
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m elting  point and c ry s ta l  form,

TABLE V

Signal assignm ents fo r  th e  p.m .r# spectrum o f (X IIl)  in  

d^dim ethylsulphoxide and comparison o f th e  found and ca lcu la te d  

in te g ra l  values fo r  a m ixture o f 60$ t r a n s -  and 40$ c is - iso m e rs .

Assignment

t ra n s  4-H 

c is  HH2 

t r a n s  NFL

3.67

3.23.

3;05

c is  4*5*6 &7-H
and 2 .9- 2.3
t r a n s  5.6 &7-H

c is  & tra n s  8-H 1*89

c is  formyl H 1*74

t ra n s  formyl H 0 .76

c is  NH 0.13

tra n s  NH -0*22

M u ltip lic ity

s in g le t  

Broad s in g le t  

Broad s in g le t

complex

Pound Calc.
In te n s ity  In te n s i ty

0.6

0.8

1.0

3.6

doublet ( showing 1.0  
f in e r  s p l i t t in g ) ,
J Q c a .8 .5  Hz

"broad s in g le t  0 .4

doublet, 0.7
J 11.2 Hz

"broad s in g le t  0 .4

Broad doublet, 0 .5
J  11.2 Hz

0.6

0.8

1.2

3.4

1.0

0 .4

0.6

0 .4

0.6



Under more vigorous cond itions than  /those used to  

o b ta in  (X IIl) from (TV), l,3H iiform am idoisoquinoline (XXX) 

was obtained*

(IV)

CH.COQCHO3
NHCHO

(X IIl)

CĤ COOCHO

mcEo

(XXX)

Again, th e  com plexity o f th e  p .m .r. spectrum o f (XXX) in d ica ted  

c is - t r a n s -isom erism  but th e  number o f p o ss ib le  isom ers fo r  t h i s  

diformamido product and th e  overlapping  o f s ig n a ls  made a ss ig n 

ment o f the  in d iv id u a l s ig n a ls  la rg e ly  im possible.

The id e n t i f ic a t io n  o f C as (X IIl)  e s ta b lish e d  th re e  

p o in ts  : i )  The equ ilib rium  ( i ) ( p .  20) was reasonably  e s ta b l

ished  during th e  course o f th e  re a c tio n ;

i i )  The formamido anion was not s u f f ic ie n t ly  b asic  

to  remove th e  a -hydrogen o f ( i )  and so cause d im e risa tio n .

i i i )  The fo rmamido anion was s u f f ic ie n t ly  s tro n g  a 

nucleophile  to  a tta c k  th e  a lk y l n i t r i l e  o f ( i )  and in  so doing 

confirmed th a t th e  a lk y l n i t r i l e  was more su sce p tib le  to  

n u c leo p h ilic  a tta c k  than  th e  aryl*



The ahove a s se r tio n s  re s t  on th e  ihechaniem o f form

a t io n  o f  (X IIl)  Being

NHCHO

f

NHCHO

pro to n atio n
and

tautomerism

NHCHO

(X III)

That (X IIl) was not obtained  by a tta c k  o f (IV) on th e  formamide 

so lven t under h a s ic  cond itions

©
B

NH
0

>T\
H?N—CHO

NHCHO

(X III)
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wps demonstrated "by recovering  ( IV) unchanged a f t e r  re a c tio n  

w ith sodamide in  formamide fo r  6 hours a t  room tem perature* 

The only o th e r p o s s ib i l i ty  was th a t  a tta c k  o f  the  

amide anion on ( i )  gave th e  amino-imine (XXXI) which ra th e r  

than  tau tom erise  to  (IV) a ttacked  a formamide molecule to  

y ie ld  (X II l) :  '

This mechanism was believed  u n lik e ly  as i t  would have to  

compete w ith th e  f a c i le  tautom erism  o f (XXXI) to  (IV) and so 

a t le a s t  some of compound (IV) should have been obtained* 

However, none was is o la te d .
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iv ) I-Aroino-4-carbamoyl~3-(o-oyanobenzy 1) i s ocruinoline (XXXII) ,

CN

(XXXII)

On one occasion , a f te r  c o lle c t io n  of th e  p re c ip ita te d  product

(XIV), ad d itio n  o f  w ater to  th e  re a c tio n  f i l t r a t e  caused th e  

sep a ra tio n  o f co lo u rle ss  p la te s  o f th e  in c id e n ta l hydro lysis  

product (XXXIl), c i 8^ 14^4°* A s in g le  n i t r i l e  s tre tc h in g  

frequency in  th e  i* r .  spectrum a t 2224 cnT* showed th a t  i t  was 

th e  4 - n i t r i l e  o f (XIV) which had heen hydrolysed to  amide. The 

s tru c tu re  (XXXIl) was confirmed “by the  p ,m ,r , spectrum which 

i s  given w ith assignm ents in  Table VI,

Prom th e  p .m ,r, s p e c tra l  r e s u l ts  i t  was c le a r  th a t
27th e  amide C-N bond exh ib ited  p a r t i a l  double bond c h a ra c te r  , 

r e s t r i c t i n g  ro ta t io n  so th a t  th e  two amido protons gave r i s e  

to  separa te  s ig n a ls . The pro ton  c is  to  th e  carbonyl group was 

desh ielded  and absorbed a t lower f ie ld  th an  th e  t r a n s - proton 

(o f ,  ■(XIIl) ) .  On d eu te ra tio n  o f the  compound by exchange w ith  

deuterium  oxidej th e  s ig n a l from the  c is -p ro to n  disappeared  as 

expected but even on a d d itio n  of a t r a c e  o f base ( t r i e th y l — 

amine) a v e s tig e  o f th e  t r a n s -s ig n a l remained.

I t  seemed p o ss ib le  th a t s p e c if ic  so lv a tio n  o f

(XXXIl) in  dim ethylsulphoxide re su lte d  in  s te r ic  crowding
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such that t h is  proton was r e s is ta n t  to  exchange.

TABLE VI

P .m .r. spectrum o f  (XXXIl). Solvent i d^Bimethy lsuIphoxide•

Signal ( t ) M u ltip lic ity In te n s ity Assignment

5.56 s in g le t methylene CĤ

3.?4 approx. double doublet ' 1' \ /  Ar-H \

2.96 s in g le t •• 2

2 . 8- 2.3 complex 5 r in g  pro tons

2.16 approx. double doublet 1 V;-:’

1.76 doublet (showing f in e r  
s p l i t t in g ) ,

1 ' 8-H ; '

0.65  ^

J  ca . 8*5- Hz-'. —0 —
broad s in g le t ; 1 trans-NH

- 0 . 1 8  a ) broad s in g le t cis-RH

a) Removed on d e u te ra tio n .

b.) P a r t ia l ly  removed on d e u te ra tio n .



CHAPTER II

REACTION OF o -  a -DICYANOSTILBENE WITH AMMONIA AND WITH SODAMIDE

IN FORMAMIDE.

The ease o f  ab straction  o f  a proton from the a -carbon  

to  the n i t r i l e  r e s u lts  in  o-cyanobenzyl cyanide ( i )  undergoing 

Knoevenagel condensations w ith aldehydes. Thus ( i )  condenses 

w ith benzaldehyde, in  the presence o f  a base c a t a ly s t , to  y ie ld  

£ - a -d icy a n o stilh en e  ( i l ) ^ .

CN . ^Tv^CN

■CN
+ PhCHO p ip erid in e

(I)

Addition o f  ammonia across both n i t r i l e  groups o f  ( I I )  w ith  

subse(juent c y c liz a t io n  and elim in ation  o f  ammonia would form 

the imidine (mm).

(x x x iii)



The re a c tio n  o f m ethanolic ammonia w ith  ( I I ) under p ressu re  
10 awas reported  as g iv ing  inconclusive r e s u l ts ,  th e  re a c tio n

proceeding almost com pletely to  an in tra c ta b le  t a r .  When t h i s  

re a c tio n  was reexamined under le s s  vigorous co n d itio n s, equally  

d isappo in ting  r e s u l ts  were ob tained . In  a l l  cases, th e  re a c tio n

gens to  the  n i t r i l e  groups, i t  could not undergo d im eriza tion  

analogously to  ( l )  by re a c tio n  w ith sodamide in  formamide. I t  

was th e re fo re  fe a s ib le  th a t ,  under mild co nd itions, sodaraide 

in  formamide should re a c t c lean ly  w ith ( IX} to  give th e  im idine

(XXXIII) , by ad d itio n  o f th e  amide anion (NH^) across th e  

n i t r i l e  groups.

cyanocinnam onitrile  (XXXIV) w ith m ethanolic ammonia in  a 

C arius tube gave la rg e ly  in tra c ta b le  m ate ria l but a lso  a poor 

y ie ld  o f a product (XXXV) which re su lte d  from a d d itio n  o f 

ammonia, not acro ss  e i th e r  n i t r i l e  group, but across th e  

carbon-carbon double bond.

y ie lded  e i th e r  t a r ,  o r a m ixture o f t a r  and s ta r t in g  m a te r ia l.

As th e  d i n i t r i l e  ( i l )  did not con ta in  la b i le  a-hydro

29Now, E lvidge and Jones found th a t  treatm ent o f £

NH.3

CN
NH,2

(XXXIV) (XXXV)

Is o la t io n  o f suggested th a t  con jugation  w ith

a n i t r i l e  group and th e  benzene r in g , rendered th e  o le f in ic



group of (XXXTV) more su sce p tib le  then  e i th e r  n i t r i l e  group to  

n u c leo p h ilic  a d d itio n . However, the  v a l id i ty  o f th i s  supposition  

could only he determined by id e n t i f ic a t io n  o f th e  major re a c tio n , 

lead ing  to  ta r*  The vigorous cond itions employed in  th e  re a c tio n  

may have caused polym erization  o f a product i n i t i a l l y  formed 

by a d d itio n  o f ammonia across e i th e r  o r both n i t r i l e  groups.

in . ( I I )  meant th a t  behaviotir s im ila r  to  th a t  observed fo r  

compound (XXXIV) could be expected . Hence an a l te rn a t iv e  

product to  th e  im idine (XXXIIl), from th e  re a c tio n  o f ( i l )  

w ith sodamide in  formamide, was the  com positional isomer

When ( l l )  was t r e a te d  w ith sodamide in  formamide a t room temp

e ra tu re , the  p roduct, p f which separa ted  as co lo u rle ss  needles

This corresponded to  ad d itio n  o f NĤ  end lo ss  o f 2H , The mass 

spectrum confirmed th a t  th e  m olecular weight was 245 and as

p roducts , E v idently  th e  primary product o f ad d itio n  o f ammonia 

had undergone dehydrogenation in  the  b asic  medium* W hilst th e  

im idine (XXXIIl) could not reasonably  e lim ina te  a hydrogen

The presence o f an a f p -u risa tu ra ted  n i t r i l e  moiety

(XXXVI)

CH
2
Ph

(XXXVI)

from so lu tio n  a f t e r  sev era l days, had a composition

th i s  was two le s s  than  th e  m olecular weight o f (XXXIIl) o r 

(XXXVl), the  re a c tio n  had afforded  n e ith e r  o f  the  p red ic ted



m olecule, the  isomer .(.XXXVI) might have done so to  y ie ld  the  

s t i lb e n e  (XXXVII) .

CN m
>

Ph
CN

-2H

Ph
C N

( I I )  (XXXVI) (XXXVII)

An i . r ,  spectrum (nu jo l m ull) o f I) showed absorp tions a t

3546, 3357 and 3218 cnT* corresponding to  NĤ  asymmetric and

symmetric s tre tc h in g  and "bonded NH s tre tc h in g  v ib ra tio n s

re sp e c tiv e ly . But the  appearance o f only one n i t r i l e  s t r e tc h -
—Iing  absorp tion  a t 2193 cm " and a s tro n g  absorp tion  a t  1642 

c m "\ most r e a d ily  assigned as an arom atic r in g  s k e le ta l  

v ib ra tio n , ru led  out (XXXVIl) as the  s tru c tu re  o f DV

A fu r th e r  p o ss ib le  s tru c tu re  fo r  D, com patible w ith 

th e  i , r ,  d a ta , was (XX)«

CN

( x x ) :

This a lso  adequately  accounted fo r  th e  low n i t r i l e  frequency 

in  th e  i . r .  spectrum o f D, The exp lanation  i s  th a t  a lready  

given fo r  (XIV) (see  p , 28 ),



The presence o f an croup was confirmed "by the  

the  broad 2 -pro ton  s in g le t  a t 4*15T in  the  p .m ,r. spectrum* 

This s ig n a l was removed on shaking th e  so lu tio n  w ith deut

erium oxide* The rem aining 9 protons gave r i s e  to  a complex 

m u ltip le t (unchanged a f t e r  D̂ O shake) between 2 ,7  and 1,7 T • 

Confirm ation th a t  (XX) was th e  co rrec t s tru c tu re  

fo r  D was provided by the  s im ila r i ty  o f th e  u .v .  absorp tion  

curve to  th a t  fo r  4-6y ano- 1 - ethoxy-3-pheny 1 i  s o qu i  no 1 i  ne 

(l*X) (Ch. V I), The abso rp tion  maxima w ith  e x tin c tio n  co

e f f ic ie n ts  a re  given in  Table V II,

TABLE VII

Compoimd A m8,x(nm) (e x  10 )

(XX) 217 (33-9) 257 (33 .4) 330 (14 .4)

(uc) 217 (34 .3 ) 256 (33 .2) 309 (16 .0)

I t  was th e re fo re  concluded th a t  th e  p roduct, D, was 1-amino -  

4-cyano-3~phenylisoquinoline (XX.) •

I t  was obvious th a t  the  a ry l n i t r i l e  and th e  carbon- 

carbon double bond o f ( i l )  had been a ttack ed  in  the  form ation 

o f th e  product (XX). But from t h i s  product alone i t  was not 

p o ss ib le  to  determ ine a t which o f th e se  two s i t e s  on ( i l ) , 

i n i t i a l  a tta c k  by amide anion (NH^/ occurred* Evidence



53

wes obtained by exam ination o f the  re a c tio n  of ( I I ) w ith 

methoxide in  methanol# This re a c tio n , which i s  d iscussed  in  

Chapter VI, was shovm to  proceed v ia  i n i t i a l  a tta c k  by 

methoxide on th e  a ry l n i t r i l e  o f ( i l )  to  give th e  dihydro 

in term ediate  (XXXIX) which dehydrogenated to  (XL).

Methoxide and amide anion a re  s im ila r ly  re a c tiv e  n u c leo p h ile s , 

th e  l a t t e r  being  somewhat th e  s tro n g e r. Consecjuently, i t  was 

reasonable to  assume a common mechanism fo r  th e i r  re a c tio n  

w ith ( i l ) .  By analogy, th e re fo re , th e  mechanism o f form

a tio n  o f (XX) from ( i l )  was believed  to  involve i n i t i a l  

a tta c k  on th e  a ry l  n i t r i l e  o f ( i l )  by amide anion, follow ed 

by b ase-ca ta ly sed  dehydrogenation. D espite  s tr in g e n t p recau t

ions to  exclude oxygen from th e  re a c tio n  and work-up, none 

o f th e  dihydro in te r m e d ia te (XXXVIII) was is o la te d .

NH,

CM
B -H CM

( I I )  (XXXVIII)

-2H

I  - ;
NH

CM

(XX)



C H A P T E R  III

REACTION OF o - a  -DICYANOSTILRENE WITH HYDRAZINE.

The successfu l re a c tio n  o f o - a -d ic y an o s tilb en e  ( I I )

w ith sodamide (C h .- I l)  encouraged exam ination o f th e  behaviour

of o th e r n itro g en  hasee towards th i s  d i n i t r i l e .

Hydrazine, T?hi 1st u n reac tiv e  in  th e  co ld , had "been

found s u f f ic ie n t ly  n u c leo p h ilie  to  y ie ld  1 .3-dih.ydrazino iso -

qu ino line  (XLl) when, in  excess, i t  vras heated under re f lu x

in  aqueous e thano l w ith o>-cyanobenzyl cyanide ( i )  fo r  sev era l 
7

hours •

( I )  (XLI)

I t  was p o ss ib le  th a t  under s im ila r  c o n d itio n s , hydrazine 

would add to  th e  d i n i t r i l e  ( i l ) .

I f  hydrazine were to  a tta c h  ( i l ) i n  th e  same way as 

d id  sodamide, th e  product o f such re a c tio n  would be 4-cyano- 

l-h.vdrazino-3-phenyliso q u in o lin e  (X L Il).

54



CN

(XLIl)

However, when th e  d i n i t r i l e  ( i l )  and hydrazine (4 mol) in  

in  aqueous e thanol were heated under re f lu x  fo r  4 hours, o -  

cyanobenzyl cyanide ( i )  (74$) was ob ta ined . The d i n i t r i l e  '('II.) 

had ev iden tly  undergone cleavage across th e  o le f in ic  func tion  

and th e  re a c tio n  had demonstrated the  r e v e r s ib i l i ty  o f the  

Knoevenagel condensation o f th e  d i n i t r i l e  ( i )  w ith benzalde- 

hyde.

R eversal o f th e  condensation o f an a c tiv e  methylene w ith a 

carbonyl compound, i s  not uncommon. G enerally , th e  condens

a tio n  product, PhCH=CXY, i s  su sce p tib le  to  base ca ta ly sed  

h y d ro ly tic  cleavage i f  a t le a s t  one o f X and Y i s  e le c tro 

neg a tiv e . Thus, fo r  example, benzylideneacetone (XLIIl) 

g iv es , on a lk a lin e  cleavage, benzaldehyde and a c e to n e ^ .

N + PhCHO + h2o

( I ) (II)

PhCH= CHCOCH PhCHO + CH.COCH.
>5 .03

(X LIIl)
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When both X and Y are e le c tro n  a t t r a c t in g ,  cleavage i s  some

tim es p oss ib le  w ithout base c a ta ly s is .  B enzylidenem alonitrile  

(XLIV) a ffo rd s benzaldehyde and m a lo n itr ile  on h ea tin g  in  

n e u tra l 95$ e th a n o l^ .

hpo ■■ ■
PhCH =  C(CN) . PhCHO + CH„(CN)ac. d d

(XLIV)

I t  i s  re levan t to  note th a t  d esp ite  i t s  huge excess, e thanol 

took no p a rt in  the  above re a c tio n , th e  a tta c k in g  nucleophile  

being id e n tif ie d  as a w ater m olecule.

The mechanisms fo r  o le f in ic  cleavage where th e
' 32 ' ' '33a tta c k in g  nucleophile  was w ater and hydroxide ion , have

been e s tab lish ed  and i t  i s  obvious th a t  th e  c a ta ly t ic  e ffe c t

o f added hydroxide in  th e  former re a c tio n s  was due to  th e
©

increased  n u c le o p h ilic ity  o f OH over H^O. W hilst i t  was pur

ported^^ th a t th e  cleavage o f benzalcyanoacetophenone (XLV) 

to  benzalazine (XLVl) and cyanoacetophenone (XLVIl), proceed

ed v ia  i n i t i a l  a tta c k  by hydrazine on th e  carbon-carbon 

double bond, th e re  was no evidence th a t  t h i s  was, in  f a c t ,  

th e .c a s e . '

■ ON ■/  M  NH
PhCH=C -------- * (PhCH =  N - )« + PhCOCHpCN

N o P h  [**• BtOH : ; Z .

(XLV) , (XLVl) (XLVIl)

Indeed i t  seems more reasonable th a t  hydroxide, generated  by



th e  appreciab le  'b a s ic ity  o f hydrazine, was the  nucleophile* 

KH-HH- + H_0 .— - •»» WBLI1BL + 0H°
2 2 d  _  3 2

K„co « 8*5 x lXT1.

That hydrazine was not e s s e n t ia l  fo r  th e  cleavage o f (IX) , was

demonstrated by achieving  th e  carbon-carbon double bond ru p tu re

on b o ilin g  ( i l )  in  aqueous e th an o lic  sodium carbonate*
32I t  has been shown th a t  ad d itio n  o f acid  to  the  

re a c tio n  so lu tio n  in h ib i ts  th e  cleavage o f a c tiv a ted  o le fin s*  

A ccordingly, i t  was hoped th a t  by h ea tin g  th e  d i n i t r i l e  ( I I ) 

w ith hydrazine hydrate (2 mol) and hydrazine d ihydroch loride  

(2 mol) under re f lu x , s u f f ic ie n t  acid  would have been added 

to  th e  re a c tio n  medium to  re ta rd  th e  cleavage re a c tio n  while 

a t the  same tim e allow  hydrazine to  add across th e  n i t r i l e  

groups of ( i l ) .  C e rta in ly , when th is  re a c tio n  was perform ed, 

re ta rd a tio n  o f th e  o le f in ic  cleavage was ev iden t, a s , a f t e r  

28 hours, s t a r t in g  m ate ria l (21$) was recovered* But is o la t io n  

o f th e  products ( i )  (35$) and (XLVl) (31$) t (both y ie ld s  

c a lcu la te d  on reac ted  s ta r t in g  m a te r ia l) , showed th a t  c leav

age p e rs is te d  to  the  exclusion  o f a tta c k  across th e  n i t r i l e  

groups.

I t  has been s ta te d * ^ , w ithout e lab o ra tio n , th a t 

a c tiv a te d  o le f in s  from condensation re a c tio n s , give Michael 

adducts w ith hydrazine hydroch lo ride. On th e  o th e r hand, th e  

product (XLVIIl), obtained when benzalcyanoacetophenone (XLV) 

was t re a te d  w ith  aqueous e th an o lic  hydrazine hydrochloride
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a lo n e ^ ,  was c le a r  evidence th a t ,  in  t h i s  case a t l e a s t ,  con

densation  o f th e  carbonyl croup o f (XLV) w ith hydrazine was 

th e  only re a c tio n  to  ensue.

C-.H_.NO + NH0NH_.HC1 ----- ^  + H„0 + HC116 11 2 2 16 13 3 2

(XLV) (XLVIIl)

N evertheless, i t  was considered worthwhile to  t r e a t  th e  d i

n i t r i l e  ( I I ) w ith hydrazine d ihydroch loride  a lone . The attem pt 

was ab o rtiv e , as s ta r t in g  m ate ria l (95%) was recovered a f t e r  

b o ilin g  an abso lu te  e th an o lic  so lu tio n  o f ( i l )  w ith hydrazine 

d ihydroch loride  (5 mol) fo r  48 hours. The s l ig h t s o lu b i l i ty  

o f hydrazine d ihydroch loride  in  abso lu te  alcohol could have 

re su lte d  in  too low a concen tra tion  o f nucleophile  in  so lu tio n  

fo r  re a c tio n  to  proceed a t a s ig n if ic a n t  r a te .  Consequently, 

th e  re a c tio n  was repeated  w ith  s u f f ic ie n t  added w ater to  

com pletely d isso lv e  th e  s a l t  a t re f lu x  tem perature . But again , 

a f t e r  24 hours, s ta r t in g  m a te ria l was recovered q u a n ti ta t iv e ly .

With th e  f a i lu re  o f a c id ic  so lu tio n s  to  a ffo rd  any 

re a c tio n , fu r th e r  attem pts to  re a c t th e  d i n i t r i l e  ( I I ) w ith 

hydrazine in  b a s ic  media were made. There s t i l l  remained th e  

p o s s ib i l i ty  th a t  by m inim ising th e  p ropo rtion  o f w ater in  th e  

re a c tio n  medium, th e  cleavage re a c tio n  could be re ta rd ed  and 

a tta c k  by hydrazine on th e  n i t r i l e  groups o f ( I I ) could be 

achieved. A 10 molar excess o f hydrazine hydrate in  abso lu te  

e thanol under re f lu x  again afforded  th e  product ( i )  ($ 1%) 

a f t e r  2 hours. This r e s u l t  was somewhat su rp r is in g  as



o-cyanobenzyl cyanide ( i )  i t s e l f  had been found to  re a c t w ith
30hydrazine under th ese  conditions'; • However, u sing  hydrazine 

hydrate  as both solvent fo r  ( i l )  and reag en t, th e  product 

(XLl) (88$) was obtained a f t e r  2 hours a t 95° •

Lowering th e  p ropo rtion  o f w ater in  th e  re a c tio n  

s t i l l  fu r th e r  by u sin g  95$ hydrazine, re su lte d  in  cleavage o f 

th e  d i n i t r i l e  ( i l )  even in  th e  co ld . At th e  same tim e, th e  

observation  th a t  £-cyanobenzyl cyanide ( i )  was not a ttacked  

by hydrazine in  th e  cold but requ ired  a tem perature o f ca . 80° 

fo r  th e  product (XLl) to  be ob tained , led  to  an a l te r a t io n  

in  th e  experim ental procedure in  an attem pt to  achieve rap id  

a tta c k  by hydrazine on th e  n i t r i l e  groups o f ( i l ) .  I t  was 

hoped th a t  by adding th e  d i n i t r i l e  ( i l )  in  small p o rtio n s 

to  95$ hydrazine a t 80° and h ea tin g  th e  so lu tio n  under 

re f lu x  (ca . 140°) fo r  1 hour, th e  i n i t i a l  cond itions would 

be s u f f ic ie n t ly  energe tic  fo r  n i t r i l e  ad d itio n  to  occur a t 

a com petitive r a te  to  o le f in ic  o leavage. D isappo in ting ly , no 

product o f  such a tta c k  was ob tained , but is o la t io n  o f th e  

product (XLl) (6 4 $ )  showed th a t  cleavage had occurred .



60

SCHEME IV

Mechanism fo r  th e  hydroxide ca ta ly sed  cleavage o f

o- a -d ic y a n o s tilh e n e  ( i l ) .

,C H  ' . CH .
S ■ @ '■'©/'■

1. PhCH rrr C + OH------------- PhCH----C

k  X c 6V cm
( i )  ( i i )

2 . ( i i )  + H20 ^  PhCH— CH + 0H°

OH X c6 V - ° N
( i i i )

y ° N
3. ( i i i )  + 0H° PhCH—  CH + Ĥ O

0® X<36 V - CT
(iv )

or ( i i )  ^ z ±  ( iv )

.  y cn
4. ( iv )  = ± ^  PhCHO + °CH

C gH ^o—CN

(v)

y cn
5 . (v) + H20 CH2 + OH0

^CgH^o-CN

(v i )
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I t  had been found th a t ,  whereas p h th a lo n itr i le  

(xux) was u n reac tiv e  towards hydrazine hydrate in  “b o ilin g  

e th an o l, ad d itio n  o f  sodium ethoxide as c a ta ly s t  caused an 

immediate vigorous rea c tio n  w ith form ation o f 3-hydrazono-

1-iminoiso in d o lin e  (L ).

'■ NH
CN NH2NH2

CH EtO®
NH

NNH,2
(XLIX) (L)

A f in a l  attem pt to  e ffe c t hydrazine a tta c k  on the  n i t r i l e  

groups was th e re fo re  made by adding th e  d i n i t r i l e  ( i l )  in  

sm all po rtio n s to  95$ hydrazine a t 50° to  which a c a ta ly t ic  

amount o f sodium methoxide had been added, and h ea tin g  the  

so lu tio n  a t 60° fo r  2 hours* Again, th e  cleaved product 

(XLl) (37$) was obtained to g e th e r  w ith a tra c e  amount o f a 

product E, m.p. 241°-243°» o f  which th e re  was only s u f f ic ie n t  

to  o b ta in  an i * r .  and a mass spectrum* A parent peak o f 327 

in  th e  mass spectrum made i t  d i f f i c u l t  to  envisage th e  

product as r e s u l t in g  so le ly  from hydrazine ad d itio n  to  th e  

d i n i t r i l e  ( i l ) ,  though absorp tions in  th e  i*r* a t 3340»

I 644 and I 615 cm*”^ and absence o f  n i t r i l e  absorp tion  were 

good evidence th a t  a tta c k  by hydrazine on the  n i t r i l e  

groups had occurred* Perhaps a more reasonable  suggestion  

fo r  th e  form ation o f E was th a t  o-cyanobenzyl cyanide ( i n 

formed in  the  re a c tio n , underwent d im eriza tio n , in  th e  

presence of th e  strong  base , methoxide, (c*f* re a c tio n  o f
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( i )  w ith sodamide), and th e  product th u s  formed reac ted  

f iir th e r  with hydrazine to  y ie ld  th e  u n id e n tif ie d  compound E.

SCHEME. V

Products from th e  re a c tio n  o f <5*-a-dicyanostirbene ( i l )  w ith 

hydrazine•

CN

(IX)

V

CN
+ [  PhCHO ]

(I)

Y Ph Ph

NHNH,2 N —  N

NHNH
2 (XLVl)

(XLl)



CHAPTER IV

REACTION OF o - a ~DICYANOSTILBENE WITH RYDROXYLAMINE.

The r e s u l ts  described  in  th e  previous ch ap te r, 

concerning the  re a c tio n  o f hydrazine w ith  £ - a -d ic y a n o -  

s t i lh e n e  ( i l ) ,  c le a r ly  in d ica ted  th e  i n s t a b i l i ty  o f th e  

e th y len ic  fu n c tio n  o f t h i s  d i n i t r i l e  in  b a s ic  media. I t  was 

obvious th a t  cleavage o f th e  carbon-carbon double bond o f 

( i l )  could be expected in  attem pted n u c leo p h ilic  ad d itio n s  

o f o th e r n itro g en  bases acro ss th e  n i t r i l e  groups of ( i l ) .  

F u rth e r , achievement o f n u c leo p h ilic  a tta c k  across th e  

n i t r i l e  groups o f the  compound ( I I ) was th e  more d i f f i c u l t  

because conjugation  o f both th e  n i t r i l e  groups to  u n sa tu ra ted  

m o ie tie s , lowered th e i r  s u s c e p t ib i l i ty  to  n u c leo p h ilic  

a t ta c k . The problem was, th e re fo re , to  employ reag en ts  which 

m aintained high n u c leo p h ilic  power under cond itions which 

re ta rd ed  e th y len ic  c leavage.

Now, i t  i s  known th a t  hydroxyl'amine i s  an excep t-
'iR '■

io n a lly  powerful nucleophile  towards n i t r i l e s  . Recent 

confirm ation  o f  th i s  g e n e ra liza tio n  was found in  th e  re a c tio n  

o f jo-cyanobenzyl cyanide ( I ) with hydroxylamine under mild
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acid  cond itions , in  which both  n i t r i l e s  were a ttacked  to  form 

th e  (n o n -iso la ted ) bisairiidoxime in term ediate  (LIV) which 

ra p id ly  ey e lised  to  the  dioxime (LV).

f t )

2NH20H

•NH

fOH

roH

However, d e sp ite  th i s  high n u c le o p h il ic i ty , hydroxylamine i s  

a weak base, weaker than  hydrazine, and as i t  had a lread y  

heen confirmed (p . 57) th a t  reduction  in  th e  b a s ic i ty  of th e  

re a c tio n  medium re ta rd ed  o le f in ic  cleavage o f ( i l ) ,  i t  was 

be lieved  th a t cond itions could be found fo r  su ccessfu l add

i t io n  o f hydroxylamine across th e  n i t r i l e  groups o f ( I I ) 

w ithout th e  o le f in ic  func tion  o f ( I I ) be ing  ru p tu red .

e  e
NĤ OH + OH

K_eo *» 6.6  x 10 ^ 25

Indeed, when th e  d i n i t r i l e  ( i l )  was heated under 

r e f  lux with hydro xylamine (4  mo l )  in  aqueous ethano 1 fo r
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27 hours, the  product F, which separated  as co lo u rless  prisms 

on coo ling , had a com position, corresponding to

th e  ad d itio n  o f 2 moles o f hydroxylamine. A mass spectrum 

confirmed th a t  th e  M.W. was 296, and absence of n i t r i l e  

s tre tc h in g  frequencies in  an i . r .  spectrum was evidence th a t  

both n i t r i l e  groups o f th e  compound ( i l )  had been a ttack ed .

In  ad d itio n , abso rp tion  frequencies a t  3420 and 3330 (NH^), 

3245br (OH); l675» 1640 (a ry l  amidoxime I  and I I  bands*^) , 

and 1668, l 630«cm“ ^(a#,p-unsaturated amidoxime I  and I I  bands) 

provided good evidence th a t  th e  product P was th e  bisam id

oxime (LVI).

F u rth e r evidence th a t  s tru c tu re  (LVI) was co rrec t 

fo r  F was fu rn ished  by th e  s im ila r i ty  o f th e  u .v .  abso rp tion  

curves fo r  th e  bisamidoxime ( LVIl) o f  o-oyano t r a n s 0innamo-  

n i t r i l e ^  and th e  product P (Table V II I ) .

TABLE VIII

Bisamidoxime A max (nm) c x 10“3
NOH

8 )  0
A b H 2 310 8 .4

(LVIl)
NOH

NOH

222 15.6

^  C a
2 321 7 .0

HOB"

V J^ T h

M2
230 13.2

(LVI)
a) in  methanol. b) in  e th an o l.



66

A p .m .r . spectrum o f P in  dimet hylsulphoxide 

(Table XX) confirmed the  hisamidoxime s tru c tu re  (LVI) fo r  P .

TABLE IX

Ph

HGN m,

(LVI)

Solvent : D im ethylsulphoxide.

S ignal ( t ) M u ltip lic ity  In te n s ity  Assignment

4*73 hroad s in g le t 1 a-H

4*37 hroad s in g le t 2 b-NH^

3*14 hroad s in g le t  2 d-NH^

3*0-2 .6  m u ltip le t 9 b-NOH and
8 r in g  pro tons

2 .4  m u ltip le t 1 a-H

0*64 hroad s in g le t  1 d-NOH

Solvent : Dimethylsulphoxide /  deuterium  oxide.

4.73 hroad s in g le t  1 o-H

3*0- 2 .5  m u ltip le t 8 8 r in g  pro tons

2*35 m u ltip le t 1 a-H
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The| protons o f th e  a , p -unsa tu ra ted  amidoxime group o f (LVl) 

were 'believed to  he desh ielded  to  a g re a te r  ex tent than  those 

o f th e  a ry l amidoxime group owing to  t h e i r  proxim ity to  the  

two arom atic r in g s . A d d itio n a lly , the  a ry l  amidoxime group 

lay  in  th e  sh ie ld in g  reg ion  o f th e  carhon-carhon double bond 

whereas th e  pro tons o f th e  a , p -u n sa tu ra ted  amidoxime group 

would be desh ielded  by th e  o le f in ic  fu n c tio n .

Reduction in  th e  re a c tio n  tim e brought about a 

corresponding decrease in  y ie ld  o f th e  bisamidoxime (LVl) 

and, as in  no case was a product from hydro sylamine a tta c k  on 

only one n i t r i l e  group o f ( i l )  is o la te d , i t  was be lieved  th a t  

th e  r a te s  o f a d d itio n  o f hydroxylamine to  each n i t r i l e  group 

were comparable.

I t  was hoped th a t  by in c reas in g  th e  re a c tio n  tim e, 

a c y c lic  product would be obtained  by a condensation between th e  

amidoxime groups o f (LVl). When an aqueous e th an o lic  so lu tio n  o f 

th e  d i n i t r i l e  ( i t )  and hydroxylamine (3 mol) in  th e  presence o f 

an excess o f sodium hydrogen carbonate was heated under 

re f lu x  fo r  12 hours, kept overnight (18 hours) a t c a . 15° ,  

and heated under re f lu x  fo r  a f a r th e r  6 hours, almost co lour

le s s  f lak e s  o f  a product G (30%) were ob ta ined . The product 

G had a com position , and a mass spectrum confirmed

th e  M.W. as 176. I t  was apparent th a t  cleavage o f th e  

o le f in ic  group o f ( i l )  had occurred and, in  th e  l ig h t  o f th e  

previous reao tio n  which y ie ld ed  the  bisamidoxime (LVl), t h i s  

r e s u l t  was i n i t i a l l y  puzz ling . The p o s s ib i l i ty  e x is te d  th a t  

th e  excess o f  sodium hydrogen carbonate had increased  th e



p o la r i ty  o f th e  reao tio n  medium and th a t  such cond itions

enhanced th e  carbon-carbon double bond cleavage to  y ie ld

i n i t i a l l y  benzaldehyde and £-cyanobenzyl cyanide ( i )  which

th en  reacted  w ith hydroxylamine to  y ie ld  th e  product G. But
09 6Blvidge and coworkers 1 had already  shown th a t  in  th e  

presence o f excess hydroxylamine under conditions s im ila r  to  

those  in  th e  p resen t re a c tio n , jo-cyanobenzyl cyanide ( i )  

afforded  l-am ino-3-hydroxyaminoisoquinolin e  (L V IIl), i#e> 

not th e  product G.

NHgOH

excess
NHOH

( i ) (will)

-iQ
However, e a r l i e r  work had shown th a t  re a c tio n  o f th e  d i

n i t r i l e  ( i )  w ith hydroxylamine ( i  mol) gave homophtha1- 

imide-3-oxime ( 3-hydroxim ino-l-oxo-l, 2 ,3 ,4 -te trah y d ro is o -  

qu ino line) (LIX)*

uh2oh

(I )

1 mole
‘NOH

0

NOH

(LIX)



How th i s  s tru c tu re  (LIX) had th e  c o rre c t composition foi* the  

product G and th e  i . r .  abso rp tions o f G a t 3200br (OH);

1644s and 1582 (imidoxime I  and I I  hands); and 1665s cm~* 

(lactam-CeO) were com patible. Hence i t  seemed th a t  in  the  

p resen t re a c tio n , the  d i n i t r i l e  ( I I ) had f i r s t  undergone 

o le f in ic  cleavage to  th e  product ( i )  and benzaldehyde. Rapid 

re a c tio n  of benzaldehyde w ith hydroxylamine to  th e  oxime had . 

th en  lowered th e  hydroxylamine c o n cen tra tio n ,to  approximate 

the  cond itions under which form ation o f (LIX) was p re fe rred

to ( m i l ) .

Doubts th a t  th e  product G was id e n tic a l  w ith the  

compound (LIX) arose  from comparison o f th e  m elting p o in ts . 

Whereas the  monoxime (LIX) was obtained as co lo u rless  need les , 

m.p. 158° , th e  co lo u rless  f lak e s  o f G showed high s t a b i l i t y  

to  heat up to  ca . 230° a t which tem perature they  decomposed 

w ithout m elting .

As acid  hydro lysis o f G -gave th e  known homophthal- 

imide (LX Il), th e  only reasonable a l te rn a t iv e  to  the  s tru c tu re  

(LIX) fo r  G was homophthalimide-l-oxime (LXl). A p .m .r 

spectrum o f G! (Table X) confirmed th i s  view w hilst a com

p ariso n  o f th e  p .m .r . sp ec tra  o f G, homophthalimide (LXIl) 

and th e  dioxime (LV) .(Table XI) ,  provided convincing evid

ence th a t  th e  product G had th e  s tru c tu re  (LXl). The s h i f t  

to  lower f ie ld  o f th e  8 -p ro ton  r e la t iv e  to  the  o th e r r in g  

protons in  a l l  th re e  compounds was due to  the  d esh ie ld in g  

e ffe c t  o f th e  su b s titu e n t in  th e  1 -p o s itio n . From th e  

observed s ig n a ls  fo r  the  8 -p ro ton  of th e  compounds (LXIl)
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and (I.V) i t  was evident th a t  th e  carbonyl group exerted  a 

g re a te r  d e sh ie ld in g  e ffe c t on th e  8-p ro ton  than  did th e  

oxime group. The c loseness o f th e  8 -p ro ton  s ig n a l va lues of 

th e  product G and th e  dioxim e(LV) im plied th a t th e  oxime 

group o f G was in  th e  1 -p o s itio n  i . e .  th a t  s tru c tu re  (LXl) 

was co rrec t f o r  th e  product G.

TABLE X

P .m .r . spectrum o f th e  product G : Homophthalimide-l-oxime (LXl). 

Solvent : B im ethylsulphoxide.

S ig n a l-( t ) M u ltip l ic i ty  In te n s i ty  Assignment

6.16 

3 . 0- 2 .4  

2.15

0.38 

-0 .94

Solvent : T r if lu o ro a c e tic  a c id .

5.64  . s in g le t  2 4 ^ ^

2 .7 -1 .8  complex 4 r in g  pro tons

s in g le t  2 4-CH^

complex 3 r in g  protons

doublet (showing 1 8-H
f in e r  sp li tt in g )^
J c a . 8 .5  Hz

broad s in g le t  1 NH

s in g le t 1 1-1T0H



TABLE XI6

P .m .r. r e s u l ts  fo r  homophthalimide (L X Il), homophthalimide-

l-oxime (LXl) and homophthalimide dioxime ( LV) in  dim ethyl

sulphoxide.

Compound S ignal p o s itio n s  ( t )
4-CH 8-H NH 1—NOH 3-NOH

0

5.98 1.96 -1 .2 - -

(LXIl)

/■ NOH

6 .16  2.15  O.38 -0 .9 4 v - - : ■

( K I )

NOH

NOH
(LT)

6.215 2.17 1.41 - 0.70 0.015

When'the reao tio n  tim e was reduced, the  hisam id- 

oxime (LVI) was obtained in  good y ie ld  and so th i s  produot 

w a s  c le a r ly  an in te rm ed iate  in  the  form ation of (LX l). Two 

pathways fo r  th e  conversion o f ( i l )  to  ( LXl) were then  

envisaged (Scheme VI )•



SCHEME VI

( I I )

( lit)

(lv)

a :

roH

NOH

(LVI)
( i i ) .

NOS

‘Ph
(ran)

NOH

NOH

( r a )



The ‘bisamidoxime (LVl) i t s e l f ,  was found to  he very  

s ta b le  in  b a s ic  so lu tio n s . I t  was recovered in  84$ y ie ld  a f t e r  

being bo iled  in  aqueous e th an o lic  sodium carbonate fo r  3 hours. 

S ta r tin g  m ate ria l was recovered from sev e ra l attem pts to  o b ta in  

th e  product (LXl) by t r e a t in g  th e  bisamidoxime (LVI) with 

hydroxylamine and excess sodium hydrogen carbonate a t re f lu x  

tem perature in  aqueous e th an o l. Even a f t e r  36 hours, 5Of° 

unreacted  bisamidoxime was recovered, although th e  gradual 

decrease in  y ie ld  of s ta r t in g  m ateria l as the  re a c tio n  tim e 

was increased  did  suggest th a t  the  expected conversion was 

slowly tak in g  p lac e . But th e  s t a b i l i t y  o f the  bisamidoxime 

(LVI) under th ese  cond itions was some*rtiat g rea te r  than  would 

be expected from considera tion  Of e i th e r  o f th e  above re a c tio n  

pathways. Prom th ese  i t  could reasonably  be argued th a t  con

v e rs io n  o f (LVl) to  (LXl) should proceed a t le a s t  as ra p id ly  

as ( i l )  to  ( LXl) .  However a p oss ib le  reason fo r  th i s  not : 

being  so was thought to  be th e  considerab le  d i lu tio n  o f th e  

reagen ts occasioned by th e  low s o lu b i l i ty  o f the  bisamidoxime 

r e la t iv e  to  th e  d i n i t r i l e  ( i l ) ,  in  e th an o l.

N either o f the  in te rm ed ia tes (LV) o r (LX IIl)

(Scheme VI) was i  so la ted  but (LV) was a known compound.

Attempts to  achieve i t s  p a r t i a l  hyd ro lysis  to  (LXl), under 

s im ila r  cond itions to  those fo r  the  conversion o f ( i l )  to  

(IjX I), f a i le d .  Formation o f (LXl) under b a sic  cond itions was 

th e re fo re  be lieved  to  proceed v ia  pathway ( i i ) .  However, when 

th e  d i n i t r i l e  ( I I ) , hydroxylamine (2 mol) and hydroxylamine 

hydrochloride (2 mol) in  aqueous e thanol were heated u n d e r
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re f lu x  fo r  3 hours, the  yellow  prisms (60$) which separated  

on cooling  were id e n tif ie d  as the  dioxime ( I X ) -  When the  

re a c tio n  time was increased  to  30 hours, hyd ro lysis o f  the  

dioxime occurred to  y ie ld  th e  monoxime (LXl) (51$)* In  add

i t io n ,  when th e  'bisamidoxime (LVIl) and hydroxylamine hydro

ch lo rid e  ( l  mol) in  aqueous ethanol were heated under re f lu x  

fo r  3 hours, th e  dioxime (LV) (37$) was again obtained to 

g e th e r with a q u a n tity  o f t a r .  These r e s u l ts  c le a r ly  in d ic 

ated th a t th e  rou te  fo r  th e  rea c tio n  o f th e  d i n i t r i l e  ( i l )  

w ith hydroxylamine under mild acid  cond itions was th e  path

way ( i )  in  Scheme VI.

C ontrary to  th e  behaviour o f th e  d i n i t r i l e  ( i l ) ,  

th e  bisamidoxime (LVl) su ffe red  o le f in ic  cleavage ra p id ly  

in  a c id ic  media, and only very  slowly in  b asic  media. This 

was explained by the  low e le c tro n  withdrawing e ffe c t o f th e  

amidoxime group which re s u lte d  in  low a c tiv a tio n  o f th e  

carbon-carbon double bond in  th e  compound (LVl) towards 

n u c leo p h ilic  cleavage in  n e u tra l o r b a s ic  media. On th e  

o th e r hand, in  a c id ic  media, p ro tonation  o f the  amidoxime 

group made i t  pow erfully  e le c tro n  withdrawing, with th e  

r e s u l t  th a t th e  e th y len ic  group became h igh ly  p o la rized  and 

th e re fo re  re a d ily  su scep tib le  to  ad d itio n  o f w ater and sub

sequent cleavage.

In  those  rea c tio n s  where cleavage occurred to  

y ie ld  e i th e r  o f th e  products (LV)and (LXl), the  secondary 

product, benzaidoxime should obviously have been ob tained  

from rea c tio n  o f i n i t i a l l y  formed benzaldehyde w ith th e



excess hydroxylamine in  th e  re a c tio n  media# From none o f these  

re a c tio n s  was t h i s  product is o la te d , a p o ss ib le  reason fo r  

which was thought to  he th e  in s t a b i l i ty  o f th i s  oxime in  the  

re a c tio n  medium# However, when th e  £-chloro-analogue (LXV) 

(from rea c tio n  o f jo-cyanobenzyl cyanide ( i )  w ith £ -ch lo ro - 

benzaldehyde) o f th e  d i n i t r i l e  ( I I ) ,  in  aqueous ethanol, was 

heated under re f lu x  w ith hydroxylamine (2 mol) and hydroxyl- 

amine hydrochloride (2 mol) fo r  4 hours, the  dioxime (LV)

(45$) and 2 ~chlorobenzaldoxime (O T I) (57%) were obtained#

JOH
NH2OH

excess NH^OH.HCl NOH

(nr)

(LXV)
NOH

(LX7I)

I t  was hoped th a t  by su b jec tin g  th e  bisamidoxime 

(LVl) to  h igher tem pera tu res, the  uncleaved cy c lic  product 

( lxvti) could be obtained#

NOH

NOH

Ph
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Accordingly, th e  bisamidoxime (LVl) was heated under re f lu x  

fo r  3 hours in  dioxan. The so lu tio n  "became deep red "but only 

s ta r t in g  m ate ria l (84$) was recovered.

C y c liza tio n  to  th e  dioxime (LXIX) had "been re a d ily  

achieved "by sub lim ation  o f th e  "bisamidoxime (LXVIIT) o f

g lu t aro n it  r i l e 40

HON =i — NOH

m 2 nh2

150° /  10mm
HON NOH

H

( l x v iii) (LXIX)

An attem pt vras th e re fo re  made to  achieve c y c liz a tio n  o f the  

"bisamidoxime (LVl) to  th e  c y c lic  product (LXVII) by 

sub lim ation . However, th e  compound (LVl) was found to  be 

s ta b le  under a vacuum o f 0 *05mm to  a tem perature o f a t

le a s t  200 •
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SCHEME VII

Products from re a c tio n  o f £ - a -d icy an o s tirb en e  ( i l )  w ith 

Hydrosylamine.

NOH

(II)

Ph

(LVl)

NOH

( LXl) (LV)



C H A P T E R  V

REACTION OP o-CYANOBENZYL CYANIDE WITH METHOXIDE IN METHANOL.

Alkoxides have ‘been found s u f f ic ie n t ly  basic  to  

generate  th e  carbanion o f n i t r i l e s  con ta in in g  a hydrogen 

atom on the  a-carbon to  th e  n i t r i l e  group.. Thus Atkinson and 

T horpe^  obtained  the  dim eric imine s a l t  (LXXl) on t r e a t in g  

benzyl cyanide (LXX) with sodium ethoxide in  e th an o l.

CN

(LXX)
prolonged
treatm ent

Ph

Ph
and

NH,

CN

78
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Accordingly, trea tm ent of’ £-cyanobenzyl cyanide ( i )  

w ith methoxide in  methanol should y ie ld  1-amino-4~cyano-3 -  

(o-cyano“benzyl) is o cruinoline (XIV), a lready  obtained from the  

a c tio n  o f sodamide on th i s  d i n i t r i l e .

OC
CN CK

( I )  (XIV)

W hilst sodium methoxide in  methanol d id  re a c t w ith 

£~cyanobenzyl> cyanide ( i )  to  give th e  p red ic ted  product (XIV), 

th e  r a te  o f form ation o f th e  product was markedly slower th an  

th a t  found u sin g  sodamide in  formamide as th e  b asic  medium 

(Chapter I ) .  Indeed, only a 9$ y ie ld  o f (XIV) was ob tained  

when th e  d i n i t r i l e  ( i )  was heated under re f lu x  w ith sodium 

methoxide in  methanol fo r  8 hours*

The la rge  d iffe ren c e  in  th e  a b i l i ty  o f amide (NH^) 

and methoxide (MeO0 ) to  achieve d im eriza tion  o f £-cyano- 

benzyl cyanide ( i )  re su lte d  perhaps from t h e i r  very  d if fe re n t  

e ffe c tiv e  b a s ic i ty .  They were not used in  th e  same so lven t 

and, moreover, sev e ra l w o rk e rs^ 1 ̂  have shown th a t  methoxide 

i s  heav ily  so lva ted  in  m ethanol, causing  a lowering o f th e  

e ffe c tiv e  b a s ic i ty  o f th i s  an ion .

The so lvent e f fe c t  on th e  r a te  o f th e  p resen t
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reaction was w ell illu s tr a te d  when the d in itr i le  ( i ) ,  in  a 

1:1 solu tion  o f methanol in  dimet hylsulphoxide, was heated 

under reflux  for  3 hours with a c a ta ly tic  amount o f sodium 

methoxide, The y ie ld  of the product (XIV) was 44$*



C H A P T E R  VI

REACTION OP a -  a -DICYANOSTILBENE WITH ALKOXIDE IN ALCOHOL.

B ase-cata lysed  ad d it io n  o f  water to  su i ta b ly  

a c t iv a ted  o le f in s  has a lready  Been d iscussed  (Ch. I I I ) .

R X R X
\ . c = c X  o h / h2° ,  r . - c - c - R "
/  \  --------— I IR’ R" OH H

( i )  ( i i )

I t  i s  the  presence of the  ion izah le  hydrogen atom on the  

hydroxyl group in  the  adduct ( i i )  which genera lly  r e s u l t s  

in  the  rea c t io n  proceeding to  the  cleavage products ( i i i )  

and ( i v ) .
H-— OH

R /  T
I /  /R»— C — C —  R"  RR«C*0 + R"CH„X

r>\ I 2H— 0 H
C q ( i i i )  (iv)

OH ( i i )

In  c o n tra s t ,  w h ils t the  analogous a lkox ide- 

ca ta lysed  ad d it io n  of a lcohols to  a c t iv a te d  allcenes has 

heen e s tab lished  as a general re a c t io n ,  th e  r e s u l t in g

81



adducts (v) do not contain  an ion izab le  hydrogen atom of the

type in  ( i i )  and no cleavage of these  adducts by alkoxide
45

alone has been reported  •

R» X
\ c _ c /c_c

R" R"

( i )

or/ roh R"
R* X 
I I 
C — C 
I I 
OR H

(v)

R,w

Now, as cleavage o f  the double “bond in  o- a - d i -  

cyenostilbene ( i i )  was f a c i l e  (Ch. I l l )  with hydroxide, i t  

could be a n tic ip a te d  th a t  treatm ent o f t h i s  d i n i t r i l e  with 

sodium ethoxide in  ethanol would y ie ld  the  adduct (LXXIl)*

CN CN
OEt

Ph
CN CN

( i i ) ( LXXIl)

However, t h i s  adduct was not obtained when a so lu t io n  o f  o- 

a -d icyanostilbene  ( i i )  and a c a ta ly t ic  amount o f sodium 

ethoxide in  absolu te  ethanol was heated a t  60° fo r  4 hours* 

M,?ss spectrometry showed th a t  the  co lo u r le ss  product H, 

m*p. 13?. 5°, had a molecular weight (274) which was 2 u n i ts  

le s s  than expected. In agreement the  composition, by comb

u s t io n ,  vias found to  be ev iden tly  the  product

had been formed by add it io n  of ethanol t o ,  and loss  o f  two 

hydrogen atoms from, the  d i n i t r i l e  ( i i ) .  A poss ib le
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s t ru c tu re  was (LXXIIl), but t h i s  was soon dismissed because 

th e re  was only one n i t r i l e  s t r e tc h in g  mode (a t  2218 cm"”’*') 

in  the  i . r .  spectrum of H and the  m elting point o f  H d i f fe re d  

from th a t  r e p o r t e d ^  fo r  th e  s t i lh e n e  (LXXIIl) (115-116°).

,CN
OEt

Ph

CN

CN
OEt

>Ph
CN

(LXXIl) (LXXIIl)

Some o f the  compound (LXXIIl) was prepared 

according to  Gabriel and Posner’s method, and i t s  assigned 

s t ru c tu re  confirmed by a n a ly s is ,  mass spectrometry, th e  two 

i . r ,  n i t r i l e  s t r e tc h in g  modes a t  2225 and 2204 cm~\ and 

i t s  conversion with acid in to  the  known isocoumarin 

(LXXVl)^, a lso  obtained by add it ion  o f  d i lu te  acid  to  the  

sodium s a l t  (LXXIV).
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(I)

+ PhCOCl

(LXXIIl)

NaOB aq.

(LXXIV)

II
OEt

•Ph

CN

CN

( lxxvi)

E tI

CK0QMa®

AgNÔ  aq.

That the  product.H had hot been obtained by ethoxide 

a t ta c k  on the  carbon-carbon double "bond of the  d i n i t r i l e  ( n )  

was then ev iden t. A poss ib le  a l te rn a t iv e  was th a t  the  product 

H had re su l te d  from ethoxide a t ta c k  on the  a ry l  n i t r i l e  group 

of the  compound ( I I )•
11Imidate formation ( v i ) ,  discovered by Nef ,

NH
RCN R'O0/  R>OH RC

(vi) OR'

i s  promoted by the  presence of e lectron-withdrawing s u b s t i tu e n ts
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in  the  n i t r i l e ,  although s ig n i f ic a n t  imidate y ie ld s  have been 

obtained from n i t r i l e s  lack ing  such ghoups. Thus, w hils t  £ -  

n i t ro b e n z o n i t r i le  gave the  imidat e (LXXVIl) in  86$ y ie ld ,  

hen2o n it ,r i le  i t s e l f  afforded 20$ of the  imidate (LXXVIIl)^.

' ■ ■ ■ '■ ,m
PhCN , ,.Me.P"/.M.i°.n^  P h C ^  (20$)

• ^OM e

( l x x v iii)

n rr n vr MeO /  MeOH wr. - v  n£-n °2c6h4cn-------  L-------- ^  £-no2c6h4c
OMe

(lxxvii)

I t  was not unreasonable th e re fo re  to  expect the  

d i n i t r i l e  ( i i )  and ethoxide to  form the  imidate (LXXIX). I f  

c y c l iz a t io n  ensued to  give (LXXX), followed by dehydrogenat

ion, then the  su b s t i tu te d  i s o cruinoline (LX) would r e s u l t ,  and 

t h i s  s t ru c tu re  appeared to  be compatible with the  c h a rac te r 

i s t i c s  found fo r  the  compound H. In  p a r t i c u la r ,  the  p .m ,r .  

spectrum of H in  carbon te t r a c h lo r id e  (Table XV) showed 

s ig n a ls  a t t r ib u ta b le  to  ethoxy and aromatic protons only*
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OEt

‘Ph
CN

(LX)

>Et

NH

Ph
CN

-2H

(LXXIX)

That H was the  i so quinoline (LX) was then  shown by i t s  acid  

hydro lysis  in  7&f° y ie ld  to  4-cyano-3-phenyl i s o c a rb o s ty r i  1 

(LXXXl), id e n t ic a l  ( i . r .  and m.p.) with au then tic  m ateria l  

obtained by the  ac tio n  of ammonia on 4-cyano~3-phenyliso- 

coumarin (LXXVl)^,

OEt

■Ph‘Ph
CN CN

( lxxvi)( K )

‘NH

Ph
CN

( lxxxi)



Schaefer and P e t e r s ^  found th a t  when diethoxy- 

a c e to n i t r i l e  (LXXXIl) was t r e a te d  with primary alkoxides in  

a lcoho l, the  y ie ld  o f imidate (LXXXIIl) decreased only 

s l i g h t ly  as the  alcohol v a ried  from to  C^. In  a d d it io n ,  

secondary a lcohols did not show a large  decrease in  y ie ld  

compared with th a t  from t h e i r  primary isomers,

(c2h5o)2chcn

(LXXXIl) (LXXXIIl)

I t  was of in t e r e s t  to  determine whether the  same constancy 

in  y ie ld  held fo r  the  re a c t io n  of £ - a -d ic y an o s ti lb en e  ( i i )  

as th e  alcohol was v a r ied .

The d i n i t r i l e  ( i i )  was reacted  fo r  4 hours a t 60° 

with each of the  a lcohols : methanol, e thanol, propanol, 

butanol and isopropanol in  th e  presence of a c a ta ly t i c  

amount of the  corresponding sodium a lkoxide, A c ry s ta l l in e  

product was obtained in  every case except with isopropanol 

which gave only t e r .  The products with y ie ld s  and m elting 

po in ts  are given in  Table XII.

R0°/ ROH / v  S '(c2h5o)2chc^
NH

OR
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Alcohol /  Alkoxide

MeOH /  MeO°

EtOH /  EtO0

PrOH /  PrO0

BuOH /  BuO0

iPrOH /  iPrO°

TABLE XII 

Product

OMe

CN

(XL)

OEt

CN

(LX)

OPr

CN

( lxxxiv)

OBu

CN

(LXXXV)

Y ield m.p.

61 152°

24 132.5°

20 110°

12 108. 5°



The products (XL), (LXXXI?) and (LXXXV) were a l l  found to 

have the  appropria te  compositions and M.W.s. That they  v/ere 

a l l  alkoxy homologues of th e  isogu ino linb  s t ru c tu re  (LX) 

was e s tab lish ed  by the  c lose  s im i la r i ty  o f t h e i r  u .v .  spec tra  

in  96$ ethanol (Table X II I ) .

TABLE XIII

Compound X max (nm)

( e x 10- 3 )

(XL) 217

(30.8)

256

(29.0)

308

(13.4)

325sh

(10.4)

337sh

(6 .0 )

(LX) 217

(34.3)

256

(33.2)

309

( l6 .0 )

325sh

(12.6)

3 3? nh 

(6 .9 )

(LXXXXV) 217

(32.4)

256

( 31. 0 )

309

( 14. 6 )

325sh

(11.8)

339sh

(6 .2 )

(LXXXV) 217

( 31. 4)

256

(30 . 3)

309

(14-5)

325sh

(11.5)

340ch

(6 .1 )



< The r e s u l t s  given in  Table XII showed th a t  the  

y ie ld  of product decreased as the  b a s ic i ty  o f  th e  alkoxide 

increased . This tren d  at f i r s t  seemed to  c o n f l ic t  with the  

find ings  of Schaefer:and P e te r s .  However, s tu d ies  of alkox- 

ide ca ta lysed  add it ion  of a lcohols to  ac t iv a ted  alkenes 

showed th a t  the  r e l a t iv e  r e a c t i v i t i e s  increased with 

in c reas in g  b a s ic i ty  o f  the  a lkox ide^*

MeO0  (  EtO0  (  nPrO° (  nBuO0  (  iPrO0  __(i)

A reasonable explanation of the  r e s u l t s  in  Table XII th e re 

fo re  appeared to  be th a t  in  th e  reac tio n  o f  o - a  -d icyano- 

s t i lb e n e  ( i i )  with alkoxide in  a lcohol, a t ta c k  by alkoxide 

on the  a ry l  n i t r i l e  group competed with a t ta c k  by the  same 

nucleophile across the  o le f in ic  group. But whereas the  

rea c t io n  r a te  remained almost constant fo r  a t ta c k  on the  

a ry l  n i t r i l e  group, the  r a t e  o f  a t ta c k  on the  carbon-carbon 

double bond increased  according to  th e  sequence ( i )  as the  

alkoxide v a r ie d .

B isappo in ting ly , no adduct from a t ta c k  across the  

o le f in ic  group o f  (Tl) was i so la te d  from any of the  re a c t io n s .  

But i t  was observed th a t  th e  more to  th e  r ig h t  th e  alkoxide 

lay  in the  sequence ( i ) ,  the  g rea te r  the  quan ti ty  of t a r  

obtained from th e  re a c t io n .  This suggested th a t  i n i t i a l  

a t ta c k  on the  o le f in ic  group of ( I I ) r e su l te d  in  polymer

i s a t io n  ra th e r  than  formation of the  expected adduct.
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OR

•CN

CN

(II)

,CN
Ph

RO

Ph e tc .

*50An example o f  poljrmerisation of t h i s  kind has been reported  . .

Although the  s t ru c tu re  of th e  product from rea c t io n  

of the  d i n i t r i l e  (XX) with alkoxide in  alcohol had "been 

s a t i s f a c to r i l y  determined as a su b s t i tu te d  isoqu ino line , i t s  

immediate p recu rso r in the  proposed re a c t io n  sequence was 

the  corresponding d ihydro isoquino line . There was no c le a r  

reason why t h i s  in term ediate  should not have been th e  f in a l  

product from the  re a c t io n .  Because th e  rea c t io n  between the



d i n i t r i l e  (XX) and methoxide in  methanol had afforded the 

h ighest y ie ld  o f prodxict, t h i s  reac t io n  was reexamined in  

an attempt to  ob ta in  the compound (XXXIX) as a s ta b le  

p roduct•

OMe

CN MeO/  MeOH  ; '   »».

Ph
CNCN

-Ph

OMe

Ph
CN

(ix) (m ix) (xl)

The reac t io n  was repeated as before but with precautions 

taken to  exclude oxygen. The f i r s t  crop o f  co lou rless  

c r y s ta l s  from r e c r y s t a l l i s a t i o n  of the  reac tio n  product 

from methanol under n itrogen  was shown by mass spectrometry 

to  be a mixture o f two components of M.VI. 262 and 260, This 

was encouraging evidence th a t  the  mixture comprised the  

compounds (XXXIX) and (XL). Compelling evidence fo r  the  

presence of the  dihydrois o eruinoline (XXXIX) was afforded by 

the  appearance of a p a i r  o f  doublets , assignable  to  H-3 and 

H-4, in  a p .m .r .  spectrum o f the  mixture in  deuterochloro- 

form (Fig . V). By comparison o f  t h i s  spectrum with th a t  of 

th e  compound (XL) in  deuterdchloroform (F ig . VI), in  which 

the  methoxy s ig n a l  occurred a t  5*77t , th e  s igna l a t  6.12 t 

in  F ig . V could be assigned to  the  methoxy protons of 

(XXXIX). The r a t i o  o f the  i n t e n s i t i e s  o f  the  s ig n a ls  a t  

6*12 and 5*89 T in  F ig , V gave the  p roportion  of th e  'two 

components o f the  mixture a t 68$ (XXXIX) and. 32$ (XL).
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FIGURE V

Proton magnetic resonance spectrum of a mixture o f  (XXXIX) and 
(XL) ( in  deuterochloroform) obtained from rea c t io n  o f  £ -  a -  
d icyanostirbene ( i i )  with methoxide in  methanol under nitrogen*

FIGURE VI

Proton magnetic resonance spectrum o f 4-cyano~l~methoxy~3* 
phenylisoquinoline (XL) in  deuterochloroform.

J

v



The s igna ls  from'. (XXXIX) are tab u la ted  below (Table XIV).

TABLE XIV

P .m .r . r e s u l t s  fo r  4“Cyano-l-*methoxy-3*-phenyl-3,4-£ihydro- 

i so cruinoline (XXXIX) in  deuterochloroform.

M u lt ip l ic i ty  I n te n s i ty  Assignment

s in g le t  3 -OCH^

d oub le t ,!  12.0 Hz 1 3~H

doublet, J 12.0. Hz 1 4“B

complex 9 r in g  protons

The h ig h e r - f ie ld  doublet was assigned to  the  3-proton because

i t  exhib ited  l in e  broadening (P ig . V) which could be explained
51by quadrupolar e f fe c ts  due to  the  adjacent n itrogen  ■.

As th e  d ihydroisoquinoline (XXXIX) had been obtained 

from the  rea c t io n  of £ - a -d ic y an o s ti lb en e  ( i i )  with methoxide 

in  methanol when e f f o r t s  to  exclude oxygen had been made but 

not when the  re a c t io n  was performed in  a i r ,  i t  seemed c le a r  

th a t  the  conversion of (XXXIX) to  (XL) was the r e s u l t  o f  

a e r i a l  ox ida tion . However, a small second crop from the  r e -  

c r y s t a l l i s a t io n  o f  the  rea c t io n  product was obtained, which 

was the  dihydroisoquinoline (XXXIX). This could be r e c r y s t a l l 

ised  from methanol in  a i r  to  y ie ld  a n a ly t ic a l ly  pure, cubic 

c ry s ta l s  of the  dihydroijsoquinoline (XXXIX) which, in  benzene, 

gave the  p .m .r . spectrum shown in  P ig . V II.

Signal ( t  )

6.12

6.14

5.17 

2 . 8- 2 .0
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FIGURE V II

Proton  magnetic resonance spectrum o f  th e  dihydroiso  quinoline 

(XXXIX) ( in  henzene).



The s t a b i l i t y  o f  (XXXIX) to  oxygen alone was also demonstrated 

by the  fac t th a t  ihe  p .m .r .  spectrum in  F ig . V was unchanged 

a f t e r  the so lu t io n  had been refluxed in  oxygen fo r  45 minutes.
j

F u rthe r  experiment e s tab lish ed  th a t  th e  ox idation  

was ca ta lysed  by a lk a l i .  The so lu tio n  of (XXXIX) in  benzene, 

which had given th e  p .m .r . spectrum in  F ig . .VII, was evapor

ated  and the  res idue  red isso lved  in methanol to  which a 

c a t a ly t i c  amount o f f re sh ly  prepared sodium methoxide had 

been added. The so lu tion  was heated under re f lu x  fo r  45 

minutes with oxygen passing  through i t .  The yellow so lu t io n  

was then  evaporated to  dryness and th e  products ex trac ted  

from the sodium methoxide in to  benzene. The solvent was r e 

moved from the  benzene e x tra c t  and th e  g lassy  residue  d ried  

over phosphorus pentoxide. The d ried  res idue  was red isso lved  

in  benzene and th e  p .m .r . spectrum of th e  so lu tio n  was taken .

A new signa l a t 6 . 27 t  was good evidence fo r  the  presence o f  

th e  oxidation  product (XL). (The methoxy protons of t h i s  

compound in  benzene gave a s ig n a l  a t 6.25 T *) Additional 

proof o f formation of (XL) was obtained by evaporating the  

benzene so lu t io n ,  r in s in g  th e  residue with methanol and 

f i l t e r i n g .  Needles remained which upon r e c r y s t a l l i s a t i o n  

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



TABLE XV

P .m .r .  r e s u l t s  [ f o r  ca. 8% so lu tio ns  in  a) carbon te t r a c h lo r id e ,  

b) deuterochloroform and c) dimethylsulphoxide].

Compound S ignal(x) M u l t ip l ic i ty In te n s i ty  Assignment

(LXXIIl) 8.83  t r i p l e t ,  J  6.8 Hz 
6.17 q u a r t e t , J  6.8 Hz

2 . 7- 2.1  complex

3 -OCH2CH3
2 -OCH2CH3
9 r in g  pro tons

(LXXVl)° 2 .7 -1 .8  complex
1.68 doublet (showing 

f in e r  s p l i t t i n g ) ,  
J  7.8  Hz

8 r in g  protons
1 8-H

(LX) a 8.50  t r i p l e t ,  J  7-0 Hz
5.34 q u a r te t ,  J  7*0 Hz

2 .9- 1*5 complex

3 -OCH2CH3
2 -0CH2CH3
9 r in g  protons

(LXXXI)0 2 .7 -2 .0  complex
1.73 double doublet,

J  7.2  Hz,J 1.7 Hz -o  ' '-m
- 2.22 broad s in g le t

8 r in g  protons 
1 8-H

1 NH

(XL)' 5.82 s in g le t  
2.7-1*7 complex

-OCH
rin g  pro tons

(LXXXIV)a 8.89  t r i p l e t , 6.8  Hz

8.08  sex te t  (showing 
f in e r  s p l i t t i n g )

5*45 t r i p l e t 6.2 Hz
2 .8 -1 .7  complex

3 -o (ch2 )2ch3
C B A 

2 -0CH2CH2CH3

2 - ° CS2C2H5
9 r in g  pro tons

(LXXXV)a 8.98  d i s to r te d  t r i p l e t ,
J  6.8 Hz

8 .8- 7.8  complex
5.39 t r i p l e t ,  J  6.1 Hz

2 .7 -1 .6  complex

-o(ch2 ) 3ch3

-och2 (ch2 )2ch3
-OCH2C3H„ 
r in g  pro tons



C H A P T E R  VII

REACTION OP o-CYANOBEMZYL CYANIDE WITH o -  a-DICYANOSTILBENE 

IN THE PRESENCE OP METHOXIDE.

The d im erisation  o f  £-cyanobenzyl cyanide ( i ) ' t o  

the product (XIV) where methoxide was the c a ta ly t ic  base, 

proceeded at a slow rate (Ch. V ). In co n tra st, an appreciable  

y ie ld  o f  the product (XL) was obtained from the n u cleo p h ilic  

attack  by methoxide on the ary l n i t r i l e  o f  £ -  a -d icy a n o -  

st ilb en e ( I I )  (Ch. V I).

nr
(I)

MeO®/ MeOH 
v . slow

MeO0/  MeOH 

moderate*

OMe

* Ph
CN

( i i ) (XL)

98



I t  could "be supposed th e re fo re  th a t  the  outcome o f attempted

codim erisation  o f  the  two d i n i t r i l e e  ( i )  and ( i i )  would

merely he th e  formation o f  th e  product (XL) with the  d i n i t r i l e

( i )  sp e c ta t in g .  But th e  work of o thers  showed th a t  t h i s  r e s u l t
52was not in e v i ta b le .  In  p a r t i c u la r ,  Atkinson and coworkers _ , 

having found th a t  the  rea c t io n  of e thy l  cyanoacetate (LXXXVl) 

with c^ -to luon itr ile  (LXXXVIl) in  the  presence of ethoxide, 

requ ired  vigorous cond itions , were su rp r ised  a t the g rea te r  

ease with which “benzyl cyanide (LXXXVIII) added to  th e  n i t r i l e  

( LXXXVIl) under ethoxide c a ta ly s i s .

EtOOC

(LXXXVl) (LXXXVIl)

©
OEt

CH
EtOOC

CN

(LXXXIX)

( LXXXVIII) (LXXXVIl)

©
OEt NH2 CH3

Apart from the  unusual ease o f  formation o f  the product (XC), 

a s a l ie n t  poin t of t h i s  re a c t io n  was th e  preference shown by 

the  anion of (LXXXVIII) fo r  a t ta c k  on the  a ry l  n i t r i l e  of 

(LXXXVIl) r a th e r  than  on the  sa tu ra ted  n i t r i l e  o f a n e u tra l
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molecule o f (LXXXVIIl). Were "the two d i n i t r i l e s  ( i )  and ( n )  

to  behave s im ila r ly ,  a product o f t h e i r  ad d it io n  in  th e  

presence of methoxide could he expected.

When equimolar q u a n t i t ie s  o f £-cyahobenzyl cyanide 

( i )  and £ - a -d icyanostilhene  ( i l )  were heated a t  60° fo r  4 

hours in  methanol to  which a c a ta ly t ic  amount o f sodium 

methoxide had heen added, co lou rless  needles of the  product 

(XL) (25$) were, in  f a c t ,  ob tained . But in  ad d ition , colour

le s s  cubes of a compound J  (33$) were i s o la te d  as the  major 

p roduct. The M.W. of J  was found by mass spectrometry to  be 

372 and as the  composition o f  J  agreed with the  formula, 

^25^16^4 * ^  was c^ear "kkat product re su l te d  from the

ad d it io n  of o-cyanobenzyl cyanide ( i )  to  £ -a ~ d ic y a n o -  

s t i lb e n e  ( i l ) .

The th re e  poss ib le  modes of a t ta c k  by the  anion 

( l a )  o f £-cyanobenzyl cyanide ( i )  on £ - a -d ic y a n o s t i lb e n e  

( I I ) ,  and the  respec tive  products are  shown in  Scheme V III .
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■SCHEMEVIII

(XCIa)

Ph
CN

NH

CN
(XCl)

NH,

CN

CN CN CN

Ph
,CN

NC

CN

-v (XCIIa)

.CN NC. 
Ph

CN CN

(x c i i )

NH,

CN
N NC 

NH
(XCIIIa)

CN Ph

(XCIII)
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S tru c tu re  (XCIl) con ta in ing  no amino group, was 

immediately discounted oh examination of i . r .  and p .m .r .  

sp ec tra  o f J  (p . 109).

Only two n i t r i l e  s t re tc h in g  frequencies (2215 and 
*-l ■2210 cnf" ) were observed in  the  i . r .  o f  the  product J* Now 

both s t ru c tu re s  (XCl) and (XCIIl), which would p r e f e r e n t i a l ly  

e x is t  in  the  enamine form, contained th re e  n i t r i l e  groups.

For s t ru c tu re  (XCl) to  show only two n i t r i l e  s t r e tc h in g  modes 

i t  was necessary to  assume quenching o f  the  p -am in o -a  , p -  

unsa tu ra ted  n i t r i l e  frequency. This assumption seemed tenuous 

when i t  was re c a l le d  th a t  th e  s t r e tc h in g  mode of the  s im ila r ly  

conjugated p-ethoxy n i t r i l e  in  s t ru c tu re  (LXXIIl) (Table XVI) 

was observed, although a t  a lower frequency than  th a t  expected 

fo r  normal a , p -unsa tu ra ted  n i t r i l e  groups. However, even 

accep ting  the  assumption, the  observed frequencies were too 

low fo r  e i th e r  to  be assigned to  the  a ry l  n i t r i l e  o f (XCl).

The a ry l  n i t r i l e  groups of sev era l  r e la te d  compounds (Table 

XVI) gave absorp tions which were always very close to  

2225 cm”"1 and i t  was d i f f i c u l t  to  envisage a mechanism which 

could e ffe c t  s ig n i f ic a n t  lowering of the  a ry l  n i t r i l e  

frequency of (XCl) from t h i s  va lue .

For s t ru c tu re  (X CIII), the  two a ry l  n i t r i l e  

frequencies could be expected to  be unresolved, b u t ,  again, 

have a common value very c lo se  to  2225 cm
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TABLE XVI

N i t r i l e  s t r e tc h in g  frequencies of r e la te d  d i n i t r i l e s

CN 2226 era'-1

CN 2250 cm-1

( I )

CN 2223 cm

( I I )

CN 2212 cm-1

CN 2225 cm' 
OEt

-1

CN 2204cm-1

(LXXIII)

As none of the  above th ree  s t ru c tu re s  could he 

e a s i ly  reconciled  with the  observed s p e c t r a l  da ta , the  

p o s s ib i l i ty  o f in tram olecu lar c y c l iz a t io n  of t h e i r  re sp ec tiv e  

anions (XCIa), (XCIIa) and (XCIIIa) was considered* This 

approach afforded s ix  poss ib le  s t ru c tu re s  f o r  J  (Scheme IX)r 

s t a r t i n g  from th e  th ree  i n i t i a l  anions.



104

SCHEME IX

1.

CN CN

CN

(XCIa)

i )  C ycliza tion  across -the 

a ry l  n i t r i l e

NH. Ph

i i )  C yc liza tion  across th e  

o le f in ic  group

NH PH

CN

(XCV)

i i i )  C yc liza tion  across th e  

a , p-unsatura ted  n i t r i l e

NH,

CN

(XCVI)
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2 .
.ON NC

GN CN

(XCIIa)

C ycliza tion  across th e  

a ry l  n i t r i l e

(XCVII)

3 . .CN

Ph
(XCIIIa)

i )  C yc liza tion  across th e  

a ry l  n i t r i l e *

NC.

CN
Ph

(XCVIII)

i i )  C ycliza tion  across the  

a ry l  n i t r i l e +

NH,

(XCIX)



Prom the  p .m .r . r e s u l t s  fo r  J  in  a c e to n i t r i l e  

(p,. l i o )  i t  was unnecessary to  consider the  s t ru c tu re s  (XCV) 

and (XCVIl) fu r th e r ,  A broad two-proton s in g le t  a t 3*54 t 

which was removed by ad d it io n  of deuterium oxide to  th e  so l

u t io n  was.good evidence fo r  the  presence o f  an amino group. 

Furthermore, a p .m .r .  spectrum of a compound possessing  

e i t h e r  s t ru c tu re  (XCV) o r  (XCVIl) would be expected to  show 

a p a i r  o f  doublets in  the  reg ion  o f  6 t corresponding to  two 

v ic in a l ly  coupled protons.

I t  was c le a r  th a t  id e n t i f i c a t io n  of the  products 

from ozonolysis o f  J  would e s ta b l is h  which of the  remaining 

p oss ib le  s t ru c tu re s  was c o r re c t .  Prom t h i s  degradation, the  

i s o la t io n  o f  benzaldehyde v e r i f i e d  the  presence of a benzal 

moiety in  the  molecule. D isappointingly , in t r a c ta b le  m ateria l  

was the  only o th e r  major product of the  rea c t io n  and no 

fu r th e r  r e l i a b le  s t r u c tu r a l  information about J  could be 

obtained .

Rather su rp r is in g ly ,  in  the  l ig h t  of the  behaviour 

o f  J with ozone, the  ox idative  cleavage o f  J  by permanganate 

proceeded smoothly to  a ffo rd  co lou rless  prisms of an hygro

scopic product K, which,on h e a t in g ,re a d i ly  lo s t

a molecule of water to  y ie ld  b righ t yellow prisms o f  L,

C.„H IT 0, the  M.W. of which was confirmed as 271 by mass I f  7 3
spectrom etry.

By e s ta b l is h in g  the  s t ru c tu re  o f  L as (C l) ,  i t  was 

poss ib le  to deduce th a t  K had the  s t ru c tu re  (C) and th a t  

(XCIV) was the  co rrec t s t ru c tu re  fo r  J as none of th e  o th er
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po ss ib le  s t ru c tu re s  (XCV l) ,  ( X C V II l )  and (XCXX) could, on 

ox idation , y ie ld  ( c )  and si.i'bsequently ( C l ) .

SCHEME X

Products from th e  permanganate ox idation  of (XCIV).

Ph
CN

CN

(XCIV)

NH

MnO

CN

NH,

COOH

CN

®

(CI)

NH

COO

CN

(C)

In  th e  formation o f  (XCIV), the  anion ( l a )  "behaved 

as had the  methoxide nucleophile  (p . $8) and a ttacked  the  

a ry l  n i t r i l e  o f the  d i n i t r i l e  ( I I )« However, the  imino anion 

thus formed, r a th e r  than  c y c l is e  across the  double "bond of 

( i l ) ,  then added to  the  remaining a ry l  n i t r i l e  in  a fash ion  

rem iniscent o f  the  mechanism of formation o f  the  dimeric 

product (XIV) from o-cyano"benzyl cyanide ( i )  (p . 9$) . I t  

would seem th a t  in  these  two cases, s t e r i c  fa c to rs  determined 

th e  mode of c y c l iz a t io n .



Condensation of o^cyanobenzyl cyanide ( i )  w ith 

anicaldehyde afforded th e  2>~methoxy analogue (C Il) o f £ - a -  

d icyanostirbene  ( i l ) .  Treatment o f (C Il) w ith methoxide in  

methanol afforded  the  s u b s titu te d  isoqu ino line  (C I I l ) ,  acid  

h yd ro ly sis  o f which y ie lded  th e  i  so carlo  s t y r i 1 (CIV).

MeO

CHO
p ip e rid in e

OMe

( I ) (C Il)

MeO0/  MeOH

0

CN

H0/  h20

OMe

OMe

OMe

(CIV) (cm)

In  a rea c tio n  to  e f fe c t  methoxide ca ta ly sed  a d d itio n  

of o^cyanobenzyl cyanide ( i )  to  the  d i n i t r i l e  (C I l) ,  th e



compound ( C I J l)  and t h e  a d d i t io n  p ro d u ct (CV) iie r e  o b t a in e d .

OMe

(G U I)  +

( I ) (CXI)

This rea c tio n  th e re fo re  proceeded analogously to  th a t  o f 

cyanobensyl cyanide ( i )  and o ~ a -d icy a n o stilb e n e  ( i l )  in  the  

presence of methoxide.

SPECTRAL BATA '

( i )

I . r .  (nu.jol m u ll) . 

3485, 3368

3215

22X5, 2210 

1630s cm ^

CN

CN

(XCIV)

NĤ  asymmetric and symmetric s tre tc h in g  

bonded NH s tre tc h in g  

2 xC^N s tre tc h in g  

isoqu ino line  s k e le ta l  v ib ra tio n



110

P.m .r. (so lvent : a c e t o n i t r i l e ) .

S ignal ( t ) M u ltip l ic i ty  In te n s ity  Assignment

3.54

2 . 8- 1.8

"broad s in g le t  

complex

2

14

HH2

o le f in ic  and r in g  
protons

removed on a d d itio n  o f deuterium  oxide*

( i i )  Monoacetyl d e riv a tiv e  o f (XCIV) .

COCH
NH

CN

CN

COCH

( i )

I , r .  (nu.iol m u ll) .

V ariab le  abso rp tion  in te n s i t ie s  in  th e  NH and C=N s tre tc h in g  

reg ions were good evidence fo r  th e  ex is ten ce  o f th e  tautom ers 

( i )  and ( i i )  in  th e  so lid  s t a t e .

NH ( i )  s tre tc h in g  

NH ( i i )  s tre tc h in g  

2 x C«N s tre tc h in g  

amide I  "band ( i i )  

amide I  "band ( i )

3226

3175

2223 and 2213 

1722

I685 cm-1



P .m .r. (so lven t ; d^diroethylsulphoxide) .

S ignal ( t ) M u ltip lic ity  In te n s ity  Assignment

7.80 s in g le t  3 CH3

2 .8 -1 .8  complex 13 o le f in ic  and r in g
protons

I .64 doublet (showing 1 8-H
f in e r  s p l i t t i n g ) /
J Q ca . 8 .5  Hz

-0*9.1 broad s in g le ta 0 .8  NH ( i  )

removed on ad d itio n  of deuterium  oxide to  the  so lu tio n .

The in te n s i ty  o f 0.8 proton found fo r  th e  NH sig n a l was a t t r i b 

u ted  to  the  presence of the  two tautom ers ( l )  and ( i i ) .  The 

s ig n a l from th e  NH proton in  ( i i )  was not observed. P ossib ly  

i t  occurred under th e  13 pro ton  complex but perhaps more 

reasonably  the  s ig n a l was too broad and low to  be recorded .

NH.

COO

CN

(C)

I . r .  (nu jo l m ull)

The hygroscopic natu re  o f t h i s  compound made i t  d i f f i c u l t  to  

measure the  i . r .  spectrum . The sp ec tra  from a number of a ttem pts 

showed v a r ia t io n s . However, the, observations were not incon

s i s te n t  w ith the  given s t ru c tu re .  A ll sp e c tra  showed a s in g le  

n i t r i l e  s tre tc h in g  frequency a t 2216 cm .
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( i v )  NH

CN

(Cl)

I . r .  (nu.jol m u ll) .

3303 NH s tre tc h in g

2221 CsN s tre tc h in g

1735 cm*"1 y -lac tam  carbonyl s tre tc h in g

P .m .r. (so lven t : deuterochloroform ).

S ignal ( t ) M u ltip l ic i ty  In te n s ity  Assignment

2 . 7- 1.8 complex 6 r in g  pro tons

1.7-1*3 complex 2 4-  and 8-protons

-O.53  "broad s in g le ta 1 NH

a removed on a d d itio n  o f deuterium  ox ide.

U .v. (so lven t ; 9&fo e th a n o l) .

Light absorp tion  "by th i s  "bright yellow compound extended 

above 400 nm which was c o n s is ten t w ith i t s  h ighly  conjugated 

s t ru c tu re .
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(v)

NH.

CN

(CV)

I . r ,  (nu.jol m ull).

3497 an(* 3301 NĤ  asymmetric and symmetric stretch in g

3096 bonded NH stretch ing

2215 and 2204 2 x CeN stretch ing

1645s isocruinoline sk e le ta l vibration

1255s cm””1 axyl ether C -  0 -  C ;stretching

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

Signal ( t ) M u ltip lic ity  In ten sity Assignment

6,23 s in g le t 3 - och3
4.22 broad s in g le t 2 hh2

3 . 25- 3 .O5 quasi doublet 2 ha

2 .8 4 s in g le t 1 _ J {

2 .6 -1 .9 complex 10 ring protons

0 removed on addition of deuterium oxide.

The presence o f the methoxy group in  the molecule 

caused a fortu itou s separation in  the ring proton sign a ls  

making id e n tif ic a tio n  of the o le f in ic  proton p o ssib le .



(v i)  Mo no a ce ty l d e riv a tiv e  o f (CVT

OCH.

COCH

OCH.

COCH

OCH
3 ( i i )

COCH,
NH

CN

(iii)

R e c ry s ta ll is a tio n  of th e  product o f J a c e ty la tio n  

o f (CV) from 96% ethanol affo rded  yellow  prism s from th e  warm 

so lu tio n  and co lo u rle ss  prism s when th e  so lu tio n  was cooled 

below 20° .  I t  was found th a t ,b y  ap p ro p ria te ly  c o n tro llin g  th e  

tem perature a t which c r y s ta l l i s a t io n  occurred , th e  yellow  and 

co lo u rle ss  prism s could be in te rco n v e rte d . This behaviour 

in d ica ted  tautom erism  and, since  the  com position of th e  co lou r

le s s  prisms was found to  be ^28^20^4^2 * it-w as be lieved  th a t  

th e  two d if f e r e n t ly  coloured prisms were tautom ers o f th e  

monoacetyl d e riv a tiv e  of (CV). On h ea tin g , th e  c o lo u rle ss
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prism s g radua lly  "became yellow  and f in a l ly  melted a t 210° , 

th e  m elting po in t found fo r  th e  yellow  prisms* D ifferences 

in  th e  i . r .  sp e c tra  id e n t i f ie d  the  yellow  prisms as a 

m ixture o f th e  tautom ers ( i )  and ( i i )  and the  co lo u rle ss  

prism s as th e  tautom er ( i i i )  : th e  c o lo u rle ss  prism s showed 

a s in g le  sharp absorp tion  a t 3420 corresponding to  an imino. 

NH s tre tc h in g  mode, a s in g le  n i t r i l e  s tre tc h in g  frequency 

a t 2212 and an imide carbonyl s tre tc h in g  frequency a t 

1709 cirf*^; th e  yellovi prism s disp layed broad NH s tre tc h in g  

absorp tions between 3300 and 3100, two n i t r i l e  s tre tc h in g  

frequencies a t 2225 and 2210 and a s l ig h t ly  broadened amide 

I  band a t I 69O cm’”*. The absorp tions fo r  th e  yellow prism s 

were co n sis ten t w ith the  tautom er ( i )  but th e  broadened NH 

absorp tions and a shoulder a t 1709 on th e  carbonyl s t r e tc h 

ing  mode a t I 69O cm*"'1' suggested th e  presence o f  a sm all 

amount o f the  tautom er ( i i ) .

OCH

(OH)

P .m .r. (so lven t ; carbon te t r a c h lo r id e ) *

Signal ( t  ) M u ltip l ic i ty  In te n s ity  Assignment

6.14  s in g le t  3 -OCH^

3 . 1- 2 .4  complex 4 r in g  pro tons

2.35 s in g le t  1 o le f in ic  H

2 .3 -1 .9  complex 4 r in g  pro tons



( v i i i ) OCH

CN OCH.

.(cm)

P .m .r, (so lven t : carbon te t r a c h lo r id e ) .

S ignal ( t ) M u ltip l ic i ty  In te n s ity  Assignment

6 .14  s in g le t

5*75 s in g le t

3•2-1 .7  complex

3 -OCH3

3 1-0CH3

8 r in g  p ro to n s.



C H A P T E R  VUI

REACTION OF o-CYANOBENZYL CYANIDE WITH BENZALDEHYDE IN THE

PRESENCE OF METHOXIDE.

Several Bases have Been found to  ca ta ly se

Knoevenagel condensations su c c e ss fu lly . T yp ically , amines,

a lkoxides o r sodamide have Been used. Thus p ip e rid in e

ca ta ly se s  th e  condensation o f o-cyanoBenzyl cyanide ( i )  w ith

Benzaldehyde to  a ffo rd  £ -  a -d icy an o stilB en e  ( I I )  in  70$
■ g

y ie ld  . But on a ttem pting  th e  same condensation u sing
XOX)ethoxide in  e th an o l, Jones ob tained , as the  major product, 

a q u ite  d i f f e r e n t ,  in so lu b le  product which he fa i le d  to  

c h a ra c te r ise  Because o f i t s  lack  o f r e a c t iv i ty .  This re a c tio n  

re lev an t to  th e  work described  in  th e  previous ch ap te rs , was 

reexamined.

I n i t i a l l y ,  ethoxide in  e thanol was used But i t  was 

fo und .tha t methoxide in  methanol gave a c lean er re a c tio n  and 

th e  same products so th e  l a t t e r  reagen ts were used in  a l l  

subsequent experim ents.

H eating equimolar q u a n ti t ie s  o f the  d i n i t r i l e  ( i )  

and Benzaldehyde a t 60° fo r  4 hours in  methanol, to  which a 

c a ta ly t ic  amount of sodium methoxide had Been added, gave a

U 7
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major product M (25$)* This was in so lub le  in  common so lven ts 

and only m oderately so lub le  in  hot 2~eth02yetha.no 1 , 1 , 4-dioxan 

and te trah y d ro fu ran  (THF). The co lo u rless  m ateria l from TRF 

was obtained , a f t e r  being d ried  a t as f in e  cream

prism s of the  hem isolvate ^25^ 18^ 4^ * ^ 4^8^ * ^aES spectrom etry 

confirmed the  M.N. o f M as 390 and, by 0. THF fragm entation 

p a tte rn , the  in c lu s io n  o f t h i s  solvent in  th e  m a te r ia l. Under 

more vigorous cond itions o f drying, pa le  yellow prism s of th e  

unsolvated m ate ria l were ob tained .

The poor s o lu b i l i ty  o f M caused d i f f i c u l t i e s  in  

the  in v e s tig a tio n  of i t s  s t ru c tu re . Attempts to  overcome 

th ese  were made by re a c tin g  the  d in it  r i l e  ( i )  w ith ^ s u b s t i t 

u ted  benzaldehydes. In  each o f the  th re e  cases t r i e d ,  th e  

re a c tio n  proceeded analogously to  th a t w ith benzaldehyde. The 

major products, homologues of M, are  l i s t e d  w ith com positional 

data  in  Table XVII.

TABLE XVII

Major products from the  methoxide ca ta ly sed  re a c tio n  o f o-

cyanobenzyl cyanide ( i )  w ith ^ - s u b s t i tu te d  benzaldehydes,
X

.X Product Appearance Composition m/ e

H M pale  yellow  prisms C2 5 W 390

OMe N pale  yellow  prisms C26H20E4°2
420

Cl 0 yellow prism s ° 2 5 W 10 424

OBu P pale yellow  prisms C29H26K4°2 462
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W hilst products N and 0 were rather.m ore so luble than  K, • a 

marked, improvement in  s o lu b i l i ty  c h a ra c te r is t ic s  was found 

fo r  the  jD-butoxy homologue, P, which was even m oderately 

so lub le  in  e th an o l. However, these  homolocues showed a tend

ency to  form sparing ly  so lub le  c la th ra te s  w ith so lv e n ts , 

behaviour rem iniscent o f the  parent compound with THF already1, 

mentioned. On one occasion, attem pted r e c r y s ta l l i s a t io n  of M 

from dioxan f a i le d  because so lvated  m ate ria l p re c ip ita te d  

almost q u a n ti ta t iv e ly  from th e  hot so lu tio n  before f i l t r a t i o n .  

S im ila r behaviour was observed fo r  the  products N and 0, and 

r e c r y s ta l l i s a t io n  o f P from ethanol could not be achieved fo r  

th e  same reason . Again, P, which was re a d ily  so lub le  in  cold 

acetone, c ry s ta l l i s e d  out again almost immediately : a f t e r  

being a ir -d r ie d  fo r  14 hours, the  prism s were found to  be 

hem i-solvated w ith  acetone. But d esp ite  these  d i f f i c u l t i e s ,  

reproducib le  sp e c tra  were obtained thus allow ing r e l ia b le  

s t ru c tu ra l  deductions to  be made.

When th e  sp ec tra  o f the  four products M, N, 0 and 

P were compared, th e  fo llow ing common fe a tu re s  emerged :

I . r .  i )  broad general abso rp tion  between 3500 and 3000 cm * 

(NH s tre tc h in g ) ,  

i i )  a s in g le  n i t r i l e  s tre tc h in g  frequency between 2230 

and 2226 cm""* (a ry l  CN). 

i i i )  s tro n g  m ultip le  absorp tion  between 1650 and 1610 

cm"" (C=N s tre tc h in g ) .

U .v. no red-end abso rp tion  maxima above 350nm suggesting

a s tru c tu re  invo lv ing  not more than  two fused
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arom atic r in g s  (anthracene absorbs a t 375nm'^  )• 

M.s. i )  th e  only in ten se  daughter ion peak a t m/e 313

corresponded to  th e  lo ss o f -C^H^X from th e  parent 

(confirmed hy m etastab le  peak)# 

i i )  th e  parent ion increased  "by 3 mass u n i ts  a f t e r  

samples were mulled w ith deuterium  oxide. This 

im plied th e  presence of 3 la b i le  p ro tons.

P .m .r. (so lven t : d^dim ethylsulphoxide)

i )  thriee 1-proton NH s ig n a ls  a t low f ie ld  ( ( 2 « 4 t ) 

(removed on a d d itio n  of deuterium  oxide) confirmed 

th e  mass sp e c tra l  fin d in g  o f 3 la b i le  p ro to n s . The 

low chemical s h i f t s  suggested imino o r amide groups 

r a th e r  than  amino groups,

i i )  tiro 1-proton s in g le ts  at c a .5*70 and 5*65T showed 

the  presence o f  two non-equivalent methine p ro to n s.

The product M c le a r ly  re su lte d  from the  combination

of two molecules o f the  d i n i t r i l e  ( I )  and one molecule of

benzaldehyde. Complications in  Knoevenagel condensations have 
54 55been reported  9 to  a r is e  from th e  fu r th e r  a tta c k  by th e  

anion o f the  a c tiv e  methylene compound on the  1:1 condensation 

p roduct. I t  has a lready  been shown (Ch. V II) th a t  in  the  

p resen t case such a tta c k  leads to  the  form ation o f th e  product 

(XCIV). Water would be p resen t (from th e  i n i t i a l  condensation) 

so i t  was conceivable th a t  a lk a lin e  hy d ro ly sis  of (XCIV) had 

occurred to  y ie ld  th e  product M. But th e  compound (XCIV) was 

found to  r e s i s t  a lk a lin e  hydro lysis and, in  any even t, th e  

p o ss ib le  s tru c tu re s  fo r  M which would have ensued could not



be reconciled  w ith th e  s p e c tra l  da ta  given above. Furtherm ore, 

th e  observation  th a t  the  p resen t re a c tio n  afforded M in  

v i r tu a l ly  unchanged y ie ld  when c a rr ied  out under cond itions 

o f continuous d e h y d ra tio n ^ ^ , co n trad ic ted  any mechanism 

invo lv ing  condensation and subsequent hydrolysis*

S ta r t in g  m ateria l (72$) was recovered from an 

attem pted methoxide ca ta ly sed  ad d itio n  o f the  compound (XIV) 

(Ch* l )  to  benzaldehyde. This re s u lt  excluded the  p o s s ib i l i ty  

th a t  form ation o f M involved (XIV) as an in te rm ed ia te . By 

considering  th e  i n i t i a l  s tep  to  be s e lf -a d d itio n  o f the  

d i n i t r i l e  ( i )  to  y ie ld  a dim eric in te rm ed iate  which, ra th e r  

than  c y c lise  to  (XIV), a ttacked  the  carbonyl carbon o f benz

aldehyde, o th e r p o ss ib le  s tru c tu re s  fo r  M were ob tained , but 

th ese  were in co n s is te n t w ith th e  sp e c tra l  d a ta . Notably, they  

a l l  possessed an amino group which should have given r i s e  to  

a broadened 2 -pro ton  s in g le t in  the  p .m .r . spectrum in  th e
C

t  4 region  ( c f .  1 .3-diam ino iso quino line spectrum )'7.

The conclusion was, th e re fo re , th a t  th e  re a c tio n  

proceeded v ia  a tta c k  of th e  anion ( la )  on benzaldehyde to  

a ffo rd  the  anion (CVl) which e i th e r  p ro tonated  and dehydrated 

to  th e  s ti lb e n e  ( I I ) ( a minor re a c tio n  p ro d u ct), o r , reac ted  

fu r th e r  w ith u-cyanobenzyl cyanide ( l )  to  y ie ld  th e  product M.
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CN

.CN

.CN

( I )M

p ro to n a tio n
and

dehydration

C lea rly , the  anion (CVl) could c y c lise  to  the  im idic tautom er 

which could i t s e l f  then  a tta c k  th e  d i n i t r i l e  ( I )  o r a l te r n 

a tiv e ly  the  anion (CVI) might he p ro tonated  and th en  he 

a ttack ed  hy th e  anion ( l a ) .  However th e  r e s u l t in g  amino- i s o -  

qu ino line  s tru c tu re s  were discounted hy th e  p .m .r. r e s u l ts  

fo r  th e  reasons a lready  given .

I t  remained to  consider th e  p o ss ib le  s tru c tu re s  fo r  

M derived  from a tta c k  by th e  anion (CVl) on the  d i n i t r i l e  ( i ) .  

Of th e  sev era l s tru c tu re s  obtained  in  t h i s  way, only one, 

(CVIl) (X=H) could he reco n ciled  w ith th e  p .m .r. sp e c tra l  

da ta  (Table XVIII) so t h i s  s tru c tu re  was th e re fo re  be lieved  

c o rre c t fo r  M.



123

SCHEME XI

Mechanism fo r  th e  form ation o f th e  products (CVIl)

CN
.CN

NC

NH
NC

NH

X

X

A
©

(CVIl)

M, X « H 
Nf X •  OMe 
0, X = Cl 
Pi X « OBu
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TABLE X V III

P .m .r. r e s u l ts  fo r  th e  product M w ith assignm ents fo r  

s tru c tu re  (CVIl) (X *= H).
NH

NC

NH

(CVIl) (X = H)

Solvent : d^dim ethylsulphoxide.

S ignal ( t  ) M u ltip l ic i ty  In te n s ity  Assignment

5.67 s in g le t 1
v .

5 .65 s in g le t 1 %

3 .0 - 2 .4 complex 11 r in g  pro tons

2 .2 5 broad s in g le t 1 7-NH

.1 5 -1 .8 complex 2 r in g  pro tons

1 .37 broad s in g le ta 1 10-NH

-2 .0 3 broad s in g le ta 1 9-NH

a removed on a d d itio n  of deuterium  oxide.

The assignments in  Table XVIII were made on the  

fo llow ing grounds : i )  Buckling o f th e  dihydropyran r in g  

causes the  d ih ed ra l angle between H  ̂ and Eg to  approximate 

90° thus exp la in ing  th e  observed absence o f coupling between 

th ese  two ad jacent p ro tons.



i i )  The im idic n itro g en  would /be th e  moot 

“basic  s i t e  w ith the  consequence th a t th e  7~N2 could be 

reasonably  assigned  to  th e  h ighest NH signal*

i i i )  I t  i s  known^ th a t  in  the  system s, 

e le c tro n  d en sity  i s  reduced about th e  endocyclic nitrogen* 

The ac id ic  r in g  NH in  (CVIl) could th e re fo re  be assigned to  

th e  lowest observed NH signal#

The p .m .r . r e s u l ts  (Table XIX), fo r  the  monoacetyl 

d e r iv a tiv e , (C V IIl), o f M, confirmed th e  above assignments*

TABLE XIX

P .m .r. r e s u l ts  fo r  the  monoacetyl compound (C V IIl).

NH
NC

NH

COCH,
(CVIIl)

Solvent : dgdimethylsulphoxide •

Signal ( t ) M u ltip lic ity In te n s ity Assignment

7 .99 s in g le t 3 ace ty l CĤ

5*60 s in g le t 1 ha

4.78 s in g le t 1 =6

3 . 2 - 1 . 7 complex 13 rin g  pro tons

- 0 . 8 4 broad s in g le ta 1 10-NH

- 1.56 broad s in g le t3. 1 ,9-BH

a removed on ad d itio n  of deuterium  oxide*

O'



Disappearance o f the h ighest f ie ld  NH s ig n a l showed, 

as expected, th at a c e ty la tio n  had occurred at the most basic  

n itrogen . Increased resonance e lec tro n  withdrawal "by the a ce ty l  

group ( c f .  >=sNH) would cause the observed downfieId s h if t

of  !v  ~ t

Xj CH3

The compounds (CVIl) were u n affected  by hot d ilu te  

mineral acids in  which they were in so lu b le . No u se fu l products 

resu lted  from treatment -w ith  concentrated mineral a c id s . How

ever, x:hen the compound N, (CVII, X = OMe), was heated under 

r e f lu x  i n  aqueous t r if lu o r a c e t ic  a c id , the m aterial 

d isso lv ed  to  g ive  a yellow  so lu tio n  xdiich, on co o lin g , 

afforded c o lo u r le ss  needles o f  a product C^yH^-^N^O^. Lo s s  o f  

a molecxxle o f  xmter during thermo gravim etric a n a ly sis  in d ic 

ated that t h is  was a monohydrate, C^^H^N^O^.H^O, and the  

appearance o f a parent peak at m/e 421 in  a mass spectrum  

confirmed th at the true molecular formula was C26!I19K3°3‘

The p .m .r. spectra  -  in  two so lv en ts  -  (Table XX) v e r if ie d  

th e conversion o f  the product N to  the lactone

MeO
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TABLE XX

P .m .r. r e su lts  fo r  the lactone (CIX).

i )  Solvent : dgdimethylsulphoxide

Signal ( t  ) M u ltip lic i ty In te n s ity Assignment

6.29 s in g le t 3 OCH '

5.83 s in g le t 1 A
5.40 s in g le t 1 V

3.09 doublet (showing 
f in e r  s p l i t t in g ) ,  
J q ca . 10 Hz

2 Hc

2 .9 -1 .7 complex 10 r in g  protons

«01 £tv . broad s in g le t 2 2 x NH

a removed on a d d itio n  o f deuterium  ox ide.

i i )  Solvent : deut ero chlo ro f 0 rm•
« '

6.25 s in g le t 3 och3

5.37 s in g le t 1 HA

5.34 s in g le t 1 V
3.14 doublet (showing 

f in e r  s p l i t t in g ) ,  
J Q £ a . 10 Hz

2 Hb

2 .8 -2 .1 complex 10 r in g  protons

1.44 broad s in g le t
1

syn- and

1.33 broad s in g le t anti-10-NH

-0 .9 v . broad s in g le t 1 9-nh
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The s ig n a ls  from the  two NH protons o f (CIX) merged 

to  a broad s in g le t  in  d^dim ethylsulphoxide, in d ic a tin g  th a t 

exchange between these  two protons in  t h i s  solvent was fa s t  

on th e  n .ra .r . tim e s c a le . However, th e  exchange r a te  in  

deuterochloroform  was c le a r ly  reduced since  separa te  s ig n a ls  

were observed. The appearance o f the  h ig h e r - f ie ld  s ig n a l as ■ 

a broadened doublet was a t t r ib u te d  to  syn-  and a n t i -forms o f 

the  imino group.

In  accord with th e  s tru c tu re  (CIX) an i . r .  spectrum 

shotted the  p e rs is te n c e  o f th e  n i t r i l e  s tre tc h in g  frequency 

a t 2230 cm” '*' and a 5 - lac to n e  carbonyl s tre tc h in g  frequency 

a t 1730 Cm~ .̂

Treatment o f th e  compounds M, IT, 0 and P w ith 

d i lu te  sodium hydroxide gave f in e , b rig h t yellow prism s o f 

Q, R, S and T re sp e c tiv e ly . C losely corresponding u .v .  

abso rp tion  curves showed th e se  products to  be homologues. 

Extension of th e  l ig h t ab so rp tio n  to  404-nra and th e  absence 

o f a n i t r i l e  s tre tc h in g  frequency in  t h e i r  i . r .  sp e c tra , 

suggested th a t  in tram o lecu lar c y c liz a tio n  across th e  n i t r i l e  

group in  the  compounds (CVIl) had occurred to  y ie ld  th ese  

p roducts . The composition o f Q, Cg^H^gN^O , was id e n t ic a l  to  

th a t  o f U and w h ils t i n i t i a l l y  the  mass spectrum o f Q 

appeared to  suggest a M.W. two mass u n i ts  le s s  ( i . e .  388), 

enhanced in te n s i ty  of th e  peak a t 390 over the  p red ic te d  

in te n s i ty  from iso to p ic  abundance t a b l e s ^  to g e th e r w ith  a 

m etastable a t 386 corresponding to  th e  fragm entation
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390—>383, confirmed th a t  th e  M.W. was, in  f a c t ,  390* The 

same fea tu re s  were observed in  th e  mass sp ec tra  o f R, S and 

T and the  presence o f an in ten se  peak a t 313 in  a l l  four 

sp e c tra , which could only "be assigned to  th e  lo ss  o f Ĉ Ĥ X 

from the  paren t ion  (confirmed by m etastable  peak), supported 

the  above conclusion .

The s o lu b i l i t ie s  o f  these  yellow  products were 

lower than  those  of th e  compounds (CVII) .  However, th e  £ -  

butoxy product, T, was s u f f ic ie n t ly  so lub le  in  d^dim ethyl- 

sulphoxide fo r  a p .m .r. spectrum to  be ob tained . This spectrum 

showed s ig n a ls  o f unequal in te n s i ty  from two butoxy groups. 

Prom the  areas o f  th e  s ig n a ls  i t  was c le a r  th a t a s l ig h t ly  

broadened s in g le t  a t 4 .1 2 t  and two lo w -fie ld  broadened 

s in g le ts  (1.53 and 0 .7 3 t  ) were a sso c ia ted  w ith th e  more 

in te n se  butoxy s ig n a ls  w h ilst two very lo w -fie ld  broad 

s in g le ts  (—1.91 and -2 .6 0 t  ) were a sso c ia ted  w ith th e  le s s  

in ten se  butoxy s ig n a ls . The rem aining s ig n a ls  gave r i s e  to  

a complex p a tte rn  in  the  arom atic reg ion  (3*7 'to .1*7 T )•

On th e  above evidence, trea tm ent o f th e  compounds 

(CVIl) with base was believed  to  form products having th e  

s tru c tu re  (CX), which in  so lu tio n , a t l e a s t ,  e x is ted  predom

inan t ly  in  th e  tau tom eric  form
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NH
NC

NH

in tram o lecu lar 
c y c liz a tio n NHNH

X

(CVIl)

NH NH

'NH.

X

NH.

X

(CXb) (CXa)

Q, X « H 
R, X « OMe 
S, X « Cl 
T, X « OBu

The “broad s in g le ts  a t 1*53 and 0.73twere assigned to  non

equivalent amido protons in  (CXa) w h ils t those a t -1*91 and 

-2,60Twere assigned to  th e  corresponding protons in  (CXb). 

The rem aining la b i le  protons ev iden tly  gave r i s e  to  s ig n a ls  

under the  arom atic complex as presumably did th e  o le f in ic
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pro ton  in  (CXb). The s ig n a l a t 4*12t was assigned to  the  

methine proton in  (CXa) and i t s  s l ig h t  broadening was believed  

to  a r is e  from th e  slow tautom erism  (CXa) j  (CXb).

The i . r .  sp ec tra  o f the  compounds Q, R, S and T 

were s im ila r  and absorp tions a t c a . 3420, 3340 s t r e tc h 

ing) and ca. 1660s (amide I  band) were not in co n s is ten t w ith 

th e  presence o f an amido group.

Small y ie ld s  o f th e  products Q, R, S and T were 

obtained d i r e c t ly  from the  re a c tio n  o f th e  d i n i t r i l e  ( i )  w ith 

th e  app ropria te  ^ - s u b s t i tu te d  benzaldehyde in  the  presence o f 

methoxide. I t  was c le a r  th a t  methoxide achieved th e  conversion

(CXIl) **(CX) as e f fe c t iv e ly  as hydroxide. S lig h tly  h igher

y ie ld s  o f (CX) could be ob tained  by extending the  d u ra tio n  o f 

th e  re a c tio n  o r in c reas in g  th e  concen tra tion  o f methoxide, but 

both these  re a c tio n s  were very  d i r ty ,  presumably due to  s e l f 

condensation re a c tio n s  of th e  excess benzaldehyde and from 

methoxide a tta c k  on th e  minor s ti lb e n e  product.
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NOTES

A n a l y t i c a l  a n d  S p e c t r a l  D a t a :

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  o n  a  K o f l e r  m i c r o  h o t  s t a g e  u s i n g  

s t a n d a r d i s e d  t h e r m o m e t e r s .  M i x e d  m e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  

u s i n g  a  G a l l e n k a m p  m e l t i n g  p o i n t  a p p a r a t u s .

M i c r o a n a l y s e s  w e r e  p e r f o r m e d  e i t h e r  b y  D r .  A l f r e d  B e r n h a r d t ,  

M i c r o a n a l y t i s c h e s  L a b o r a t o r i u m ,  W. G e r m a n y ,  o r  b y  t h e  M i c r o a n a l y t i c a l  

S e r v i c e ,  C h e m i s t r y  D e p a r t m e n t ,  U n i v e r s i t y  o f  S u r r e y ,  G u i l d f o r d .

A S t a n t o n  I n s t r u m e n t s  L t d .  T h e r m o b a l a n c e  w a s  u s e d  t o  o b t a i n  t h e r m o -  

g r a v i m e t r i c  a n a l y s e s .

M a s s  s p e c t r a  w e r e  o b t a i n e d  u s i n g  a n  A s s o c i a t e d  E l e c t r i c a l  I n d u s t r i e s  

MS 1 2  S p e c t r o m e t e r  ( i o n i z a t i o n  e n e r g y ,  7 0  e V ) .

U l t r a v i o l e t  d a t a  w e r e  o b t a i n e d  u s i n g  a  U n i  c a m  S P  8 0 0  B S p e c t r o 

p h o t o m e t e r .  U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  s o l v e n t  u s e d  w a s  96%  

e t h a n o l .  W hen  t e t r a h y d r o f u r a n  w a s  u s e d  a s  s d l v e n t ,  i t  w a s  f i r s t  

r e d i s t i l l e d  u n d e r  n i t r o g e n .  T h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d

a f t e r  t h e  a b s o r p t i o n  v a l u e s :  i n f l ,  i n f l e c t i o n ;  s h ,  s h o u l d e r .



F o r  r o u t i n e  i n f r a ,  r e d  a b s o r p t i o n  s p e c t r a ,  a  U n ic a m  S P  2 0 0  

s p e c t r o p h o t o m e t e r  W as U s e d  w h i l s t ,  f o r  m o r e  p r e c i s e  m e a s u r e m e n t s ,  

s p e c t r a  w e r e  t a k e n  o n  a  G r u b b  P a r s o n s  S p e c t r o m a s t e r  o r  a  P e r k i n -  

E l m e r  1 5 7 G  G r a t i n g  S p e c t r o p h o t o m e t e r .  T h e  s p e c t r a  a r e  t h o s e  o f  

t h e  c o m p o u n d s  a s  n u j o l  m u l l s  u n l e s s  o t h e r w i s e  s t a t e d .  T h e  

f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  a f t e r  t h e  a b s o r p t i o n  v a l u e s :  

s ,  s t r o n g ;  b r ,  b r o a d ;  w , w e a k ;  s h ,  s h o u l d e r .

T h e  p r o t o n  m a g n e t i c  r e s o n a n c e  r e s u l t s  w e r e  o b t a i n e d  u s i n g  e i t h e r  

a  P e r k i n - E l m e r  6 0  MHz N .M .R .  S p e c t r o m e t e r  o p e r a t i n g  a t  a  s a m p l e

t e m p e r a t u r e  o f  3 4 °  o r  a  B r u k e r  WH 9 0  F T  N .M .R .  S p e c t r o m e t e r .

/  .

T e t r a m e t h y l s i l a n e  ( t . m . s . )  w a s  u s e d  a s  i n t e r n a l  s t a n d a r d  w i t h  a l l  

s o l v e n t s .

R e a g e n t s  a n d  S o l v e n t s :

W i t h  t h e  e x c e p t i o n  o f  t h o s e  m e n t i o n e d  s e p a r a t e l y ,  a l l  r e a g e n t s  w e r e  

s u p p l i e d  b y  B .D .H .  C h e m i c a l s  L t d . ,  P o o l e ,  E n g l a n d  o r  b y  F i s o n s  

S c i e n t i f i c  A p p a r a t u s  L t d . , L o u g h b o r o u g h ,  E n g l a n d .

W h e n e v e r  u s e d ,  n i t r o g e n  w a s  f i r s t  d r i e d  b y  p a s s i n g  t h r o u g h  

c o n c e n t r a t e d  s u l p h u r i c  a c i d .

E t h a n o l ,  u n l e s s  o t h e r w i s e  s t a t e d ,  m e a n s  t h e  96% a q u e o u s  a z e o t r o p e .

B e n z a ld e h y d e  w as d i s t i l l e d  u n d e r  n i t r o g e n  b e f o r e  u s e .  O th e r  

a l d e h y d e s  w e re  u s e d  a s  s u p p l i e d .
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£ - B u t o x y b e n z a l d e h y d e  w a s  s u p p l i e d  b y  E a s t m a n  K o d a k  C o . ,  R o c h e s t e r ,  N .Y .

o - T o l u o n i t r i l e  w a s  s u p p l i e d  b y  F l u k a  A G , S w i t z e r l a n d .  T h i s  m a t e r i a l

5 7
w a s  c o n v e r t e d  t o  o - c y a n o b e n z y l  c h l o r i d e  w h i c h  w a s  t h e n  t r e a t e d

5 8
w i t h  s o d i u m  o r  p o t a s s i u m  c y a n i d e  t o  a f f o r d  o - c y a n o b e n z y l  c y a n i d e  

P . m . r .  d a t a  f o r  t h e s e  t h r e e  c o m p o u n d s  w e r e  o b t a i n e d  f r o m  r e f e r e n c e  5 .

P u r i f i e d  o - c y a n o b e n z y l  c y a n i d e  ( m .p .  7 7 ° )  w a s  o b t a i n e d  f r o m  t h e  

c r u d e  p r o d u c t  p r e p a r e d  i n  t h e  a b o v e  m a n n e r  e i t h e r  b y  s e v e r a l  r e -  

c r y s t a l l i s a t i o n s  f r o m  a q u e o u s  e t h a n o l  ( c h a r c o a l )  o r  b y  c o l d - f i n g e r  

s u b l i m a t i o n  a t  9 0 ° /1 5 m m .

9  o
£ - a - D i c y a n o s t i l b e n e  w a s  p u r i f i e d  t o  c o n s t a n t  m e l t i n g  p o i n t  (125 )

b e f o r e  u s e .  S p e c t r a l  d a t a  f o r  t h i s  c o m p o u n d  a r e  g i v e n  b e l o w :  .

I . r .  V ,  2 2 2 3 ,  2 2 1 2 ,  1 5 9 5 ,  1 5 7 6 w ,  1 2 8 9 w ,  
m a x

1 2 4 8 w ,  1 2 0 5 w ,  1 1 8 8 w ,  I 0 7 5 w ,  9 4 6 ,  7 7 0 ,  

7 5 6 ,  6 8 6  cm  \

U . v .  X (nm)(e x lo"3) : 212 (30.4),  227sh (15.4),max
250sh (7.9) ,  306 (23.0).

P . m . r .  A t  6 0 M H z, t h e  p . m . r .  s p e c t r u m  o f  t h e  c o m p o u n d  i n  

d e u t e r o c h l o r o f o r m  w a s  o b s e r v e d  a s  a  c o m p l e x  

p a t t e r n  o f  s i g n a l s  b e t w e e n  2 . 7  a n d  1 . 9 T .



CHAPTER IX

PRODUCTS FROM THE REACTION OF o^CYANOBENZYL CYANIDE WITH 

SODAMIDE IN  FORMAMIDE.

N o t e s ; F o r r a a m id e  w a s  d e o x y g e n a t e d  b y  p a s s i n g  d r y  n i t r o g e n  

t h r o u g h  i t  f o r  4 5  m i n .

T h e  r e a c t i o n  w a s  p e r f o r m e d  u n d e r  n i t r o g e n  a n d  

w i t h  l i g h t  e x c l u d e d .

( i )  1  - A m i n o - 4 - c y a n o - 3 -  ( o - c y a n o b e n 2 y l )  i s o q u i n o l i n e  (X IV );

O j - C y a n o b e n z y l  c y a n i d e  ( I )  ( 8 . 2 5 g )  w a s  d i s s o l v e d  w i t h  w a r m i n g

i n  f o r m a m i d e  ( 8 0 m l ) .  T h e  s o l u t i o n  w a s  c o o l e d  t o  r o o m  t e m p e r a t u r e

a n d  a n  i c e - c o l d  s o l u t i o n  o f  p o w d e r e d  85% s o d a m i d e  ( 6 g )  i n

f o r m a m i d e  ( 1 0 0 m l)  w a s  a d d e d  i n  s m a l l  p o r t i o n s .  T h e  r e a c t i o n

s o l u t i o n  i m m e d i a t e l y  b e c a m e  l i g h t  t a n  i n  c o l o u r  a n d  w a s  s t i r r e d  a t

r o o m  t e m p e r a t u r e  f o r  2 h .  T h e  p r o d u c t ,  w h i c h  h a d  b e g u n  t o  s e p a r a t e

a f t e r  l h ,  w a s  c o l l e c t e d ,  w a s h e d  w i t h  a  l i t t l e  f o r m a m i d e ,  b o i l e d  i n

e t h a n o l  t o  r e m o v e  o c c l u d e d  f o r m a m i d e ,  d r i e d ,  a n d  r e c r y s t a l l i s e d

f r o m  t e t r a h y d r o f u r a n  t o  y i e l d  c o l o u r l e s s  p r i s m s  o f  (X IV )

( 1 . 5 7 g ,  1 8 % ) ,  m . p .  2 2 3 - 2 2 4 °  ( F o u n d : ;  C ,  7 6 . 1 ;  H ,. 4 . 2 ;  N , 1 9 . 6 .

C . H N r e q u i r e s  C , 7 6 P1 ;  H , 4 . 2 ;  N , 1 9 . 7 % ) ,  m / e  2 8 4 0 
l o  JlZ 4  . ■ .

V ( c m '1 ) ; 3 4 5 0 ,  3 3 4 8 ,  3 2 0 0 b r ,  2 2 2 6 ,  2 2 0 6 ,  1 6 5 3 s ,  1 6 1 9 ,  1 5 8 0

136
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1 5 5 8 ,  1 5 1 1 ,  1 4 9 1 ,  1 4 0 8 ,  1 1 9 5 ,  7 8 8 ,  7 7 5 ,  7 5 9 ,  6 8 2 .  U . v .  p 2 9 .

( i i )  M o n o a c e t y l  d e r i v a t i v e  (X X I) . -  T h e  p r e c e e d i n g  p r o d u c t  ( 0 . 7 1 g )  

w a s  g r o u n d  a n d  a d d e d  t o  a c e t i c  a n h y d r i d e  ( 5 m l)  i n  g l a c i a l  a c e t i c -  

a c i d  ( 5 m l)  a n d  h e a t e d  u n d e r  g e n t l e  r e f l u x  f o r  35m iL n. T h e  h o t  

r e a c t i o n  s o l u t i o n  w a s  p o u r e d  o n t o  i c e  ( 3 0 g )  a n d  t h e  o i l  w h i c h  

f o r m e d  s o o n  s o l i d i f i e d  w h e n  s c r a t c h e d .  C r y s t a l l i s a t i o n  f r o m  

t e t r a h y d r o f u r a n  g a v e  c o l o u r l e s s  p r i s m s  o f  (XXI) ( 0 . 7 4 g ,  9 1 % ) ,  

m . p .  2 3 3 - 2 3 5 °  ( d e c o m p . )  ( F o u n d  : C ,  7 3 . 8 ;  H , 4 . 3 ;  N , 1 7 . 3 .

C 2 0 H1 4 N4 °  re< 3u * r e s  c '  7 3 . 6 ;  H , 4 . 3 ;  N , 1 7 . 2 % ) ,  m / e  3 2 6 .  v m a x (cm  :

3 2 8 0 ,  2 2 2 2 ,  2 2 1 2 ,  1 6 7 4 ,  1 6 6 3 s ,  1 5 7 3 ,  1 5 2 3 ,  1 3 4 0 ,  1 3 0 8 ,  1 0 1 9 ,  7 8 2 ,  7 6 5 ,

7 5 5 ,  6 7 7 .  X (run) (£  x  1 0 - 3 ) : 2 4 0  ( 3 5 . 2 )  ,  2 7 9 i n f l .  ( 6 . 9 ) ,  2 8 5  ( 8 . 1 ) ,  
m a x

2 9 4  ( 8 . 8 ) ,  3 0 6  ( 1 0 . 6 ) ,  3 3 5  ( 1 0 . 6 ) ,  3 4 9 s h .  ( 7 . 5 ) .

( i i i )  1 2 - C y a n o - 6 , l l - d i a m i n o b e n z o ( c ) p h e n a n t h r i d i n e  ( X X I I ) . -  W a t e r

( c a .  3 0 0 m l )  w a s  a d d e d  t o  t h e :  r e a c t i o n  f i l t r a t e  f r o m  ( i )  t i l l  t u r b i d .

T h e  g r e e n  s o l i d  w h i c h  s e p a r a t e d  w a s  c o l l e c t e d  a f t e r  l h ,  w a s h e d  w i t h

a  l i t t l e  e t h a n o l  a n d  r e c r y s t a l l i s e d  f r o m  e t h a n o l  ( c h a r c o a l )  t o

o
g i v e  y e l l o w  n e e d l e s  o f  (XXE) ( 0 . 2 5 g ,  3 % ) ,  m . p .  2 8 5  d e c o m p .

( F o u n d  : C ,  7 6 . 6 ;  H , 4 . 2 ;  N , 2 0 . 1 .  C . 0 H , . N . r e q u i r e s  C ,  7 6 . 1 ;
lo  j l Z  4

H , 4 . 2 ;  N , 1 9 . 7 % ) ,  m / e  2 8 4 .  V ( c m " 1 ) s 3 4 4 8 ,  3 4 2 6 ,  3 3 5 6 ,  3 3 4 4 ,  2 1 8 9 ,
m a x

1 6 2 0 ,  1 5 7 0 ,  1 5 6 0 ,  1 5 2 3 ,  1 5 0 7 ,  1 4 0 9 ,  7 6 8 .  X (run) ( e  x  lo"3) :
m a x

2 2 0  ( 2 3 . 3 ) ,  2 3 4  ( 2 3 . 0 ) ,  2 5 4  ( 3 2 . 4 ) ,  2 7 1  ( 3 5 . 2 ) ,  2 9 3  ( 1 9 . 8 ) ,  3 0 3 i n f l .  

( 1 9 . 0 ) ,  3 1 9  ( 1 7 . 2 ) ,  3 6 0  ( 1 4 . 0 ) ,  3 9 4 s h  ( 6 . 2 ) .

( i v )  l - A m i n o - 3 - f o r m a m i d o i s o q u i n o l i n e  ( X I I I )  . -  A f t e r  c o l l e c t i o n  o f
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( X X I I ) ,  t h e  r e a c t i o n  f i l t r a t e  f r o m  ( i i i )  w a s  a g a i n  m a d e  t u r b i d  b y

t h e  a d d i t i o n  o f  w a t e r  ( c a .  3 0 0 m l )  a n d  t h e  p a l e  y e l l o w  p r o d u c t  w h i c h

s e p a r a t e d  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l  ( c h a r c o a l )  t o  y i e l d

c o l o u r l e s s  n e e d l e s  a n d  s p l i n t e r s  o f  ( X I I I )  ( 1 . 5 4 g ,  1 4 % ) ,  d o u b l e  m . p .

2 0 7 - 2 0 8 °  a n d  2 1 7 ° .  T h e  m i x e d  c r y s t a l l i n e  f o r m  a n d  d o u b l e  m . p .

p e r s i s t e d  a f t e r  s u c c e s s i v e  r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  ( F o u n d  : I )

C ,  6 4 . 5 ;  H , 4 . 9 ;  N , 2 3 . 1 ;  i i )  C ,  6 4 . 4 ;  H , 4 . 9 ;  N , 2 3 . 5 .  C 1 0 H9 N3 °

r e q u i r e s  C ,  6 4 . 2 ;  H , 4 . 8 ;  N , 2 2 . 5 % ) ,  m / e  1 8 7 .  V (cm  ^ ) : 3 4 7 5 ,i]Rax

3 3 8 8  (NH a s y m# anc^ sy m m . s t r e t c h )  , 3 2 6 0 s  ( a m i d e  NH s t r e t c h )  *

3 1 6 0 b r  ( b o n d e d  NH s t r e t c h ) , 1 6 7 5 s ,  1 6 5 0 s  ( a m i d e  I  b a n d s ) ,  1 6 1 9 s ,

1 6 0 2 ,  1 5 6 2 ,  1 5 2 3 ,  1 5 1 0 ,  1 4 0 8  1 3 2 7 ,  1 2 9 0 s ,  1 1 9 9 ,  9 9 5 ,  7 9 5 ? ,  7 8 7 s ,

7 3 9 ,  6 7 8 .

( v )  H y d r o l y s i s  o f  ( X I I I )  t o  1 , 3 - d i a m i n o i s o q u i n o l i n e  ( I V ) . -  T h e  c o m p o u n d  

( X I I I )  ( O . l g )  w a s  d i s s o l v e d  i n  e t h a n o l  ( 5 m l)  a n d  2N  s o d i u m  h y d r o x i d e

( 2 0 m l)  a n d  t h e  r e a c t i o n  h e a t e d  u n d e r  r e f l u x  f o r  l h o  E v a p o r a t i o n  o f  

a l c o h o l  f r o m  t h e  s o l u t i o n  p r e c i p i t a t e d  y e l l o w  s o l i d  w h i c h  w a s  

c o l l e c t e d ,  w a s h e d  t h o r o u g h l y  w i t h  w a t e r  a n d  r e c r y s t a l l i s e d  f r o m  

a q u e o u s  m e t h a n o l  t o  y i e l d  y e l l o w  p r i s m s  o f  ( I V )  ( 0 . 0 6 g ,  7 1 % ) ,  

m . p .  2 3 2 - 2 3 3 °  ( l i t . ^  2 3 1 . 5 - 2 3 2 . 5 ° )  u n d e p r e s s e d  b y  a d m i x t u r e  w i t h

a u t h e n t i c  s p e c i m e n .  T h e  i . r .  s p e c t r u m  o f  a  n u j o l  m u l l  o f  t h e  

p r o d u c t  w a s  i d e n t i c a l  t o  t h a t  o f  ( I V )  p r e p a r e d  b y  r e a c t i o n  o f  

a m m o n ia  w i t h  ( I ) .

( v i )  l - A m i n o - 4 - c a r b a m o y l - 3 - ( o - c y a n o b e n z y l ) i s o q u i n o l i n e  (X X X II)  . -  

R e p e t i t i o n  o f  t h e  r e a c t i o n  o f  ( I )  w i t h  s o d a m i d e  i n  f o r m a m i d e  u n d e r  

t h e  s a m e  c o n d i t i o n s  a g a i n  g a v e  (X IV ) ( 0 . 7 7 g ,  9 % ) .  A d d i t i o n  o f



w a t e r  ( c a ,  3 0 Q m ls )  t o  t h e  r e a c t i o n  f i l t r a t e  f a i l e d  t o  p r e c i p i t a t e  

( X X I I )  o n  s t a n d i n g  f o r  l h .  T h e  c r e a m  p r o d u c t  w h i c h  s e p a r a t e d  

a f t e r  1 2 h  w a s  c o l l e c t e d  a n d  r e c r y s t a l l i s e d  f r o m  e t h a n o l  ( c h a r c o a l )  

t o  g i v e  c o l o u r l e s s  p l a t e s  o f  (X X X II)  ( 0 . 9 2 g ,  1 0 % ) ,  d e c o m p .  2 5 6 °

( F o u n d  : C ,  7 1 , 6 ;  H , 4 . 6 ;  N , 1 8 . 5  .  C _H N 0  r e q u i r e s  C ,  7 1 . 5 ;
lo 14 4

H , 4 . 6 ;  N , 1 8 . 5 % ) ,  m / e  3 0 2 .  V (c m ” 1 ) : 3 4 7 2 ,  3 3 8 1  (NH_ a s y m m .
m a x  2

a n d  sy m m . s t r e t c h ) ,  3 1 9 6 b r  ( b o n d e d  NH s t r e t c h ) ,  2 2 2 4  (C=N  s t r e t c h ) ,

1 6 8 5 s  ( a m i d e  I ) ,  1 6 2 0 s ,  1 6 0 5 ,  1 5 7 2  ( a m i d e  I I ) ,  1 5 2 4 ,  1 4 1 4 ,  1 3 6 1 ,

1 3 3 2 ,  1 2 9 9 ,  1 2 6 6 s ,  1 2 5 0 ,  1 1 5 6 ,  7 9 9 ,  7 6 3 ,  7 4 6 ,  6 7 8 .  X ( n m ) (e x  lo”3)
m a x

2 2 2  ( 4 2 . 0 ) ,  2 5 2  ( 1 6 . 2 ) ,  2 7 7 s h  ( 3 . 8 ) ,  2 8 5 s h  ( 5 . 8 ) ,  3 1 2 . ( 1 2 . 6 ) ,  3 4 2 i n f l  

(6. 0) .

2 8
F o r m y l a t i o n  o f  1 , 3 - d i a m i n o i s o q u i n o l i n e  A c e t i c  f o r m i c  a n h y d r i d e  

w a s  p r e p a r e d  b y  a d d i n g  100%  f o r m i c  a c i d .  ( 1 m l)  t o  a c e t i c  a n h y d r i d e  

(2 m l)  a t  0 ° ,  h e a t i n g  t h e  m i x t u r e  a t  5 0 °  f o r  1 5 m in  a n d  i m m e d i a t e l y  

c o o l i n g  i n  i c e .

( v i i )  l - A m i n o - 3 - f o r m a m i d o i s o q u i n o l i n e  ( X I I I ) . -  C o l d  a c e t i c  f o r m i c  

a n h y d r i d e  ( 3 m l)  w a s  a d d e d  d r o p w i s e  t o  a  s o l u t i o n  o f  ( I V )  ( 0 . 2 4 g )  i n  

100%  f o r m i c  a c i d  ( 5 m l)  a t  i c e - w a t e r  t e m p e r a t u r e  a n d  t h e  r e a c t i o n  

w a s  s t i r r e d  a t  0 °  f o r  2 h .  W a t e r  ( 2 0 m l)  w a s  a d d e d  a n d  t h e  s o l u t i o n  

n e u t r a l i s e d  w i t h  a q u e o u s  s o d i u m  c a r b o n a t e .  T h e  p r o d u c t  w h i c h  

s e p a r a t e d  w a s  c o l l e c t e d ,  w a s h e d  w i t h  w a t e r  a n d  c r y s t a l l i s e d  f r o m  

e t h a n o l  ( c h a r c o a l )  t o  y i e l d  c o l o u r l e s s  n e e d l e s  o f  ( X I I I )  ( 0 . 2 2 g ,  79% ) 

T h e  p r o d u c t  h a d  i d e n t i c a l  i . r .  s p e c t r u m  a n d  d o u b l e  m . p .  t o  t h o s e  o f  

( X I I I )  p r e p a r e d  i n  ( i v )  a b o v e .
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( v i i i )  1 , 3 - D i f o r m a m i d o i s o q u i n o l i n e  (XXX) . -  W hen  t h e  a b o v e  

f o r m y l a t i o n  r e a c t i o n  w a s  r e p e a t e d  a t  r o o m  t e m p e r a t u r e  f o r  6 h ,  t h e  

a l m o s t  c o l o u r l e s s  p r o d u c t  w h i c h  b e g a n  t o  s e p a r a t e  f r o m  t h e  a m b e r
■ I

s o l u t i o n  a f t e r  4 . 5 h  w a s  c o l l e c t e d  a n d  a  s e c o n d  c r o p  o b t a i n e d  b y

a d d i t i o n  o f  w a t e r  ( 1 0 m l)  t o  t h e  f i l t r a t e .  T h e  c o m b i n e d  c r o p s

w e r e  r e c r y s t a l l i s e d  f r o m  t e t r a h y d r o f u r a n ' e t h a n o l ( c h a r c o a l )  t o  y i e l d

c o l o u r l e s s  f i n e  n e e d l e s  o f  (XXX) ( 0 . 2 g ,  62% ) m . p .  ? 6 2 - 2 6 3  ( d e c o m p . )

( F o u n d  : C ,  6 1 . 4 ;  H ,  4 . 1 ;  N , 1 9 . 5 .  C H_N 0  r e q u i r e s  C ,  6 1 . 4 ;ix y j z
H , 4 0 2 ;  N , 1 9 . 5 % ) ,  m / e  2 1 5 .  V (cm  1 ) : 3 2 2 0  b r ,  3 1 4 0 b r , . 3 0 8 0 b r ,

'  '  m a x

(NH s t r e t c h ) ;  1 6 9 0 s ,  1 6 7 0 s  ( a m i d e  I  b a n d s ) ;  1 6 3 3 ,  1 5 2 5 ,  1 4 6 0 $ ,

1 4 3 0 ,  1 4 0 6 ,  1 3 8 0 ,  1 3 6 5 ,  1 3 4 0 s ,  1 2 8 0 ,  1 2 5 9 s *  1 2 3 5 ,  1 1 5 0 ,  1 1 2 8 ,  8 1 0 b r ,

7 5 0 ,  7 0 7 ,  6 8 9 ,  6 6 0 .  X (nm ) ( e  x  1 0 ~ 3 ) : 2 4 0  ( 3 7 . 9 ) ,  2 7 7 s h  ( 7 . 0 ) ,
m a x

2 9 0  ( 1 1 . 6 ) ,  3 0 1  ( 1 2 . 1 ) ,  3 4 7  ( 6 . 1 ) .



CHAPTER X

PRODUCTS FROM THE REACTION OF o-a-DICYANOSTILBENE WITH AMMONIA 

AND WITH SODAMIDE IN  FORMAMIDE.

( i )  l - A m i n o - 4 - c y a n o - 3 - p h e n y l i s o q u i n o l i n e  (XX) I n  f o r m a m i d e  ( 4 0 m l ) ,

o u t g a s s e d  b y  p a s s i n g  d r y  n i t r o g e n  t h r o u g h  i t  f o r  4 0 m i n ,  s o d a m i d e  p o w d e r  

( 0 . 5 g )  w a s  d i s s o l v e d  s l o w l y  w i t h  s t i r r i n g  a n d  c o o l i n g .  W i t h  t h e  

t e m p e r a t u r e  m a i n t a i n e d  a t  c a . 2 0 ° ,  o_-a-dicyanostiIbene(II) (1.15g) w a s  

a d d e d  i n  s m a l l  p o r t i o n s  t o  t h e  c o l o u r l e s s  s o l u t i o n .  A f t e r  1 5  m i n .  

s t i r r i n g  a t  r o o m  t e m p e r a t u r e ,  t h e  a d d e d  d i n i t r i l e  h a d  d i s s o l v e d  a n d  

t h e  s o l u t i o n  h a d  b e c o m e  g o l d e n  b r o w n .  L i g h t  w a s  e x c l u d e d  a n d  t h e  

s o l u t i o n  w a s  s t i r r e d  u n d e r  n i t r o g e n  f o r  l h .  T h e  g o l d e n  b r o w n  s o l u t i o n  

w a s  s t o p p e r e d  a n d  p l a c e d  i n  t h e  r e f r i g e r a t o r .  A f t e r  6  d a y s ,  

a p p r e c i a b l e  p r e c i p i t a t i o n  o f  c o l o u r l e s s  p r o d u c t  h a d  o c c u r r e d .  T h e  

s o l i d  w a s  c o l l e c t e d  u n d e r  n i t r o g e n  a n d  o n  d r y i n g  i t  b e c a m e  p a l e  

l i l a c  i n  c o l o u r .  R e c r y s t a l l i s a t i o n  f r o m  d i e t h y l  e t h e r  g a v e  c o l o u r 

l e s s  n e e d l e s .  A s e c o n d  c r o p ,  s h o w n  b y  i . r .  t o  b e  t h e  s a m e  p r o d u c t ,  

s e p a r a t e d  f r o m  t h e  r e a c t i o n  f i l t r a t e  a n d  w a s  c o l l e c t e d .  I t  w a s  

f o u n d  s t a b l e  i n  a i r  a n d  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l .  T h e  c o m b i n e d  

y i e l d  o f  c o l o u r l e s s  n e e d l e s  w a s  0 . 3 g ,  2 4 % . M .p .  1 7 3 - 1 7 4 °  ( F o u n d  : .

C , 7 8 . 3 ;  H , 4 . 4 ;  N , 1 7 . 3  . C . - H . . N _  r e q u i r e s  C,  7 8 . 4 ;  H,  4 . 5 ;
lb 11 J

N,  1 7 .1 % ) ,  m / e  2 4 5 . V (cm ” 1 ) : 3 5 4 6 ,  3 3 5 7 ,  3 2 1 8 b r ,  2 1 9 3 ,  1 6 4 2 s ,  1 6 1 5 ,
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1 5 5 0 ,  1 5 4 5 s ,  1 3 4 8 - , 1 2 5 0 w ,  1 1 5 0 w , 7 8 0 w , 7 6 0 ,  7 0 0 ,  6 8 3 ,  U . v .  p .  5 2 .

( i i )  R e a c t i o n  o f  o - g - d i c y a n o s t i l b e n e ( I I )  w i t h  a m m o n ia  . -  T h e  

d i n i t r i l e ( I I )  ( l . O g )  w a s  p l a c e d  i n  a  C a r i u s  t u b e  c o o l e d  i n  i c e .  

A m m o n ia  ( c a .  7 m l )  i n  m e t h a n o l  ( lG m l)  w a s  a d d e d  a n d  t h e  t u b e  s e a l e d .  

H e a t i n g  a t  t e m p e r a t u r e s  b e l o w  1 0 0 °  d i d  n o t  c a u s e  s i g n i f i c a n t  r e a c t i o n  

w h i l s t  a t  h i g h e r  t e m p e r a t u r e s  g r o s s  d e c o m p o s i t i o n  o c c u r r e d .



CHAPTER XI

PRODUCTS FROM THE REA CTIO N  OF o -a -D IC Y A N O S T IL B E N E  WITH

HYDRAZINE.

N o t e s :  R e a c t i o n s  w e r e  p e r f o r m e d  u n d e r  n i t r o g e n  a n d  s o l v e n t s

w e r e  f i r s t  d e o x y g e n a t e d  b y  p a s s i n g  n i t r o g e n  t h r o u g h  

t h e m .  I n  a l l  c a s e s  w h e n  s t a r t i n g  m a t e r i a l  w a s  

r e c o v e r e d  o r  e ^ - c y a n o b e n z j l c y a n i d e  ( I ) o r  1 , 3 -  

d i h y d r a z i n o i s o q u i n o l i n e ( X L I )  w a s  o b t a i n e d  a s  p r o d u c t ,  

i t s  i d e n t i y  w a s  c o n f i r m e d  b y  m . p .  a n d  i . r .  c o m p a r i s o n  

w i t h  t h a t  o f  a u t h e n t i c  m a t e r i a l .

( i )  R e a c t i o n  o f  o - g - d i c y a n o s t i l b e n e ( I I )  w i t h  h y d r a z i n e  . -

( a )  T h e  d i n i t r i l e ( I I )  ( 1 . 7 3 g )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 1 0 0 m l ) ,  a n d  h y d r a z i n e  h y d r a t e  ( 1 . 5 g ,  4 m o l )  i n  w a t e r  ( 4 0 m l)  w a s  

a d d e d .  T h e  a m b e r  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  4 h ,  c o b l e d  i n  

i c e  a n d  k e p t  o v e r n i g h t  a t  5 ° .  S o m e  d a r k e n i n g  o f  t h e  s o l u t i o n  

o c c u r r e d  b u t  n o  p r o d u c t  s e p a r a t e d .  E v a p o r a t i o n  o f  t h e  s o l u t i o n  

t o  c a .  4 0 m l  u n d e r  r e d u c e d  p r e s s u r e  t h e n  a f f o r d e d  f a w n  p l a t e s  ( 0 . 7 4 g ,  

74% ) w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  g a v e  ( I )  a s  c o l o u r l e s s ,  

p l a t e s  ( 0 . 3 4 g ,  3 4 % ) .  T h e  d a r k  r e a c t i o n  f i l t r a t e  y i e l d e d  o n l y  

t a r  f r o m  w h i c h  n o  c r y s t a l l i n e  p r o d u c t  c o u l d  b e  o b t a i n e d .
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(b )  T h e  d i n i t r i l e ( I I )  ( 1 . 7 3 g )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 1 0 0 m l ) ,  h y d r a z i n e  h y d r a t e  ( 0 .  7 5 g ,  2 m o l )  a n d  h y d r a z i n e  d i h y d r o 

c h l o r i d e  ( U 6 1 g ,  2 m o l )  i n  w a t e r  ( 4 0 m l)  w e r e  a d d e d ,  a n d  t h e  s o l u t i o n  

h e a t e d  u n d e r  r e f l u x  f o r  2 8 h .  C o o l i n g  t h e  s o l u t i o n  i n  i c e  a f f o r d e d  

n e e d l e s  w h i c h ,  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l ,  w e r e  i d e n t i f i e d  

a s  s t a r t i n g  m a t e r i a l  ( 0 . 3 7 g ,  2 1 % ) .  R e d u c t i o n  o f  t h e  r e a c t i o n  

f i l t r a t e  t o  c a . 4 0 m l  u n d e r  r e d u c e d  p r e s s u r e ,  f i l t r a t i o n  t h r o u g h  

c h a r c o a l  a n d  c o o l i n g  g a v e ,  f u r t h e r  p r o d u c t .  R e c r y s t a l l i s a t i o n  o f  

t h i s  p r o d u c t  f r o m  e t h a n o l  ( c h a r c o a l ) - w a t e r  y i e l d e d  c o l o u r l e s s  p l a t e s  

o f  ( I )  ( 0 . 3 0 g ,  3 5 % ) .  T h e  r e a c t i o n  f i l t r a t e  w a s  m a d e  t u r b i d  b y  t h e  

a d d i t i o n  o f  w a t e r  a n d  t h e  s o l i d  w h i c h  s e p a r a t e d  w a s  c o l l e c t e d ,  d r i e d ,  

d i s s o l v e d  i n  b e n z e n e  a n d  l o a d e d  o n  t o  a n  a l u m i n a  c o lu m n  ( 1 0 0 - 2 0 0 m e s h )

( 5 0 g ) .  T h e  f i r s t  f r a c t i o n  f r o m : e l u t i o n  w i t h  t h e  s a m e  s o l v e n t  g a v e  

y e l l o w  p r i s m s  ( 0 . 3 8 g ,  3 1 % ) ,  m . p .  9 2 ° ,  m / e  2 0 8 ,  o f  b e n z a l a z i n e  (X L V I) 

( m .p .  l i t . ^  9 3 ° ) ,  t r e a t m e n t  o f  w h i c h  w i t h  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  i n  

d i l u t e  h y d r o c h l o r i c  a c i d  a f f o r d e d  t h e  d i n i t r o p h e n y l h y d r a z o n e  o f

b e n z a l d e h y d e .

( c )  H y d r a z i n e  d i h y d r o c h l o r i d e  ( 3 . 9 g ,  5 m o l )  w a s  g r o u n d  a n d  

s t i r r e d  w i t h  r e f l u x i n g  a b s o l u t e  e t h a n o l  ( 5 0 m l ) .  T h e  d i n i t r i l e ( I I )

( 1 . 7 3 g )  w a s  a d d e d  a n d  t h e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x  f o r  4 8 h .  O n 

c o o l i n g ,  s t a r t i n g  m a t e r i a l  ( 1 . 6 4 g ,  95% ) w a s  r e c o v e r e d .

(d )  T h e  d i n i t r i l e ( I I )  ( 1 . 7 3 g )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 1 0 0 m l ) .  H y d r a z i n e  d i h y d r o c h l o r i d e  ( 7 . 8 8 g ,  lO m o l )  i n  w a t e r  ( 3 0 m l )  w a s  

a d d e d  a n d  t h e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x  f o r  2 4 h .  O n c o o l i n g ,  s t a r t i n g
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m a t e r i a l  ( 1 . 7  g ,  98% ) w a s  r e c o v e r e d *

( e )  T h e  d i n i t r i l e ( I I )  ( 1 . 7 3 g )  w a s  d i s s o l v e d  i n  a  h o t  s o l u t i o n  

o f  h y d r a z i n e  h y d r a t e  ( 3 . 7 5 g ,  lO m o l )  i n  a b s o l u t e  e t h a n o l .  T h e  

s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  2 h ,  r e d u c e d  t o  h a l f  v o l u m e  a n d  

c o o l e d  i n  i c e .  T h e  d a r k  a m b e r  c o l o u r  o f  t h e  s o l u t i o n  i n d i c a t e d  s o m e  

d e c o m p o s i t i o n ,  b u t  n o  p r o d u c t  s e p a r a t e d .  A d d i t i o n  o f  w a t e r  ( 5 0 m l)  

c a u s e d  t h e  c r y s t a l l i s a t i o n  o f  a l m o s t  c o l o u r l e s s  f l a k e s  o f  t h e  

d i n i t r i l e  ( I )  ( 0 . 8 6 g ,  8 1 % ) .  T h e  f i l t r a t e  b e c a m e  v e r y  d a r k  a n d  n o

f u r t h e r  c r y s t a l l i n e  p r o d u c t  w a s  o b t a i n e d  f r o m  i t .

( f )  T h e  d i n i t r i l e ( I I )  ( 1 . 7 3 g )  w a s  d i s s o l v e d  i n  w a rm  h y d r a z i n e  

h y d r a t e  ( 5 Q m l ) .  O i l y  d r o p l e t s  ( o - c y a n o b e n z y l  c y a n i d e )  a p p e a r e d  i n  

t h e  b r i g h t  y e l l o w  s o l u t i o n  b u t  d i s s o l v e d  a s  t h e  t e m p e r a t u r e  w a s  

r a i s e d  t o  9 5 ° .  A f t e r  h e a t i n g  f o r  2 h  a t  t h i s  t e m p e r a t u r e ,  t h e  a m b e r  

s o l u t i o n  w a s  c o o l e d  i n  i c e .  S lo w  p r e c i p i t a t i o n  o f  p a l e  y e l l o w  

p r o d u c t  w a s  a c h i e v e d  b y  b u b b l i n g  n i t r o g e n  t h r o u g h  t h e  c o l d  s o l u t i o n  

f o r  2 h .  R e c r y s t a l l i s a t i o n  f r o m  b e n z e n e  g a v e  p a l e  y e l l o w  p r i s m s  o f  

t h e  p r o d u c t  (X L I)  ( 1 . 2 5 g ,  88% ) m . p .  a n d  m i x e d  m . p .  1 3 6 °  ( d e c o m p . ) .

(g )  T h e  d i n i t r i l e ( I I )  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  95% h y d r a z i n e  

( 2 0 m l)  a t  1 5 °  a n d  t h e  f l a s k  w a s  s t o p p e r e d .  - A f t e r  4  d a y s ,  h a l f  t h e  

s o l u t i o n  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  o v e r  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  t o  y i e l d  a  b l a c k  t a r .  E v a p o r a t i o n  o f  a n  e t h e r  

'{ c h a r c o a l )  e x t r a c t  g a v e  b r o w n  s o l i d  w h i c h  w h e n  r e c r y s t a l l i s e d  f r o m  

e t h a n o l ( c h a r c o a l ) - w a t e r  g a v e  c o l o u r l e s s  f l a k e s  o f  t h e  d i n i t r i l e  ( I ) .



W a t e r  ( 1 5 m l)  w a s  a d d e d  t o  t h e  r e m a i n i n g  h a l f  o f  t h e  r e a c t i o n  s o l u t i o n ,  

a n d  t h e  p r o d u c t  w h i c h  s e p a r a t e d  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l  

( c h a r c o a l ) - w a t e r  t o  g i v e  c o l o u r l e s s  f l a k e s  o f  t h e  d i n i t r i l e  ( I )  ( t o t a l  

y i e l d ,  0 . 1 5 g ,  4 8 % ) .

(h )  T h e  d i n i t r i l e  ( I I )  ( 0 . 7 g )  w a s  a d d e d  i n  s m a l l  p o r t i o n s  t o  

95% h y d r a z i n e  ( 2 0 m l)  a t  8 0 ° .  T h e  t e m p e r a t u r e  o f  t h e  g o l d e n  s o l u t i o n  

w a s  r a i s e d  t o  r e f l u x  t e m p e r a t u r e  (c a .  1 4 0 ° )  a n d  t h e  s o l u t i o n  h e a t e d  

u n d e r  r e f l u x  f o r  l h .  A d d i t i o n  o f  w a t e r  ( 2 0 m l)  t o  t h e  s o l u t i o n  a t  

i c e - w a t e r  t e m p e r a t u r e  p r e c i p i t a t e d  r e a s o n a b l y  p u r e  p a l e  y e l l o w  p r i s m s  

o f  t h e  p r o d u c t  (X L I)  ( 0 . 3 7 g ,  6 4 % ) .  T h e  d a r k  f i l t r a t e  w a s  d i s c a r e d .

( i )  S o d iu m  m e t h o x i d e  ( O . l g  N a  i n  5 m l MeOH) w a s  a d d e d  t o  95%

h y d r a z i n e  ( 2 5 m l)  a n d  t h e  s o l u t i o n  h e a t e d  t o  5 0 ° .  T h e  d i n i t r i l e ( I I )

( l . l ' 5 g )  w a s  a d d e d  i n  s m a l l  p o r t i o n s  a n d  t h e  d e e p  r e d  s o l u t i o n  w a s

m a i n t a i n e d  a t  6 0 °  f o r  2 h .  T h e  s o l u t i o n  w a s  c o o l e d  i n  i c e ,  w a t e r

( 2 0 m l)  w a s  a d d e d  a n d  a  p r o d u c t  s l o w l y  s e p a r a t e d  o v e r  l h .  R e -

o
c r y s t a l l i s a t i o n  f r o m  b e n z e n e - p e t r o l e u m  e t h e r  ( b . p .  6 0 - 8 0  ) g a v e

o
a  f i r s t  c r o p  o f  f i n e  y e l l o w  p r i s m s  ( O . O l g ) ,  m . p .  2 4 1 - 2 4 3  ,  m / e

3 2 7 ,  a n d  V 3 3 4 0 ,  1 6 4 4 ,  1 6 1 5 ,  1 5 7 0 ,  1 5 2 5 s ,  1 2 6 2 ,  1 2 3 3 ,  9 4 3 ,  7 6 2 ,  
m a x

7 0 1 ,  6 7 6  cm  A s e c o n d  c r o p  o f  a l m o s t  c o l o u r l e s s  f l a k e s  w a s

i d e n t i f i e d  a s  t h e  d i n i t r i l e ( I )  ( 0 . 2 6 g ,  3 7 % ) .

( i i )  R e a c t i o n  o f  o - a - d i c y a n o s t i l b e n e ( I I )  w i t h  s o d i u m  c a r b o n a t e  . -  

T h e  d i n i t r i l e ( I I )  ( 0 . 3 8 g )  w a s  d i s s o l v e d  i n  a  h o t  s o l u t i o n  o f  s o d i u m  

c a r b o n a t e  ( 1 . 0 6 g )  i n  w a t e r  ( 2 0 m l)  a n d  e t h a n o l  ( 3 0 m l ) ,  w h i c h  w a s  

h e a t e d  u n d e r  r e f l u x  f o r  l h .  W a t e r  ( 2 0 m l)  w a s  a d d e d  t o  t h e  a m b e r  

s o l u t i o n  a n d  t h e  s o l i d  w h i c h  s e p a r a t e d  w a s  c o l l e c t e d ,  b o i l e d  w i t h
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w a t e r  ( t o  d i s s o l v e d  s o d i u m  c a r b o n a t e  i m p u r i t y )  a n d  c o l l e c t e d  b y  h o t  

f i l t r a t i o n .  T h e  b r i g h t  y e l l o w  p r i s m s  ( 0 . 0 4 g ,  13% ) w e r e  i d e n t i f i e d  

b y  m . p .  a n d  i . r .  a s  t h e  p r o d u c t  Q , C 2 5 Hi 6 N4 ° '  d e s c r i b e d  l a t e r  

( C h .X V I ) .  A c i d i f i c a t i o n  o f  t h e  r e a c t i o n  f i l t r a t e  a n d  a d d i t i o n  o f  

B r a d y ' s  r e a g e n t  p r e c i p i t a t e d  b e n z a l d e h y d e  a s  t h e  2 , 4 - d i n i t r o p h e n y l -  

h y d r a z o n e  ( 0 . 1 7 g ,  3 6 % , f r o m  g l a c i a l  a c e t i c  a c i d ) .



CHAPTER XII

PRODUCTS FROM THE REA CTIO N  OF O -a -D IC Y A N O S T IL B E N E  WITH

HYDROXYLAMINE.

N o t e :  W h e n e v e r  m e n t i o n e d ,  " 1  m o l e  h y d r o x y l a m i n e "  i m p l i e s  1

m o l e  h y d r o x y l a m i n e  h y d r o c h l o r i d e  p l u s  1  m o l e  s o d i u m  

h y d r o g e n  c a r b o n a t e .

( i )  T h e  b i s a m i d o x i m e  (L V I)  f r o m  o - e t - d i c y a n o s t i l b e n e  ( I I ) .  - T h e  d i n i t r i l e

( I I ) ( 4 . 6 0 g ,  0 . 0 2 m o l )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  ( 1 4 0 m l)  a n d  w a t e r

( 5 0 m l ) .  A s o l u t i o n  o f  h y d f o x y l a m i n e  h y d r o c h l o r i d e  ( 5 . 5 6 g ,  0 . 0 8 m o l )

a n d  s o d i u m  h y d r o g e n  c a r b o n a t e  ( 6 . 7 2 g ,  0 . 0 8 m o l )  i n  w a t e r  ( 3 5 m l)  w a s

a d d e d  a n d  t h e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x  f o r  2 7 h .  E v a p o r a t i o n  o f

t h e  r e a c t i o n  s o l u t i o n  t o  h a l f  v o l u m e  u n d e r  r e d u c e d  p r e s s u r e  g a v e  t h e

p r o d u c t  (L V I)  o n  c o o l i n g .  O n e  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l ( c h a r c o a l )

y i e l d e d  c o l o u r l e s s  p r i s m s  o f  (L V I)  ( 3 . 8 8 g ,  66% ) w h i c h  d e c o m p s e d

w i t h o u t  m e l t i n g  a t  c a .  2 3 0 °  ( F o u n d  : C , 6 4 . 5 ;  H , 5 . 4 ;  N , 1 8 . 9 .

C _H N O r e q u i r e s  C ,  6 4 . 9 ;  H , 5 . 4 ;  N , 1 8 . 9 % ) ,  m / e  2 9 6 ,  u . v .  p . 6 5 ,
16 16 4 2

V : 3 4 2 0 ,  3 3 3 0 ,  3 2 4 5 b r ,  1 6 7 5 ,  1 6 6 8 ,  1 6 4 0 ,  1 6 3 0 ,  1 5 7 5 ,  1 5 0 4 ,  1 3 4 8 ,
m a x

1 2 2 2 ,  1 2 0 5 ,  1 1 6 8 ,  1 1 5 6 ,  1 0 9 8 ,  9 2 0 ,  7 7 8 ,  7 3 3 ,  7 0 0 ,  6 7 0 .  cm ’ 1 .

T h e  b i s a m i d o x i m e  (L V I)  w i t h  i r o n  ( I I I )  c h l o r i d e  g a v e  a  v i o l e t  

c o l o u r  w h i c h  g r a d u a l l y  t u r n e d  b l a c k .
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T h e  s a m e  p r o d u c t  (L V I)  w a s  o b t a i n e d  w h e n  t h e  f o l l o w i n g  c h a n g e s  i n  t h e  

r e a c t i o n  c o n d i t i o n s  w e r e  m a d e  :

( a )  T h e  r e a c t i o n  w a s  t e r m i n a t e d  a f t e r  2 4 h .  ( Y i e l d  o f  U LV I), 62% )

( b )  T h e  r e a c t i o n  w a s  t e r m i n a t e d  a f t e r  1 8 h  a n d  o n l y  3 m o l e s  o f  

h y d r o x y l a n i i n e  w e r e  u s e d  ( Y i e l d  o f  (L V I)  ,  52% ) .

( c )  A q u e o u s  d i o x a n  u s e d  a s  s o l v e n t  a n d  t h e  r e a c t i o n  t e r m i n a t e d  

a f t e r  h e a t i n g  u n d e r  r e f l u x  f o r  3 h  ( Y i e l d  ( L V I ) ,  30% ) .

(d )  E x c e s s  s b d i u m  h y d r o g e n  c a r b o n a t e  ( 4 m o l)  w a s  u s e d  a n d  t h e  

r e a c t i o n  t e r m i n a t e d  a f t e r  2 3 h  ( Y i e l d  ( L V I ) > 6 1 % ) .

T h e  b i s a m i d o x i m e  (L V I)  w a s  f o u n d  t o  b e  s t a b l e  u n d e r  t h e  f o l l o w i n g  

c o n d i t i o n s :

( a )  T h e  b i s a m i d o x i n e  (L V I)  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  a  h o t  

s o l u t i o n  o f  s o d iu m  c a r b o n a t e  ( 0 . 1 8 g )  i n  e t h a n o l  ( 5 0 m l)  a n d  w a t e r  ( 3 0 m l)  

a n d  t h e  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  3 h .  O n c o o l i n g ,  

c o l o u r l e s s  p r i s m s  o f  (L V I)  s e p a r a t e d  a n d  a  s e c o n d  c r o p  o f  i m p u r e  

b i s a m i d o x i m e  (L V I)  w a s  o b t a i n e d  b y  r e d u c t i o n  o f  t h e  f i l t r a t e  

v o l u m e .  A f t e r  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  ( c h a r c o a l ) , t h e  y i e l d  

o f  (L V I)  w a s  0 . 4 2 g ,  8 4 % .

(b )  T h e  b i s a m i d o x i m e  (L V I)  ( O . S g ,  l o 7  x  1 0  ) w a s

d i s s o l v e d  i n  h o t  e t h a n o l  ( 1 5 0 m l)  a n d  a  s o l u t i o n  o f  h y d r o x y l a m i n e
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- 3
h y d r o c h l o r i d e  ( 0 . 1 2 g ,  1 . 7  x  1 0  m o l )  a h d  s o d i u m  h y d r o g e n  c a r b o n a t e

- 3
( 0 . 4 2 g ,  5 . 1  x  1 0  m o l )  i n  w a t e r  ( 3 0 m l)  w a s  a d d e d .  T h e  s o l u t i o n  

w a s  h e a t e d  u n d e r  r e f l u x  f o r  3 h ,  e v a p o r a t e d  t o  o n e  t h i r d  v o l u m e  u n d e r  

r e d u c e d  p r e s s u r e  a n d  c o o l e d  i n  i c e .  S t a r t i n g  m a t e r i a l  w a s  

r e c o v e r e d  ( 0 . 4 5 g ,  9 0 % ) .

( c )  T h e  r e a c t i o n  ( b )  w a s  r e p e a t e d  b u t  t h e  s o l u t i o n  w a s  h e a t e d  

u n d e r  r e f l u x  f o r  2 5 h .  R e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  ( c h a r c o a l )  o f  

t h e  o r a n g e  p r o d u c t  g a v e  c o l o u r l e s s  p r i s m s  o f  (L V I)  ( 0 . 3 2 g ,  6 4 % ) .

(d )  T h e  r e a c t i o n  ( b )  w a s  r e p e a t e d  b u t  t h e  s o l u t i o n  w a s  h e a t e d

u n d e r  r e f l u x  f o r  3 6 h .  A g a i n ,  r e c r y s t a l l i s a t i o n  o f  t h e  orange p r o d u c t

f r o m  e t h a n o l  ( c h a r c o a l )  g a v e  c o l o u r l e s s  p r i s m s  o f  (L V I)  ( 0 . 2 5 g ,  5 0 % ) .

( e )  S t a r t i n g  m a t e r i a l  ( 0 . 4 2 g ,  84% ) w a s  r e c o v e r e d  w h e n  t h e  

b i s a m i d o x i m e  (L V I)  ( 0 . 5 g )  w a s  b o i l e d  f o r  3 h  i n  d i o x a n  ( 8 0 m l ) .

( f )  T h e  b i s a m i d o x i m e  ( 0 . 3 g )  w a s  h e a t e d  u n d e r  a  v a c u u m  o f

0 .0 5 m m  i n  a n  a t t e m p t  t o  o b t a i n  t h e  c y c l i c  p r o d u c t  (L X V II )  b y  

s u b l i m a t i o n .  N o s u b l i m a t i o n  o c c u r r e d  a s  t h e  t e m p e r a t u r e  w a s  r a i s e d  

t o  2 0 0 °  a n d  t h e  b i s a m i d o x i m e  (L V I)  w a s  r e c o v e r e d  u n c h a n g e d .

( i i )  H o m o p h t h a l i m i d e  d i o x i m e  (LV ) f r o m  o - a - d i c y a n o s t i l b e n e  ( I I )  . -  

T h e  d i n i t r i l e  ( I I )  ( 1 . 1 5 g ,  0 . 0 0 5 m o l )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 4 0 m l)  a n d  a  s o l u t i o n  o f  h y d r o x y l a m i n e  ( 1 . 3 9 g ,  0 . 0 2 m o l )  a n d  s o d i u m  

h y d r o g e n  c a r b o n a t e  ( 0 . 8 4 g ,  O .O l m o l )  i n  w a t e r  ( 1 5 m l)  w a s  a d d e d .

T h e  s o l u t i o n  b e c a m e  y e l l o w  i m m e d i a t e l y  a n d  w a s  h e a t e d  u n d e r  r e f l u x
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f o r  3 h .  S om e p r o d u c t  h a d  s e p a r a t e d  a n d  w a s  c o l l e c t e d .  C o o l i n g  

i n  i c e  y i e l d e d  a  s e c o n d  c r o p ,  a n d  a  t h i r d  c r o p  w a s  o b t a i n e d  b y  

r e d u c i n g  t h e  f i l t r a t e  t o  c a .  h a l f  v o l u m e .  T h e  c o m b i n e d  c r o p s  w e r e  

r e c r y s t a l l i s e d  f r o m  a q u e o u s  e t h a n o l  t o  g i v e  y e l l o w  p r i s m s  o f  t h e  

d i o x i m e  (LV ) ( 0 . 5 8 g ,  60% ) i d e n t i f i e d  b y  c o m p a r i s o n  o f  m .p < , ,  i . r .  

s p e c t r u m  a n d  m a s s  s p e c t r u m  w i t h  t h o s e  o f  a n  a u t h e n t i c  s a m p l e .

( H D  H o m o p h t h a l i m i d e  d i o x i m e  (LV ) f r o m  t h e  b i s a m i d o x i m e  (L V I)  . -  

T h e  b i s a m i d o x i m e  (L V I)  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  ( 1 5 0 m l)  

a n d  h y d r o x y l a m i n e  h y d r o c h l o r i d e  ( 0 . 1 2 g ,  l m o l )  i n  w a t e r  ( 1 0 m l)  w a s  

a d d e d .  T h e  y e l l o w  s o l u t i o n  b e c a m e  f l u o r e s c e n t  a s  i t  w a s  h e a t e d  

u n d e r  r e f l u x  f o r  3 h .  T h e  v o l u m e  w a s  r e d u c e d  t o  c a .  4 0  m l  a n d  t h e  

y e l l o w  p r o d u c t  ( 0 . 1 2 g ,  37% ) w h i c h  s e p a r a t e d  o n  c o o l i n g  w a s  r e 

c r y s t a l l i s e d  f r o m  a q u e o u s  e t h a n o l  a n d  i d e n t i f i e d  a s  t h e  d i o x i m e  (L V ) 

a s  i n  ( i i )  a b o v e .

W hen  t h e  r e a c t i o n  w a s  r e p e a t e d  a t  1 5 °  f o r  2 7 h ,  s t a r t i n g  m a t e r i a l  

(L V I)  ( 0 . 3 7 g ,  7 4 % ) ,  t o g e t h e r  w i t h  a  s m a l l  y i e l d  o f  t h e  d i o x i m e  (LV ) 

( 0 . 0 3 g ,  9 % ) ,  w a s  o b t a i n e d .

( i v )  H o m o p h t h a l i m i d e - l - o x i m e  (L X I)  f r o m  o - g - d i c y a n o s t i l b e n e ( I I ) . 0 -

( a )  T h e  d i n i t r i l e  ( I I )  ( 1 . 5 g )  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 5 5 m l)  a n d  h y d r o x y l a m i n e  h y d r o c h l o r i d e  ( l „ 3 6 g )  a n d  s o d i u m  h y d r o g e n  

c a r b o n a t e  ( 5 g )  i n  w a t e r  ( 3 0 m l)  w e r e  a d d e d .  T h e  s o l u t i o n  w a s  h e a t e d  

u n d e r  r e f l u x  f o r  1 2 ,  k e p t  o v e r n i g h t  ( 1 8 h )  a t  c a . ! 5 °  a n d  h e a t e d  u n d e r  

r e f l u x  f o r  a  f u r t h e r  6 h .  T h e  p r o d u c t  w h i c h  s e p a r a t e d  o n  c o o l i n g
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g a v e ,  a f t e r  t h r e e  r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  ( c h a r c o a l ) ,  a l m o s t  

c o l o u r l e s s  f l a k e s  o f  t h e  m o n o x im e  (L X I)  ( 0 . 3 5 g ,  30% ) w h i c h  d e c o m p o s e d

a t  2 3 0 °  ( F o u n d  : C , 6 1 . 1 ;  H , 4 . 6 ;  N , 1 5 . 8 .  C H N 0  r e q u i r e sy o 2* 2*

C , 6 1 . 4 ;  H , 4 . 6 ;  N , 1 5 . 9 % ) ,  m / e  1 7 6 .  V s 3 2 0 0 b r ,  1 6 6 5 s ,  1 6 4 4 s ,  1 5 8 2 ,
m a x

1 4 1 2 ,  1 3 5 0 ,  1 3 3 0 ,  1 1 3 3 ,  1 0 9 8 ,  9 8 8 s ,  9 5 7 ,  9 3 5 ,  8 6 0 ,  8 3 0 ,  7 9 1 ,  7 6 2 ,

7 2 0  c m " 1 o X (nm ) (£  x  1 0 ~ 3 ) : 2 2 0 ( 1 1 . 8 ) ,  2 5 9  ( 9 . 0 ) ,  2 9 3  ( 1 . 5 ) .
m ax

' t h e  p r o d u c t  (L X I)  g a v e  n o  c o l o u r  c h a n g e  w i t h  i r o n ( I I I )  c h l o r i d e .

(b )  T h e  d i n i t r i l e  ( I I )  ( 2 . 3 0 g ,  O .O l m o l )  w a s  d i s s o l v e d  i n  h o t  

e t h a n o l  ( 7 t im l)  a n d  h y d t o x y l a m i n e  h y d r o c h l o r i d e  ( 2 .7 8 g >  0 . 0 4 m o l )  a n d  

s o d i u m  h y d r o g e n  c a r b o n a t e  ( 1 . 6 8 g ,  0 . 0 2 m o l )  i n  w a t e r  ( 3 5 m l)  w e r e  

a d d e d .  T h e  y e l l o w  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  3 0 h ,  r e d u c e d  

t o  h a l f  v o l u m e  u n d e r  r e d u c e d  p r e s s u r e  a n d  c o o l e d  i n  i c e .  T h e  

o r a n g e  p r o d u c t  w h i c h  s e p a r a t e d  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l  

( c h a r c o a l )  t o  g i v e  a l m o s t  c o l o u r l e s s  f l a k e s  o f  t h e  m o n o x im e  (L X I)

( 0 . 9 g ,  5 1 % ) ,  i d e n t i f i e d  b y  m . p .  a n d  i . r .  c o m p a r i s o n  w i t h  t h e  p r o d u c t  

i n  ( a )  a b o v e .

( v )  A c i d  h y d r o l y s i s  o f  h o m o p h t h a l i m i d e - l - o x i m e  (L X I)  t o  h o m o p h t h a l i m i d e  

( L X I I )  . -  T h e  m o n o x im e  (L X I)  ( O . l g )  w a s  h e a t e d  u n d e r  r e f l u x  f o r

l h  i n  3 N - h y d r o c h l o r i c  a c i d  ( 3 0 m l ) .  T h e  p r o d u c t  w h i c h  s e p a r a t e d

o n  c o o l i n g  w a s  r e c r y s t a l l i s e d  f r o m  w a t e r  ( c h a r c o a l )  t o  y i e l d  c o l o u r l e s s

n e e d l e s  o f  h o m o p h t h a l i m i d e  ( L X I I )  ( 0 . 0 6 5 g ,  7 1 % ) .  T h e  p r o d u c t  f r o m

t h i s  r e a c t i o n  a n d  a n  a u t h e n t i c  s p e c i m e n  h a d  i d e n t i c a l  i . r .  s p e c t r a

a n d  b o t h  d e c o m p o s e d  w i t h  a  c h a r a c t e r i s t i c  d a r k  g r e e n  c o l o u r  a t

o  3 7 b  o
2 0 5 - 2 1 0  .  ( L i t .  2 3 3  ) .



( v i )  R e a c t i o n  o f  p - c h l o r o b e n z a l h o m o p h t h a l i d  a c i d  d i n i t r i l e  (LXV) w i t h

h y d r o x y l a m i n e  .  -  ■ T h e  d i n i t r i l e  (XLV) ( 1 . 3 2 g ,  0 . 0 0 5 m o l )  w a s  d i s s o l v e d  

i n  h o t  e t h a n o l  ( 5 0 m l)  a n d  h y d r o x y l a m i n e  h y d r o c h l o r i d e  ( 1 . 3 9 g ,  0 . 0 2 m o l )  

a n d  s o d i u m  h y d r o g e n  c a r b o n a t e  ( 0 . 8 4 g ,  O .O l m o l )  i n  w a t e r  ( 2 0 m l)  w e r e  

a d d e d .  T h e  y e l l o w  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  4 h .  T h e  

p r o d u c t  (LV ) w h i c h  s e p a r a t e d  o n  c o o l i n g  w a d  c o l l e c t e d  a n d  t h e  

f i l t r a t e  e v a p o r a t e d  t o  d r y n e s s  t i n d e r  r e d u c e d  p r e s s u r e .  T h e  r e s i d u e  

w a s  w a s h e d  t h o r o u g h l y  i n  w a t e r  a n d  e x t r a c t e d  w i t h  e t h e r  ( 2 x 1 0 m l ) .

T h e  s o l i d  w h i c h  r e m a i n e d  w a s  s h o w n  ( i . r . )  t o  b e  t h e  d i o x i m e  ( L V ) .

T h e  e t h e r  e x t r a c t  w a s  d r i e d  o v e r  m a g n e s i u m  s u l p h a t e  a n d  e v a p o r a t e d  

t o  d r y n e s s o  T h e  c r u d e  j D - c h l o r o b e n z a l d o x i m e  (L X V I) ( 0 . 4 5 g ,  57% ) w a s  

r e c r y s t a l l i s e d  f r o m  b e n z e n e - p e t r o l e u m  e t h e r  ( b . p .  6 0 - 8 0 ° )  t o  y i e l d  

y e l l o w  n e e d l e s ,  m . p .  1 0 5 °  ( l i t .  ^  1 0 7 ° ) ,  m / e  1 5 5 .  T h e  c o m b i n e d  

f r a c t i o n s  o f  t h e  d i o x i m e  (LV ) w e r e  r e c r y s t a l l i s e d  f r o m  a q u e o u s  

e t h a n o l  t o  g i v e  y e l l o w  p r i s m s  ( 0 . 4 3 g ,  4 5 % ) .

( v i i )  A t t e m p t e d  b a s e  h y d r o l y s i s  o f  h o m o p h t h a l i m i d e  d i o x i m e  (LV ) t o  

t h e  m o n o x im e  (L X I)

-3
( a )  T h e  d i o x i m e  (LV ) ( 0 . 1 9 g ,  1 0  t o o l )  w a s  a d d e d  t o  a  h o t

- - 3
s o l u t i o n  o f  h y d r o x y l a m i n e  h y d r o c h l o r i d e  ( 0 . 1 4 g ,  2  x  1 0  m o l )  a n d

-3
s o d i u m  h y d r o g e n  c a r b o n a t e  ( 0 . 1 7 g , 2  x  1 0  m o l )  i n  96% e t h a n o l  ( 1 5 m l )  

a n d  w a t e r  ( 1 5 m l ) .  T h e  y e l l o w  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  f o r  

6 h ,  s a l t  w h i c h  h a d  p r e c i p i t a t e d  w a s  r e m o v e d ,  a n d  t h e  f i l t r a t e  l e f t  t o  

s t a n d  f o r  t h r e e  d a y s .  T h e  y e l l o w  p r o d u c t  w h i c h  s e p a r a t e d  w a s  r e -  

c r y s t a l l i s e d  f r o m  e t h a n o l ( c h a r c o a l ) - w a t e r  t o  a f f o r d  y e l l o w  p r i s m s  o f  

s t a r t i n g  m a t e r i a l  ( 0 . 1 3 g ,  6 8 % ) ,  i d e n t i f i e d  b y  m . p .  a n d  i . r . .
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( b )  T h e  d i o x i m e  (LV ) ( 0 . 2 0 g )  w a s  d i s s o l v e d  i n  h o t  96% e t h a n o l  

( 1 5 m l)  a n d  s o d i u m  h y d r o g e n  c a r b o n a t e  ( 0 . 5 g )  i n  w a t e r  ( 2 0 m l)  w a s  a d d e d *  

T h e  s o l u t i o n ,  a f t e r  h e a t i n g  u n d e r  r e f l u x  f o r  l h ,  g a v e  n o  p r e c i p i t a t e  

w h e n  c o o l e d  i n  i c e  s o  w a t e r  ( 1 0 m l)  w a s  a d d e d  a r id  t h e  d i r t y  s o l i d  

w h i c h  s e p a r a t e d  o v e r  t h r e e  d a y s  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l ( c h a r c o a l )  

w a t e r  t o  a f f o r d  s t a r t i n g  m a t e r i a l  ( O . l l g , 5 5 % ) ,  i d e n t i f i e d  a s  i n  ( a )  

a b o v e .  N o f u r t h e r  c r y s t a l l i n e  p r o d u c t  w a s  o b t a i n e d  f r o m  t h e  

r e a c t i o n  f i l t r a t e .



CHAPTER XIII

PRODUCTS FROM THE REA C TIO N  OF O-CYANOBENZYL CYANIDE W ITH 

METHOXIDE IN  METHANOL

R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e ( I )  w i t h  m e t h o x i d e  i n  m e t h a n o l

( a )  o - C y a n o b e n z y l  c y a n i d e  ( I )  ( 1 . 4 2 g ,  O .O l m o l )  w a s  d i s s o l v e d  

i n  m e t h a n o l  ( 2 0 m l)  u n d e r  n i t r o g e n  a n d  a  s o l u t i o n  o f  s o d i u m  m e t h o x i d e  

( 0 . 5 4 g ,  O oO lm ol)  i n  m e t h a n o l  ( 1 0 m l)  w a s  s l o w l y  a d d e d  w i t h  s t i r r i n g .  

W i t h  t h e  t e m p e r a t u r e  m a i n t a i n e d  a t  c a .  1 5 ° ,  t h e  s o l u t i o n  w a s  

s t i r r e d  u n d e r  n i t r o g e n . f o r  3 h .  E v a p o r a t i o n  o f  t h e  d e e p  r e d  s o l u t i o n  

t o  h a l f  v o l u m e  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  p a l e  l i l a c  p l a t e s „

A s e c o n d  c r o p  w a s  o b t a i n e d  b y  f u r t h e r  c o n c e n t r a t i o n  o f  t h e  f i l t r a t e .  

R e c r y s t a l l i s a t i o n  o f  t h e  c o m b i n e d  p r o d u c t  f r o m  m e t h a n o l  ( c h a r c o a l ) -  

w a t e r  g a v e  c o l o u r l e s s  f l a k e s  o f  s t a r t i n g  m a t e r i a l  ( 0 . 6 7 g ,  47% ) 

i d e n t i f i e d  b y  m . p Q a n d  i . r . .  E v a p o r a t i o n  o f  t h e  r e a c t i o n  f i l t r a t e  

s t i l l  f u r t h e r  a f f o r d e d  a  q u a n t i t y  o f  b l a c k  t a r  w h i c h  w a s  d i s c a r d e d .

( b )  o - C y a n o b e n z y l  c y a n i d e ( I )  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  m e t h a n o l  

( 1 0 m l)  a n d  a  s o l u t i o n  o f  s d d i u m  m e t h o x i d e  ( 0 . 0 4 g  N a i n  3 m l MeOH) w a s  

a d d e d .  T h e  s o l u t i o n  b e c a m e  g r e e n i s h  y e l l o w  i m m e d i a t e l y  a n d  w a s  

m a i n t a i n e d  a t  6 0 °  f o r  3 h  u n d e r  n i t r o g e n .  T h e  d e e p  g r e e n  s o l u t i o n  

b e c a m e  d e e p  r e d  o n  s t a n d i n g  a t  c a .  1 5 °  o v e r n i g h t .  T h e  c o l o u r  w a s
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d i s c h a r g e d  o n  n e u t r a l i s a t i o n  o f  t h e  s o l u t i o n  b y  d r o p w i s e  a d d i t i o n  

o f  3 N - h y d r o c h l o r i c  a c i d .  A d d i t i o n  o f  w a t e r  ( 2 0 m l)  p r e c i p i t a t e d  a n  

a l m o s t  c o l o u r l e s s  p r o d u c t  w h i c h  w a s  s h o w n  b y  i . r .  t o  b e  s t a r t i n g  

m a t e r i a l .  S u b l i m a t i o n  o f  t h e  p r o d u c t  a t  9 0 ° /1 5 m m  g a v e  c o l o u r l e s s  

p r i s m s  o f  o r c y a n o b e n z y l  c y a n i d e  ( I )  ( 0 . 3 1 g ,  6 2 % ) ,  w h i c h  h a d  a  

m . p .  o f  7 7 °  u n d e p r e s s e d  o n  a d m i x t u r e  w i t h  a u t h e n t i c  m a t e r i a l .

( c )  T h e  p r o c e d u r e  i n  ( i i )  w a s  r e p e a t e d  u s i n g  a  2  m o l a r  

e x c e s s  o f  s o d i u m  m e t h o x i d e  ( 0 . 1 6 g  N a  i n  5 fiil M eO H ).  T h e  r e a c t i o n  w a s  

a p p r e c i a b l y  d i r t i e r  a n d  a  r e d u c e d  y i e l d  ( 0 . 1 0 g ,  20% ) o f  s t a r t i n g  

m a t e r i a l  ( I )  ( i d e n t i f i e d  b y  m . p . # i . r . )  w a s  o b t a i n e d  o n  s u b l i m a t i o n  

o f  t h e  c r u d e  r e a c t i o n  p r o d u c t .

(d )  o ^ C y a n o b e n z y l  c y a n i d e  ( I )  ( 1 . 4 2 g )  w a s  d i s s o l v e d  i n
I

m e t h a n o l  ( 2 0 m l)  a n d  s o d i u m  m e t h o x i d e  ( 0 . 0 5 g  N a  i n  5 m l MeOH) w a s  

a d d e d .  T h e  y e l l o w  s o l u t i o n  d a r k e n e d  a s  t h e  r e a c t i o n  w a s  m a i n t a i n e d  

f o r  8 h  u n d e r  n i t r o g e n  a t  r e f l u x  t e m p e r a t u r e .  C o o l i n g  i n  i c e  

a f f o r d e d  p a l e  y e l l o w  p r i s m s  w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m  t e t r a -  

h y d r o f u r a n  ( c h a r c o a l )  g a v e  c o l o u r l e s s  p r i s m s  o f  l - a m i n o - 4 - c y a n o - 3 -  

( o - c y a n o b e n z y l ) i s o q u i n o l i n e  (X IV ) ( 0 . 1 3 g ,  9%) i d e n t i f i e d  b y  

i d e n t i c a l i t y  o f  m . p .  a n d  i . r .  s p e c t r u m  w i t h  t h o s e  o f  a u t h e n t i c  m a t e r i a l .

( e )  o - C y a n o b e n z y l  c y a n i d e  ( I )  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  d i m e t h y l -

s u l p h o x i d e  ( 5 m l)  u n d e r  n i t r o g e n .  S o d iu m  m e t h o x i d e  ( 0 . 0 5 g  N a  i n

5 m l MeOH) w a s  a d d e d  a n d  t h e  g o l d e n  s o l u t i o n  h e a t e d  t o  r e f l u x  

t e m p e r a t u r e .  T h e  s o l u t i o n  b e c a m e  d a r k  b r o w n  o n  h e a t i n g  u n d e r  

r e f l u x  f o r  2 h .  A d d i t i o n  o f  w a t e r  ( 1 0 m l)  a n d  c o o l i n g  a f f o r d e d
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p r o d u c t  w h i c h  o n  w a s h i n g  w i t h  w a t e r  a n d  e t h a n o l  w a s  o b t a i n e d  a s  

v e r y  p a l e  y e l l o w  p r i s m s  o f  (X IV ) ( 0 . 2 2 g ,  44% ) ( b y  i . r . ) .  R e 

c r y s t a l l i s a t i o n  f r o m  t e t r a h y d r o f u r a n  g a v e  (X IV ) a s  c o l o u r l e s s  p r i s m s  

( 0 . 1 5 g ,  3 0 % ) # m . p .  2 2 3 ° /  m / e  2 8 4 .



CHAPTER XIV

PRODUCTS FROM THE R EA C TIO N  OF O -C l-D IC Y A N O ST IL B E N E  W ITH 

ALKOXIDE IN  ALCOHOL.

( i )  4 - C y a n o - l - m e t h o x y - 3 - p h e n y l i s o q u i n o l i n e ( X L )  o _ - a - D i c y a n o -  

s t i l b e n e ( I I )  ( 4 . 6 0 g )  w a s  d i s s o l v e d  i n  m e t h a n o l  ( 1 0 0 m l)  a t  6 0 ° .

S o d iu m  m e t h o x i d e  s o l u t i o n  ( 0 . 2 g  N a  i n  2 0 m l MeOH) w a s  a d d e d  a n d  t h e  

s o l u t i o n  w a s  h e a t e d  a t  6 0 °  f o r  4 h .  T h e  p r o d u c t ,  w h i c h  s e p a r a t e d  

f r o m  t h e  d a r k  o r a n g e  s o l u t i o n  o v e r n i g h t ,  c r y s t a l l i s e d  f r o m  

m e t h a n o l  a s  c o l d u r l e s s  n e e d l e s  ( 3 . 2 g ,  6 1 % ) ,  m . p .  1 5 2 °  ( F o u n d  : C ,

7 8 . 6 ;  H , 4 . 8 ;  N , 1 0 . 7 .  C 1 7 H1 2 N2 °  r e c l u i r e s  C '  7 8 * 5 * H , 4 . 6 ;

N , 1 0 . 8 % ) ,  m / e  2 6 0 .  ^ m a x ! 2 2 2 0 ,  (C=N  s t r e t c h i n g ) ,  1 6 1 5  (C =N  s t r e t c h i n g ) ,  

1 5 7 6 ,  1 5 6 9 ,  1 5 0 6 ,  1 3 4 5 ,  1 2 8 0 ,  1 3 2 9 w ,  1 2 0 2  ( a r o m a t i c  e t h e r  C - 0  

s t r e t c h i n g ) ,  1 1 7 0 w ,  1 1 5 6 ,  1 0 9 5 ,  1 0 7 4 ,  1 0 2 7 w ,  9 7 2 ,  8 7 2 ,  7 7 7 ,  7 6 5 ,  7 0 6  

a n d  6 7 5  cm  ^ ( a r o m a t i c  C -H  b e n d i n g ) .  U . v .  p . 8 9 .  W hen  t h e  r e a c t i o n  

w a s  s c a l e d  d o w n  t o  q u a r t e r  q u a n t i t i e s  t h e  s a m e  y i e l d  (6 1 % ) w a s  

o b t a i n e d .

( i i )  4 - C y a n o - 3 , 4 - d i h y d r o - 1 - m e t h o x y - 3 - p h e n y l i s o q u i n o l i n e  (X X X IX )

T h e  d i n i t r i l e  ( I I )  ( 1 . 1 5 g )  w a s  d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  m e t h a n o l

o
( 3 0 m l)  o u t g a s s e d  w i t h  d r y  n i t r o g e n  a n d  h e a t e d  t o  6 0  .  W i t h  n i t r o g e n  

p a s s i n g  t h r o u g h  t h e  s o l u t i o n ,  a n  o u t g a s s e d  s o l u t i o n  o f  s o d i u m
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m e t h o x i d e  ( 0 . 0 7 g  N a  i n  5 m l MeOH) w a s  a d d e d  a n d  t h e  r e a c t i o n  w a s

h e a t e d  a t  6 0 °  f o r  4 h .  N o s o l i d  s e p a r a t e d  o n  c o o l i n g  t h e  s t o p p e r e d

s o l u t i o n  o v e r n i g h t  s o  t h e  v o l u m e  w a s  r e d u c e d  u n d e r  n i t r o g e n  t o  c a .

1 5 m l w h e r e u p o n  p a l e  y e l l o w  c r y s t a l s  ( 0 . 7 5 g )  s e p a r a t e d .  R e -

c r y s t a l l i s a t i o n  f r o m  m e t h a n o l  u n d e r  n i t r o g e n  a f f o r d e d  a  f i r s t  c r o p

( 0 . 1 6 g )  o f  c o l o u r l e s s  c r y s t a l s ,  s h o w n  b y  p . m . r . ( s e e  t e x t )  t o  b e  a

m i x t u r e  o f  68%  (X X X IX ) a n d  32%  ( X L ) .  A s e c o n d  c r o p ,  o b t a i n e d

d u r i n g  a  f u r t h e r  r e c r y s t a l l i s a t i o n  f r o m  m e t h a n o l ,  g a v e  c o l o u r l e s s

c u b e s  o f  (X X X IX ) ( 0 . 1 5 g ) ,  m . p .  1 2 2 ° ,  m / e  2 6 2 .  ( F o u n d  : C ,  7 7 * 6 ;

H , 5 . 3 ;  N , 1 0 . 7 ,  c 1 7 h 1 4 N2 0  r e q u i r e s  C ,  7 7 . 9 ;  H , 5 . 3 ;  N , 1 0 . 7 % ) .

V : 2 2 5 0  (C=N  s t r e t c h i n g ) ,  1 6 5 0 s  (G=N s t r e t c h i n g ) ,  1 6 0 0 ,  1 5 8 0 ,  
m a x

1 5 0 0 ,  1 4 5 0 s ,  1 3 5 5 ,  1 3 2 2 ,  1 3 1 9 s ,  1 3 0 0 ,  1 2 7 8 ,  1 1 9 8  ( e t h e r  C - 0  s t r e t c h ) ,

1 1 4 5 ,  1 0 9 0 ,  1 0 5 0 ,  9 7 0 ,  8 6 9 ;  7 8 4 ,  7 5 5 ,  7 4 0 ,  7 0 0 ,  6 8 8 ,  6 6 8  cm ” 1

- 3
( a r o m a t i c  C -H  b e n d i n g ) .  A (nm ) ( e  x  1 0  ) : 2 1 1 ( 2 6 . 5 ) ,  2 4 7  ( 7 . 0 ) ,

m a x

2 6 2 s h  ( 4 . 4 ) .

( i i i )  4 - C y a n o - l - e t h o x y - 3 - p h e n y l i s o q u i n o l i n e  ( L X ) . -  T h e  d i n i t r i l e  ( I I )

( 2 . 0 g )  w a s  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  ( 9 0 m l)  a t  6 0 ° .  S o d iu m

e t h o x i d e  s o l u t i o n  ( O . l g  N a  i n  5 m l E tO H ) w a s  a d d e d  a n d  t h e  s o l u t i o n

h e a t e d  a t  6 0 °  f o r  4 h .  O n s t a n d i n g  a t  5 °  o v e r n i g h t ,  t h e  b r o w n

s o l u t i o n  a f f o r d e d  c r y s t a l l i n e  p r o d u c t  w h i c h  w a s  r e c r y s t a l l i s e d  f r o m

e t h a n o l  t o  y i e l d  c o l o u r l e s s  n e e d l e s  o f  (LX ) ( 0 . 5 6 g ,  2 4 % ) ,  m . p .  1 3 2 . 5

( F o u n d  : C ,  7 8 . 6 ;  H , 5 . 1 ;  N , 1 0 . 0 .  C ^ H ^ ^ O  r e q u i r e s  C ,  7 8 . 8 ;

H , 5 . 1 ;  N , 1 0 . 2 % ) ,  m / e  2 7 4 .  V ; 2 2 1 8  (CEN s t r e t c h i n g ) ,  1 6 2 0
m a x

(C=N  s t r e t c h i n g ) ,  1 5 8 0 s ,  1 5 6 8 ,  1 5 1 1 ,  1 4 2 7 s ,  1 3 3 9 s ,  1 2 8 6 ,  1 1 8 5  

( a r o m a t i c  e t h e r  C - 0  s t r e t c h i n g ) ,  1 1 6 3 ,  1 1 0 9 ,  1 0 9 3 ,  1 0 7 2 ,  1 0 3 0 ,  1 0 2 2 ,  

8 9 1 ;  7 7 5 ,  7 5 8 ,  6 8 8  a n d  6 7 9  cm  1  ( a r o m a t i c  C -H  b e n d i n g ) .  U „ v .  p . 8 9 .



A t t e m p t s  t o  o b t a i n  f u r t h e r  p r o d u c t  f r o m  t h e  r e a c t i o n  f i l t r a t e  y i e l d e d  

o n l y  t a r .

( i v )  4 - C y a n o - 3 - p h e n y l - l - p r o p o x y i s o q u i n o l i n e  (LXXXIV) . -  T h e  d i n i t r i l e

( I I )  ( l . O g )  w a s  d i s s o l v e d  i n  p r o p a n o l  ( 4 0 m l )  a t  6 0 ° .  A s o l u t i o n  o f

s o d i u m  p r o p o x i d e  ( 0 . 0 7 g  N a  i n  1 0 m l  P rO H )  w a s  a d d e d  a n d  t h e  s o l u t i o n

h e a t e d  a t  6 0 °  f o r  4 h .  N o p r o d u c t  s e p a r a t e d  f r o m  t h e  s o l u t i o n  w h e n

l e f t  t o  s t a n d  a t  5 °  o v e r n i g h t .  T h e  p r o d u c t  w h i c h  w a s  b b t a i n e d  w h e n

t h e  v o l u m e  w a s  r e d u c e d  u n d e r  p a r t i a l  v a c u u m  t o  c a ,  1 5 m l  w a s  r e -

c r y s t a l l i s e d  f r o m  e t h a n o l  ( c h a r c o a l )  t o  y i e l d  c o l o u r l e s s  n e e d l e s  o f

(LXXXIV) ( 0 . 2 5 g ,  2 0 % ) ,  m . p .  1 1 0 °  ( F o u n d  s C ,  7 9 . 3 ;  H ,  5 . 7 ;  N ,  9 . 8 .

c i q h i A °  r e q u i r e s  C ,  7 9 . 2 ;  H ,  5 . 6 f  N ,  9 . 7 % ) ,  m / e  2 8 8 .  V : 2 2 2 0  
± y  l b  z  , m a x

(C=N s t r e t c h i n g ) ,  1 6 2 0  (C=N s t r e t c h i n g ) ,  1 5 7 6 s ,  1 5 6 2 ,  1 5 0 5 s ,  1 4 2 5 s ,  

1 3 8 0 ,  1 3 4 5 s ,  1 1 8 3  ( a r o m a t i c  e t h e r  C - 0  s t r e t c h i n g ) ,  1 1 5 2 w ,  1 0 8 8 ,  1 0 7 3 ,  

I 0 2 9 w ,  9 7 0 ,  8 9 8 w ,  8 6 8 w ;  7 7 7 ,  7 6 2 ,  6 9 9  a n d  6 7 1  cm  ^  ( a r o m a t i c  C - H  

b e n d i n g X .  U . v .  p . 8 9 .  F u r t h e r  c o n c e n t r a t i o n  o f  t h e  r e a c t i o n  f i l t r a t e  

y i e l d e d  t a r  f r o m  w h i c h  n o  c r y s t a l l i n e  p r o d u c t  c o u l d  b e  e x t r a c t e d .

( v )  1 - B u t o x y - 4 - c y a n o - 3 - p h e n y l i  s o q u i n o l i n e  (LXXXV) . -  T h e  d i n i t r i l e  

( I I )  w a s  d i s s o l v e d  i n  b u t a n o l  ( 5 0 m l )  a t  6 0 ° .  A s o l u t i o n  o f  s o d i u m  

b u t o x i d e  ( 0 . 0 7 g  N a  i n  5 m l  BuOH) w a s  a d d e d  a n d  t h e  s o l u t i o n  w a s  h e a t e d  

a t  6 0 °  f o r  4 h ' .  N o  s o l i d  p r o d u c t  s e p a r a t e d  w h e n  c o o l e d  a t  5 °  o v e r n i g h t  

a n d  t h e  r e a c t i o n  v o l u m e  w a s  r e d u c e d  u n d e r  p a r t i a l  v a c u u m  t o  c a .  1 5 m l .

A s m a l l  a m o u n t  o f  t a r r y ^ p r o d u c t  s e p a r a t e d  f r o m  t h e  s y r u p y  s o l u t i o n  

a n d  w a s  c o l l e c t e d ,  t r i t u r a t e d  w i t h  a  l i t t l e  e t h a n o l  a n d  f i l t e r e d  t o  

y i e l d  a  s m a l l  c r o p  o f  y e l l o w  c r y s t a l s  w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m  

e t h a n o l  ( c h a r c o a l )  a f f o r d e d  c o l o u r l e s s  n e e d l e s  o f  (LXXXV) ( 0 . 1 5 g ,  12% ) ,



m . p .  1 0 8 .  5 °  ( F o u n d  : C ,  7 9 * 4 ;  H ,  6 . 1 ;  N ,  9 . 2 .  H - o N _ 0  r e q u i r e s
Z O  jLo Z

C ,  7 9 . 5 ;  H ,  6 . 0 ;  N ,  9 . 3 % ) ,  m / e  3 0 2  V : 2 2 3 0  (C=N s t r e t c h i n g ) ,max
1 6 1 8  (C=N s t r e t c h i n g ) ,  1 5 8 0 ,  1 5 5 8 ,  1 5 1 0 ,  1 4 3 1 s ,  1 3 5 8 ,  1 3 3 9 s ,  1 3 0 9 w ,  

1 2 8 6 w ,  1 2 4 3 w ,  1 1 8 8  ( a r o m a t i c  e t h e r  C - 0  s t r e t c h i n g ) , 1 1 0 0 ,  1 0 8 0 ,

1 0 3 9 w ,  9 5 5 ,  8 7 4 w ,  8 0 8 w ,  7 8 9 w ;  7 7 2 ,  7 1 8  a n d  6 8 6  c m  ^  ( a r o m a t i c  C - H  

b e n d i n g ) .  U . v .  p 08 9 .  F u r t h e r  c o n c e n t r a t i o n  o f  t h e  r e a c t i o n  f i l t r a t e  

a f f o r d e d  a  c o n s i d e r a b l e  a m o u n t  o f  t a r  f r o m  w h i c h  a t t e m p t s  t o  e x t r a c t  

c r y s t a l l i n e  p r o d u c t  f a i l e d .

( v i )  R e a c t i o n  o f  o - a - d i c y a n o s t i l b e n e  ( I I )  w i t h  s o d i u m  i s o p r o p o x i d e  i n  

i s o p r o p a n o l . -  T h e  d i n i t r i l e  ( I I )  ( l . O g )  w a s  d i s s o l v e d  i n  i s o p r o p a n o l  

( 4 5 m l )  a t  6 0 ° .  A s o l u t i o n  o f  s o d i u m  i s o p r o p o x i d e  ( 0 . 0 7 g  N a  i n  5 m l  

i s o p r o p a n o l )  w a s  a d d e d  a n d  t h e  r e a c t i o n  h e a t e d  a t  6 0 °  f o r  4 h »  T h e  

r e a c t i o n  s o l u t i o n  a f f o r d e d  n o  p r o d u c t  o n  c o o l i n g  o v e r n i g h t  a n d  

c o n c e n t r a t i o n  o f  t h e  f i l t r a t e  g a v e  t a r  f r o m  w h i c h  n o  c r y s t a l l i n e  

p r o d u c t  c o u l d  b e  o b t a i n e d .

4 6
( v i i )  P r e p a r a t i o n  o f  t h e  s o d i u m  s a l t  (LXXIV) ,  -  o - C y a n o b e n z y l  

c y a n i d e  ( I )  ( 6 g )  a n d  b e n z o y l  c h l o r i d e  ( 8 g )  w e r e  w a r m e d  o n  a  s t e a m  

b a t h  u n t i l  a  m e l t  w a s  j u s t  o b t a i n e d .  O n  a d d i t i o n  o f  a q u e o u s  10% 

s o d i u m  h y d r o x i d e  ( 1 2 0 m l )  w i t h  v i g o r o u s  s h a k i n g ,  a n  e x o t h e r m i c  

r e a c t i o n  e n s u e d  a n d  t h e  s o l u t i o n  b e c a m e  b r i g h t  y e l l o w .  T h e  r e a c t i o n  

t e m p e r a t u r e  w a s  k e p t  b e l o w  4 0 °  f o r  0 . 5 h  a n d  a  s m a l l  q u a n t i t y  o f  s o l i d  

m a t t e r  w a s  r e m o v e d  b y  f i l t r a t i o n .  T h e  y e l l o w  c r y s t a l l i n e  p a s t e  

w h i c h  s e p a r a t e d  o n  c o o l i n g  t h e  s o l u t i o n  f o r  2 h  w a s  c o l l e c t e d  a n d  r e 

c r y s t a l l i s e d  f r o m  w a r m  w a t e r  t o  y i e l d  a l m o s t  c o l o u r l e s s  n e e d l e s  w h i c h  

w h e n  r e d i s s o l v e d  i n  w a t e r  a n d  f i l t e r e d  t h r o u g h  c h a r c o a l ,  g a v e  a



c o l o u r l e s s  s o l u t i o n .  T h e  s a l t  (L X X IV ) w a s  n o t  i s o l a t e d ,  b e c a u s e  t h e  

a q u e o u s  s o l u t i o n  w a s  u s e d  d i r e c t l y  i n  t h e  p r e p a r a t i o n  o f  (LXXV) a n d  

( L X X V I ) ( b e l o w ) .

' 4 6
( v i i i )  P r e p a r a t i o n  o f  t h e  s i l v e r  s a l t  (LXXV) . -  T h e  a q u e o u s  s o d i u m  

s a l t  (L X X IV ) w a s  a d d e d  t o  a q u e o u s  s i l v e r  n i t r a t e .  T h e  p r o d u c t  (LXXV) 

p r e c i p i t a t e d  a s  d e n s e  c o l o u r l e s s  p r i s m s  w h i c h  d a r k e n e d  o n  e x p o s u r e

t o  l i g h t .  T h e  p r o d u c t  w a s  c o l l e c t e d  a n d  d r i e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n  a n d  u s e d  i n  t h e  . p r e p a r a t i o n  o f  ( L X X I I I ) ( b e l o w ) .

4 6
( i x )  a - ( o - C y a n o p h e n y l ) - $ - e t h o x y c i n n a m o n i t r i l e  ( L X X I I I )  .  -  T h e  

r e a s o n a b l y  p u r e  s i l v e r  s a l t  (LXXV) ( 1 . 3 g )  w a s  s l u r r i e d  w i t h  s o d i u m  

d r i e d  e t h e r  ( 2 0 m l )  a n d  i o c ^ e t h a n e  ( 1 . 5 m l )  w a s  a d d e d .  T h e  m i x t u r e  w a s  

h e a t e d  u n d e r  r e f l u x  f o r  4 0 m i n . ,  s i l v e r  i o d i d e  r e m o v e d  b y  h o t  

f i l t r a t i o n  a n d  t h e  f i l t r a t e  e v a p o r a t e d  t o  d r y n e s s .  T h e  v i s c o u s  

r e s i d u e  s l o w l y  c r y s t a l l i s e d  a n d  w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l  

( c h a r c o a l )  t o  g i v e  c o l o u r l e s s  n e e d l e s  o f  ( L X X I I )  ( 0 . 5 g ,  50% ) m . p .  1 1 5 -  

1 1 6 °  ( L i t .  4 6  1 1 5 - 1 1 6 ° )  ( F o u n d  : C ,  7 9 . 0 ;  H ,  5 . 2 ;  N ,  1 0 . 2 .

C a l c u l a t e d  f o r  C . . H . . N . O  : C ,  7 8 . 8 ;  H ,  5 . 1 ;  1 0 . 2 % ) ,  m / e  2 7 4 .
lo 14 2

Vm a x  ! 2 2 2 5 ( a r y l  C=N s t r e t c h i n g ) /  2 2 0 4  ( a , 3 - u n s a t u r a t e d  C=N

s t r e t c h i n g ) ; 1 6 6 8  a n d  1 5 1 9  (C=N c ind  C=C s t r e t c h i n g )  ; 1 4 9 0 w ,

1 4 5 0 s ,  1 3 1 8 s ,  1 2 9 6 w ,  1 2 7 5 ,  1 2 5 2 w ,  1 1 6 3 s  ( e t h e r  C - 0  s t r e t c h i n g ) ,

1 1 0 8 ,  1 0 7 7 w ,  1 0 1 5 ,  9 7 Ow, 9 4 0 w ,  9 0 2 w ,  8 4 5 ;  7 7 5 ,  7 6 8  a n d  7 1 0  cm  1

( a r o m a t i c  C -H  b e n d i n g ) .  X (nm) ( £  x  1 0  ^ )  : 2 0 5  ( 2 4 . 2 ) ,  2 2 5 s h
■ m a x

( 1 7 . 9 ) ,  2 7 4  ( 1 0 . 5 ) ,  3 0 5 s h  ( 6 . 7 ) .



( x )  4 - C y a n o - 3 - p h e n y l i s o c o u m a r i n  (L X X V I) . -

4 6
( a )  F r o m  t h e  s o d i u m  s a l t  (L X X IV ) . -  T h e  p r o d u c t  (L X X V I) 

p r e c i p i t a t e d  a s  c o l o u r l e s s  n e e d l e s  w h e n  t h e  a q u e o u s  s o d i u m  s a l t  

(L X X IV ) w a s  a d d e d  t o  S N h y d r o c h l o r i c  a c i d .  O rte  r e c r y s t a l l i s a t i o n  

f r o m  e t h a n o l  g a v e  n e e d l e s ,  m . p .  2 0 8 °  ( L i t . 2 0 4 - 2 0 5 ° )  ■ ( F o u n d  :

C ,  7 7 . 7 ;  H ,  3 . 6 ;  N ,  5 . 5 .  C a l c u l a t e d  f o r  C . H _ N 0  ; C , 7 7 . 7 ;  H ,  3 . 6 ;
Id 9 2*

N ,  5 . 7 % ) ,  m / e  2 4 7  ^ m a x  : 2 2 3 0  (C=N s t r e t c h i n g ) ,  1 7 4 9 s  ( 6 ^ 1 a c t o n e

C = 0  s t r e t c h i n g ) ,  1 6 1 2 ,  1 3 4 8 ,  1 3 2 9 ,  1 2 4 0 ,  1 1 5 4 ,  1 1 0 0 ,  1 0 1 2 ;  7 6 0 ,  6 9 7 ,

-3
686, 672w (aromatic C - H  bending). A (nm)(e x 10 ):2212 (27.2),

m a x

2 2 6 s h  ( 1 7 . 3 ) ,  2 3 2 i n f l  ( 1 5 . 6 ) ,  2 4 0 i n f l  ( 1 3 . 8 ) ,  3 0 5  ( 1 6 . 8 ) ,  3 3 0 s h  

' ( 1 2 . 3 ) ,  3 4 8 s h  ( 5 . 8 ) .  T h e  s a m e  p r o d u c t  ( L X X V I ) ,  i d e n t i f i e d  b y  m . p .

a n d  i . r . ,  w a s  o b t a i n e d  w h e n  t h e  a q u e o u s  s o d i u m  s a l t  (L X X IV ) w a s  

a d d e d  t o  a  c o l d ,  s a t u r a t e d  a q u e o u s  b o r i c  a c i d  s o l u t i o n .

( b )  F r o m  a c i d  h y d r o l y s i s  o f  ( L X X I I I )  T h e  d i n i t r i l e  ( L X X I I I )

( 0 . 2 6 g )  w a s  d i s s o l v e d  i n  a  h o t  s o l u t i o n  o f  3 N h y d r o c h l o r i c  a c i d  ( 2 0 m l )  

a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5 m l )  a n d  t h e  s o l u t i o n  w a s  h e a t e d

u n d e r  r e f l u x  f o r  l < , 5 h .  T h e  p r o d u c t  w h i c h  s e p a r a t e d  o n  c o o l i n g

w a s  r e c r y s t a l l i s e d  f r o m  e t h a n o l  t o  g i v e  c o l o u r l e s s  n e e d l e s  o f  

(L X X V I) ( 0 . 1 4 g ,  5 6 % ) ,  h a v i n g  m . p . ,  a n d  i . r .  a n d  u . v .  s p e c t r a  

i d e n t i c a l  w i t h  t h o s e  o f  t h e  p r o d u c t  i n  ( a )  a b o v e .

4 8
( x i )  4 - C y a n o - 3 - p h e n y l i s o c a r b o s t r i l  (LXXXI) . —

( a )  F r o m  a c i d  h y d r o l y s i s  o f  (LX) T h e  c o m p o u n d  (LX) ( 0 . 2 g )

w a s  d i s s o l v e d  i n  a c e t o n e  ( 1 5 m l )  a n d  3 N h y d r o c h l o r i c  a c i d  ( 1 0 m l ) .  

C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 1 m l )  w a s  a d d e d  a n d  t h e  r e a c t i o n  h e a t e d



u n d e r : r e f l u x  f o r  l h .  C o l o u r l e s s  c r y s t a l s  s e p a r a t e d  a s  t h e  r e a c t i o n

p r o c e e d e d  a n d  a f t e r  c o o l i n g  i n  i c e ,  t h e  p r o d u c t  w a s  c o l l e c t e d  a n d

r e c r y s t a l l i s e d  f r o m  e t h a n o l  t o  y i e l d  c o l o u r l e s s  n e e d l e s  o f  (L X X X I)

( 0 . 1 4 g ,  7 8 % ) ,  m . p .  2 7 0 °  ( F o u n d  ; C ,  7 8 . 2 ;  H /  4 . 2 ;  N ,  1 1 0 3 .

C a l c u l a t e d  f o r  C . . H  N 0  : C ,  7 8 . I f -  H ,  4 . 1 ;  N ,  1 1 . 4 % ) ,  m / e  2 4 6 1
l o  l O  2

\>max : 3 1 6 0 b r  ( b o n d e d  N H ) ,  2 2 3 0  (C 5N  s t r e t c h i n g ) ,  1 6 6 5 s  ( 6 - l a c t a m

C = 0  s t r e t c h i n g ) ,  1 6 1 4 ,  1 5 0 0 ,  1 4 5 8 s ,  1 3 8 3 ,  1 3 4 7 ,  1 2 8 5 w ,  1 2 7 3 w ,  1 1 7 0 w ,

1 1 5 0 ,  8 8 4 ;  7 7 5 w ,  7 6 4 ,  7 0 1  a n d  6 9 0  cm  ^  ( a r o m a t i c  C - H  b e n d i n g ) .

A (nm ) ( e  x  lo"'3) : 2 1 5  ( 3 6 . 2 ) ,  2 3 3 i n f l .  ( 1 9 . 3 ) .  2 4 4 i n f l .  ( 1 8 . 2 ) ,  
m a x

3 1 0  ( 1 5 . 8 ) ,  3 2 5 s h  ( 1 2 . 9 )  3 4 0 s h  ( 6 . 4 ) .  U n d e r  t h e  s a m e  c o n d i t i o n s ,  

a c i d  h y d r o l y s i s  o f  (XL) g a v e  a  p r o d u c t  (78% ) i d e n t i c a l  ( m . p .  a n d  i . r .  

s p e c t r u m )  w i t h  t h e  p r o d u c t  (L X X X I) o b t a i n e d  b y  a c i d  h y d r o l y s i s  o f  

( L X ) .

( b )  F r o m  t h e  a c t i o n  o f  a m m o n i a  o n  4 - c y a n o - 3 - p h e n y l i s o c o u m a r i n  

4 8
(L X X V I) T h e  i s o c o u m a r i n  (L X X V I) ( l o0 g )  w a s  h e a t e d  i n  a  s e a l e d

o
t u b e  w i t h  e t h a n o l  ( 1 2 m l )  a n d  l i q u i d  a m m o n i a  (c a . 7 m l )  a t  c a . 1 4 0  f o r  

1 8 h .  T h e  p r o d u c t  w h i c h  s e p a r a t e d  o n  c o o l i n g  w a s  c o l l e c t e d  a n d  r e 

c r y s t a l l i s e d  f r o m  e t h a n o l  t o  y i e l d  c o l o u r l e s s  n e e d l e s  ( 0 . 6 2 g ,  62% ) 

w h i c h  h a d  a  m . p .  a n d  i . r .  s p e c t r u m  i d e n t i c a l  w i t h  t h o s e  o b t a i n e d  f o r  

4 - c y a n o - 3 - p h e n y l i s o c a r b o s t y r i l  (L X X X I) i n  ( a )  a b o v e .



CHAPTER XV

PRODUCTS FROM THE REACTION OF O-CYANOBENZYL CYANIDE WITH ' 

O -a -D IC Y A N O S T IL B E N E  I N  THE PRESEN CE OF METHOXIDE.

( i )  R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e  ( I )  a n d  o - g - d i c y a n o s t i l b e n e -  ( I I )

i n  t h e  p r e s e n c e  o f  m e t h o x i d e . -  o - C y a n o b e n z y l  c y a n i d e  ( I )  ( 5 . 6 8 g ,

-2
4 x  1 0  m o l )  w a s  d i s s o l v e d  i n  m e t h a n o l  ( 1 2 0 m l )  t o  w h i c h  s o d i u m  m e t h o x i d e

( 0 . 2 g  N a  i n  2 0 m l  MeOH) h a d  b e e n  a d d e d .  o - a - D i c y a n o s t i l b e n e  ( I I )  ( 9 . 2 0 g ,

4  x  1 0  ^  m o l )  w a s  a d d e d  a n d  t h e  s o l u t i o n  m a i n t a i n e d  a t  6 0 °  f o r  4 h .  C r u d e

p r i s m s  o f  ( X C I V ) , w h i c h  h a d  s e p a r a t e d  o n  c o o l i n g  t h e  d a r k  b r o w n  s o l u t i o n

o v e r n i g h t ,  w e r e  c o l l e c t e d  a n d  i m m e d i a t e l y ,  n e e d l e s  o f  (XL) c r y s t a l l i s e d

i n  t h e  f i l t r a t e .  S l i g h t  r e d u c t i o n  i n  v o l u m e  o f  t h e  f i l t r a t e  a n d

c o o l i n g  a f f o r d e d  a  c r o p  o f  p r i s m s  o f  (X C IV ) a n d  n e e d l e s  o f  ( X L ) .

F u r t h e r  r e d u c t i o n  i n  v o l u m e  o f  t h e  f i l t r a t e  u n d e r  p a r t i a l  v a c u u m  g a v e  a

b l a c k  g u m  f r o m  w h i c h  n o  s o l i d  p r o d u c t  c o u l d  b e  e x t r a c t e d .  R e -

c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  ( c h a r c o a l )  g a v e  a )  c o l o u r l e s s  n e e d l e s

o f  (XL) ( 2 o 6 0 g ,  2 5 % ) ,  i d e n t i f i e d  b y  m . p . ,  m i x e d  m . p .  a n d  i . r .  s p e c t r u m

a n d  b )  c o l o u r l e s s  p r i s m s  o f  (X C IV ) ( 4 . 8 5 g ,  3 3 % ) ,  m . p .  2 0 7 °  ( F o u n d  : C .

8 0 . 3 ;  H ,  4 0 4 ; N ,  1 5 . 1 .  C ^ H ^ N ^  r e q u i r e s  C ,  8 0 . 7 ;  H ,  4 . 3 ;  N ,  1 5 . 1 % ) .

m / e  3 7 2 .  V : 3 4 8 5 ,  3 3 6 8 ,  3 2 1 5 ,  2 2 1 5 ,  2 2 1 0 ,  1 6 3 0 s ,  1 6 1 7 ,  1 5 7 5 ,  1 5 4 8 ,  
m a x

1 5 0 8 ,  1 3 4 5 ,  1 1 5 2 ,  9 2 9 ,  8 7 4 ,  7 7 8 ,  7 6 9 ,  7 3 6 ,  6 9 1 ,  6 8 2  c m ” 1 .  X (nm )
m a x

(0  x  lo”3) : 2 2 0 ( 3 9 o O ) ,  2 5 5 ( 2 6 . 2 ) ,  3 0 5 ( 2 4 . 6 ) ,  3 4 4 s h ( 1 2 . 0 ) ,  3 6 0 s h ( 6 . 4 ) .
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( i i )  M o n o a g e t y l  d e r i v a t i v e  o f  (X C IV ) . -  T h e  c o m p o u n d  (X C IV ) ( 3 . 0 g )  

w a s  f i n e l y  g r o u n d  a n d  d i s s o l v e d  i n  a c e t i c  a n h y d r i d e  ( 2 0 m l )  a n d  g l a c i a l  

a c e t i c  a c i d  ( 2 0 m l )  a n d  t h e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x  f o r  4 5 m i n .

T h e  h o t  p a l e  o r a n g e  s o l u t i o n  w a s  p o u r e d  o n  t o  i c e  ( 8 0 g )  a n d  t h e  o i l  

w h i c h  f o r m e d  w a s  c a u s e d  t o  s o l i d i f y  b y  s c r a t c h i n g ,  t o  g i v e  a n  a l m o s t  

c o l o u r l e s s  p r o d u c t ,  r e c r y s t a l l i s a t i o n  o f  w h i c h  f r o m  t e t r a h y d r o f u r a n  

a f f o r d e d  c o l o u r l e s s  p r i s m s  o f  t h e  m o n o a c e t y l  d e r i v a t i v e  o f  (X C IV )

( 2 .  4 g  ,  7 2 % ) ,  m . p .  2 1 9 °  ( F o u n d  s C ,  7 8 . 0 ;  H ,  4 . 3 ;  N ,  1 3 . 6 .  C 2 7 H1 8 N4 °

_ 3
r e q u i r e s  C ,  7 8 . 3 ;  H ,  4 . 4 ;  N ,  1 3 . 5 % ) ,  m / e  4 1 4 .  X (ran) ( e  x  1 0  )

■ m a x

( s o l v e n t  : t e t r a h y d r o f u r a n )  : 2 5 1  ( 3 1 . 8 ) ,  3 0 5  ( 2 5 . 2 ) ,  3 3 8 s h  ( 1 5 . 6 ) ,

3 5 2 s h  ( 8 . 9 ) * v m a x : 3 2 2 6 ,  2 2 2 3 ,  2 2 1 3 ,  1 6 8 5 ,  1 6 1 9 ,  1 6 0 l w ,  1 5 7 6 ,  1 5 6 8 ,  1 5 1 0 ,  

1 3 4 4 ,  1 2 8 0 w ,  1 2 4 0 ,  l 0 4 2 w ,  I 0 0 9 w ,  9 5 1 w ,  7 7 4 ,  7 6 9 ,  6 9 3 ,  6 7 8  c m ’ 1 .

( i i i )  O z o n o l y s i s  o f  t h e  m o n o a c e t y l  d e r i v a t i v e  o f  (X C IV ) . -  T h e  a c e t y l  

d e r i v a t i v e  ( 2 . 0 7 g ,  0 . 0 0 5  m o l )  f r o m  i i )  a b o v e  w a s ' s t i r r e d  i n  A . R .  

g l a c i a l  a c e t i c  a c i d  ( 1 0 0 m l )  a t  1 0 ° .  W h e n  m o s t  o f  t h e  s o l i d  w a s

d i s s o l v e d ,  a n  a p p r o x i m a t e l y  3M e x c e s s  o f  o z o n e  w a s  p a s s e d  t h r o u g h  t h e

s o l u t i o n ,  o v e r  3 0 m i n .  Z i n c  d u s t  ( 4 g )  w a s  c a r e f u l l y  a d d e d  t o  t h e  c o l d

r e a c t i o n  m i x t u r e  f o l l o w e d  b y  c o l d  w a t e r  ( 1 0 0 m l ) j .  T h e  d a r k  s o l u t i o n  

a n d  s l u d g e  w e r e  s t i r r e d  a t  1 0 °  f o r  2 h .  U p o n  r e m o v a l  o f  t h e  m e t a l l i c  

s l u d g e ,  a d d i t i o n  o f  w a t e r  ( 7 0 m l )  t o  t h e  f i l t r a t e  p r e c i p i t a t e d  a

d i r t y  f l o c c u l a n t  s o l i d  w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m  m e t h a n o l  ( c h a r c o a l )

g a v e  a  s m a l l  y i e l d  ( lO m g )  o f  y e l l o w  n e e d l e s  m . p .  1 4 9 ° ,  m / e  2 7 3  a n d

a  q u a n t i t y  o f  t a r r y  m a t e r i a l .  T h e  r e a c t i o n  f i l t r a t e  w a s  s t e a m

d i s t i l l e d ,  t h e  d i s t i l l a t e  a f f o r d i n g  b e n z a l d e h y d e , ■i s o l a t e d  a s  t h e

o
2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  ( 0 . 7 1 g ,  50% ) i d e n t i f i e d  b y  m . p .  ( 2 3 7  ) ,  

m i x e d  m . p .  a n d  i . r .  c o m p a r i s o n  w i t h  a u t h e n t i c  m a t e r i a l .  A t t e m p t s  t o  

o b t a i n  f u r t h e r  p r o d u c t  f r o m  t h e  d i s t i l l a t i o n  r e s i d u e  w e r e  a b o r t i v e .



( i v )  P e r m a n g a n a t e  o x i d a t i o n  o f  (X C IV ) T h e  c o m p o u n d .  (X C IV )

- 3
( 0 . 9 3 g ,  2 . 5  x  1 0  m o l )  w a s  d i s s o l v e d  i n  p y r i d i n e  ( 2 0 m l )  w i t h  s t i r r i n g .

- 3
W i t h  t h e  f l a s k  c o o l e d  i n  i c e i - p o t a s s i u m  p e r m a n g a n a t e  ( 0 . 7 9 g ,  5  x  1 0  m o l )

i n  w a t e r  ( 1 5 m l )  w a s  s l o w l y  a d d e d .  A n  i m m e d i a t e  e x o t h e r m i c  r e a c t i o n

w a s  n o t e d  a n d  m a n g a n e s e  d i o x i d e  w a s  p r e c i p i t a t e d .  A f t e r  l O m i n  a l l

t h e  p e r m a n g a n a t e  w a s  c o n s u m e d  ( n o  p i n k  i n  s p o t  o n  f i l t e r  p a p e r ) .  T h e

r e a c t i o n  w a s  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  ( 1 0 m l  3 N ,  0 . 5 m l  c o n e ,

a n d  t h e  m a n g a n e s e  d i o x i d e  c o n v e r t e d  t o  s o l u b l e  m a n g a n o u s  s a l t s  b y

p a s s a g e  t h r o u g h  t h e  s o l u t i o n  o f  s u l p h u r  d i o x i d e  f o r  1 5 m i n .  T h e

c o l o u r l e s s  p r o d u c t  i n  t h e  b t & i j h t  y e l l o w  s o l u t i o n  w a s  c o l l e c t e d ,

w a s h e d  w i t h  b o i l i n g  w a t e r  t o  d i s s o l v e  a n y  b e n z o i c  a c i d  p r e s e n t ,  a n d

r e c r y s t a l l i s e d  f r o m  t e t r a h y d r o f u r a n - 9 6 %  e t h a n o l  t o  y i e l d  c o l o u r l e s s

p r i s m s  o f  (C) ( 0 . 4 5 g ,  6 3 % ) .  D r y i n g  t h e  p r o d u c t  o v e r  p h o s p h o r o u s  

o
p e n t o x i d e  b e l o w  4 0  g a v e  c o l o u r l e s s  a n h y d r o u s  p r i s m s  w h i c h ,  w h e n  

a n a l y s e d  e n c a p s u l a t e d ,  w e r e  f o u n d  t o  h a v e  t h e  c o m p o s i t i o n  C ,  7 0 . 5 ;

H ,  3 . 7 ;  N ,  1 4 . 6 .  ’C 1 7 H 1 1 N 3 0 2  r e q u i r e s  C ,  7 0 . 6 ;  H ,  3 . 8 ;  N ,  1 4 . 5 % .

T h e  a n h y d r o u s  p r i s m s  r e a d i l y  g a i n e d  w e i g h t  o n  e x p o s u r e  t o  a i r  t o  y i e l d  

a  h y d r a t e  o f  v a r i a b l e  c o m p o s i t i o n .  I . r .  s p e c t r a  o f  (C) v a r i e d  

a c c o r d i n g  t o  t h e  s t a t e  o f  h y d r a t i o n  a n d  p o s s i b l y  i n t e r m o l e c u l a r  a s s o c 

i a t i o n  o f  t h e  s a m p l e .  G e n e r a l  b r o a d e n i n g  o f  a b s o r p t i o n s  w a s  o b s e r v e d  

i n  t h e  3 5 0 0  t o  3 0 0 0  a n d  1 7 0 0  t o  1 6 0 0  cm  1  r e g i o n s  b u t • c o n s t a n t  

a b s o r p t i o n s  w e r e  o b s e r v e d  a t  s 2 5 0 0 ,  2 2 1 6 ,  1 6 8 0 s ,  1 6 2 0 s ,  1 5 8 3 s ,  1 3 3 4 ,

7 6 8  cm \  I n  a b s o l u t e  e t h a n o l  t h e r e  w e r e  u . v .  X a t  2 1 8 ,  2 5 6 ,
m a x

a n d  3 3 3  n m .  T h e  m a s s  s p e c t r u m  o f  (C) w a s  i d e n t i c a l  t o  t h a t  o f  ( C l )  

e x c e p t  f o r  o v e r l o a d i n g  o f  t h e  p e a k  a t  1 8  ( w a t e r ) .

On h e a t i n g  t h e  c o l o u r l e s s  p r i s m s  g r a d u a l l y  c o n v e r t e d  t o  b r i g h t



y e l l o w  p r i s m s  o f  ( C l ) ,  w h i c h  d i d  n o t  m e l t  a t  a  s h a r p  t e m p e r a t u r e  b u t

o
l o s t  t h e i r  c r y s t a l l i n e  f o r m  a t  c a .  2 7 0  t o  f o r m  a n  a m o r p h o u s  m a s s .

A q u a n t i t y  o f  ( C l )  w a s  p r e p a r e d  b y  h e a t i n g  (C ) ( 0 . 2 g )  I n  a n  o i l  b a t h

a t  2 1 0 °  f o r  l h .  T h e  y e l l o w  p r o d u c t  w a s  r e c r y s t a l l i s e d  t w i c e  f r o m  

b e n z e n e  t o  y i e l d  b r i g h t  y e l l o w  p r i s m s  o f  ( C l )  ( 0 . 1 4 g ,  75 % )  w h i c h  a g a i n  

l o s t  t h e i r  c r y s t a l l i n e  f o r m  a t  c a .  2 7 0 °  ( F o u n d  s C ,  7 5 . 6 ;  H ,  3 . 3 ;

N ,  1 5 . 6 .  C . _ H _ N _ 0  r e q u i r e s  C ,  7 5 . 3 ;  H ,  3 . 3 ;  N ,  1 5 . 5 % ) ,  m / e  2 7 1 .
i  /  y j

V : 3 3 0 3 ,  2 2 2 1 ,  1 7 3 5 s ,  1 6 4 9 ,  1 6 1 0 ,  1 5 9 8 ,  1 3 1 3 ,  1 2 9 6 ,  1 1 8 0 ,  1 1 5 3 b r ,  
m a x

1 1 0 0 ,  1 0 2 5 ,  9 7 0 ,  8 7 4 ,  7 7 3 ,  7 6 1 ,  6 9 8  c m " 1 .  A (nm) (e x  lo"3) :
m a x

2 2 0  ( 3 6 . 0 ) ,  2 3 7  ( 3 1 . 0 ) ,  2 5 7 s h  ( 1 9 . 7 ) ,  2 8 6  ( 5 . 9 ) ,  3 1 8  ( 8 . 9 ) ,  3 3 5 i n f .  ( 8 . 1 ) ,  

3 6 0 s h  ( 6 . 8 ) ,  3 9 2  ( 5 . 5 ) ,  4 1 6 s h  ( 3 . 2 ) .

( v )  C o n d e n s a t i o n  o f  o - c y a f t o b e n z y l  c y a n i d e  ( I )  w i t h  a n i s a l d e h y d e  t o  y i e l d

t h e  s t i l b e n e  ( C I I )  . -  ( P r e p a r a t i o n  a c c o r d i n g  t o  t h e  m e t h o d  o f

9
G a b r i e l d  a n d  E s c h e n b a c h  ) o ^ - C y a n o b e n z y l  c y a n i d e  ( l o g ) , a n i s a l d e h y d e  

( 1 1 . 9 g )  a n d  p i p e r i d i n e  ( 1 0  d r o p s )  w e r e  h e a t e d  a t  1 4 0 - 1 5 0 °  f o r  1 . 2 5 h .

T h e  h o t  p r o d u c t ,  a  d a r k  o i l ,  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  ( 2 0 0 m l ) .  O n  

c o o l i n g ,  t h e  p r o d u c t  s e p a r a t e d  a s  p a l e  y e l l o w  c r y s t a l s  w h i c h  o n  r e 

c r y s t a l l i s a t i o n  f r o m  e t h a n o l  ( c h a r c o a l )  g a v e  c o l o u r l e s s  n e e d l e s  o f  ( C I I )  

( 1 1 o 4 g , 6 2 % ) ,  m . p .  1 1 5 . 5 °  ( F o u n d  : C ,  7 8 . 4 ;  H ,  4 . 8 ;  N ,  1 0 . 7 .  C 1 7 H1 2 N2 °

r e q u i r e s  C ,  7 8 . 5 ;  H ,  4 . 6 ;  N ,  1 0 . 8 % ,  m / e  2 6 0 .  V : 2 2 2 8 ,  2 2 1 2 ,  1 6 1 2 ,
m a x

1 5 9 3 s ,  1 5 6 7 ,  1 5 2 2 ,  1 4 8 8 ,  1 4 3 2 ,  1 3 1 9 ,  1 2 7 1 s ,  1 1 8 1 s ,  1 1 6 5 ,  1 0 3 0 ,  9 5 8 ,

9 4 9 w ,  9 3 4 ,  8 3 2 ,  7 6 2 ,  7 5 3  c m " 1 .  A (nm ) ( e  x  lo"3) : 2 1 6  ( 1 8 . 4 ) ,  2 4 0 s h
m a x

( 1 2 . 4 ) ,  2 6 0 s h  ( 4 . 8 ) ,  3 3 6  ( 2 4 . 3 ) .

( v i )  P r e p a r a t i o n  o f  t h e  s u b s t i t u t e d  i s o q u i n o l i n e  ( C 1 I I )  . -  T h e  d i n i t r i l e



( C I I )  ( 0 . 5 g )  w a s  d i s s o l v e d  i n  m e t h a n o l  ( 2 0 m l ) * S o d i u m  m e t h o x i d e

( 0 . 0 5 g  N a  i n  5 m l  MeOH) w a s  a d d e d  a n d  t h e  r e a c t i o n  m a i n t a i n e d  a t  6 0 °

f o r  4 h .  T h e  p r o d u c t  w h i c h  s e p a r a t e d  f r o m  t h e  d a r k  s o l u t i o n  o n  c o o l i n g ,

was recrysta ll ised  from ethanol Xch&rcbal)' to y ie ld  colourless needles

o f  ( C H I ' )  ( 0 . 2 g ,  3 8 % ) ,  m . p .  1 6 8 °  ( F o u n d  : C ,  7 4 . 6 ;  H ,  5 . 0 ?  N ,  9 . 5 .

r e q u i r e s  C ,  7 4 . 5 ?  H ,  4 . 8 ?  N ,  9 . 7 % ) ,  m / e  2 9 0 .  V : 2 2 2 5 ,
1 8  1 4  2 2 ^  '  m a x

1 6 0 9 ,  1 5 7 6 ,  1 5 5 8 w ,  1 5 2 4 ,  1 5 0 5 ,  1 3 4 8 ,  1 3 0 7 ,  1 2 8 4 w ,  1 2 5 1 ,  1 2 0 1 ,  1 1 7 2 ,

1 1 4 5 w ,  1 0 9 2 ,  1 0 3 1 ,  9 7 5 ,  8 7 6 w ,  8 6 7 w ,  8 3 6 ,  8 1 5 ,  7 9 0 w ,  7 6 9 ,  7 3 5 w ,  7 0 2 w ,

673 cm"1 . X Xnm) (e x  lo"3) s 218 (32V3), 234sh (2©V6), 255 (13.6),  
m a x

2 8 4  ( 2 0 . 6 ) ,  3 1 6  ( 1 8 . 5 ) ,  3 5 0 s h  ( 6 . 3 ) .

( v i i )  A c i d  h y d r o l y s i s  o f  ( C I I I ) t - t o  t h e  i s o c a r b o s t y r i l  ( C I V ) . -  T h e  

s u b s t i t u t e d  i s o q u i n o l i n e  ( C I I I )  ( 0 . 4 5 g )  w a s  h e a t e d  u n d e r  r e f l u x  i n  

a c e t o n e  ( 4 5 m l )  a n d  h y d r o c h l o r i c  a c i d  ( 1 0 m l  3N  a n d  4 m l  c o n c . )  f o r  2 h .

T h e  p r o d u c t  w h i c h  s e p a r a t e d  a s  t h e  h y d r o l y s i s  p r o c e e d e d  w a s  c o l l e c t e d  a n d

r e c r y s t a l l i s e d  f r o m  t e t r a h y d r o f u r a n  t o  y i e l d  f i n e  c o l o u r l e s s  n e e d l e s  o f

(C IV )  ( 0 . 3 8 g ,  89% ) m . p .  3 0 7 °  ( F o u n d  : C ,  7 3 . 7 ?  H ,  4 . 3 ?  N ,  1 0 . 3 .

C . „ H 1 o No 0 o r e q u i r e s  C ,  7 3 . 9 ?  H ,  4 . 4 ?  N ,  1 0 . 1 % ) ,  m / e  2 7 6 .  V : 3 1 7 0 ,
i / 1 I I I  m a x

3 0 5 0 ,  2 2 2 5 ,  1 6 6 4 s ,  1 6 0 8 s ,  1 5 2 2 ,  1 5 0 1 ,  1 4 5 0 ,  1 3 4 5 ,  1 2 9 8 ,  1 2 6 0 s ,  1 1 8 3 ,  1 1 4 6 ,

1034, 882w, 870w, 845, 817, 788, 770, 701w, 684 cm"1. X (nm)
'  '  m a x

(£  x  lo"3) : 2 1 6  ( 3 2 . 0 ) ,  2 3 5 s h  ( 1 3 . 4 ) ,  2 5 4  ( 1 1 . 1 ) ,  2 7 1 s h  ( 7 . 6 ) ,  3 1 7  

( 1 5 . 2 ) .

( v i i i )  R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e  ( I )  a n d  t h e  s t i l b e n e  ( C I I )  i n  t h e  

p r e s e n c e  o f  m e t h o x i d e  . -  £ - C y a n o b e n z y l  c y a n i d e  . ( I )  ( 2 . 2 0 g )  w a s

d i s s o l v e d  i n  m e t h a n o l  ( 5 0 m l )  t o  w h i c h  s o d i u m  m e t h o x i d e  ( O . l g  N a  i n  2 0 m l  

MeOH) h a d  b e e n  a d d e d .  T h e  s t i l b e n e  ( C I I )  ( 4 . 0 g )  w a s  a d d e d  i n  s m a l l
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p o r t i o n s  a n d  t h e  s o l u t i o n  m a i n t a i n e d  a t  6 0 °  f o r  4 h .  C o o l i n g  t h e  d a r k  

r e a c t i o n  s o l u t i o n  i n  i c e  g a v e  c r y s t a l s  w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m  

e t h a n o l  ( c h a r c o a l )  w e r e  o b t a i n e d  a s  c o l o u r l e s s  n e e d l e s  o f  ( C I I I )

( 1 . 6 5 g ,  3 7 % ) ,  i d e n t i f i e d  b y  m . p .  a n d  i . r .  c o m p a r i s o n  w i t h  a  s a m p l e  

p r e p a r e d  i n  ( v i )  a b o v e .  O n  s t a n d i n g ' ;  t h e  r e a c t i o n  f i l t r a t e  a f f o r d e d  

a  s e c o n d  c r o p ,  r e c r y s t a l l i s a t i o n  o f  w h i c h  f r o m  t e t r a h y d r o f u r a n - e t h a n o l  

( c h a r c o a l )  g a v e  a l m o s t  c o l o u r l e s s  p r i s m s  o f  (CV) ( i . 6 2 g ,  2 6 % ) ,  m . p .  2 1 7 °

( F o u n d  : C ,  7 7 . 6 ;  H ,  4 . 5 ;  N ,  1 4 . 0 .  C _H _ N ' 0  r e q u i r e s  C ,  7 7 . 6 ;  H ,  4 . 5 ;
26 l o  4

(N ,  1 4 . 0 % ) ,  m / e  4 0 2 .  V : 3 4 9 7 ,  3 3 0 1 ,  2 2 1 5 ,  2 2 0 4 ,  1 6 4 5 s ,  1 6 0 4 ,  1 5 9 1 ,
m a x

1 5 7 7 ,  1 5 5 0 ,  1 5 1 2 s ,  1 4 3 0 ,  1 3 1 1 ,  1 2 5 5 s ,  1 1 8 0 s ,  1 0 3 2 ,  8 3 2 ,  7 7 1 ,  7 5 9  c m ” 1 .

X (nm) ( e x  lo"3) : 219 (44.8), 232infl (33.7), 256sh (23.8), 325 (32.2).  max

( i x )  M o n o a c e t y l  d e r i v a t i v e  o f  (CV) . C o m p o u n d  (CV) ( 0 . 3 g )  w a s  f i n e l y  

g r o u n d  a n d  h e a t e d  u n d e r  g e n t l e  r e f l u x  i n .  g l a c i a l  a c e t i c  a c i d  ( 4 m l )  a n d  

a c e t i c  a n h y d r i d e  ( 5 m l )  f o r  1 5 m i n .  T h e  h o t  p a l e  y e l l o w  s o l u t i o n  w a s  p o u r e d  

o n  t o  i c e  ( 3 0 g )  a n d  t h e  o i l  w h i c h  f o r m e d  s o o n  s o l i d i f e d  o n  b e i n g  

s c r a t c h e d .  T h e  a l m o s t  c o l o u r l e s s  p r o d u c t  n e a r l y  c o m p l e t e l y  d i s s o l v e d  

i n  h o t  e t h a n o l  b u t  a  s m a l l  q u a n t i t y  o f  b r i g h t  y e l l o w  p r i s m s  r e m a i n e d  a n d  

d i s s o l v e d  w i t h  d i f f i c u l t y  o n l y  o n  b o i l i n g .  T h e  b o i l i n g  s o l u t i o n  w a s  

c o l o u r l e s s  b u t  c h a r c o a l  w a s  a d d e d  a n d  a f t e r  f i l t r a t i o n ,  t h e  c o o l  f i l t r a t e  

a f f o r d e d  c o l o u r l e s s  p r i s m s  ( 0 . 2 9 g ) .  A ' s e c o n d  c r o p  o f  b r i g h t  y e l l o w  p r i s m s  

( 0 . 0 3 g )  w a s  c o l l e c t e d  f r o m  t h e  f i l t r a t e  a f t e r  i t  h a d  s t o o d  o v e r n i g h t .

T h e  c o l o u r l e s s  p r i s m s  w e r e  w a r m e d  i n  a c e t o n i t r i l e .  S o m e  d i s s o l 

u t i o n  o c c u r r e d  b u t  t h e  b u l k  o f  t h e  p r i s m s  b e c a m e  b r i g h t  y e l l o w  a n d  

d i s s o l v e d  o n l y  w i t h  d i f f i c u l t y  o n  b o i l i n g  t o  g i v e  a  c o l o u r l e s s  s o l u t i o n .



C o o l i n g  t h e  f i l t e r e d  s o l u t i o n  a f f o r d e d  a  c r o p  o f  m i x e d  c o l o u r l e s s  a n d  

y e l l o w  p r i s m s  w h i c h  w e r e  r e d i s s o l v e d  i n  b o i l i n g  e t h a n o l  t o  g i v e  a  

c o l o u r l e s s  s o l u t i o n .  Y e l l o w  p r i s m s  c r y s t a l l i s e d  f r o m  t h e  w a r m  s o l u t i o n  

a n d  w e r e  c o l l e c t e d .  T h e  f i l t r a t e ,  w h e n  C o o l e d  b e l o w  2 0 °  a f f o r d e d  

c o l o u r l e s s  p r i s m s .  T o t a l  y i e l d  0 . 2 5 g ,  7 5 % .

D a t a  f o r  t h e  c o l o u r l e s s  p r i s m s  : m . p .  s B e c a m e  y e l l o w  o n  h e a t i n g ,

f i n a l l y  m e l t i n g  a t  2 1 0 °  ( F o u n d  ; C ,  7 5 . 8 ;  H ,  4 . 4 ;  N ,  1 2 . 5 .  C 0 0 H N 0
2o 20 4 2

r e q u i r e s  C ,  7 5 . 7 ;  H ,  4 . 5 ;  N ,  1 2 . 6 % ) ,  m / e  4 4 4 .  V : 3 4 2 0 ,  2 2 1 2 ,  1 7 0 9 s ,
m a x

1 6 1 0 ,  1 5 9 8 ,  1 5 6 6 ,  1 5 5 5 ,  1 5 0 5 ,  1 3 2 8 ,  1 3 0 3 ,  1 2 8 8 ,  1 2 6 0 b r ,  1 1 7 6 ,  1 0 2 6 , 8 2 7 ,  7 7 0  

7 5 9 ,  6 6 9  cm  1 .

D a t a  f o r  t h e  y e l l o w  p r i s m s  : m . p .  2 1 0 ° .  ^  a x *' 3 3 0 0  t o  3 l 0 0 b r .  m u l t i p l e  

a b s o r p t i o n ,  2 2 2 5 ,  2 2 1 0 ,  1 7 0 9 s h ,  1 6 9 0 b r ,  1 6 1 4 ,  1 6 0 4 ,  1 5 8 6 ,  1 5 7 2 ,  1 5 6 0 b r ,  

1 5 0 9 b r ,  1 4 2 5 ,  1 3 3 9 ,  1 3 0 9 ,  1 2 6 0 ,  1 2 4 5 b r ,  1 1 7 6 ,  1 0 2 6 ,  8 2 7 ,  7 5 9 ,  7 5 5 ,  6 7 1  c m ” 1  

T h e  y e l l o w  p r i s m s  c o u l d  b e  r e c o v e r e d  f r o m  e t h a n o l i c  s o l u t i o n s  b y  

i n d u c i n g  c r y s t a l l i s a t i o n  a b o v e  2 0 ° .  C r y s t a l l i s a t i o n  b e l o w  2 0 °  a f f o r d e d  

t h e  c o l o u r l e s s  p r i s m s  ( b y  m . p . ,  i . r . ) .



CHAPTER XVI

PRODUCTS FROM THE REACTION OF o^CYANOBENZYL CYANIDE WITH 

BENZALDEHYDE I N  THE PRESENCE OF METHOXIDE.

N o t e s :  , I n  a g r e e m e n t  w i t h  C h a p t e r V I I I ,  t h e  f o l l o w i n g  

n o t a t i o n  i s  e m p l o y e d  i n  t h i s  C h a p t e r :

C o m p o u n d  .. S t r u e  t u r e  N u m b e r

M ( C V I I ) ,  X =  H

N ( C V I I ) ,  X =  Ome

0  ( C V I I ) ,  X =  C l

P  ( C V I I ) ,  X =  OBu

Q (CX) ,  X =  H

R (CX) r  X =  Ome

S (CX) ,  X =  C l

T  (CX) ,  X =  OBu

C o m p o u n d s  having s t r u c t u r e  ( C V I I )  b e c a m e  d e e p e r  y e l l o w

a n d  t h e n  c h a r r e d  o n  h e a t i n g .  D e c o m p o s i t i o n  o f  t h e

o
c o m p o u n d s  w a s  c o m p l e t e  b y  2 9 0  .

C o m p o u n d s  having s t r u c t u r e  ( C X ) , e x c e p t  T ,  w e r e  s t a b l e  t o

o
h e a t  u p  t o  c a . 2 5 0  a t  w h i c h  t e m p e r a t u r e  t h e y  b e g a n  t o  c h a r .

172
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( I )  R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e  ( I )  w i t h  b e n z a l d e h y d e  i n  m e t h o x i d e  

a n d  m e t h a n o l  .

( a )  T h e  d i n i t r i l e  ( I )  X 2 0 g )  w a s  d i s s o l v e d  i n  w a r m  m e t h a n o l  ( 1 5 0 m l ) /  

a n d  s o d i u m  m e t h o x i d e  ( 0 . 2 g  N a  i n  2 5 m l  MeOH) a d d e d ,  f o l l o w e d  b y  b e n z 

a l d e h y d e  ( 1 5 g ) . T h e  y e l l o w  s o l u t i o n  w a s  h e a t e d  a t  6 0 °  f o r  4 h .  S o m e  

s o l i d  b e g a n  t o  s e p a r a t e  f r o m  t h e  d a r k  b r o w n  s o l u t i o n  a f t e r  2 h .  a n d  m o r e  

w a s  o b t a i n e d  o n  c o o l i n g  t h e  f l a s k  i n  i c e .  R e c r y s t a l l i s a t i o n  f r o m  

t e t r a h y d r o f u r a n  (T H F ) ( c h a r c o a l )  a n d  d r y i n g  a t  4 0 ° / 0 . 0 5  mm g a v e  f i n e  

c r e a m  p r i s m s  o f  h e m i s o l v a t e d  M ( 6 . 7 g ,  25% ) ( F o u n d  : C ,  7 5 . 8 ;  H ,  5 . 1 ;

N ,  1 3 . 4 .  c 2 5 H1 8 N4 0 . ^ C 4 H8 0  r e q u i r e s  C ,  7 6 . 1 ;  H ,  5 . 2 ;  N ,  1 3 . 2 % ) ,  m / e  3 9 0

( 9 6 % ) ,  3 1 3  ( 1 0 0 % ) ,  2 5 1  . T h e  s a m p l e  a f t e r  b e i n g  m u l l e d ,  w i t h  D ^O  g a v e  

m / e  3 9 3  ( 1 0 % ) ,  3 9 2  ( 1 4 % ) ,  3 9 1  ( 1 0 % ) ,  3 9 0  ( 4 % ) ,  3 1 6  ( 7 7 % ) ,  3 1 5  (1 0 0 % )

3 1 4  ( 5 9 % ) ,  3 1 3  ( 1 4 % ) ,  2 5 3 * .  V 3 5 0 0 - 3 0 0 0 ,  2 2 2 6 ,  1 6 5 0 - 1 6 1 0 b r ,  1 5 7 0 ,
■ m a x  ■ ■ ■ . .  ,  ■ v

1 5 4 0 ,  1 3 0 9 ,  1 2 7 7 ,  1 2 5 4 ,  1 2 1 6 w ,  1 1 6 5 w ,  I 0 4 7 w ,  I 0 3 0 w ,  8 8 0 b r ,  7 6 5 ,  7 5 6 ,

697, 682 cm""1 . X (nm) (e x lo”3) (solvent:T H F) 276(4.3), 284(4.3),  max
3 4 8 ( 1 4 . 7 )  .

T h e  r e a c t i o n  f i l t r a t e  s l o w l y  a f f o r d e d  a  s e c o n d ' c r o p  o f  c r u d e  p r o d u c t ,  

m o re  o f  w h ic h  w as  o b t a i n e d  b y  r e d u c i n g  t h e  f i l t r a t e  t o  h a l f - v o l u m e .

F u r t h e r  a t t e m p t s  t o  o b t a i n  s o l i d  p r o d u c t  g a v e  a n  i n t r a c t a b l e  t a r .  T h e  

c r u d e  p r o d u c t  w as b o i l e d  i n  e t h a n o l  a rid  f i l t e r e d  h o t .  T h e  f i l t r a t e  w as

b o i l e d  w i t h  c h a r c o a l ,  r e f i l t e r e d  a n d  a l l o w e d  t o  c o o l .  T h e  c o l o u r l e s s

n e e d l e s  ( 2 . 1 6 g ,  7%) w h ic h  s e p a r a t e d  w e re  i d e n t i f i e d  ( m . p . , i ^ r . )  a s  

o - a - d i c y a n o s t i l b e n e  ( I I )  ( c f .  p . 1 3 5 ) . T h e  r e s i d u e ,  f ro m  t h e  e t h a n o l  

f i l t r a t i o n ,  w as r e c r y s t a l l i s e d  f ro m  THF t o  a f f o r d  v e r y  f i n e  y e l l o w  

p r i s m s  ( 0 . 1 4 g ,  0 . 5 % )  i d e n t i c a l  ( i . r . , m . s . )  w i t h  t h e  p r o d u c t  Q 

o b t a i n e d  i n  ( i i )  b e lo w .



( b )  R e p e a t i n g  t h e  p r o c e d u r e  i n  ( a )  a b o v e  b u t  u s i n g  s o d i u m  

e t h o x i d e  a n d  e t h a n o l  i n  p l a c e  o f  s o d i u m  m e t h o x i d e  a n d  m e t h a n o l ,  t h e  

r e a c t i o n  b e c a m e  d a r k e r ,  a n d  r e d u c e d  y i e l d s  o f  t h e  s a m e  p r o d u c t s  w e r e  

o b t a i n e d  (M, 1 0 % ;  ( I I ) ,  6% ; Q ,  0 . 3 % ) .

( c )  U n d e r  l e s s  v i g o r o u s  c o n d i t i o n s  t h e  r e a c t i o n  i n  ( a )  a b o v e  

w a s  m u c h  c l e a n e r  b u t  n o n e  o f  t h e  p r o d u c t  Q. w a s  o b t a i n e d  a n d  t h e  y i e l d  

o f  M w a s  r e d u c e d .  T h u s  a t  2 5 °  f o r  4 h .  t h e  r e a c t i o n  a f f o r d e d  M (1 5 % ) 

a n d  I I  (8%) w h i l s t  a t  5 °  f o r  4 h ,  t h e  y i e l d  o f  M w a s  3% a n d  o f  ( I I ) ,  6 % .

( i i )  T r e a t m e n t  o f  t h e  c o m p o u n d  M w i t h  h y d r o x i d e  . -  T h e  c o m p o u n d  M

( 0 . 5 g )  w a s  h e a t e d  u n d e r  r e f l u x  i n  2 N - s o d i u m  h y d r o x i d e  f o r  2 h .

E v o l u t i o n  o f  a m m o n i a  w a s  n o t  d e t e c t e d  a n d  t h e  s o l i d  d i d  n b t  d i s s o l v e

b u t  b e c a m e  b r i g h t  y e l l o w .  R e c r y s t a l l i s a t i o n  f r o m  TH F a f f o r d e d  v e r y

f i n e  b r i g h t  y e l l o w  p r i s m s  o f  t h e  h e m i h y d r a t e  o f  Q ( 0 . 4 8 g , .  92 % ) ( F o u n d :

C ,  7 5 . 8 ;  H ,  4 . 8 ;  N ,  1 3 . 7 .  C . - H - q I ^ O .  *2Ho 0  r e q u i r e s  C ,  7 5 e 2 ;  H ,  4 . 8 ;
2b io 4 2

N ,  1 4 . 0 % ) ,  m / e  3 9 0  ( 1 1 % ) ,  3 8 9  ( 2 0 % ) ,  3 8 8  ( 5 9 % ) ,  3 8 6 * ,  3 1 3  ( 1 0 0 % ) ,  2 5 1 *

V 3 4 4 0 ,  3 3 7 0 ,  3 2 2 0 ,  1 6 5 5 s ,  1 6 4 2 s ,  1 6 1 0 ,  1 5 8 4 ,  1 5 7 1 ,  1 5 4 0 ,  1 5 2 2 ,  1 4 3 5 ,  
m a x  '  '

1 3 4 6 ,  1 2 8 4 ,  1 2 5 9 ,  1 1 5 0 ,  1 1 1 9 ,  1 0 2 0 ,  8 8 8 ,  8 1 4 ,  7 5 5 ,  7 4 7 ,  6 9 9  c m ” 1 . .

( i i i )  A c e t y l a t i o n  o f  t h e  c o m p o u n d  M T h e  c o m p o u n d  M ( 3 . 9 0 g )  w a s  

f i n e l y  g r o u n d  a n d  a d d e d  t o  a c e t i c  a n h y d r i d e  ( 2 5 m l )  a n d  g l a c i a l  a c e t i c  

a c i d  ( 3 0 m l ) .  T h e  m i x t u r e  w a s  h e a t e d  u n d e r  r e f l u x  f o r  2 h .  a n d  c o o l e d .  

B r i g h t  y e l l o w  s o l i d  w a s  c o l l e c t e d  a n d  r e c r y s t a l l i s e d  f r o m  b e n z e n e -  

p e t r o l e u m  e t h e r  ( b . p .  6 0 - 8 0 ° )  t o  a f f o r d  y e l l o w  p r i s m s  o f  t h e  m o n o a c e t y l  

d e r i v a t i v e  ( 3 . 8 0 g ,  8 8 % ) .  T h e  p r i s m s  d i d  n o t  m e l t  b u t  c h a r r e d  a t  c a . 

2 7 0 °  a n d  f i n a l l y  d e c o m p o s e d  a t  c a .  2 9 0 °  ( F o u n d  : C ,  7 5 . 2 ;  H ,  4 . 7 ;
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N ,  1 2 . 8 .  C 2 7 H2QN4 0 2 r e q u i r e s  C ,  7 5 . 0 ;  H ,  4 . 6 ;  N ,  1 3 . 0 % ) ,  m / e  4 3 2  ( 2 7 % ) ,

4 3 0  ( 1 8 % ) ,  3 9 0  ( 3 6 % ) ,  3 8 8  (3 8% ) ,  3 5 6  ( 3 1 % ) ,  3 5 5  (1 0 0 % )  ,  3 1 3  (83 % ).

T h e r e  w e r e  m e t a  s t a b l e  p e a k s  a t  3 5 1  ( 4 3 2 - C H g C O ) , 3 5 0  ( 4 3 0 - C H g C O ) , 2 9 2

( 4 3 2 - C - H  ) ,  2 7 6 * ( 3 5 5 - C H  C O ) ,  2 5 1 * ( 3 9 0 - G ^ H c ) .  V 3 1 8 0 ,  2 2 3 0 ,  1 7 1 6 ,
6  5  3 6  5  m a x

1 6 5 0 s ,  1 5 9 0 s ,  1 5 5 0 ,  1 3 9 6 ,  1 3 1 5 ,  1 2 1 8 ,  1 2 0 0 s ,  1 1 5 0 ,  1 0 1 5 ,  9 9 2 ,  7 9 0 ,  7 7 1 ,  

7 6 0 ,  7 3 5 ,  7 0 0 ,  6 9 4  cm

( i v )  A t te m p te d  o x i d a t i o n  o f  t h e  co m p o u n d  M w i t h  p e r m a n g a n a te  . -  T h e

o
c o m jb o t in d  m  ( 0 . 3 9 g ,  0 . 0 0 1  m o l )  w a s  s t i r r e d  w i t h  p y r i d i n e  ( 2 0 m l )  a t  1 0  .  

P o t a s s i u m  p e r m a n a g a n t e  ( 0 . 3 2 g ,  0 . 0 0 2  m o l )  i n  w a t e r  ( 1 0 m l )  w a s  a d d e d  

a n d  t h e  m i x t u r e  s t i r r e d  a t  1 0 °  f o r  2 h .  No r e a c t i o n  w a s  o b s e r v e d , s o  

a  f u r t h e r  q u a n t i t y  o f  p e r m a n g a n a t e  ( 0 . 3 2 g )  i n  w a t e r  ( 1 0 m l )  w a s  a d d e d  

a n d ,  w i t h  n i t r o g e n  p a s s i n g  o v e r ,  t h e  s o l u t i o n  w a s  h e a t e d  u n d e r  r e f l u x  

f o r  l h .  A l t h o u g h  t h e  p e r m a n g a n a t e  h a d  b e e n  c o n s u m e d  a n d  m a n g a n e s e  

d i o x i d e  h a d  p r e c i p i t a t e d ,  t h e  c o l o u r l e s s  p r i s m s  ( 0 . 3 1 g ,  7 9 % ) ,  r e c o v e r e d  

f r o m  t h e  y e l l o w  s o l u t i o n  a f t e r  p a s s a g e  o f  s u l p h u r  d i o x i d e ,  w e r e  f o u n d  

t o  b e  s t a r t i n g  m a t e r i a l  ( b y  m . p . ,  i . r . ) .

(v ) R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e  ( I )  w i t h  a n i s a l d e h y d e  i n  m e th o x id e  

a n d  m e th a n o l  . -

( a )  T h e  d i n i t r i l e  ( I )  ( 2 0 g )  w a s  d i s s o l v e d  i n  w a r m  m e t h a n o l

( 1 5 0 m l )  a n d  s o d i u m  m e t h o x i d e  ( 0 . 2 g  N a  i n  2 5 m l  MeOH) w a s  a d d e d ,  f o l l o w e d

b y  a n i s a l d e h y d e  ( 1 9 g ) .  T h e  y e l l o w  s o l u t i o n  w a s  h e a t e d  a t  6 0 °  f o r  4 h .

T h e  p r o d u c t ,  c o l l e c t e d  a f t e r  c o o l i n g  t h e  f l a s k  i n  i c e ,  w a s  r e c r y s t a l l i s e d

f ro m  THF t o  a f f o r d  p a l e  y e l l o w  p r i s m s  o f  N ( 8 . 9 g ,  29% ) (F o u n d  : C ,  7 4 . 1 ;

H ,  4 . 9 ;  N ,  1 3 . 2 .  ^N„CL r e q u i r e s  C ,  7 4 . 3 ;  H ,  4 . 8 ;  N ,  1 3 . 3 ) ,  r a / e
26 20 4 2



17 6

★
4 2 0  ( 1 0 0 % ) ,  3 1 3  ( 9 4 % ) ,  2 3 3 . 5  .  v  ^ 3 5 0 0 - 3 0 0 0  m u l t i p l e  a b s o r p t i o n ,

2 2 2 6 ,  1 6 4 0 s ,  1 6 1 0 s ,  1 5 7 0 ,  1 5 4 0 ,  1 5 1 0 ,  1 3 0 9 ,  1 2 5 3 ,  1 1 7 9 ,  1 0 3 2 ,  8 2 4 ,  7 6 5 ,

7 5 6 ,  7 3 7 ,  6 8 3  c r i f 1 .  X (run) ( e  x  l o ' 3 )  ( s o l v e n t  : T H F) 2 7 7  ( 6 . 2 ) ,  2 8 5
m a x

( 6 . 0 ) ,  3 4 8  ( 1 6 . 0 ) .  T ( d  DMSO) 6 . 3 0 ( 3 , s i n g l e t ) ,  5 . 7 2  ( 1 ,  s i n g l e t ) ,  5 . 6 66
( 1 , s i n g l e t ) ,  3 . 3 - 1 . 7  ( 1 3 ,  c o m p l e x ) ,  1 . 1 7 ( l , b r  s i n g l e t ) ,  - 2 e 1 4 ( l , b r  

s i n g l e t ) .  I n  a  s p e c t r u m  o f  t h e  c o m p o u n d  i n  t r i f l u o r o a c e t i c  a c i d ,  

t h e  t w o  m e t h i n e  p r o t o n  s i g n a l s  o c c u r r e d  a t  4 . 9 6  a n d  4 . 7 9 t .

C o n t i n u e d  w o r k - u p  o f  t h e  r e a c t i o n  a s  i n  ( i a )  a b o v e  a f f o r d e d

( 1 ) .  C o l o u r l e s s  p r i s m s  o f  t h e  s t i l b e n e  ( C I I )  ( 2 . 1 g ,  6% , f r o m  

e t h a n o l )  i d e n t i c a l  ( m . p . ,  i . r . )  t o  t h e  p r o d u c t  ( C I I  ) f r o ^ a  t h e  

p i p e r i d i n e  c a t a l y s e d  c o n d e n s a t i o n  o f  t h e  d i n i t r i l e  ( I )  w i t h  a n i s a l d e h 

y d e  (p .  1 6 8 ) .

( 2 ) .  V e r y  f i n e  y e l l o w  p r i s m s  o f  R ( 0 . 9 g ,  3 % ,  f r o m  T H F) ( F o u n d  :

C ,  7 4 . 1 ;  H ,  4 . 8 ;  N ,  1 3 . 2 .  C 2 6 H2 0 N4 ° 2  r e c *u i r e s  C '  7 4 * 3 »* H / 4 *8 *
ic ^

N ,  1 3 . 3 % ) ,  m / e  4 2 0  ( 7 % ) ,  4 1 9  ( 1 9 % ) ,  4 1 8  ( 5 8 % ) ,  4 1 6  ,  3 1 3  ( 1 0 0 % ) ,  2 3 3 . 5  .

V 3 4 4 0 ,  3 3 6 0 ,  3 2 0 0 ,  1 6 4 5 s ,  1 6 4 0 s ,  1 6 1 1 ,  1 5 8 4 ,  1 5 7 3 ,  1 5 4 1 ,  1 5 2 2 ,  1 3 4 8 ,  
m a x

1 2 9 0 ,  1 2 5 0 ,  1 1 7 0 ,  1 0 4 0 ,  1 0 2 3 ,  8 6 0 ,  8 2 5 b r ,  7 8 7 ,  7 6 0 ,  7 4 8 ,  6 8 0  c m ’ 1 .

X (nm) ( e  x  1 0 ~ 3 ) ( s o l v e n t  T H F) 2 7 5 i n f l  ( 1 8 . 6 ) ,  3 0 2  ( 1 6 . 2 ) ,  3 4 7 i n f l  ( 1 1 . 0 ) ,  
m a x

3 8 4  ( 1 6 . 2 ) ,  4 0 4  ( 1 6 . 6 ) .

T h e  s a m e  p r o d u c t  R ( 9 5 % ) ( b y  i . r . ,  m . s . )  w a s  o b t a i n e d  f r o m  t r e a t m e n t  

o f  N w i t h  2 N _ - s o d i u m  h y d r o x i d e  u n d e r  r e f l u x .

o
( b )  W h e n  t h e  r e a c t i o n  w a s  c o n t i n u e d  f o r  2 4 h .  a t  6 0  , t h e  

s o l u t i o n  b e c a m e  v e r y  d a r k  a n d  t h e  y i e l d  o f  N (10% ) w a s  r e d u c e d ,  p a r t l y



b y  c o n v e r s i o n  t o  R  w h i c h  w a s  o b t a i n e d  i n  s l i g h t l y  i n c r e a s e d  y i e l d  ( 5 % ) .  

A t t a c k  b y  m e t h o x i d e  o n  t h e  s t i l b e n e  ( C I I )  g a v e  t h e  p r o d u c t  ( C I I I )

( 3 % ) , i d e n t i c a l  a s  r e g a r d s  m . p .  a n d  i . r .  s p e c t r u m  w i t h  t h e  c o m p o u n d  ( C I I I )  

a l r e a d y  d e s c r i b e d  (p .  1 6 8 ) .

( c )  R e p e a t i n g  t h e  r e a c t i o n  f o r  4 h .  a t  6 0 °  u s i n g  o n e  m o l e  o f  

s o d i u m  m e t h o x i d e  g a v e  a  v e r y  d i r t y  r e a c t i o n  f r o m  w h i c h  s m a l l  y i e l d s  

o f  R ( 1  -  8%) a n d  ( C I I I )  (1  -  2%) w e r e  i s o l a t e d .

( v i )  A c id  h y d r o l y s i s  o f  t h e  co m p o u n d  N > - T h e  co m p o u n d  N (l.O O g )

w a s  d i s s o l v e d  i n  50% a q u e o u s  t r i f l u o r o a c e t i c  a c i d  ( 2 0 m l )  a n d  h e a t e d

u n d e r  r e f l u x  f o r  4 h .  T h e  y e l l o w  s o l u t i o n  w a s  p o u r e d  o n  t o  i c e  ( l O O g )

a n d  t h e  y e l l o w  c r y s t a l s  w h i c h  f o r m e d  w e r e  r e c r y s t a l l i s e d  f r o m  m e t h a n o l

( c h a r c o a l ) - w a t e r  t o  y i e l d  c o l o u r l e s s  n e e d l e s  o f  t h e  m o n o h y d r a t e d  l a c t o n e

(C IX )  ( 0 . 6 5 g ,  6 2 % ) ,  m . p .  1 9 4 - 1 9 5 °  ( F o u n d  : C ,  7 1 . 3 ?  H ,  4 . 5 ?  N ,  9 . 6 .

C H N 0  . H O  r e q u i r e s  C ,  7 1 . 1 ?  H ,  4 . 8 ?  N ,  9 . 6 % ) ,  m / e  4 2 1 .  T h e r m o -  zo  xy j j z

g r a v i m e t r i c  a n a l y s i s  o f  t h e  m o n o h y d r a t e  g a v e  a  w e i g h t  l o s s  o f  3 . 7 %

( 9 0 - 1 2 0 ° ) .  L o s s  o f  o n e  m o l e  o f  w a t e r  r e q u i r e s  a  w e i g h t  l o s s  o f  4 . 1 % .

V 3 4 0 0 - 3 0 0 0 ,  2 2 3 0 ,  1 7 3 0 ,  1 6 6 0 b r ,  1 6 1 0 ,  1 5 1 1 ,  1 3 3 5 b r ,  1 3 0 4 ,  1 2 5 3 ,  1 2 1 1 ,  
m a x  '  '  ■ '  '  '

1 1 7 8 ,  1 0 3 5 b r ,  9 3 9 ,  8 2 1 ,  7 6 3 ,  7 5 4  c m " 1 . X ( n m ) ( E x  lo"3) 2 2 7  ( 3 4 . 6 ) ,
m a x

2 7 9 i n f l  ( 7 . 4 ) ,  2 8 5  ( 8 . 9 ) ,  3 1 0  ( 1 1 . 1 ) ,  3 4 5 i n f l  ( 7 , 1 ) .

( v i i )  R e a c t i o n  b e t w e e n - o - c y a n o b e n z y l  c y a n i d e  ( I )  a n d  p -  

c h l o r o b e n z a l d e h y d e  w i t h  m e t h o x i d e  a n d  m e t h a n o l  . -  T h e  d i n i t r i l e  ( I )

( 5 . 5 g )  w a s  d i s s o l v e d  i n  m e t h a n o l  ( 3 5 m l )  a n d  s o d i u m  m e t h o x i d e  ( 0 . 0 5 g , N a  

i n  5 m l  MeOH) a d d e d .  £ - C h l o r o b e n z a l d e h y d e  ( 5 g )  w a s  a d d e d  a n d  t h e  

s o l u t i o n  h e a t e d  a t  6 0 °  f o r  4 h .  T h e  s o l i d  w h i c h  h a d  s e p a r a t e d  f r o m  t h b



c o o l e d  s o l u t i o n  w a s  r e c r y s t a l l i s e d  f r o m  TH F t o  a f f o r d  f i n e  y e l l o w

p r i s m s  o f  t h e  p r o d u c t  0  ( 1 . 2 5 g ,  15% ) ( F o u n d  : C ,  7 0 . 5 ;  H ,  4 . 1 ;  N ,  1 3 . 0 ;

C l ,  8 . 3 .  C o c H , _ N . C 1 0  r e q u i r e s  C ,  7 0 . 7 *  H ,  4 . 0 ;  N ,  1 3 . 2 ;  C l ,  8 . 4 % ) ,
2b 1/ 4

m / e  4 2 6  ( 2 2 % ,  P + 2 ) ,  4 2 5  ( 1 8 % ,  P + l ) ,  4 2 4  ( 6 2 % , F ) ,  3 1 3  ( 1 0 0 % ) ,  2 3 1 * .

V 3 5 0 0 - 3 0 0 0 ,  2 2 2 8 ,  1 6 5 0 - 1 6 1 0 s ,  1 5 7 5 b r ,  1 5 4 3 ;  1 5 0 4 ,  1 4 7 9 ,  1 3 1 1 ,  1 2 8 0 ,  
m a x  '

1 2 5 7 ,  1 2 1 6 ,  1 1 6 7 ,  1 0 9 2 ,  1 0 1 4 ,  8 6 8 b r ,  8 1 6 ,  7 6 9 ,  7 5 9  c m ' 1 .  X (nm )
m a x

( e  x  lo“3) ( S o l v e n t : T H F )  2 7 6  ( 4 . 8 )  ,  2 8 4  ( 5 . 0 ) ,  3 4 8  ( 1 5 . 9 ) .  T ( d  DMSO)D
5 . 6 3 ( 2 ,  s i n g l e t ) ,  3 . 2  t o  1 . 6  ( 1 3 ,  c o m p l e x ) ,  1 . 2 4  ( 1 ,  b r  s i n g l e t ) ,

- 2 . 1 5 ( l , b r  s i n g l e t ) .

F u r t h e r  p r o d u c t  w a s  o b t a i n e d  b y  r e d u c i n g  t h e  r e a c t i o n  f i l t r a t e  

t o  h a l f - v o l u m e .  C o o l i n g  a  h o t  e t h a n o l  ( c h a r c o a l ) . e x t r a c t  a f f o r d e d  

c o l o u r l e s s  p r i s m s  ( 0 . 1 3 g ,  1%) i d e n t i c a l  ( m . p . ,  i . r . )  w i t h  t h e  £ -  

c h l o r o - s u b s t i t u t e d  s t i l b e n e  (LXV) d e s c r i b e d  i n  ( v i i i )  b e l o w .  R e 

c r y s t a l l i s a t i o n  f r o m  TH F o f  t h e  e t h a n o l - i n s o l u b l e  r e s i d u e  y i e l d e d  

f i n e  b r i g h t  y e l l o w  p r i s m s  S ( O . l O g ,  1 % ) ,  m / e  4 2 6  (3%, P + 2 )  ,  4 2 5  (7%, P + l ) ,

4 2 4 ( 2 2 % ,  P ) ,  4 2 2  ( 4 8 % ) ,  4 2 0 * ,  3 1 3  ( 1 0 0 % ) ,  2 3 1 * .  V 3 4 2 0 ,  3 3 5 0 ,  3 1 9 5 ,
m a x

3 1 2 0 ,  1 6 5 0 s ,  1 6 3 8 s ,  1 6 0 8 ,  1 5 8 0 ,  1 5 6 8 ,  1 5 4 0 ,  1 5 2 3 ,  1 3 4 5 ,  1 2 9 0 ,  1 2 7 6 ,

1 2 6 2 ,  1 0 8 6 ,  1 0 2 0 ,  8 6 0 ,  8 1 5 ,  7 5 8 ,  7 4 7  c m ' 1 .

( v i i i )  P i p e r i d i n e  c a t a l y s e d  c o n d e n s a t i o n  o f  o - c y a n o b e n z y l  c y a n i d e

( I )  w i t h  p - c h l o r o b e n z a l d e h y d e  . -  T h e  d i n i t r i l e ( l )  ( 6 . 0 0 g ) ,  £ -
\

c h l o r o b e n z a l d e h y d e  ( 7 . 4 6 g )  a n d  p i p e r i d i n e  ( 1 2  d r o p s )  w e r e  h e a t e d  a t  

1 5 0 °  f o r  1 . 7 5 h .  T h e  h o t  d a r k  l i q u i d  w a s  d i s s o l v e d  i n  h o t  e t h a n o l  

( 1 2 0 m l )  a n d  t h e  s o l u t i o n  w a s  c o o l e d .  T h e  y e l l o w  s o l i d  w h i c h  

s e p a r a t e d  w a s  c o l l e c t e d ,  d r i e d ,  d i s s o l v e d  i n  b e n z e n e  ( 1 0 0 m l )  a n d  p a s s e d  

o v e r  a l u m i n a  ( 2 0 0 g ,  1 0 0 - 2 0 0  m e s h ) ,  u s i n g  b e n z e n e  ( 6 0 0 m l )  f o r  e l u t i o n .



T h e  f i r s t  a n d  l a s t  f r a c t i o n s  o f  v e r y  c r u d e  m a t e r i a l  w e r e  d i s c a r e d

a n d  t h e  v e r y  p a l e  y e l l o w  p r i s m s ,  o b t a i n e d  b y  r e m o v a l  o f  t h e  s o l v e n t

f r o m  t h e  i n t e r m e d i a t e  f r a c t i o n s ,  w e r e  r e c r y s t a l l i s e d  f r o m  e t h a n o l

( c h a r c o a l )  t o  a f f o r d  c o l o u r l e s s  p r i s m s  o f  £ '  - c h l o r o - o - a - d i c y a n o ~

s t i l b e n e  (LXV) ( 6 g ,  5 4 % ) ,  m . p .  1 3 7 °  ( F o u n d  : C ,  7 2 . 8 ;  H ,  3 . 6 ; .

N ,  1 0 . 5 .  C .  _H N C l  r e q u i r e s  C ,  7 2 . 6 ;  H ,  3 . 4 ;  N ,  1 0 . 6 % ) ,  m / e  2 6 4 .  
l b  9 2

V 2 2 2 6 ,  2 2 2 0 ,  1 6 0 8 ,  1 5 8 7 ,  1 4 9 5 ,  1 4 1 1 ,  1 2 8 1 ,  1 0 9 3 ,  1 0 8 0 ,  1 0 1 3 ,  9 3 2 ,  
m a x

8 2 5 ,  7 7 4  c m ” 1 .  X (nm ) ( e  x  1 0 ~ 3 ) 2 5 4  ( 4 . 8 ) ,  3 0 9  ( 2 0 . 8 ) .
• m a x

( i x )  R e a c t i o n  o f  o - c y a n o b e n z y l  c y a n i d e  ( I )  w i t h  p - b u t o x y l b e n z -

a l d e h y d e  u s i n g  m e t h o x i d e  a n d  m e t h a n o l  . -  T h e  d i n i t r i l e  ( I )  ( 8 . 6 5 g ) ,

£ - b u t o x y b e n z a l d e h y d e  ( l O g )  a n d  s o d i u m  m e t h o x i d e  ( 0 . l g  N a  i n  1 0 m l  MeOH)

w e r e  d i s s o l v e d  i n  m e t h a n o l  ( 6 0 m l )  a n d  t h e  s o l u t i o n  w a s  h e a t e d  a t  6 0 °

f o r  4 h .  Y e l l o w  c r y s t a l l i n e  s o l i d  s e p a r a t e d  f r o m  t h e  d a r k  s o l u t i o n  a n d

w a s  c o l l e c t e d .  F u r t h e r  p r o d u c t  w a s  o b t a i n e d  b y  r e d u c i n g  t h e  v o l u m e

o f  t h e  f i l t r a t e .  T h e  c o m b i n e d  y i e l d s  w e r e  b o i l e d  i n  e t h a n o l  a n d

f i l t e r e d  h o t .  T r e a t m e n t  o f  t h e  f i l t r a t e  w i t h  c h a r c o a l  a n d  c o o l i n g

a f f o r d e d  v e r y  p a l e  y e l l o w  n e e d l e s  ( 1 . 3 6 g ,  6%) m . p .  8 5 - 8 7 ° .  v ^ ^ 2 2 2 8 0

2 2 1 8 ,  1 5 9 2 ,  1 5 2 0 ,  1 3 1 - 1 ,  1 2 7 5 ,  1 2 6 0 ,  1 1 8 1 ,  1 0 3 9 ,  1 0 0 5 ,  8 3 2 ,  7 5 5  c m ” 1 .

X ( n m ) (£  x  1 0 ” 3 ) 2 1 6  ( 1 9 . 0 ) ,  2 4 0 s h  ( 1 2 . 8 ) ,  2 6 0 s h  ( 5 . 4 ) ,  3 3 7  ( 2 5 . 2 ) .  
m a x

B y  t h e  s i m i l a r i t i e s  i n  t h e i r  i . r .  a n d  u . v .  s p e c t r a ,  t h e  p r o d u c t  w a s  

s h o w n  t o  b e  t h e  £ - b u t o x y - h o m d b g u e  o f  t h e  s t i l b e n e  ( C I I )  ( p .  1 6 8 ) .  R e 

c r y s t a l l i s a t i o n  o f  t h e  r e s i d u e  f r o m  THF y i e l d e d  p a l e  y e l l o w  p r i s m s  

o f  P ( 1 . 8 5 g ,  13% ) ( F o u n d  : C ,  7 5 . 1 ;  H ,  5 . 9 ;  N ,  1 2 . 1 .  C 2 9 H2 6 N4 ° 2  r e ( 2u i r e s

C ,  7 5 . 3 ;  H ,  5 . 6 ;  N ,  1 2 . 1 % ) ,  m / e  4 6 2  ( 1 0 0 % ) ,  3 1 3  ( 6 7 % ) ,  2 1 2 * .  Vm a x

3 5 0 0 - 3 0 0 0 ,  2 2 3 0 ,  1 6 4 0 s ,  1 6 1 5 s ,  1 5 7 5 b r ,  1 5 4 0 ,  1 5 0 7 ,  1 3 0 8 ,  1 2 5 0 ,  1 1 7 5 ,  1 0 3 0 b r ,  

8 7 0 b r ,  8 2 0 ,  7 6 0 ,  7 3 5 ,  6 8 2  c m ” 1 .  X ( n m ) (£  x  lo”3) ( s o l v e n t : T H F )  2 7 7



( 6 . 0 ) ,  2 8 5  ( 5 . 8 ) ,  3 4 8  ( 1 5 . 0 ) .  T ( d  DMSO) 9 . 1 2  ( 3 ,  d i s t o r t e d  t r i p l e t ) ,6
8 . 9 - 8 , 0  ( 4 ,  c o m p l e x ) ,  6 . 0 6  ( 2 ,  t r i p l e t  s h o w i n g  f i n e r  s p l i t t i n g ) ,  5 . 7 2 .

( 1 ,  s i n g l e t )  5 . 6 6 ( 1 ,  s i n g l e t ) ,  3 . 4 - 1 . 7  ( 1 3 ,  c o m p l e x ) ,  1 . 2 2  ( 1 ,  b r  s i n g l e t ) ,  

-  2 . 1 6 ( 1 ,  b r  s i n g l e t ) .  O n  a d d i t i o n  o f  D2 O ,  t h e  s i g n a l s  a t  1 . 2 2  a n d  

- 2 . 1 6 t  w e r e  r e m o v e d  a n d  t h e  c o m p l e x  b e t w e e n  3 . 4  a n d  1 . 7 t  t h e n  h a d  a n  

i n t e n s i t y  c o r r e s p o n d i n g  t o  1 2  p r o t o n s .

; (x ) T r e a t m e n t  o f  t h e  com p o u n d  P w i t h  h y d r o x i d e  . -  T h e  co m p o u n d  P

( 0 . 3 0 g )  w a s  h e a t e d  u n d e r  r e f l u x  i n  e t h a n o l  ( 1 5 m l )  a n d  2 N - s o d i u m  h y d r o x i d e

( 2 0 m l ) .  A f t e r  2 0  m i n ,  a l l  t h e  s o l i d  h a d  d i s s o l v e d  t o  g i v e  a  b r i g h t

y e l l o w  s o l u t i o n .  H e a t i n g  w as c o n t i n u e d  f o r  l h .  E v a p o r a t i o n  o f

m o s t  o f  t h e  e t h a n o l  c a u s e d  t h e  p r e c i p i t a t i o n  o f  y e l l o w  p r o d u c t  w h i c h

w a s  c o l l e c t e d ,  w a s h e d  t h o r o u g h l y  w i t h  w a t e r  a n d  r e c r y s t a l l i s e d  f r o m

THF t o  a f f o r d  b r i g h t  y e l l o w  p r i s m s  o f  T ( 0 » 2 8 g ,  9 3 % ) ,  m . p .  2 4 3 - 2 4 5 ° ,

m / e  4 6 2  ( 1 8 % ) ,  4 6 0  ( 8 0 % ) ,  4 5 8 * ,  3 1 3  ( 1 0 0 % ) ,  2 1 2 * .  V 3 4 2 0 ,  3 3 4 0 ,
m a x

3 1 8 0 ,  3 1 3 5 ,  1 6 5 5 s ,  1 6 4 0 s ,  1 6 1 0 ,  1 5 8 2 ,  1 5 6 8 ,  1 5 3 4 ,  1 5 0 9 ,  1 3 4 2 ,  1 2 8 7 ,  1 2 7 8 ,

1 2 6 5 ,  1 2 4 6 ,  1 2 2 0 ,  1 1 6 9 ,  1 1 4 8 ,  I 0 6 8 b r ,  1 0 2 0 ,  8 5 2 ,  8 2 5 ,  8 0 9 , 7 8 1 ,  7 4 3 ,

6 7 2  cm  ■*". X (nm ) ( e  x  1 0  "S ( s o l v e n t  : THF) 2 7 5 i n f l  ( 1 9 . 0 )  ,  3 0 2  ( 1 6 . 7 ) ,  
m a x

3 4 7  ( 1 1 . 4 ) ,  3 8 4  ( 1 6 . 6 ) ,  4 0 4  ( 1 7 . 0 ) .  T ( d  DMSO) 9 . 4  -  8 . 1  { 1 ,  c o m p l e x ) ,6
6 . 2 8  ( 1 . 2 ,  b r  t r i p l e t ) ,  6 . 0 6  ( 0 . 8 ,  b r  t r i p l e t ) ,  4 . 1 2  ( 0 . 6 5 ,  s i n g l e t ) ,

3 . 7  -  1 . 7  ( 1 4 ,  c o m p l e x ) ,  1 . 5 3  ( 0 . 6 1 ,  b r  s i n g l e t ) ,  0 . 7 3  ( 0 . 5 7 b r  

s i n g l e t ) ,  - 1 . 9 1 ( 0 . 4 0 ,  b r  s i n g l e t ) ,  -  2 . 6 0 ( 0 . 3 5 ,  b r  s i n g l e t ) .

( x i )  A t t e m p t e d  a l k a l i n e  h y d r o l y s i s  o f  t h e  c o m p o u n d  (X C IV ) T h e

c o m p o u n d  (X C IV ) ( 0 . 3 g )  w a s  h e a t e d  u n d e r  r e f l u x  f o r  l h  i n  m e t h a n o l  

( 3 0 m l )  a n d  2 N - s o d i u m  h y d r o x i d e  ( 7 m l ) . O n  c o o l i n g  i n  i c e ,  t h e  y e l l o w  

s o l u t i o n  a f f o r d e d  p a l e  y e l l o w  p r o d u c t  w h i c h  o n  r e c r y s t a l l i s a t i o n  f r o m



181

m e t h a n o l  ( c h a r c o a l )  w a s  o b t a i n e d  a s  c o l o u r l e s s  p r i s m s  ( 0 . 2 g ,  67% ) o f  

s t a r t i n g  m a t e r i a l  ( b y  m . p . ,  i . r . ) .

( x i i )  A t t e m p t e d  m e t h o x i d e  c a t a l y s e d  c o n d e n s a t i o n  o f  t h e  c o m p o u n d  

(X IV ) w i t h  b e n z a l d e h y d e  T h e  c o m p o u n d  (X IV )  ( O i 2 8 g )  w a s  d i s s o l v e d  

i n  h o t  m e t h a n o l  ( 2 5 m l )  c o n t a i n i n g  s o d i u m  m e t h o x i d e  ( 0 . 0 5 g  i n  5 m l  M e O H ) .,  

T o  t h e  r e f l u x i n g  s o l u t i o n ,  b e n z a l d e h y d e  ( 0 . 1 5 g )  i n  m e t h a n o l  ( 5 m l )  w a s  

a d d e d  d r o p w i s e .  T h e  c o l o u r l e s s  s o l u t i o n , w h i c h  s m e l t  s t r o n g l y  o f  

b e n z a l d e h y d e  a f t e r  i t  h a d  b e e n  h e a t e d  u n d e r  r e f l u x  f o r  2 h ,  w a s  

c o o l e d  i n  i c e  t o  a f f o r d  c o l o u r l e s s  p r i s m s  o f  s t a r t i n g  m a t e r i a l  ( 0 . 2 0 g ,  

7 2 % ) ( b y  m . p . ,  i . r . ) .
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