
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


A

Thesis

e n t i t le d

"A rom atisation  o f B iacetylenes"

subm itted i n  p e r t  fu lf ilm e n t o f  the 

requirem ents f o r  adm ittance to  th e  Degree

o f

D octor o f  Philosophy 

in  th e  

U n iv ersity  o f  Glasgow

fcy

J e rsy  A* Zablcievio*

U n iv ersity  o f  Giasgov September, 1^5«>



ProQuest Number: 10984214

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10984214

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



ACKHQWLEDGBKSSTS

The au th o r w ishes to  thank P ro fe s so r  R, A, Raphael, F.R.S*, and 

Dr, G. E g lin ton  fo r  t h e i r  a s s is ta n c e  and in te r e s t  during  th e  course o f  

t h i s  woxk.

He i s  indebted  to  Dr, W. O berhansli f o r  th e  X-ray s t r u c tu r a l  

a n a ly s is , and Dr, A, P o rte  f o r  th e  e le c tro n  s p in  resonance a n a ly s is .

He w ishes to  thank a lso  Mrs, F. Lawrie ( in f r a re d ) ,  Miss P , P e l l i t t  

( g , l , c . ) ,  Mr, J ,  G all (n,m ,r«)# Mr, J .  M, L» Cameron and h is  s t a f f  

(m ioroanalysea), Mr, A. McCorniok (mass spectroscopy) and Mr, A, Hi s i  op 

( te c h n ic a l and moral a s s is ta n c e )  f o r  h e lp  and advice i n  t h e i r  re sp ec tiv e  

techn iques.

This woxk was c a r r ie d  ou t du rin g  th e  tenu re  o f  a  g ran t from th e  

I n s t i t u t e  o f  Petroleum ,



CORTOT’S

Introduction

Pa30 

1

Diacuaaion

H is to r ic a l  In tro d u c tio n  l 6

I  % P re p a ra tio n  and iso m e risa tio n  o f  th e  decadiynes. 20

IX s Iso m erisa tio n  and id e n t i f i c a t io n  o f  oota~l,7-<3iyne

iso m e risa tio n  p roducts. 2 }

I I I  s S yn thesis  o f  hydrocarbons isom eric  w ith  o o ta - l f 7 -d iyne . JO

IV g Iso m erisa tio n  o f and re la te d  hydrocarbons. J4

V % MechAnism o f  the  base ca ta ly sed  iso m e risa tio n  o f  l in e a r

d iynes. j 6

VI g P reparation#  dehydrobrom ination and iso m erisa tio n  o f the

tetrabrom ocyolooctanes. JO

v n  r I  florae r l  s a t  io n  o f  c y c lo o c ta te tra e n e . J7

VIII s Jafechanism o f  th e  dehydrobrom ination and iso m erisa tio n

o f  Cg carbocycles, 64

XX i P reparation#  dehydrobrom ination and iso m e risa tio n  o f
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SUM^AR*

The su b jec t 'fla tte r o f  t h i s  th e s is  ( th e  e lu c id a tio n  o f  the  

mechanism o f the  a ro m a tisa tio n  o f d iace ty len es  end re la te d  sp ec ies) may 

be d iv ided  in to  th ree  se c tio n s , each d ea lin g  re so e c tiv e ly  w ith  the  

a ro m atisa tio n , by trea tm en t w ith  s tro n g  base, o f  l i n e a r  d iac e ty len es , 

c y o lio  Cg d iace ty len e  eq u iv a len ts , and c y c lic  o r  cn  d iac e ty len e s  

o r  t h e i r  eq u iv a len ts .

The a ro ria tis e tio n  o f  deca~ l,9 -d iyne and deca«4,6~diyne i s  

described  i n  th e  f i r s t  sec tio n : t h i s  i s  followed by a d e ta ile d

exam ination o f  th e  requirem ents fo r  base ca ta ly sed  iso m erisa tio n  o f 

o c te -1 , 7 -d iy n e . The products from th e  l a t t e r  re a c tio n , arom atic and

n on -aro n atic , a re  id e n t i f ie d ,  and th e  non-arom atic ones a re  a lso  

sy n thesised  f o r  comparison* These o le f in ic  by-T>roducts a re  a ls o  t re a te d  

w ith  base under s im ila r  co n d itio n s  i n  an attem pt to  e lu c id a te  th e  

mechanism o f  t h e i r  tran sfo rm atio n , and t h e i r  p roducts a re  lik ew ise  

id e n tif ie d *  Treatment o f  o c ta - l,7 -d iy n *  under v a rio u s  re a c tio n  

c o n d itio n s  a ls o  le a d s  to  th e  estab lishm ent o f  c o n d itio n s  necessary  fo r  

th e  form ation  o f  arom atic p roducts only* A ra t io n a le  based upon th e  

f in d in g s  i n  th e  course o f  t h i s  work and recen t re la te d  l i t e r a t u r e  

re p o rts , i s  pu t forward f o r  th e  form ation  o f  both the  arom atic and non* 

arom atic speoies*

The r e s u l t s  obtained from th e  f i r s t  c a r t  o f  th i s  work a re



u t i l i s e d  i n  th e  fo llow ing work on the  related isom erisation  o f  cyclo*» 

roc tad iyne equ ivalen ts*  Dehydrobromination o f tetrabror»ocyclooct,anea 

(one o f  the two isom ers obtained has i t s  s t r i c tu r e  proved by X-ray 

a n a ly s is )  w ith  an excess o f  s tro n g  base y ie ld s  benzocyclobutene and 

s ty ren e , as w ell as o th e r  p roducts. The analogous is o n e r is a tio n  o f 

cy e lo o c ta te tra e n e  i t s e l f  y ie ld s  th e  same m ajor p roducts, and th ese  are  

iso la te d  and id e n t i f ie d .  Various re a c tio n  co n d itio n s  a re  a lso  t r i e d ,  

bu t complete c o n tro l o f  re a c tio n  products i s  not achieved. A m echanistic 

in te rp r e ta t io n  fo r  the fo rn a tio n  o f  the  v arious products i s  again  

presented*

The th i rd  s e c tio n  d ea ls  w ith  the  s im ila r  p re p a ra tio n  and 

dehydrobrom ination o f  th e  hexa- a id  tetrabroroocyclododecanes, as  w ell 

as the  base c a ta ly sed  iso m e risa tio n  o f  c y c lo te tra d e c a » l,8 -d iy n e . The 

products a re  ag a in  id e n t i f ie d ,  and a  mechanism f o r  t h e i r  form ation  i s  

pu t forward* The sy n th e tic  p o te n tia l  o f  th e se  rea c tio n s  i s  d iscussed  

b r ie fly *



INTRODOCTION

The Formation o f  Benzenoid Compound a from U nsaturated Systems.

Controversy and sp ec u la tio n  have ran iked the p rog ress  o f  the 

concept o f  a ro m atic ity  over th e  l a s t  cen tury  s in ce  Kekule’ s  o r ig in a l  

p roposal fo r  th e  s tru c tu re  o f  benzene, followed a y e a r  l a t e r  by 

B e rth e lo t’ s^ * simple* sy n th es is  o f  i t  from th re e  m olecules o f  ace ty len e .

The facade o f  s im p lic ity  presented  by th i s  re ac tio n  concealed extrem ely 

e f fe c t iv e ly  i t s  profound com plexity, so much so th a t i t  i s  only recen tly  

th a t  th e  ra m ific a tio n s  o f  th e  re a c tio n  have became understood -  and in  

the  process have helped to  p lace  one o f  o rgan ic  chem istry’ s  fundam entals 

on a  so lid  b a s is  o f  f a c ts .  Indeed, t h i s  re a c tio n  i s  a p e rfe c t example 

o f  evidence supporting  th e  o i lg in a l  th e o rie s  o f  a ro m a tic ity , and y e t 

s t i l l  com pletely e x p lic a b le  a g a in s t th e  background o f  knowledge a v a ila b le  

today.

Of n eo essity , the o r ig in a l  sp ecu la tio n s  about th e  n a tu re  o f  

a ro m a tic ity  depended on the p ra c t ic a l  r e s u l t s  a v a ila b le  a t  th a t  tim e, and 

as  such, emphasis was p laced  on th e  types o f  re a c tio n s  th a t  * arom atic" 

compounds underwent, r a th e r  than  the  degree o f  r e a c t iv i ty  p o ss ib le  w ith  

a  c e r ta in  arrangement o f  double bonds, though on r e f le c t io n  th i s  i s  im plied . 

Accordingly* examples o f  re a c tio n s  c a r r ie d  out th en  and now a re  q u ite  

numerous, t h e i r  comparison i s  d i r e c t ,  bu t understanding  now th e  theory  and
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decree o f  r e a c t iv i ty  possible* not only  a re  the products predetem ined, 

bu t s ta r t in g  m aterials and products are interconvertib le* even though 

they iaay be c la s s if ie d  as aromatic or o le fin ic*

B erth elot’s or ig in a l trirnerisation o f  acetylene in  18^6, ( r e 

examined iri l?6o, and found to  produce a lso  toluene, o -sy len e, styrene,
2naphthalene and o th e r  poly n u c lea r hydrocarbons ) was followed by other 

s im ila r  re a c tio n s ,5 ,4 [ ( 1 ) - *  (2 ); B -  H, RX= CH?, and B = RX= CH.J b u t th e ra  

th e  m a tte r  re s te d  f o r  many decades w hile  th e  p ro p e r tie s  o f  "aroraatios* 

were evaluated  and arom atic r e a c t iv i ty  form ulated . Aromatic compounds 

were produced by a  v a r ie ty  o f  methods and reag en ts, bu t a l l  had a  preformed 

six-merabered r in g  -  o r  caused i t  to  be formed i n  the  course o f  a  c y c l is a t io n  

re a c tio n  in v o lv in g  a  carbonyl o r  i t s  eq u iv a len t. Dehydrogenation 

re a c tio n s  u t i l i s i n g  selenium , su lp h u r o r  palladium , were a l l  known, but 

even now t h e i r  ro u te  ( in v o lv in g  f re e  ra d ic a ls )  i s  poorly  understood.

Due to  the  in te n se  in t e r e s t  i n  te rpene chem istry p rev a len t a t  

th a t  tim e, i t  i s  not su rp r is in g  to  f in d  the  odd example o f  a ro m a tisa tio n  

amongst some o f  t h e i r  re a c tio n s  -  a s  f o r  in s ta n ce  carvone (5) &nd 

euoarvone (4) ( i t s e l f  an  isom er o f  carvone) were known to  g ive thymol (5) 

on trea tm en t w ith  ao id .?* ^ # L a te r  woxk^ on th e se  compounds produced 

evidence th a t  th e  rearrangem ent o f  carvone hydrobromide (6) tp  eucarvone 

(4) proceeded v ia  a  b ic y c l ic  fo ra  (7) • So, (w ith  h in d sig h t)  i t  seems 

s tran g e  th a t  th e  p o ss ib le  e x is te n c e  o f  t h i s  ro u te  I n  rev e rse  was not 

recognised , th a t  preformed s l x »nembered r in g s  were not necessary

J
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p recu rso rs  o f  arom atic r in g s . (The analogous conversion  o f  the

dibrom ooarane (8) to  g-cymene ( 10) ,  probably v ia  the  b ic y c lio  form ( 9)
0

has a lso  been observed re c e n tly  ) .

This long l u l l ,  w ith i t s  p au c ity  o f  p r a c t ic a l  r e s u l ts ,  f in a l.ly

ended about tw en ty -fiv e  y ea rs  ago, when o rgan ic  chem istry , possessing  an

abundance o f  th e o r ie s  on a ro m a tic ity  (produced by m athem aticians and

p h y sica l chem ists), f in a l ly  obtained  th e  p ra c t ic a l  means to  t e s t  them,

due la rg e ly  to  the  development o f  th e  sp ec tro sco p ies  and v arious new

reagen ts and equipment -  la rg e ly  by-products o f  the  two m ajor wars during

th a t  p erio d , ,

As i n  a l l  evo lv ing  sc ie n ces , the  techn iques had changed from the

s c ie n t i f i c a l ly  b ru ta l  to  th e  s u b tle , and though knowledge on dehydrogen-

s a t io n  methods had been extended, and understand ing  o f  the  c a ta ly t ic

requirem ents gave some c o n tro l o f  the  end products ( e .g .  th e  fo rm ation  o f
■ o 9ethylbensene from 1-v iqylcyclohexene ( 11) o v er p latinum  a t  200 ) ,  th i s

bore  no comparison to  the  advantages th a t  th e  advent o f  new c a ta ly s ts  and 

e s p e c ia l ly  t r a c e r  experim ents brought to  t h i s  sphere. thorough 

in v e s t ig a t io n  by P in es  and h is  a s so c ia te s  has shown th a t  w ith  th e  

ap p ro p ria te  c a ta ly s ts  (v a rio u s  s i l i c a t e s  and a lk a lin e  o r  a c id ic  alum inas) 

and a t  th e  c o r re c t re a c tio n  tem peratures, hydrogenation and dehydrogenation 

can  o ccu r very  r e a d i ly .^ *  Also, th e  use o f  m acrocyclic hydrocarbons 

( in s te a d  o f  oyotobexans sp eo ies) by P re lo g  e t  a l . 12*1^ has produced a  

v a r ie ty  o f  p o ly a ro aa tic  compounds depending on th e  s ta r t in g  m a te r ia l
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(outlined below).

cyclononane P3/C 400° ■) indene

cy clod od ©cans 4 acen&pht he na p acen&phthaleno

cy c lo t ridecane fluo rene

cycloheptad ecane 1# 2-beruco flu o ren e

R e a lisa tio n  th a t  i t  waa not necessary  to  s t a r t  w ith  a  c y c lic

compound to  cause a ro m atisa tio n  has produced some s t r ik in g  r e s u l t s ,  a s  fo r

instance# fifty -tw o#  m ainly aromatic# compounds were id e n t i f ie d  from the

14p y ro ly s is  o f  n-decane. The so p h is tic a te d  work on c a ta ly t i c  transfo rm -

has le d  to  th e  id e n t i f i c a t io n  o f  ethylberusene and a l l  th e  xylenes, to g e th e r

Moreover# th e  arom aties could be prepared from e i th e r  o f  th e  l a s t  two# 

th e  ra d io a c tiv e  assay  co rro b o ra tin g  th e  p o s tu la te d  mechanism# (Scheme I)# 

where 1 - 6# 1 * 7# o r  1 - 8  zing c lo su re  le d  to  th e  a p p ro p ria te  and 

d i s t i n c t  end p ro d u c ts .

Work o f  t h i s  type has led  to  the  development o f  th e  theoxy o f  

su rfa c e  ca ta ly s is#  where adsozb tion  o f  th e  reagen ts  on th e  s u b s tra te  i s  

oompuQLsozy f o r  re a c tio n , ( I n  th e  p rev ious i l lu s t r a t io n s #  th e  s u b s tra te  

a ls o  p a r tic ip a te d  by hyd rogenating  o r  dehydrogensting th e  pzlmexy s p e c ie s ) .  

I n  p a r tic u la r#  development o f  t r a n s i t io n  m etal chem istry  has produced th e  

sensat io n a l ly  e f f i c i e n t  s e r ie s  o f  Z ie g le r  type c a ta ly s ts#  w ith  which 

u n sa tu ra ted  hydrocarbons foxm TT-bonded complexes# thereby  f a c i l i t a t i n g

w ith  cyoloootaneandm ethylcycloheptane '  ( a f t e r  s e le c t iv e  hydrogenation)!
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molecular condensation.

An outstanding exanple from some o f  the e a r lie r  work was without

doubt th e  commercially applicable polym erisation o f  acetylene to cyclo-

l 6j oct& tetraene by Reppe e t  al» over n ickel cyanide in  tetrahydrofuvan

17so lu tion*  A more p e r t in e n t example i s  th e  t r im e r is a t io n  o f  dim ethyl-  

s ace ty len e  to  hexamethylbenzene over a  triphervylchromium ca ta ly st i n  

te trehydrofU ran , where th e  m echanistic  ro u te  i s  envisaged as  shown in  

Scheme I I .

The uses and mechanism o f  t h i s  type o f  re a c tio n  have been 

17 18 19reviewed* '* * and the form ation  o f  th e  arom atic system i s  explained

by a  stepw ise replacem ent o f  th e  te trahyd  ro fu ran  lig an d s  o f  th e  

trlphenyldhrom iura complex (12) to  fo ra  the w tetram ethylcyclobutadiene*  

m etal complex (15)* which can then  undergo an  e x te rn a l D ie ls  A lder 

a d d itio n  o f  dime thy  la c e ty le n e , to  g ive th e  hexamethylbe nzene on rearrange

m e n t and l ib e r a t io n  o f  th e  o r ig in a l  triphehylchrom ium .

20A s im ila r  r e a c tio n  i s  th e  t r lm e i is a t io n  o f  v inylacety lene#  where 

th e  ace ty len e  group i s  th e  re a c tiv e  portion* to  g ive (14) and ( 15) (u sing  

tri- iso b u ty la lu ra in lu ro /tita n iu m te tra c h lo r ld e  c a ta ly s t  a t  *10°) re sp e c tiv e ly  

-  and ag a in  ex p lic ab le  by the  same mechanism. Not only can  sim ple

arom atio oompounds be formed# bu t by a  Ju d ic ious choice o f  c a ta ly s ts#

21e i th e r  a ro m a tisa tio n  o r  l in e a r  po lym erisa tion  can oocur, and even bi~  o r

t r io y o l io  s tru c tu re s*  swsh a s  ( 16) (from d iphehy lacety lene us in g  t r i -
22so th y la lu m in lu a /titan iu m  te tra c h lo r id e )  can  be e a s i ly  obtained*
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These reactions art? d ir e c t ly  comparable * ith  3e r th e lo t r s o r ig in a l, 

d i f f e r in g  only  i n  the reaction  conditions and in  scope o f  app lication . 

However, re c o g n itio n  of the mechanism, and the resu ltin g  awareness that, 

c la s s ic a l  concepts o f  a ro m atic ity  are not s u f f ic ie n t  to  explain  the 

p ro p e r tie s  o f  th e se  new in te rm ed ia te s , o r  th e  fo rm ation  o f  the  end products,

has re su lte d  i n  a  d e l ib e ra te  qu est f o r  s im ila r  anom alies.

25Hence th e  re a c t io n  o f  dim ethyl ace ty len e  d icarboxylate (18) with

th e  te trsm ethy loyclobu tad iene  ( 17)* (generated  i n  s i tu )  gave a  compound 

id e n t i f ie d  a s  9, 4, %  6-te tram eth y ld im eth y lp h th a la te  (2 0 ), presumably formed 

v ia  th e  valence bond isom er ( 19)* Even more rem arkable i s  th e  f a c t  th a t  

( 19) has been generated  by th e  re a c tio n  o f  s in e  w ith  i t s  dibromo 

d e r iv a t iv e  ( 21) ,  and i s  q u ite  s ta b le  (though h ea tin g  i t  a t  190 fo r  a  

sh o rt tim e w i l l  convert i t  com pletely to  (2 0 )) ,  More a s to n ish in g  s t i l l  

i s  th e  rev e rse  d i r e c t  conversion  o f  a  benzene nucleus in to  a  b ic y c lic  

"Dewar benzene" f o rm ,^  (ad m itted ly  by i r r a d ia t io n ) ,  a s  ty p if ie d  by th e  

change o f  ( 22) in to  ( 29)*

As a  consequence o f  th e se  s tu d ie s , th e  a c tu a l sy n th e s is  o f  "Dewar
.  26  r

bensene" (26) came a s  no s u rp r is e ,  bu t a s  th e  in e v ita b le ,  (The method 

i s  o u tlin e d  i n  Soheme I I I ,  (2 4 )—a (2 6 )] ,  F u r th e r  work i n  t h i s  f ie ld  has 

been c a r r ie d  out s in c e  th en  by d m e tt  and B o llin g er2?  and Vlehe e t  a l  ?8*2^  

w ith  th e  ta tra -tm rbbU tjl bensene ( 27) (Scheme XV) and th e  compounds 

x e s u it is g  from t r im e r is a t io n  o f  l-fluoro -2 -teeW butjjhee ty lene  [(2 9 ) , Scheme 

? ] .  I n  th e  fbxwer s e r ie s  a  Dewar bensene ( 27a) i s  ob ta ined  and a
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Ladenburg s tru c tu re  (28) p o s tu la ted ; in  the l a t t e r ,  no t only a  Dewar 

bensene (JO a), bu t an analogous Ladenburg s tru c tu re  (50b) a re  a c tu a lly  

obtained!

More recen t work has a lso  confirmed the  f e a s ib i l i t y  o f  converting  

a  double bond in to  a  cyclopropane r in g  -  and v ice  versa  -  a s  p rev iously
50

p o s tu la te d  i n  the e a r l i e r  eucarvone work. I n  one case , sodio-eucarvone

was reac ted  w ith  triphepyln& ethylchloride, and y ie ld ed  th e  b ic y c lic

d e r iv a t iv e  ( 51)* which i s  c lo se ly  re la te d  to  (7)# a p o stu la ted  in te rm ed ia te .

Examples o f  l ig h t  c a ta ly sed  conversion  o f  double bond systems in to  a

cyclopropane Are provided by the  conversion  o f  cycloocta»»l,^-d iene ( }2)

to  the b ic y c lic  s t r u c t u r e ^  (55) And the  racem isation  o f  (54) and (5<>)

52which Vogel e t  a l . Maintain can only occur via (55) •

The r e v e r s ib i l i ty  o f  the  non-bensenoid benzenoid conversion  i s

c le a r ly  dem onstrated by th e  re a c tio n  o f  bensene w ith  diasom ethane to  give

c y c lo h e p ta ^ l,5# ^ - tr ie n e ,^ ^  and su b s ta n tia te d  s t i l l  f u r th e r  by th e  analogo'is

reactions o f  compounds (57) and ( 40) to give the previously unobtainable 
54 55

oxrp ios J (59) and (42) • However, th e  im portance o f  s u b s ti tu e n ts

should be emphasised, f o r  in  a  p rev iously  quoted example f ( 8) —e  (10)J And 

5(>i n  the  conversion  o f  (45) to  (44) (a s  opposed to  the  p re p a ra tio n  o f  

c y c lo h eo ta tr ien e  from bensene, an ex a c tly  analogous rx ite )  the p re fe rred  

s ta t e  i s  arom atic . Thus, under th e  co n d itio n s  employed, th e  presumed 

In te rm ed ia te  (4 l)  does not g ive r is e  to  phenol.

The obvious le sso n  i n  th ese  examples (and *«any more a re  being
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recognised now) i s  that r e v e r s ib ility  i s  the conanon denom inator, and aa

such i t  i s  p ossib le  to  sta r t from e ith e r  aromatic or o le f in  and convert

one in to  th e  o th e r  as required. The word rtaromatic* can no longer foe

used to  imply extraordinary properties, but only to describe the d ifferen ce

i n  degree o f  r e a c t iv i ty  and s t a b i l i t y  to  d i f f e r e n t  reag en ts . (An

adm irable d isc u ss io n  and p ro o f i s  o ffe red  i n  E. C la r 's  book?^ *Polycyolic

3ydrocarbons* Vol. I )*  An i l l u s t r a t i o n  i s  provided by th e  d iffe re n c e  in

s t a b i l i t y  between benzocyclobutene (4J>) r e la t iv e  to  i t s  valence bond

isom er o-quinodiiae thane (46) • The l a t t e r  has been p o s tu la te d ^  as  a

re a c tiv e  in to  m e d ia te , bu t only very  re c e n tly  id e n t i f ie d  a s  a  breakdown 

39sp ec ies  i n  a  mass spectrom eter -  although th e m  a re  sev e ra l re a c tio n s

i n  which benzocyclobutene ap p aren tly  p a r t ic ip a te s  through th e  in term ediacy

o f  th e  o-quinodim ethane form (see  p . 10 ) •

Viewed a g a in s t th i s  background o f  knowledge, th e  r e s u l t s  obtained

41 42o r ig in a l ly  by woxkers in  th i s  departm ent (H arkin, Rosenfeld, and

107 40B glin ton  ' )  d u rin g  th e  a t  tempted r e p e t i t io n  o f  Pericin* s  o r ig in a l  woik

no lo n g e r seems d o u b tfu l o r  incom prehensible. The observed aroma t i  s a t  io n

o f  d ip ro p a rg y la c e tlc  a c id  (47) to  m - td u io  acid  (4 8 ), and th e  l a t e r

ex tensions o f  t h i s  re a c t io n  (by re flu x in g  i n  s tro n g  base) to  sim ple 

42 43d iao e ty len ea , * has shown th a t  th e  re a c tio n  i s  a  general one. What 

was no t known was th e  mechanism, and th i s ,  to g e th e r  w ith  th e  id e n t i f i c a t io n  

o f  o th e r  c y e l is a t lo n  p roducts, has now been e lu c id a ted , (though not 

w ithout same d i f f i c u l ty ) ,  and i s  d e a l t  w ith  i n  the  f i r s t  p a r t  o f  t h i s
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th e s is .

Very recent work on th e isom erisation o f  diynes and polyynss has

underlined  the v e r s a t i l i t y  o f  th i s  reac tio n , ana a ro m atisa tio n  occurs

very re a d ily  i n  same cases# as demonstrated by the  now c la s s ic  work o f

44,45.Sondheimer and h is  co-workers on the form ation o f  annulenss. They
44found th a t  base trea tm en t o f the c y c lic  compound, cyclooctadeca-

1 , 7» 9*1%l^-hexayne ( 49) y ie ld ed  trip h en y len e  (5 0 ), a  r e s u l t  analogous 
45

to  the form ation  o f  lO -diphepylsuccindene (52) from the  c y c lic

d ie n e - te tra y n e  (51)• S im ila r  r e s u l ts  have a lso  been obtained by Hubert

and Dale i n  t h e i r  s tudy  o f  c y c lic  polyenes and polyynes. These workers

app lied  the  a ro m a tisa tio n  re a c tio n  to  a  s e r ie s  o f c y c lic  d iynes, and

obtained  th e  corresponding 1,2-polym ethylenebenzenes in  q u ite  high 

46y ie ld s  [ ( ^ 5 ) »  thereby co rro b o ra tin g  the r e s u l t s  o f  some i n i t i a l
47 45

s tu d ie s  made by IftcCrae and W illis  y i n  the course o f  t h e i r  d o c to ra l 

s tu d ie s .

The 0^2 c y c lic  diyne was th e  sm alle s t r in g  system stud ied  by any

48o f  th ese  au th o rs  -  only  very re c e n tly  has a  s im ila r  a ro m a tisa tio n  been 

achieved w ith in  a  sm a lle r  r in g  system [(55)*“ *(57) v^a  (56)J • The 

sy n th e s is  o f  bensenoid compounds from a  sm alle r r in g  s is e  -  namely th e  

oigjht-membered riz^g •  was th e re fo re  examined. The Cgbensenoid, benso- 

icyo lobutene (4 5 ). though known f o r  some tim e -  i n  fa c t  a  7, 8-dihromo- 

1 bensocyelobutene ( 59) was sy n th esised  i n  1910 by Pi ricel s te in ,  a lthough 

t h i s  f a c t  **3 no t published  t i l l  f i f t y  y e a rs  la te r* ^  -  had never been
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obtained by isom erisation  o f  another hydrocarbon. FInk«lstein1 s method

50 51 52has been recently v er ified  by Cava and Napier* ' ' who not only

synthesised the dibromo d erivative  (59) from (58)? hut a lso  succeeded in  

converting i t  to the parent hydrocarbon (4^) from the dibromide*

( E xcellen t reviews on th is  and re la te d  rea c tio n s  a re  given by B a k e r^  and 

Baker and M cO m ie^'^S  • Another sy n th e tic  method developed by Cava* the 

p y ro ly tic  e lim in a tio n  o f  su lp h u r d iox ide  from th e  a p p ro p ria te  p recu rso rs  

to  y ie ld  asso rted  bensooyclobutene systems* i s  i l l u s t r a t e d  i n  the 

p reparation?^*^7*^® 0f  compounds ( 6l ) ,  ( 65)» and (70) .  The very  i n t e r e s t -  

s in g  o b se rv a tio n  was made th a t  compound (70) a rose  v ia  th e  fo rm ation  o f  

th e  1 ,2-naphthoquinodimethane ( 69) -  th e  corresponding D ie ls  A lder adduot 

o f  t h i s  in te rm ed ia te  a c tu a lly  being is o la te d .  In c id e n ta lly , an  in t e r e s t 

i n g  example occurs i n  th e  p rep ara tio n ?^  from ( 71) o f  (72) -  a  r a th e r  

e x o tic  bensocyolobutens d e r iv a t iv e  -  bu t ag a in  th e  arom atic r in g  i s  

preform ed, though the  sy n th e s is  does involve a  tra n san n u la r r in g  c lo su re  

to  y ie ld  th e  req u ired  four-membered r in g .

I n  g en era l, dehalogenation  o r  dehydrohalogenation o f  halogenated 

o y o lio  p recu rso rs  can  produce r in g  c o n tra c tio n  o r  expansion -  f o r  which 

analogous hydrocarbon re a c tio n s  a re  now known. f b r  example, th e  r in g

c o n tra c tio n  * on dehydxobroodnation o f  (75) o r  (7^) to  (75) has been 
412

matched by th e  expansioci subsequent upon th e  so iv o ly a is  o f  (76 ) to  (77)

(am w ell a s  (78) by d i r e c t  rspiaoem ent o f  th e  to s y l  group).

6 5B aactlon o f  o y e lo o c ta te traen e  (79) w ith  c h lo r in e  g iv es  th e
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d ic h lo r id e  (80)# which i s  converted top -ch lorostyren a  (81) on heating 9

-  bu t not to  the  hoped-for benzocyclobutadieno. This would seem to be

an  example o f  the i n s t a b i l i t y  o f  the  four-membered r in g  system, ffcwever

oyclohepta-1 , % ̂ - tr ie n e  and d ichlorocarbene g ive (82) which can be

65converted by heat to  th e  requ ired  7-chlorobenzocyclobutene (8 J ) .

66I n  a  very recen t example, removal o f  fo u r moles o f  hydrogen 

bromide from 1 ,2, ^ , 6- tetrabrom ocyoloootane (84) by potassium  te r t-b u to x id e  

i n  dime thy lsu lphox ide  a t  room tem oeratune, re su lte d  in  th e  form ation o f  

s ty ren e  a s  w ell a s  th e  expected oyclo  o c ta te tra e n e  -  but no bensocyclo- 

sbu tene . (T h is work has been checked i n  th e  p re sen t study (p . $6 ) ,  and 

bensooyolobutene has been found, though the  re a c tio n  tem perature determ ines 

the y ie ld ) .  Hence i t  i s  not improbable th a t  o y o lo o c ta te traen e  -  o r  one 

o f  i t s  valency isom ers -  could be a  p re cu rso r  i n  th e  rearrangem ent needed 

to  produce th e  arom atic bensooyolobutene system .

I t  seems p re fe ra b le  to  p o s tu la te  o y o lo o c ta te traen e , r a th e r  than  

Q yoloocta-l# 5-dlyno^ f u r  cyolooctyne i s  th e  sm a lle s t cycloalkyne so f a r
67 68is o la te d .  '*  * As w i l l  be dem onstrated l a t e r ,  ( e .g .  p . 14 ) ,  valence

bond isom ers o f  th e  same molecule can  e x is t  and re a c t  s im ila r ly .  th e  

tetrabrood.de (84) could conceivably  g ive r i s e  to  a  m ixture o f  isom eric  

carbocycles  which could  s o t  a s  p recu rso rs  f o r  th e  fo n aa tio n  o f  benso- 

: Oyclobutene -  and indeed W i l l i s ^  id e n t i f ie d  bensooyolobutene a s  a  m ajor 

p roduct. T h is sequence, from cy e lo o c tm -l,^ -d len e  (a v a ila b le  on th e  to n  

so a le  co m aerc ia lly ), p rov ides a  sim ple tw o-stage sy n th e s is  o f  benso-
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: cyclobutene.

This woik has been extended in  the second s e c tio n  o f  th is  th e s is ,

and the o th e r  p roducts a lso  obtained -  e i th e r  under s im ila r  o r  d i f f - r e n t

con d itio n s  -  a re  e lu c id a te d . The p rec ise  co n fig u ra tio n  and conform ation

o f  one o f  the  s ta r t in g  te trabrom idea have been determ ined by X-ray

c ry sta llo g rap h y  and those o f  the o th e r  isom er d iscu ssed . The s tru c tu re s

o f  o th e r  c y c lic  monobromo and dibromo compounds have a lso  been examined.

The d e te c tio n  o f  a  tra c e  o f  cy c lo o c ta te traen e  a nongst the

re a c tio n  products from the dehydrobrom ination o f  (84) suggests th a t

cy c lo o c ta te tra e n e  i t s e l f  might take p a rt in  th is  re a c tio n . rh is  compound,

f i r s t  syn thesised  by W i l l s t f c t t e r ,^  produced and made e a s i ly  a v a ila b le  by

Beppe’ s method invo lv in g  the te tra m e r is a tio n  o f  acety lene*^ (analogous to

the t r lm e r is s t io n  o f  ace ty len e  to  bensene*), has had i t s  r e la t iv e ly  sh o rt,

71 72bu t r a th e r  w eird chem istry  ab ly  reviewed sev era l tim es. 0 *

For in s ta n c e , on i r r a d ia t io n  cy c lo o c ta te traen e  gives bensene,

s ty ren e , ace ty len e , b ic /c lo  [4 -2 -0 3 o c ta -2 ,4 ,7 -tr ie n e  and cyc loocta-1 ,

tr ie n e  as  w ell as  p o l y m e r .  7 ̂ *7** 75* O xidation  produces bensoic, p h th a lic

and te re p h th a lic  ac ids*^  and even tropylium  s a l t s  have been is o la te d .  7^77*  

Hacent in te r e s t in g  examplee7®#79 tra n san n u la r  re a c tio n s  a re

i l l u s t r a t e d  in  th e  conversion  o f  (85) to  (86) and (87) to  (89) -  presumed

to  go v ia  (8 8 ). Again a d d itio n  o f  a mole o f bromine to  cy c lo o c ta te traen e

80 64 82re s u l ts  in  the dibromide (9 0 ). However, dehydrobrom ination 0 " o f  

th is  compound reforms the  o y o lo o c ta te traen e  system ( 91)» r a th e r  th an
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convert - i t  to  an arom atic type.

The in te rc o n v e rs io n  o f  benzene and i t s  valence bond isom ers has

already  been d iscu ssed  -  the  eight-membered rin g  and th e  b ic y c lic  [4*2*oJ

systems a re  lik ew ise  in te rc o n v e r tib le . Thus i n  th e  re a c tio n  y o f  (92)

w ith  raaleic anhydride, the  id e n t i ty  o f  the in te rm ed ia te  ( 95) could be

deduced from the  product (94)* A s im ila r  in te rm ed ia te  (9^) must e x is t

i n  the conversion  o f  ( 95) (77) * ^  the interm ediacy o f  t h i s

o-quinodimethane type o f  compound i s  f u r th e r  dem onstrated by th e  form ation

° f  (97) an& (9®) re sp e c tiv e ly  from benzocyclobutene. I t  must be
84mentioned th a t  the seemingly analogous re a c tio n  o f  ( 99) to  ( 100) does

not appear to  proceed v ia  t h i s  type o f  in te rm ed ia te , bu t r a th e r  by d i r e c t

b ia o le c u la r  condensation, followed by rearrangem ent.

Valence bond tautomeriam between cy c lo o c ta te traen e  and benzo-

: cy c l  obutene appears to  be a  d i s t in c t  p o s s ib i l i ty  -  analogous to  the

well-known cy c lo o c ta -1 . J . 5 - tr ie n e  (101) -  b icyclo£4*2*0]octa-2 .4 -d iene 

87 88(102) example. '*  * Indeed, ae i n  the  o y c lo o c ta - 1 ,5 - t r i e n e  s e r ie s ,

where th i s  compound ( 101) has been very re ce n tly  obtained from th e  l in e a r  

o o ta -1.  % 5»7- te tr a e n e 8^  ( 105) .  so th e  conversion o f  the  acy c lio  ene-diyne 

(108) to  v arious n o ly cy c lic  dim ers o f  (46) has a ls o  been achieved.^®

In c id e n ta lly , the  a c y c lic  te tra e n e  (105a) has been p o s tu la ted  as an

90in te rm ed ia te  in  the conversion  o f  (104) to  (105) (Scheme VI) and o f (106) 

to  (107) 91 (Scheme V II).

f in a l ly ,  th e  o r ig in a l  o b serv a tio n  by Bsppe1^ i n  h is  m assive study
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o f  cy c lo o c ta te tra en e , th a t  th e  valence isom er ( 109) could e x is t  t r a n s ie n t ly

92a n l could be trapped  as  i t s  D ie ls  A lder adduct has been corrobora ted  by

th e  i s o la t io n  o f  ( 110) (formed by a d d itio n  o f  d ich lo rocarbene to  cy c lo -

soeta te tr& ene and subsequent hydrogenation). T h eo re tica l and k in e t ic  

93 94s tu d ie s  have a lso  shown th a t  D ie ls  A lder adducts must proceed v ia

th e  form (109)* I n  f a c t ,  th e  re la te d  compounds (111) and ( 1 1 2 ) ^ '^  and

th e  compound (109) i t s e l f ^  have been su cc e ss fu lly  synthesised*  These

f a c ts  p rov ide a  ra t io n a le  f o r  W ill is ' c o n v e rs io n ^  o f  c y c lo o c ta te tra en e

in to  bensocyclobutene, w ith  compound ( 109) a c tin g  as  an in te rm ed ia te .

98Sondheimer* a c la s s ic  work on the  annulenes, and t h e i r  re levance

99 100to  th e  concept o f  a ro m a tid ty  i s  w e ll known. Decent developm ents7

101*102haT. shown th a t  i n  la rg e  r in g s  (more th an  fo u rte en  carbon atoms)

th e re  i s  co n sid e rab le  s t a b i l i t y  in h e ren t i n  a  f u l ly  conjugated  system, o r

i n  one having a p p ro p ria te ly  p o s itio n ed  double o r  t r i p l e  bonds.

Various a ttem pts  to  p repare  a  annulene have v e r i f ie d  th e

p ro p e r tie s  p re d ic te d  fo r  t h i s  compound, i . e .  general I n s t a b i l i ty ,

exp losive  decom position, fo rm ation  o f  b io y c lic  o r  arom atic compounds.

I t  has y e t  to  be is o la te d ,  though i t  may indeed e x is t .  A rom atisation  o f

oyclododeoa^l,7-d iy n e  , o r  i t s  double-bond eq u iv a len t, on trea tm en t w ith

base should be f a c i l e ,  and a  1, 2-bensooyclopolym ethylene compound (94) o r

r e la te d  sp ec ie s  should r e s u l t .

T ransannular re a c tio n  i s  fe a s ib le !  f o r  example, palladium  a t  400°

12 13co n v erts  oycloalkanes in to  v ario u s  arom atic compounds. 9 Again,
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cyclododeca-l*7-diyno* ((55)# a  » n  * 4), can form & b ic y c lic

system10^ (115)# **£ (114) can be c o n v e rte d ^ *  to  th e  doubly bridged  

compound (115) • Moreover* Sondheimer has obtained* ^  a s  by-products* 

trlp h en y len e  (50) and lO -diphenylsucoindene (52) from th e  and 

u n sa tu ra ted  carbocycles  (49) and (51) re sp e c tiv e ly . By-products* even 

o f  a  t r i c y c l i c  nature* a re  a lso  ob tained  i n  a  s im ila r  fa sh io n  from th e  

Cl4  annulene and Ĉ 4 c y c lic  d iy n e ? ^ * ^ ^ ' Under more fo rc in g  co n d itio n s  

th e  Cl4  and C^g d iynes a f fo rd  th e  ap p ro p ria te  1, 2-benaocyolopolym ethyiene 

compounds.

The extreme ease o f  form ation*"^ -  and r e s u l ta n t  commercial 

a v a i la b i l i ty  -  o f  th e  isom eric cyclododecatrienes ((l l 6) * ( 117) and* i n  

t ra c e  amount* (118)} from th e  tr im e r is a t io n  o f  1, 5-b u tad ien e  o v er the  

ap p ro p ria te  c a ta ly s t  ( e .g .  titan iu m  te tra c h lo r id e  /  aluminium p en tach lo rid e) 

-  has made th e se  c y c lic  hydrocarbons th e  obvious s ta r t in g  m a te r ia ls  f o r  

th e  sy n th e s is  o f  a  c y c lic  C^g t r ly n e  -  o r  i t s  eq u iv a len t. I n i t i a l  

s tu d ie s  were c a r r ie d  out by M cCrae^ -  b rondnation  and dehydrobrom ination 

g iv ing  arom atic m a te r ia l amongst o th e r  th in g s . A re-exam ination  ana 

ex ten s io n  o f  t h i s  r e a c tio n  i s  th e  o b je c t o f  th e  l a s t  p a r t  o f  t h i s  d o c to ra l 

work.



DISCUSSION

H istorica l Introduction

S p e c u la tio n  about the nature o f ^ -m -to lu ic  acid'1 and I t s
108remarkable transformations, as described by Perkin and Siraonsen, led

Eglinton end h is  co-workers to  attempt a rep etitio n  o f  th is  early w o rk»~

Although th i s  was unsuccessfu l, i t  led subsequently to  th e  d iscovery  th a t

one o f  the p o ssib le  s tru c tu re s  fo r  th i s  compound, hep ta-1 ,6-d iyne-4-.

carboxy lic  acid  (4 7 ), i t s e l f  could be transform ed in to  m -to lu ic  acid  (48)

41by the a c tio n  o f  aqueous potassium  hydroxide. This o b serv a tio n  proved

to  be so in te r e s t in g  th a t  th i s  same rearrangem ent was attem pted w ith , and

su c c e ss fu lly  extended to , th e  corresponding hydrocarbon h ep ta -1, 6-d iy n s

(119; n * 5) • This compound y ie ld ed  to luene a f t e r  iso m erisa tio n  w ith  

42b ase . I n  o rd e r  to  examine th e  g e n e ra lity  and s tr u c tu r a l  requirem ents 

o f  t h i s  unusual rearrange<aent, W illis  extended i t  to  a  s e r ie s  o f  

d ia c e ty le n ic  hydrocarbons^  (119? ** = 6, 10, 17) .

A survey by him showed th a t  various examples e x is te d  o f the  base 

ca ta ly sed  p ro to tro p ic  rearrangem ents o f ace ty len es  to  a l le n e s  o r  d ien es . 

furtherm ore, i t  was known th a t  the  t r i p l e  bond was more s ta b le  i n  th e  

2-  than  i n  th e  1-  p o s it io n  o f  an a lk y l cha in , and th a t  the /n ig ra tio n  was 

considerab ly  f a c i l i t a t e d  (a s  i n  double bond m igration) i f  i t  le d  to  a 

conjugated system a s  th e  end p roduct.

These f a c ts  le d  W illis  to  a  re a p p ra isa l o f  th e  r e la t iv e
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e ffe c tiv e n e s s  o f  v arious base-so lven t systems in  promoting the  prototropic

rearrangem ent o f heptw-1,6-diyne to  to luene. By re f lu a in g  the  hydroc&rb&xi

w ith  the  basic  system f o r  s u ita b le  periods he d iscovered th a t  systems

co n ta in in g  a  f re e  hydroxyl group were in e f fe c t iv e .  In  c o n tra s t ,  both

sod amide and potassium  te r t-b u to x id e  in  diglyme were e f fe c t iv e .  ( I t

98should be pointed ou t th a t  l a t e r  wo tic by Sondheim© r  and Hubert and

D a le ^ ^  has shown th a t  potassium  te r t-b u to x id e  in  te r t-b u ta n o l can b©

used to  e f f e c t  rearrangem ent, but only fo r  s p e c if ic  system s, o r  a t  h ig h er

p re ssu re s  and co n cen tra tio n s  than t r i e d  by W illis . Furtherm ore, the 

99l a t t e r  au tho rs  have su ccess fu lly  c a rr ie d  out s im ila r  rearrangem ents o f  

c y c lic  d iynes w ith  dim ethylsulphoxide as  so lv en t.

As potassium  te r t-b u to x id e  i n  diglyme was found to  be th e  most 

e f fe c t iv e  reagent ( iso m e risa tio n s  employing sodamide showed th e  presence 

o f  a l le n io  and e th y le rd c  in te rm e d ia te s ) , W illis  used i t  i n  a l l  h is  

subsequent iso m e risa tio n s . I n  g eneral, the b as ic  medium was prepared 

dust b efo re  use a s  an opalescen t d ispersion* by re flu x in g  f re sh ly  p repared  

potassium  te r t-b u to x id e  (p rev io u s ly  heated a t  l6o° under reduced p ressu re  

u n t i l  sub lim ation  s ta r te d )  w ith  te n  tim es i t s  weight o f  diglym e. The 

diyne and t h i s  reagen t were th en  heated under re f lu x  ( i n  an  atmosphere 

o f  n itro g en ) f o r  th e  r e q u is i te  period  (A -  15 h r s .)  • The re a c tio n  m ixture 

was th en  d ilu te d  w ith  w ater and ex trac ted  w ith  iw pentane. Repeated 

washing o f  t h i s  e x tr a c t  w ith w ater, d ry ing , and co n cen tra tio n  gave the  

hydrocarbons r e s u l t in g  from th e  iso m erisa tio n .
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Using th i s  method, ^5*107*109 & variety  o f s tr a ig h t  cha in  

«L ,<o*diacetylen©s (119; n = 4, 9* 10, 17) ?av© products co n s is tin g

mainly o f  th e  isom eric  £~dlalkylbenzenesv the to ta l  conversion  being in  

most cases about 65^ .  The arom atic products were d e tec ted  by th e i r  

absorp tion  i n  th e  in f r a - r e d  spectrum a t  750 and 690 cm 7\ due to  

o -d isu b s titu te d  and m ono-substitu ted  benzenes re sp ec tiv e ly ; by permanganate 

ox idation  to  p h th a lic  and benzoic a d d s  re sp ec tiv e ly , and by com parative 

g . l . c .  s tu d ie s  w ith  a u th e n tic  alkylbenzenes where fe a s ib le  . This 

rearrangement was not confined  to  th e  term inal d iace ty len es ; thus 

none-2, 7~diyne gave th e  same p ro p o rtio n s  o f  n-propylbenzene and o -e th y l-  

methylbenzene a s  d id  nona-1,8-d iy n e  (119; n  * J ) ,  Conjugated d iynes 

underwent th e  rearrangem ent w ith  equal ease; thus both  octa-%  9-^ iy ne 

and o c ta -l,7 ~ 3 iy n a  produced s im ila r  p ro p o rtio n s  o f  ethylbenzene and 

£»gylene.

These were th e  f a c ts  known about t h i s  rearrangem ent a t  the  

oameenoeaent o f  th e se  d o c to ra l s tu d ie s .  There was no doubt th a t  

arom atic p roducts were formed; w hether they  were th e  only products 

formed was r a th e r  d o u b tfu l, f o r  se v e ra l o f  th e  in fra - re d  sp e c tra  and 

g , l ,o ,  t r a c e s  shoved in e x p lic a b le  peaks •  indeed, th e  lo n g e r  the c h a in  

leng th  th e  more in te rm e d ia te s  would need to  be form ed. The m echanistic  

route o f  t h i s  r e a c t io n  was s t i l l  complete co n jec tu re , though sev era l 

oould be p o s tu la te d  by analogy w ith  known rea c tio n s  o f  ace ty len es . The 

isom eric p a in  d eo a-1 ,9 -d iy n e  and deo*-4,6-diyne were chosen fo r  a  fu r th e r



raore d e ta ile d  study o f  the rea c tio n .
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SECTION I

The P rep aration  and I som eri3at io n  o f  the D ecadiynes

D eca -1 ,9 -d iyn e an  ̂ d eca -4 ,6 -d iy n e  were sy n th es ised  by the

standard methods o u tlin ed  in  the experim ental s e c t io n  (p . 89 ) ,  and th e ir

p u r ity  checked by g d . c ,  They were then treated  w ith the reagent

d escr ib ed  p rev io u sly  ( in  a I s 7 molar r a t io , d iyne to  base) fo r  12 -  18

h r s . The r e a c tio n  products, as ch a ra cter ised  by t h e ir  in fr a -r e d  ( Fig* 1)

and u l t r a - v io le t  ab sorp tion s were remarkably s im ila r , both feeing;

in d ic a t iv e  o f  arom atic m ateria l 740, 710 cm."'*' f o r  both; X C 0(10max. ' max*

2 ©9 n^» £  * 1 , %K) and 2 ,800  r e s p e c t iv e ly ) .  The in t e n s i t y  o f  th e  u ltr a 

v io l e t  ab sorp tion  o f  the product from d e c a -4 ,6-diyn© was s tro n g er  than  

th a t fo r  th e d eca-1 ,9 -d i.yn e product, but in  both c a se s , the ab sorp tion s  

were stro n g er  than th ose  expected  fo r  sim ple benzenoid system s.

The presence o f o th e r unsaturated  (and conjugated) products was 

th e re fo re  in fe rre d , and th is  view was confirmed by the n„m.r. sp ec tra  o f 

both products (W-g* 2a, again  both p ra c t ic a l ly  id e n t ic a l) ,  in  which the  

presence o f e th y len ic  co n s titu e n ts  was c le a r ly  shown by v in y lic  proton 

ab so rp tio n  over the  reg ion  5.5 -  33 w ell as arom atic products

(2 ,8  -  } .0 t ) .  These o le f in ic  p ro p e rtie s  disappeared com pletely when the  

m ixture was c a ta ly t ic a l ly  hydrogenated (under conditions which l e f t  the 

benzenoid components unscathed (F ig . 2b )J . A marked decrease in  th e  

in te n s i ty  o f the J 1 0  cm.**’ absorp tion  in  the in fra -re d  (which must have



a n ti  hy d r o g e n a t e d  D e e a f l iy n #  i a o i a c r i f s a t i QB p r o d u c t s ,

!
Sample R etention Times ( s in s ,)  and % com position

t>sc&~l, 9”d*-yna 
m ixture

t
19 ,2  19c7 2 0 ,4  21,8  2 2 ,0  2 5 ,4  2$fc0 28,1  2% 2

4 $ 5 2 2 10 18 20 57

Beca~l, 9-diyne  
hydrogenated 

m ixture 
*

6*7 8 00 8 ,4  19.4  20,0 20o8 21,8 2205 25,8  2 5 ,4  23*6 ?%6 
IO 10 18 2 2 1 0  0  9 9 17 28

Beca-4, 6~diyne 
m ixture

......  * .

1 9 ,4  19 ,8  20 ,6  22 ,0  2202 2^,6 2$a2 28 ,4  29 .5  
6 9 5 5 ■ 2 14 19 1? 51

Deca-4,6=»diyne 
hydrogenated 

m ixture 
%

6 ,6  80O 8 ,4  19.4  19.9  20,6  21,6  22 ,4  2$,6  2% 2 28,$ 29,$  
6 22 $2 1 1 0  1 0 $ 4 12 18

n-buty lbe nzene

o-diethyl<=
shensene

o-n-pxoporl-
: methylbenzene

24,9

28.$

29o2
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been due to c is  double bonds) was a lso  noted, and the  u l t r a - v io le t  

spectrum was now o f g rea tly  reduced in te n s i ty  and more c h a ra c te r is t ic  o f  

arom atic compounds (F ig . 5) *

G .l .c .  an a ly s is , using high re so lu tio n  c a p il la ry  columns, o f  the  

primary re a c tio n  m ixtures shewed the presence o f n-butylbenzene, 

o-rv-propylmethylbenzene, and o-diethylbenzene, the l a s t  two predom inating. 

(F ig . 4a). However, these were by no means the only peaks to  appear; 

a t  l e a s t  s ix  fu r th e r  products were in d ica ted  on the tra c e  fo r  each diyne. 

S im ila r tra c e s  were obtained fo r  the hydrogenated primary products 

( F ig. 4b), bu t they did not co n ta in  any n-decane, thereby proving th a t  

th e  primary o le f in ic  c o n s titu e n ts  were most l ik e ly  to  be c y c lic  and not 

s t r a ig h t  chain  compounds.

The percentage com positions o f  the  primary and hydrogenated 

m ixtures, as  w ell as  the  peak assignm ents, a re  given in  Table I .  The 

c lo se  correspondence o f the arom atic isomers in  both  prim ary m ixtures i s  

c le a r ly  dem onstrated, but th ere  appear to  be d iscrep an cies  between th e  

hydrogenated samples, p o ssib ly  as a  re s u l t  o f  the incom plete hydrogenation 

o f  the  deca-1, ̂ -d iyne m ixture. As the  percentage o f  n-butylbenzene and 

<>-diethylbe nzene drops d r a s t ic a l ly ,  so o th e r m a te ria ls  must be p resen t, 

h idden i n  the  peeks assigned to  th ese  compounds. Likewise th e  decrease 

i n  s iz e  o f  the  u n id e n tif ie d  peaks and the  emergence o f new ones w ith  

markedly s h o r te r  re te n tio n  tim es, probably means th a t th ese  a re  the 

unsa tu ra ted  c y c lic s  converted in to  only th re e  sa tu ra ted  p aren t compourris.



28 MIN

1. pentane
2 . e th y l a c e ta te  
5 . n-butylbenzene
4. o -d ieth y lb en zen e
5 . o -n -p rop y lto lu en e

w.,__
XX X X X XX X

32 28 24 820 16 12 MIN

G -.l.c . o f  primary ( a) and hydrogenated (B) product from the  
iso m er isa tio n  o f  d e c a -4 ,6 -d iy n e .

C onditions; ^0 m. p o ly (e th y le n e g ly c o l)  c a p il la r y , ^0°, 18 p . s . i , /
6 , 0 ,  t o t a l  flow  5^ m l./m in .

Figure 4.



A f te r  11 h r s . A f te r  5 h r s . A f te r  1 h r .

G . l . c .  o f  a liq u o ts  from the base ca ta ly sed  iso m e r isa t io n  o f  

d e c a -4 ,6-d iy n e .

C onditions; 90 m. AprL' c a p il la r y , 103°, 20 .7^  p . s . i . / 7 . 1 ,  
t o t a l  flow  90 m l./m in .

Figure 5*
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However, c e r ta in  unassigned peaks on the  tra c e s  did not s h i f t  com pletely 

on hydrogenation, so they could not correspond to  any e th y len ic  products; 

t h i s  p o in t i s  d iscussed  fu r th e r  in  connection w ith th e  woik on octa^-1, 7-  

d iyne.

A time study o f  the  isomer! s a t  ion , involving withdrawal o f 

a l iq u o ts  a t  re g u la r  in te rv a ls  and subsequent g , l . c .  an a ly s is  ( in  th i s  

oaae using only d eca -4 ,6-diyne) showed th a t  iso m erisa tio n  occurred very 

rap id ly . gven a f t e r  one hour th e  com position o f th e  re a c tio n  m ixture 

was e s s e n tia l ly  the  same as a f t e r  2$ h r s . ,  though some fu r th e r  iso m e risa t-  

l io n  took p lace towards the  end as  in d ica ted  by the appearance o f  fu r th e r  

m inor peaks (W.g. 5)« The com position was constan t throughout the  f i r s t  

te n  hours, th e  p roportions o f  n-butylbenzene, o-diethylbenzene and 

c-n-propylm ethyl benzene being lOfl (1050, 17^ ( 1^ )  and (5 5 0  a f t e r  

2 h r s ,  and 10 h r s ,  re sp ec tiv e ly .
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U  12 10 8 6 4 2 MIN

G-.l .c .  o f  the product from the base ca ta ly sed  iso m e r isa t io n  o f
o c ta -1 , 7 -d iy n e .

C onditions; ^0 rn. Ap'L* c a p il la r y ,  81°, 17 p . s . i . / 5 . 8 ,  
t o t a l  flow  5 5  m l./m in .

Peak no. Compounds (min,).  Composition %

1 ethylbenzene 11 *54 21
2 12.^8 5
5 m- p lu s xylene 12 .92  ( . , /
4 "  15.26 ( 16
5 o -x y len e  14 .^ 6 (
6 14 .8 6  ( 5®
7 15-9  19
8 17 .5 4  5

Figure 6 .
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Iso m erisa tio n  o f  0 c ta -l* 7 -d iy n e .

I n  view o f  the la rg e  number o f  isom eric p o s s ib i l i t i e s  f o r  these 

by-producta, d e ta ile d  in v e s tig a tio n  o f  th is  aspect o f  the  rearrange- 

sment was tra n s fe rre d  to  the C0 system* using  o c ta -1, ~J-dtyne, This was

prepared by standard  methods and p u r if ie d  by p rep ara tiv e  g . l . c ,  This 

p u r if ie d  m ateria l was used fo r  i n i t i a l  t r ia ls *  but* as  the  iso m erisa tio n  

products were the same from the  p u rif ied  and crude m ate ria l, th e  l a t t e r  

was used f o r  a l l  subsequent la rg e  sca le  iso m erlsa tio n s .

Treatment o f  the diyne w ith  the same b a s ic  reagent ( in  a  m olar 

r a t io  o f  1* 5 diyne to  base) fo r  8 h r s . ,  hea ting  under re f lu x  y ie lded  

an o i l  which had sp e c tra l c h a ra c te r is t ic s  very s im ila r  to  those o f the  

C10 diyne prcri-icts. ( 0 ^ *  7*}, 709 oo.-1; X 251-25* y .

£  ® 2530) .  Typical e thy lerdo  absorp tion  was a lso  p resen t a t  3*2 -  4*9f 

i n  the  n .n . r .  spectrum. A liquots removed in  the course o f  the  re a c tio n  

and examined by g . l . c .  showed th a t  equ ilib rium  was a tta in e d  a f t e r  2 h rs .

A naly tica l g . l . c .  (c a p il la ry  column) again  showed th a t  a s  w ell as 

th e  expected c^sylone and ethylbensene ( 5*5 proportion)* a t  l e a s t  s ix  

o th e r  products were p resen t (Fig* 6) .  On p rep ara tiv e  g .l« o . o f  th i s  

complex mixture* sev era l c u ts  were obtained* one o f  which (Cut 4) 

contained  pure o-gyiene (confirmed by g*l*o. and i . r . ) .  The o th e r  

expected product* etbylbensene* was p resen t i n  Cut 5* but th e  in fra re d
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G-.l .c .  o f  the CQ arom atic hydrocarbons ( a) and Cut 5 (B) from the  
p rep ara tive  g . l . c .  o f  th e o c ta -1 ,7-d iyn e  iso m e r isa t io n  product.

o
C onditions; 20$ 7 , 8-b en zoq u in o lin e , 2 m. x o . d . ,  80 ,

" 20 p . s . i .

1 .  e th y lb en zen e.
2 . m -xylene, 
v. jo- xy len e .
4. unknown.

2 - xy len e .

Figure 7 .
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G-.l .c .  o f  the hydrogenated products from the base ca ta ly se d  
iso m e r isa t io n  o f  o c ta -1, J - c i i y n e .

Conditions? ^0 m. Ap’ L* c a p il la r y , 84°, 18 p . s . i .

1 . ethylbenzene
2 . m ethylcyeloheptane
5. m- p lu s t>-xylene
4. o -xy len e
5- cyclooctan e

Figure 8 .



Cut 1Cut 2Cu t  5

18 8 U22 12 10 6 2 MIN20 16 M

P rep arative  g . l . c .  sep a ra tio n  o f  the hydrogenated product from 
the base c a ta ly se d  iso m e r isa t io n  o f  o c ta -1 ,7 -d iy n e .

C onditions: 20% p o ly (e th y le n e g ly c o l) ,  2 m. x -J-** o . d . ,  80°,
18 p . s . i .

Cut 1 e th y l a c e ta te  + C^fi^ isom ers.

Cut 2 ethylbenzene + m -xylene + u -x y len e .

Cut 5 o -x y le n e .

Figure 9*
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spoctrura o f th is  cu t ind ica ted  the  presence o f  m- and j>-xylen« as  

This was proved conclusively  by r©~chroraatography on a g .l.c *  column 

s p e c if ic  fo r  arom atic hydrocarbons (7 , 8-benzoquinoline, F ig. 7 ) .  Henc© 

th e  arom atic hydrocarbons were p resen t in  a  r a t io  o f 5* 2 o f  o~xylenes 

ethylbenzene s n>- and j>-:xylene.

A dditional confirm ation o f  these  o th e r arom atics came a f t e r  

hydrogenation o f  the primary product, when the  peaks due to  the  fo u r 

isom ers were found unchanged, and s t i l l  in  the same p roportions (F ig . 8) .  

Again, o th e r new peaks were p resen t, and the two main ones were iso la te d  

by p rep ara tiv e  g . l . c .  in  the  follow ing way, A poly (ethy leneg lyco l) 

column was used fo r  the i n i t i a l  sep a ra tio n  o f the arom atic from the  

sa tu ra te d  compounds (F ig . 9)* the l a t t e r ,  to g e th e r w ith  e thy l a c e ta te  

so lv en t, being rschromatographed on an A p MLM column to  provide fo u r 

c u ts .  Cut 8 1 and J were d iscarded (so lv en t a ad in s u f f ic ie n t  m ate ria l 

re sp e c tiv e ly ) • The m ateria l in  Cut 2 was id e n tif ie d  as m ethyIcyclo- 

jhep tane by spectroscop ic  ( i . r . ,  n ,m ,r.)  and g . l . c .  comparison w ith  an 

a u th e n tic  sample. The fo u rth  cu t was a lso  studied  by n .m .r. and g . l . c . ,  

and found to  be cycloootane by comparison w ith  an au th en tic  sample. No 

xwootane could be d e tec ted  amongst the hydrogenated products.

The id e n t i f ic a t io n  o f  these  unexpected hydrogenation p roducts 

demanded th a t  t h e i r  unsaturated  p recu rso rs  be iso la te d  and id e n tif ie d *  

I n i t i a l  se p a ra tio n  in to  arom atic and e th y len io  c o n s titu e n ts  o f  the 

prim ary product was achieved by e lu tio n  chromatography on a  s i lv e r



1 . 2-m eth y loycloh ep ta tr ien e

2 . 5 -m eth y lcyc loh ep tatrien e

5 . 1-m eth y lcy c lo h ep ta tr ien e

4. C ycloocta -1, % 5 -tr ie n e

Ix jUU
24 20 16 M IN .

S . I . e .  o f  the unsaturated  c o n s t itu e n ts  from the base ca ta ly sed  
iso m e r isa t io n  o f  o c ta -1 , •

o . * //C onditions: JO m. A p*L *cap illary ,. 51 , 15 p . s . i . / o . O ,
t o t a l  flow  JJ  m l./m in .

Cut 5

w  MIN

P rep arative  g . l . c .  sep a ra tio n  o f  the above m ixture.

C onditions: 20# p o ly (e th y le n e g ly c o l) ,  2  m,  x-J*1 o . d . ,
81°, J J  ml« /tn in .

Cut y .  1 + 2; Cut 4: 5 + 2; Cut 5*

F i g u r e  1 0 .
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n i t  r a t a / s i l i c a  gel column. The fra c tio n s  con ta in ing  the l a t t e r  compounds 

(Fig* 10) were c a re fu lly  combined and concentrated, then sub jected  to  

p rep a ra tiv e  g . l . c , ,  but only th e  l a s t  cu t o f  the  f iv e  contained a pure 

compound. A more e f f ic ie n t  column i n  an Aerograph Autoprep again  gave 

f iv e  c u ts  (Fig* 10a ); Cuts 1 and 2 were d iscarded , Cut 5 contained a  

s in g le  compound, w hile Cuts 5 and 4, though contain ing  sev era l compounds 

i n  coovnon, were obtained in  s u f f ic ie n t  q u an tity  to  id e n t i ty  t h e i r  

c o n s titu e n ts  sp ec tro sco p ica lly .

Cut had in fra re d  and u l t r a v io le t  abso rp tion  id e n tic a l  to  th a t  

o f  cy cloocta-1, 5*5-t**iene (101) ,  and as  only two groups o f  peaks cen tred  

a t  4*2} and 7*57 t  ( r a t i o  )  ; 2) were p resen t in  the  n .m .r, spectrum, 

t h i s  was taken  as  s u f f ic ie n t  proof o f i t s  id e n t i ty .

Cat 1 bad X °*he“ m  269 bul. ( fc * 5, *00) and ab so rp tio n  a t  may *
790, 765, 7 *0.  720, 705 cm. -1  i n  the in fra re d , h igh ly  suggestiveImZ

o f  th e  isom eric m ethylcyclohepta-1, 5, 5- tr ie n e s  (121-125). Cut 4 a lso

had \  ®*hexan® 264 -  266 m/A- ( £ * 2750) and ab so rp tio n  a t  i  795,
max ✓ max

760, 755# 705 cm*"*1, i n  th e  in frared*  The n.nur* sp ec tra  o f  both c u ts  

had s im i la r i t ie s  to  each o th e r  and to  the sp e c tra  o f  th e  isom eric 

m ethyloyoloheptatxienes, ( th e  1- ,  2- ,  and 5-metbyl isom ers only  ̂ and not 

th e  7~'**thyl isom er), A c lo se  exam ination and comparison o f  t h e i r  

sp e c tra l  p ro p e rtie s  w ith  published d a ta  led  to  the conclusion  th a t  

Cuts 5 snd 4 were la rg e ly  m ixtures o f  2-m etbyloycloheptatriene (122)

(p lu s  5**methylcycloheptatriene (12J)J and l-m ethy lcyclohep ta triene  (121)



Cut 5
20001000 1000MOO M O O2000

20-

C u t  4
20002500 1000M O O 1500M O O

In frared  sp ectra  ( l iq u id  film ) o f  Cuts 5 and 4 from the  
p rep arative  g . l . c .  sep a ra tio n  o f  the unsaturated  c o n s t itu e n ts  from 
the iso m e r isa t io n  o f  o c ta -1 , 7-d iy n e .

Cut 5 M ixture o f  2 - and 5 -me th y lc y c lo h e p ta tr ie n e s .

Cut 4 Mixture o f  1-  and ^ -m eth y lcy c lo h ep ta tr ien es .

F igure 11 .
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N.m.r. sp ectra  (CCl^) o f  Cuts }  and 4 from the p rep ara tive  g . l . c .  
sep a ra tio n  o f  the unsaturated  c o n s t itu e n ts  from the iso m e r isa t io n

o f  o c ta -1 , 7-d iy n e .

Cut J M ixture o f  2 - and 5 -m eth y lcy c lo h ep ta tr ien es .

Cut 4 M ixture o f  1 -  and ^ -m eth y lcy c lo h ep ta tr ien es.

x = im purity .

F i g u r e  1 2 .
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2-Me t  h y lcyc loh ep t a t r ie  ne
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5-M ethylcyclohept a t r i  e ne

N.m.r. sp e c tr a  (CC14) o f  the isom eric  1 - ,  2 - ,  and 5-methyl-
; c y c lo h e p ta tr ie n e s

F i g u r e  1 5 .
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£plu3 the 5-methyl isomer (125) a ls o j  respectively . This sp e c tr a l data  

i s  presented fo r  comparison in  tabular form (Tables II* III*  IV* p. 100 )* 

and the infrared and n.m. r. spectra o f the compounds under d iscussion  

are reproduced in  P igs. 11, 12 and 15.

Synthesis o f  these  isom eric hydrocarbons (p . 50 ) and

d ire c t  sp e c tra l ( i * r . ,  u .v .,  n .m .r.)  and g . l . c .  comparison (on severa l 

columns) a t  a  l a t e r  d a te  confirmed th a t Cuts 5 and ^ d id  indeed co n ta in  

m ixtures o f  these  m ethylcycloheptatrienes, and th a t Cut 5 consisted  o f  

pure c y c lo o c ta -1 ,5# 5 - tr ie n e . (Though on standing, a second component

presumed to  be i t s  valence isomer, bicyclo^4i 2 :cf)octa-2 ,4-d iene (102) 

a lso  appeared).

Samples o f Cuts 5* * and 5 (about 1 mg.) when hydrogenated (over 

palladiura-charcoal in  e th y l ace ta te ) in  a  Clauson-Kaas apparatus gave 

somewhat unexpected r e s u l ts ,  fo r  Cuts 5 and 4 y ielded  only ~  JOfi 

•e thy lcyc lohep tane, no s ta r t in g  m ate ria l, and several o th e r  c o n s titu e n ts  

(by g . l . c . ) .  Cut 5 produced none o f the expected cyclooctane, nor 

s ta r t in g  m a te ria l, but did produce one major compound, presumed to  be 

cy d o o c ten e . L ite ra tu re  rep o rts  discovered l a t e r ^ ^  revealed th a t  

oomplete hydrogenation o f e ig h t membered carbocycles i s  not p o ssib le  

under some co n d itio n s, cyclooctane being produced in  most cases, and 

p o ssib ly  a  s im ila r  l im ita tio n  may hold w ith  a  seven carbon rin g  compound. 

Iso m erisa tio n  on the  c a ta ly s t  su rface  may have been a  fu r th e r  com plicat- 

t ln g  fa c to r ,  and could not be ignored in  th is  case as an excess o f
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c a ta ly s t  was present. <=

As the products is o la te d  from the isom er!sat-ion  a l l  appears!

to  be end products and not genuine interm ediates, attempts “wore i«&&e to

d etect these transient members, W illis, in  h is  i n i t i a l  e x p lo r a tio n  o f

re a c tio n  cond itions had remarked th a t  weaker b ases or  low er r e a c tio n

temperatures had resulted in  incomplete con version  o f  s ta r t in g  m a ter ia l.

On th is  princip le, octa-1 j f'-d iyne  was heated under r e f lu x  (2  h ra ,)  from

ambient w ith  one m olar equivalent o f  potassium terfc~hutoiri.de in  diglym®.

The in fra re d  spectrum had, as usual, ^ 745# 7  0 0  cm,7^ but the

u l t r a v io le t  spectrum shewed X c *^exan® 269 ( £ -  400), 280 ( £ ~ 403)»max

295 ( £ * 490), 506 ( £ = 305) ,  so "unlike those obtained b efore  th a t i t  

w arranted fu r th e r  in v e s tig a tio n .

A naly tical g . l . c .  showed a new major Component apart from the  

arom atic isom ers, and a  pure sample o f i t  was Iso lated  by preparative 

g . l . c .  This was co lle c te d  as a  so lid  (c o lo u rle ss  p la te le t s  at 0°) which 

gave a  s in g le  peak on rechromatography and had v 1540, 1J20, 12& 0, 

1025 cm.“^ in  the  in fra re d  and only end absorp tion  in  the u l t r a v io le t ,  

hydrogenation over palladium -chareoal y ie ld ed  n-octane ( 9^  o f  c a lc u la ted  

uptake f o r  fo u r double bond equivalen ts) •

This m m  compound was a lso  found and is o la te d  by p rep a ra tiv e  

g . l . c .  a s  a  m ajor product when o c ta -1 , 7-diyne was heated under re f lu x  

w ith  potassium  te r t-b u to x id e  i n  te r t - b u ta n d  fo r  24 h rs . I t s  n . a . r .  

spectrum hml peeks a t  7.75  (4H) and 8.25  (&)ZT » w hile the  mass spectrum
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G . l . c .  o f  the hydrogenated, in com p letely  base ca ta ly sed  products
from o c ta -1 , 7 - d iy n e*

O •

C orditions: ^0 m. Ap’L* c a p il la r y , 84 , 18 p . s . i .

Peak Compound

1 n-octane
2 ethylbenzene
5 m ethylcycloheptane
4. m -xylene, T>-xylene
5 . o -xy len e
6 . cyc looctan e

(mins.)

1-1
6.8
1-1
7*9
9-5

1 2 .7

Composition %
29
8

7 '

56
5

Figure 1 4 .
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had a  parent io n  a t E/<s X0 o. T his evidence shows t h is  eaapou&sl to  be 

octa-S* 6-d iy n e  (1 2 4 ), even though the u l t r a v io le t  ab sorp tion  abaer^&d 

o r ig in a l ly  ^sus c h a r a c te r is t ic  o f  th e  l in e a r  act&*-l, j s ?97-tetr& G »2 (lOJb) 

(p resen t only, o f  cou rse , in  very s n a il  amount as in d ic a te d  by the low  

£ values) • I t  must be concluded th a t  the te tra saa  e i th e r  rearranged  

on the  g . l . c ,  column to  the o c ta -2, 6-d iyne, o r  b ein g  p resen t only in  

t ip y  amount to g e th e r w ith  th e  diyne, was overlooked com pletely.

That l in e a r  species  were p resen t in  the  re ac tio n  m ixture was 

proved by hydrogenating a  cample, and g . l . c .  an a ly s is  (F ig . 14) showed 

th a t  a l l  th e  p i e c e s , ethylbenzene, cyclooctane, methylcycloheptan*? and 

n-octane were p re sen t. This i s  i n  sharp c o n tra s t to  th e  fu lly  isom erisad 

mixture* where no xwoctane had been detected  a f t e r  hydrogenation.

A chance observation* th a t  the  iso m erisa tio n  products varied  

i n  th e i r  r e la t iv e  p roportions depending upon whether the  l* 7-d iyne was 

added to  e i th e r  a hot o r  a  cold d isp e rs io n  o f  the base* le d  to  the 

estab lishm ent o f  cond itions f o r  the  form ation o f  only o-xylene and 

ethylbensene only. I t  was th e re fo re  argued th a t  h ea tin g  increased  the  

p ro p o rtio n  o f  potassium  te r t-b u to x id e  i n  so lu tio n , where re a c tio n  could 

only  occur by one mechanism* whereas a t  low er tem peratures iso m erisa tio n  

could occur not only i n  solution* bu t a lso  on the su rface  o f  undissolved s o lid  

p a r t ic le s .  When th e  diyne was added to  a  hot so lu tio n  con ta in ing  le s s  

base  than  usual* a  sm alle r amount o f  the  unaeturated  compounds and the  

m- and £ - ^ le n e s  was formed. F inally* a  ho t d isp e rs io n  o f  potassium
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G . l . c .  o f  the iso m e r isa tio n  products from o c t a - l ,7 ”B.iyne, u s in g  
a d i lu te ,  f i l t e r e d  s o lu t io n  o f  the b ase .

C onditions: ^0 m. Ap’L ', 7^°» IB p . s . i .

1 . ethylbenzene

2 . o -xy len e

Figure 1^.
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t e r t - b u t  oxide in  digLyme 7$ concentration) was f i l t e r e d  hot through 

s in te re d  g la ss  under n itrogen , to  y ie ld  a  pure d i lu te  so lu tio n  ( ^ 0 .2  m olar)« 

The diyne, when added to  th is  so lu tio n  a t  re flu x , was com pletely converted 

to  o^sylene and e th y l benzene a f t e r  2 h rs , (w ith only tra c e s  o f  o th e r  

compounds. F ig . l^)*

This would seem to  d u s tily  th e  assumption th a t  a t  le a s t  two 

competing mechanisms a re  a t p lay  in  th e  heterogeneous system, each y ie ld -  

s in g  i t s  own s e t  o f  products. F u rth e r weight i s  added to  t h i s  argument 

by th e  conversion o f  cy c lo o cta te traen e  on so lid  potassium te r t - b u t  oxide 

to  mainly m~ and xylenes along w ith  o-jqylene and e th y l benzene . This 

p o in t i s  e laborated  i n  the  sec tio n  dea ling  w ith  th e  mechanism proposed 

f o r  th i s  iso m erisa tio n .



SECTION I I I

Synthesis o f  Hydrocarbons Isom eric w ith 0 c ta - l,7 -d iy n e

As the  in v e s tig a tio n  o f the base catalysed  iso m erisa tio n  o f 

o c ta -1, '/- (M y n e  had reached the stage where most o f the end products were 

known# and two p o ss ib le  in term ed iates had been d e tec ted , i t  was considered 

necessary to  sy n th esise  sotne o f the l ik e ly  p o s s ib il i t ie s *  arri su b jec t 

th ese  i n  tu rn  to  the  iso m erisa tio n  cond itions. The isom eric methyl-*

* cy c lo h ep ta trlen es  (120 -  125) were deemed p o ssib le  sources fo r  the 

m- and o-xylenes; cyc loocta-1* % 5-»triene ( 101) was ano ther p o s s ib i l i ty ;  

and i t  was hoped to  syn thesise  o c ta - l ,2, 6, 7- te tra e n e  (125) as i t  was a 

l ik e ly  p recu rso r o f  o c ta -1, 5, 5, 7- te tra en e  ( 105b ) .

No s in g le  method ex isted  fo r  p reparing  a l l  the  methylcyclohept a -

i t r ie n e s  (120 -  125), so two separa te  rou tes were used. The p rep ara tio n

o f  7*Riet*^yioycloheptatriene^^' (120) i s  o u tlined  in  Scheme V III.

A ddition o f  bromine to  cycl o h e p t  a t  r le  ne gave dibrom otropilidene, which

was converted by h ea tin g  in  vacuo in to  tro p iliu m  bromide (126) ,  M is ,

when tre a te d  w ith  methyl magnesium iod ide gave the  requ ired  isom er (120)

i n  5#  y ie ld  (p u r if ie d  by p rep ara tiv e  g . l .e . ) *
112The more lab o rio u s  p rep ara tio n  o f  th e  o th e r  th re e  isom ers i s  

o u tlin e d  i n  Scheme IX* B irch reduction  o f  o - to lu ic  acid  (127) gave

1 , 4 -d lhydro to lu io  acid  (128) , which i n  tu rn  y ie lded  1,  4-dihyd ro -2-me th y l-  

■sbennyl a lcoho l ( 12?) a f t e r  reduction  w ith  lith iu m  aluninium  hydride.
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Hie £-toluenesulphor\yl d e r iv a tiv e  (1J0) o f  alcohol was solvolysed

in  g la c ia l  a c e tic  ac id  (buffered) a t  90°  fo r  56 h rs . to  give a  m ixture o f

the  1- ,  2~, and J-m ethy lcycloheptatrienes (and the a c e ta te s  a r is in g  from

the a lco h o l) . E lu tion  chromatography separated  o f f  the hydrocarbons

from th e  r e s t ,  which were then  separated  in to  pure compounds by

p re p a ra tiv e  g . l . c .  Bach methyloycloheptatriene was identified
sp ec tro sco p ica lly  by comparison w ith  published d a ta . A naly tical g . l . c .

o f  th e  hydrocarbon m ixture p r io r  to  sep ara tio n  showed i t  to  c o n s is t o f

1 (&, i f t ,  and 605C o f  th e  2- ,  and 1-m ethy lcyclohep ta trienes along w ith

1129% o-xylene. This com position d i f f e r s  from th a t  i n  the l i t e r a tu r e ,  

bu t th i s  i s  not considered s ig n if ic a n t as l a t e r  woxk in  t h i s  th e s is  

(p . )4  ) shews th a t  these isomers can in terchange under th e  a c tio n  o f 

heat alone.

The preparation of cycloocta-1, 5-triene was also by a published 

route.(Scheme X). Allylic bromination of cycloocta-1, 5-diene (52) 

and subsequent dehydrohalogenation by base yielded the required triene.

As brood nation gave a series of products which could not be curl fled, the 

etude reaction mixture was treated with the base, with the result that 

starting cycloocta-1,5-diene had to be separated from the cyclic triene 

(101) by preparative g.l.c. Any ctycloocta-1, J,6*triene (Ida) formed 

by dehydrobromination of a nonobromocyoloootadiene would be isomerised to 

the conjugated triene un&er these basic conditions.11*

An attempt to droiwirint the use of a exude mixture gave results
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and products not com patible w ith  the l i t e r a t u r e  c la im s . Hence a l ly l i e  

broraination o f cy c loocta-1, 5-d ie n e  w ith  two moles o f  W-bromosuccinimide 

should have given the dibromide (155&) as an o i l .  The compound iso la te d  

a f t e r  chromatography o f the product o i l  was a so lid , and had sp e c tra l 

p ro p e rtie s  more in  accord w ith  (1J5^>) * An o u tlin e  o f i t s  reac tio n s  and 

s p e c tra l c h a ra c te r is t ic s  i s  given in  the Appendix (p . 146)*

The p rep a ra tio n  o f the h ith e r to  unknown o c ta -1 ,2 ,6, 7- te tra e n e

(125) was attem pted by two rou tes, both ‘unsuccessful. In  the  f i r s t  o f 

115these , (Scheme XL), attem pts were made to  add two moles o f dibromo- 

s carbene to  hexa-1,>-diene (1)4) by standard methods, (potassium  t e r t -  

butoxide/brom oform ). Very low y ie ld s  o f the diadduct (15&) re su lte d , 

and re c y c lis a tio n  and a d d itio n  o f another mole o f bromofonm to  the mono- 

sadduct (155) only s l ig h t ly  b e t te r  y ie ld s .  Worse s t i l l ,  i t  was

found im possible to  convert the diadduct ( 15^) to  the d ia lle n e  ( 125) 

w ith  methyl lith iu m  as  claimed in  the l i t e r a tu r e :  only s ta r t in g  m ate ria l,

i . e .  ( l j ^ ) , was recovered in  every case.

The second rou te  was by a  very recen t method, fo r  the 

conversion  o f  t r i p l e  bonds to  a lle n e a , and involved ad d itio n  o f  phosphorus 

p en tach lo rld e  to  a  t r i p l e  bond (Scheme X II). S ta r t in g  w ith  o c ta -1 ,7-  

diyne i t  was hoped to  get th e  phosphorane complex (157) hy h y d ro ly sis  

th e  bis-(ch lorophosphonic acid) (158). F u rth er treatm ent o f  th i s  

compound w ith  aqueous sodium hydroxide was to  generate th e  term inal 

d ia lle n e  (125) .
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This sequence o f reac tio n s  was c a rr ie d  out on oc ta -1 ,7 -d iy n e ,

and a t  the end, a l le n ic  and ace ty len ic  absorp tion  was observed i n the

in fra re d  spectrum of the product, as w ell as abso rn tion  a t  A P®*1*®11® £08
max

and 212 ayx>in the u l t r a v io le t .  A nalytical g . l . c .  showed two major 

components (71# and 18>C) in  the product, n e ith e r  o f which was o c ta -1, 7-  

d iyne. Proa th i s  in form ation  i t  was assumed th a t  the  m ajor component 

was o c ta -1, 2-d ie n e -7-yne (1J9) and *be o th e r p o ssib ly  o c ta -1, J -d ien e-7-yne 

(l^O ). Both th ese  compounds could have been formed from th e  mono

a d d itio n  product w ith  subsequent hydro lysis  g iv ing  the a lle n e  and th is  

i  some r is in g  to  the d iene . There was in s u f f ic ie n t  .material to  p u rify  and 

c h a ra c te r is e  each one p roperly .



Iso a a r isa tlo n  oonlitlonfl &ix3 o f  CqHi o- hydrocarbons and re la te d  sp ec ie s .

Starting :«aterisl Reaction Conditions ;!;j; Products {% o on position)
Reagent Teap. Time :T

KoSu/aigLyme 
2s I ratio

1*0° 5«4 hrs. ■ -< ICO# starting tnberial.

•tHyltMNM KOtBu/AigLyme 
2sl ratio

l6o° 5-4 hroc ]xw ;; 100# starting material.

(Qfdooota4 »>4 1ioi roSu/aigiyme i&>° 5-4 hrs. ;./-;V!;:;v^:ieyolooota-l8>-diono 59fc oyolooota-1,5-diene 6o#j others 2%<
2s 1 ratio ;  -  • -pwirTj

oyolooot*-lv 5-diene KOH/diglyme ito° 5-4 hrs. J; £-$^clooota-l, 2-diene cydoocta-1,5-dions 58jCj others 2%.
t i d o o o M i H l s s KOtBu/tBuOH 80° 5-4 hrs. r ; . 100# starting material*

oyolobspta- X o S i M M w l6o° 5-4 hrs. 100# starting material.
1,5,5-triea* 2fl ratio

■ethyloyolohepta- roSu/ai^ljraM l6o° 5-4 hrs. Equilibrium mixture of each other, TABLE VI,
l#5*JMrienee 2s 1 ratio i ' i y

•sthyloyolohept*- l6o° 5-4 hrs. V ;* 3 Equilibrium mixture of eaoh other* TA%B VII*

xoSu/digiyne
\ r ,  ***&*?

cyoloocta- lfo° 5-4 hrs ^l^Oota-l, 5,5-triene 52#; ethylbensene 10#; bioyolo [A' 2‘ o] -oota-
1,5,5-triene 2*1 ratio 2,4-diene 28#; others 10#*
oot*-l,2-Aiea»- KoSu/SlgLyne i6o° 8 hrs. ^tfnfne 57#* »-^ylene p-xylene ethylbensene Yk others

-7-ym 2sl ratio i . C '  * ! ■  tS*'* - t
octa-1, a-dlsnt- none l6o° 8 hrs* : 4#i»ne 7̂ 2 » •  xylene 25#; g-xylene $#; eUtyltoenssns 4#; starting

products %%t others 6fl.
oota4 t7«aiyfli a s m lfo° 8 hrs* '/> 100# starting materiel*



SECTION IV

Base C atalysed  Iso m e r isa tio n  o f  Hydrocarbons

and Related S pecies.

A fte r these  hydrocarbons had been prepared, they were

subjected  to  the same re a c tio n  cond itions as had been used fo r  the

iso m erisa tio n  o f o<& a-1 ,7 -d iy  ne. The r e s u l ts  o f  the  iso m erisa tio n s  on

them and re la te d  compounds a re  summarised i n  Table V as w ell as Tables VI

and VII (p . I l 6 ) .  The products were examined by in fra red  in  most cases

and id e n tif ie d  and estim ated  by g . l . c .  The re s u l ts  raay be summarised

as follow s:

( i )  N eith er m- nor £ -xylene were produced by any o f the

fo llow ings- o~ xylene; ethylbenzene, cy c loocta-1, 5, 5- t r ie n e  

(101) o r  any o f the isom eric m ethy lcycloheptatrienes (120 -  12J ) .

( i i )  C ycloocta-1 ,5-diene (52) was read ily  converted to  cycloocta-

1, 5-d iene  j]tl75) 80# J  by th e  s tandard  reagent; s im ila r  treatm ent 

o f  cy c loocta-1, 5 ,5- t r ie n e  ( 101) y ie ld ed  ethylbenzene ( 10# ) , 

b icy clo  J%: 2 :0}octa-2* 4 -d ie  ne |^(102) 28# J  and s ta r t in g  m ate ria l .

( l i i )  N eith er cy c lo h ep ta trlen e  nor the m ethylcycloheptatrienes

(120 -  125) produced any arom atic compounds, e i th e r  by treatment,

w ith  base o r  by simply hea ting  under re flu x . With base, a l l  th e

m ethy lcycloheptatrienes formed one equ ilib rium  m ixture, 

i r r e s p e c t iv e  o f  the  s ta r t in g  compound (Table VI). H eating
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w ithout base produced equilib rium  m ixturea, but these  depended upon the 

s ta r t in g  isomer -  probably because tru e  equilibrium  was not achieved as 

rap id ly  as w ith  base (Table VII)*

( iv )  The crude a llene-yne , octa-1,2-diene-7-*yni® (159)* was isoraer-

: ise d  completely* The products were o-xylene (51/0* e th y l-  

sbensene (5050# £-xylene (930# £ - xylene ( 4$C), and o th e r  minor 

products (6jC).

(v) When octa-1 ,7 -d iy n e  was heated under re f lu x  w ithout base,

no iso m erisa tio n  occurred.

(v i)  When oc ta-1 , 2-diene-7-yne (159) was lik ew ise  heated w ithout

base, the products contained not only the two components (159 and

140) from th e  s ta r t in g  m ate ria l (58 / and 15 / re sp e c tiv e ly ) , bu t

a ls o  o-xylene (730# ethylbensene ( 4 /) ,  n>-xylene (2 5 /) and 

£-*ylene (9 /)*  a s  w ell as  minor products (6 0 *  This r e s u l t  i s  

i n  s tr ik in g  c o n tra s t to  th a t  produced by base iso m erisa tio n s  and 

to  the  therm al s t a b i l i t y  shown by o c ta -1 ,7 -d iy n e .

These r e s u l ts  (and th e i r  im p lica tio n s) described  i n  t i l s  sec tio n , 

a re  d iscussed  f u l ly  i n  th e  follow ing section* The r e s u l ts  a re  In te rp re te d  

and Included i n  th e  proposed mechanism fo r  th e  o v e ra ll re a c tio n .
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The Mechanism o f  Base Catalysed Iflomerlflation o f the Diyrrea.

The m igration  o f t r i p l e  and double bonds has been known fo r  a

117long  t in e ,  f o r  as  long  ago a s  1888 Povorskii ' described  th e  iscn m ’i& a tio n  

o f  b u t-l-y n e  to  but-2-yne w ith  a lco h o lic  potassium  hydroxide, and showed 

th a t  the  a l ie n s  b u ta -1 ,2 -d ien s  was an in te rm ed ia te . More recently;* 

th e  analogous rearrangem ent o f  pentyne (141) (w ith  th e  same reagent) wau 

shown to  e x is t  as  an equ ilib rium  m ixture o f  p en t-l-y n e  (141), the  a l ie n s  

(142), and pent-2-yne (145). The mechanism shown i n  Scheme XXXI was 

proposed to  ex p la in  th i s ,  bu t i t  a lso  allowed fo r  th e  form ation o f a  

conjugated diene (144). Jacobs, who proposed th i s ,  did not find  any 

d lene , but l a t e r  work by many au thors has shown th a t  d ienes can be 

formed# though otfly i n  c e r ta in  favourable cases .

Much work has been done on th e  m ig ra tion  o f  t r i p l e  bonds along 

alkyl chains# o r  t h e i r  isaserisation to a lle n e s , and only a  few re lev an t 

examples will be quoted. Xn g en era l, terminal acetylenes p re fe r e n t ia l ly  

migrate Into the chain (an in the pentyne sample)# and further rcarrange- 

imerit to an allene or diene only occurs in speoial oases where these are
i i q  igftthe preferred forme. 7 for instance, Moment and Mentions prepared 

(146) from (145), and the researches of Moore * have shown that in 

the oaae of qyULlc acetylenes, e.g. cyolonoam-yne (147), base treatment 

produces the preferred cyolononm-1.2-diene (148). There is lees strain
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with the l a t t e r  compound (only th ree  consecutive colli n ear groups as 

compared w ith  fo u r f o r  the  ace ty len e), and as a consequence an appreciab le  

energy d iffe re n c e  between the two. In  la r g e r  rin g s  th is  becomes le s s

99fo r  then  co n d itio n s  a re  approxim ately as  in  n-alkynes. Hubert and D ale  

have shown th a t  treatm ent o f  m acrocyclic alkadiynes ( £ j2 -  C ^ ) w ith  base, 

even under mild co n d itio n s, causes ex tensive t r i p l e  bond m igration , With 

the  exception  o f  th e  sm allest r in g  (C^2)» th e  in term ed ia te  aL lenic 

Compounds a re  only p resen t i n  small amounts, and equ ilib rium  i s  achieved 

between th e  various p o s itio n a l isom ers ( th e  d is t r ib u t io n  corresponding to  

th a t  demanded by conform ational requirem ents).

This s i tu a t io n  i s  w ell i l l u s t r a t e d  by th e  form ation o f o e ta -2 ,6 -  

diyne (124) from o c ta -1 ,7 -d iy n e  on treatm ent w ith  potassium  te r t-b u to x ld e  

in  te r t-b u ta n o l (a s  found in  th e  course o f  th i s  work) • From th e  rap id  -  

and presumably q u a n ti ta t iv e  -  rearrangement o f  th e  term inal diyne i t  i s  

assumed th a t  s te r io  requirem ents a re  a lso  im portant f o r  l i n e a r  m olecules. 

C onsidera tion  o f  models o f  th ese  d iy n es ,( l4 7 ) and (148), shows th a t  f o r  

oc ta-1 ,7 -d iyne  th e re  a re  fo u r methylene groups to g e th e r  in  th e  ce n tre  o f  

the  molecule (w ith  th e  CHg groups ap p ro p ria te ly  staggered  as i n  any a lk y l 

ch a in ). I n  (148) th e re  a re  only two ad jacen t methylenes, and I t  i s  

Obvious th a t  f o r  any ch ain  len g th  o f  alkadiyne, m ig ration  o f  each term inal 

t r i p l e  bond innards w i l l  decrease by one th e  number o f  In te ra c tin g  CHg 

groups w ith  consequent decrease o f  P i t s e r  s t r a in .  Tty t h i s  simple argument, 

the  o th e r  isom er, octa-%  9-diyne (149) should a lso  t r y  to  achieve th e
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most e n e rg e tic a lly  favoured fomib&nd in  th i s  case the t r i p l e  bonds should 

m igrate away from each o th e r  fo r  the  same reason. Furthermore, i n  th e  

case o f  t h i s  conjugated diyne th e re  a re  s ix  consecutive methylene groups, 

and i t  appears th a t  as  few as p o ss ib le  a re  p re fe rred  fo r  maximum 

s ta b i l i t y  i n  s tr a ig h t  cha in  compounds.

The fd r th e r  rearrangement o f  t r i p l e  bonds to  d ien es  i s  a lso  w ell

known, though again  th e re  has to  be an ad d itio n a l gain  i n  s t a b i l i t y  f o r

i t  to  occur* Thus rearrangement and m igration  (o r  v ice  versa) may lead

122to  a more s ta b le  conjugated system as  i n  th e  form ation o f  (151) from 

(150)* (I** th i s  case i t  i s  im possible f o r  the  second t r i p l e  bond to

rearrange) • S im ila r  m igration , though o f  double bonds, has been achieved 

by Weedon e t  a l . ,  who in  a  s e r ie s  o f  c o m m u n ic a t io n s * ^ * * ^  have shown 

th a t  base oa ta lysed  m ig ra tion  o f  double bonds i n  unsa tu ra ted  ac id s  can 

be ex tensive  (152—»155) and cause m olecular change.

The rearrangem ent o f  t r i p l e  bonds ex c lu s iv e ly  to  d ienes has been

12i>used ex ten siv e ly  by Sondheimer, who used i t  to  make c y c lic  polyene-ynes 

from th e  p aren t pdly-ynes, [ e .g .  ( 49) to  (15*)) • Prom th e se  s tu d ie s  i t  

aga in  became ev iden t th a t  rearrangement i n  th ese  c y c lic  compounds had to  

conform to  the  perm itted  s te reochem istry . When t h i s  re a c tio n  was 

attem pted on u n su itab le  compounds, rearrangement ( to  arom atic systems) o r  

decom position re su lte d . S im ila r  r e s u l ts  were obtained by Hubert and 

D ale* ^  who succeeded i n  fo llow ing th e  m igration  o f  th e  double bonds 

spectroooop ioally . Again, they formed e i th e r  an equ ilib rium  m ixture
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(w ith  on® p re fe rred  isomer) or* under more fo rc ing  con d itio n s, they

aromatised* (*55) to  (19f t  to  ( 197)] •
128A simple example, but one which i l l u s t r a t e s  a l l  the  p o ssib le  

iso m erisa tio n s  o f  a  t r i p l e  bond, i s  th e  rearrangement o f  nona-2, 7-d iy n e- 

1, 9-d ica rb o x y lic  ac id  (198) • Here# base Iso m erisa tio n  by one route 

causes th e  form ation o f  homophthalic acid (199)* w hile by th e  o th e r  rou te  

th e  base a c tu a lly  p a r t ic ip a te s  to  form a  d e r iv a tiv e  (l6o) o f th e  s ta r t in g  

compound. The f u l l  sequence o f  t r i p l e  bond-* a l ie n s  —» diene -* fu r th e r  

rearranged product i s  u t i l i s e d  in  exp la in ing  the end products# (Scheme XXV) • 

Hence in  th e  p resen t work* th e  fo  m a t io n  o f  o c ta -1 ,2-d ie n e -7-yne (199) 

and o c ta -1 , 9-^ ie n e -7-yne (140) from the  same compound ( a lb e i t  by a  

c irc u ito u s  route) i s  q u ite  lo g ic a l .  As th e re  i s  no d riv in g  fo rce  fo r  

the fo m a tio n  o f  the diene# th e  a llene-yne  (199) should be the preponderant 

s tru c tu re*

These re ac tio n s  i l l u s t r a t e  th e  ease and widespread occurrence o f 

t h i s  isom erisation* both  i n  acy c lic  and c y c lic  systems, w ith  both  l i a b le  

to  the  same l im ita tio n s .  The experim ental d a ta  would seem to  support 

111 l i e '  o r ig in a l  hypothesis th a t  i n  th e  long  c h a in  d iace ty len es  th e re  i s  

a  m ig ra tion  o f  th e  t r i p l e  bonds inwards p r io r  to  arom atina tion . One o f  

h is  o th e r  c laim s, however, does not appear to  be cor re c t  ( th a t  polyenes 

cannot a r omat ie e )  f o r  th e  t r i p l e  bonds have to  isomerism to  a lien ee  o r  

d ienas befo re  a ro m atisa tio n  can tak e  p lace  -  as  i l l u s t r a t e d  i n  th e  examples 

a lready  quoted. (The stereochem istry  o f  the a v a ila b le  double bond systems
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i s ,  however, a ll- im p o r ta n t) .

I n  fa c t ,  th e re  are  many c y c lis a tio n  reactions of polyenes known, 

though most occur a t  h igher tem peratures o r  upon i r r a d ia t io n ,  Of th e se , 

th e  D iels  A lder type i s  perhaps b e s t known, and i s  i l lu s t r a t e d  by the 
p y ro ly tic  a ro m atisa tio n  o f limonene ( l 6l )  to  hk xylene ( 162)**^  (SchenxJC/» 

l 6l —* 1^2) ,  and th e  eye l i  s a t  io n  o f  e la e o s te a r ic  acid  d e r iv a tiv e s*^0 

( l 6j  - * l6 4 ) . (The sim plest example o f  an in te rn a l  D ie ls  Alder reaction 
i s  described  by Alder, and i s  the  iso m erisa tio n  o f  c i s - h ex a trlen s  (165) 

to  cyolohexad iene  ( 166) a t  400°) •

A s im ila r  re a c tio n  7 e x is ts  i n  th e  conversion o f  ( 167) (1^8)»

again  by pyrolysis*  though i t  cannot be form ulated as a  simple D iels  A lder. 

I t  i s  a c y c l is a tio n  reac tio n , sin& lar to  the  c y c l is a t io n * ^  o f  ( 169) to  

(170) ,  though i t  i s  probable th a t  the t r i p l e  bond rearranges p r io r  to  

c y c l is a tio n . A re la te d  reac tio n , much used in  exp la in ing  the  aromat- 

t  i s a t io n  o f  pyolio  ocmoounSs, i s  th e  conversion o f  ( 171) to  to luene ( 172) ,  

which occurs spontaneously a t  room tem perature.*^**

Many re a c tio n s  re la te d  to  th e  D ie ls  A lder, bu t in i t i a te d  by 

i r r a d ia t io n  and invo lv ing  only two double bonis, a re  a lso  known.

C lo s e s t* ^  to  th e  p rev iously  d iscussed  compounds i s  th e  equ ilib rium  between 

(175) and ( 174) ,  and th e  conversion o f  c y d o o e te -1, J -d iene  (175) to  (17f t » 

i t s  b ic y d io  valeooe bond isom er.*^* The term * valence bond iso n e r la -  

s a tio x f  a s  illustrated® ®  by th e  rev e rs ib le  transfo rm ation  o f  oydooct**

1* 5# 5 -t r ie n e  ( I d )  in to  b io y clo  J4:2 :o ]o c t* -2,  4 -diens (102), d esc rib es  a
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rearrangement th a t  proceeds without th e  migration o f atoms or groups 

o f  atoms. The s tru c tu ra l  change c o n s is ts  so le ly  o f a * reorgan isation  

o f  th e  cr and If e le c tro n s  w ith in  th e  framework o f the molecule* 

accompanied hy corresponding changes in  atomic d is ta n ce s  and bond angles« 

jjThis term was f i r s t  introduced by Grob and S c h i e s s . t o  include a l l  

the nCope re&rrangement" isom erisations* and i s  ex ce llen tly  reviewed by

Valence tautomerism i s  most frequently encountered as ring open-

l in g  o r  closing* as th ese  reac tio n s  can proceed in  e i th e r  d irec tio n *

104For instance* (114) can be induced to  form the  po ly cy clic  s tru c tu re  

(115)* bu t th is  i n  tu rn  cleaves re a d ily  to  two molecules o f  phenanthrene 

(177) • In  a  s im ila r  fashion* 9I*I59»1*° (80; X -  Br) and (106) can zing 

open to  t h e i r  corresponding acy c lic  d e r iv a tiv e s  (178) and (lCflT), ( though 

th e  l a t t e r  may be a  m ixture) * w hile the o c ta te tra e n e  ( 105) has been very
OO

re c e n tly  reported  as  going i n  the  opposite  d ire c t io n  to  (101) .

A re a c tio n  which i s  m echan istica lly  even more re lev an t to  those

58i n  t h i s  thesis*  i s  the  base ca ta ly sed  rearrangem ent^ and subsequent 

d im erisa tio n  o f  c l s - octa~4» ene-1* 7-d iyne (108) to  the  dim ers (180) and 

(181)* £* probably v ia  th e  ̂ in term ediates (179) and ( * > ] •  S im ila r  

in te rm ed ia tes  may be p o s tu la ted  f o r  th e  reac tio n s  o f  c y c lic  diynes* ( i n  

mediiM rin g  compounds form ation o f  the a lie n s  would be fa c ile )*  w ith  

subsequent tra n san n u la r bond form ation to  give th e  p recu rso rs  necessary 

to r  arom atisation* Several o f  these  rea c tio n s  have been already
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mentioned in  the in tro d u c tio n  ( th e  se c tio n  dea ling  w ith the a rcsn atisa tion

o f raaorocyclic polyynes) so these  examples w il l  not be fu r th e r  elaboratedc

141One notable example not mentioned before is  the form ation o f

biphepylene (185) i n y ie ld  from the h igh ly  s t r a i le d  cyclododeca-

l» 5*7*9- te tra y n e  (182).

One p o in t common to  a l l  these examples, and in v es tig a ted  by

W illis , i s  th a t  none o f  the compounds which arom atise has le s s  than seven

carbon atoms. W illis  t r ie d  various cond itions i n  the hope o f arom atising

142hcxa-1,5-diyne (119* n = 2) but n e ith e r  he nor Sondheimer ever 

succeeded. This i s  a  s tro n g  p o in te r  to  the m echanistic requirem ents fo r  

a rom atisa tion , and w ith  th is  i n  mind a  scheme i s  prep&sed below fo r  the 

form ation o f  mono- and o -d isu b s titu te d  arom atica.

No m a tte r  where the  acety lene fu n c tio n  i s  placed i n  a  molecule, 

e i th e r  l in e a r  o r  cyclic* i t s  f a c i le  m ig ra tion  under base c a ta ly s is  can 

be taken  a s  prowed by th e  examples a lready  quoted* In  a  l i n e a r  molecule* 

term inal aoe ty lenes w il l  m igrate invards, (v ia  a l ie n s  o r  d iene form ation), 

and i n  a  conjugated diyne m igration  away from each o th e r  w i l l  be 

e n e rg e tic a lly  favoured* I n  the l a t t e r  system* re a c tio n  and a ro m atisa tio n  

should be fa s te r*  fo r  fewer m igrations w ill  be necessary b efo re  the  

correct sequence of unsaturated lin k ag es  i s  A tta ined . In c y c lic  systems* 

r in g  size w il l  d ic ta te  th e  p re fe rred  sta te*  whether a lle ido*  ac e ty le n ic  

or polyenio* and th e  ease with which a ro m atisa tio n  can occur.

A b a s ic  c a ta ly s t  i s  necessary  -  u n less  th e  re a c tio n  i s  p y ro ly tic  -
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the a lie n s  o r  d iene does not seem to  occur* a t  le a s t  w ith  o c ta -1,

Hence* base ca ta ly sed  iso m erisa tio n  to  th e  allene* followed by fu r th e r  

m igration u n t i l  the  re a c tiv e  ce n tre s  a re  w ith in  a seven o r  e ig h t carbon 

chain  must occur. Anything sh o rte r , and i t  i s  im possible fo r  them to  

reac t; anything longer, then  re a c tio n  may not take p lace  o r  w il l  y ie ld  

only m acro cy d ies. T h ereafte r, i f  the  a llen e -d ien e , o r  ar^y o f i t s

eq u iv a len ts, i s  formed fo r  any leng th  o f  time* c y c lis a tio n  can occur in  

the manner depicted  i n  Scheme XVI • (+ See p . 4?) •

By rou te  A o f  the  scheme, the a llen e -d ien e  can be transform ed 

in to ; th e  m ono-substitu ted arom atic by a  D iels  A lder reac tio n ; by route 

B, the o -d is u b s titu te d  arom atic should r e s u l t .  Obviously, the  lo n g er 

th e  chain  len g th  o f  th e  s ta r t in g  diyne, th e  more l ik e ly  i t  i s  th a t  the  

o ^ d isu b s titu te d  isom er w il l  r e s u l t ,  f o r  m ig ra tion  o f  both  a c tiv e  c en tre s  

would be expected, and a  term inal a lle n e  o r  d iene  would not be expected 

to  e x is t  f o r  a  period  s u f f ic ie n t  f o r  re a c tio n . Also, th e  asym m etrically 

£ ~ d isu b s titu ted  isom er (where po ssib le) should become predominant w ith  

in c reas in g  ch a in  length* because, f o r  s t a t i s t i c a l  reasons* i t  i s  u n lik e ly  

th a t  both a c tiv e  c e n tre s  w il l  m igrate  a t  th e  same ra te  towards o r  away 

from each other* I n  s h o r te r  m olecules, e .g .  the octadiynea, th e re  i s  

in s u f f ic ie n t  scope f o r  s t a t i s t i c a l  d iscrim ination* and the  symmetrical 

isom er i s  predomin an t . However* i n  the products from both th e  deca- 

sdiynes* th e  asymmetrical isom er i s ,  a s  expected, predominant, w ith  the
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monoeubstituted Isomer le a s t  o f  the th re e . \ l f  only one group m igrated, 

then in  a l l  cases th e  (o-m ethyl) d isu b s titu te d  isomer, v ia  rou te  B, 

should r e s u l t ] .  The f in a l  rearrangement o f  th e  c y c lic  t r ie n e  (w ith  one 

double bond exp to  the s ix  aembered ring) can proceed e i th e r  by a  base 

ca ta ly sed  a l l y l i c  s h i f t ,  o r  by a  thermal rearrangement as  i n  the 

conversion o f  (171) to  to luene.

T his mechanism i s  adequate fo r  the  form ation o f  two isom ers only, 

i n  a  very d i lu te  b a s ic  medium. This mechanism, however, cannot be 

invoked f o r  the  form ation o f  the m* and £ - ^ le n e s  nor the  o th e r  c y c lic  

unsaturated  isom ers. One theory  held u n t i l  negated by experim ental 

t r i a l ,  was th a t [ i n  & manner s im ila r  to  th e  known1 methyl m ig ra tion  o f  

o th e r  a lk y l benzenes, where th e  a lk y l residue i s  o r  h ig h er J  e th y l-  

sbensene o r  o-gylene could rearrange i n  strongLy b a s ic  so lu tio n . This was 

not the case .

I t  was a ls o  p o ss ib le  th a t  th e  u n sa tu ra ted , notv-aromatic components 

o f  the  re a c tio n  m ixture somehow co n trib u ted  to  the  p roduction  o f  these  

o th e r  isom ers. I n i t i a l  experim ents showed th a t  th e  b a s ic  system 

normally used was th e  most e f f ic ie n t  i n  causing conversion o f  th e  t r i a l  

compound, oyo loocta-1 ,5 -d iene (?2) to  cyo loocta-1 ,5 -d iene  (175)* O ther 

systems t r i e d  were in f e r io r  i n  causing  double boxtf m ig ra t io n .  Although 

t h i s  b a s ic  system was used w ith  the  various m ethylcyclohepta-1, % 5- t r ie n e  

isomers (120 -  125) ,  none o f  them could be arom atized to  a w  o f  th e  

arom atic p roducts under th ese  experim ental eo n d itio n s . In stead
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equilibrium  m ixtures were formed o f  a l l  the  po ssib le  forms, i n  p ro p o rtio n  

to  the r e la t iv e  s t a b i l i t y  o f each isom er. The form ation o f a m ixture o f 

th e  1- ,  2~, and J-methyl isom ers from the  y-^s^byl isom er ( 120) which 

can be syn thesised  in  two easy s ta g e s j  c o n s ti tu te s  the  sim plest sy n th es is  

y e t o f  these  isom ers.

88C ycloocta-1 ,% 5*tr ie n e  was known to  form i t s  valence isom er, 

bicyclojTt: 2: oj o c ta -2,  4-diene (102) re a d ily  on h ea tin g  in  the  absence o f  

base. Treatment o f  cycloocta-1 , % ̂ - tr ie n e  w ith  base gave a  product 

con ta in ing  ethylbenxene in  a d d itio n  to  the s ta r t in g  m ateria l and i t s  

valence isom er (102) • This i s  not too  d i f f i c u l t  to  exp la in , f o r  the 

y ie ld  was low, and th is  means th a t th e  ethylbenxene was probably formed 

from the  b ic y c lic  form as  shown i n  Scheme XVII. Again no o th e r  arom atic 

compounds could be d e tec ted .

I n  a  lik ew ise  manner (a s  mentioned on p. 55 )•  treatm ent o f  a  

crude m ixture o f  o c ta -1, 2-d ien e-7-y n® (159) octSi-1, J-diene-y-y*1®

(140) w ith  base re su lte d  i n  the  usual products, w ith  the  and xylenes 

forming only 1 yjL o f  th e  to ta l  product. Hence th i s  a lso  i s  not an 

in term ed iate  fo r  the  form ation o f  these  s tru c tu r a l ly  rearranged aroma t i c s .

A now m echanistic rou te  fo r  t h e i r  form ation had th e re fo re  to  be proposed, 

one which must in c lu d e  the  form ation and rearrangement o f  in te rm ed ia tes  

con ta in ing  cyclopropane r in g s .

P ro to  tro p ic  rea r r angement o f  double bonds w ith in  c y c lic  and a c y c lic  

systems i s  w ell a u th en tic a te d . T racer s tu d ie s  have shown th a t  the

i



46

m igration o f  atoms in  the manner shewn by two examples, c y c lo o e ta - lp 3, 5-

tr ie n e  (scheme XVHI) and indene (Scheme XIX) a re  o f  widespread occuriv 
153

sence. However, i n  the apparen tly  s im ila r  s e r ie s ,  th e

equilibrium  between (184), (104), and (185) i s  w ell e s ta b lish ed , more

akin, to  th e  re la te d  in te rco n v ers io n  o f (186) w ith  (187)>and (188) w ith  

133(189)* I n  each case, a  cyclopropane r in g  may be taken as equ ivalen t

to  a  double bond, and p ro to tro p ic  rearrangement causes in te rc o n v ers io n  o f 

theae sp ec ie s .

The most famous case, and one which i s  s t i l l  causing controversy,

i s  the  cyclohept a t r ie n e  -  noroaradlene (190) equ ilib rium . The re ac tio n s

o f  these compounds a re  such th a t  e i th e r  s tru c tu re  could be the  p a r t ic ip a n t

in  some cases , bu t recen t work has shown th a t th e  cyclohept a t  r len e  seems 

144to  be predom inant. This does not c la r i f y  the  is su e , f o r  s tru c tu re  

(191) ,  (ob ta ined  from pyclopentadiene) i s  converted only a t  high 

tem peratures to  ( 192) and not cyeloheptadiene a s  would be expected by 

comparison o f th e  p roducts (194) and (196) from the analogous re ac tio n s  

o f  th e  cyclohept adiene and eyolooctadiene d e r iv a tiv e s  (193) *rel (193)♦ 

Again, anomalous r e s u l t s  a re  obtained from th e  therm al p y ro ly s is  o f  th e  

oydohexadiene derivative^®  ( 197)» acy c lic  products such a s  (196) being  

formed.

T his s i tu a t io n  i s  com plicated even fu r th e r , f o r  work i n  th e  

terpsne f ie ld  has provided p r a c t ic a l ly  Id e n tic a l ,  bu t c o n f l ic tin g  p a ir s  

o f  re a c tio n s . D ehydrobroaim t io n  o f  ( 6) and (8) ,  (a lread y  quoted i n
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oycloheptadiene (4 ) , th e  o th e r  the  arom atic |>-cymene (10) t t  A s im ila r  

p a ir  o f  reac tio n s  e x is ts  i n  the p rep a ra tio n  o f oxepin (42), which i s  more 

s tab le  as the  seven membered x in g ^  ra th e r  than  the  b icy c lo  (4 1 ), and the  

reac tio n  o f  benzene w ith  dicyanocarbene, which produces th e  b ic y c lic  

compound (4J), and i s  converted a t  l6o° to  the  arom atic d e r iv a tiv e  (44)1 

Out o f  t h i s  melange o f  r e s u l ts ,  only one po in t emerges c le a r ly  -  th a t  

th ere  i s  a  m echanistic  c a r te  blanche and each case must be tre a te d  on 

i t s  own m e rits .

Fbr a  v a r ie ty  o f  reasons, embodied in  th e  examples quoted, the  

form ation o f  the arom atic and c y c lic  unsatu ra ted  compounds from 

o c ta -1, 7-d iyne i s  thought to  be b e s t represented  by Schemes XX, XXI, and 

XXII.

Assuming form ation  o f  the  a llen e -d len s  (199) hy th e  rou te  

already  d iscussed , followed by an in te rn a l  D ie ls  Alder re a c tio n  which 

sim ultaneously generates a cyclopropane rin g , le a d s  to  the  form ation o f  

(200). As th e re  a re  various a l l y l i c  p ro tons which could be ab s tra c ted  

by a  nucleophile f b r  fu r th e r  rearrangement, each w il l  be considered 

sep a ra te ly .

f t i r th e r  p ro to tro p ic  rearrangement by rou te  C would produce 

o-xylene, and th e  fh o t th a t  i t  could a r is e  by two d if f e r e n t  mechanisms 

(Scheme XVI a s  w ell) may account f b r  i t s  being  th e  major p roduct.

Boute D would le a d  to  th e  form ation o f  th e  in te rm ed ia te  (201), which
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could e i th e r  he converted to  m-xyler» as shown, o r  i t  could undergo 

fu rth e r  rearrangem ent, aa i l l u s t r a t e d  f u l ly  in  Scheme XXI (d iscussed  

below) • Route 8  would be expected to  produce 2-m ethylcyclohepta triene 

(122)» bu t a s  base treatm ent o f  any m ethyloy& oheptatriene Isomer fo ras  

an equ ilib rium  m ixture, th i s  w i l l  rearrange fu r th e r  and produoe th e  

o th er isom ers. No f u r th e r  iso m erisa tio n  o f  the m ethy loycloheptatrlenes 

i s  expected.

As mentioned, (201) can rearrange in  two ways, the  f i r s t  y ie ld in g  

xylene* th e  second, ̂ Scheme XXL which has an analogy i n  th e  s te ro id  

f i e ld * ^  (20J) to  (204)J would form (202), which could be converted i n  

tu rn  to  £-aorlene by ro u te  R, o r  regenera te  compound ( 201) and produce 

more m-xylene as  shown in  rou te  J ,  The f a c t  th a t  th e re  i s  always an 

aporoximately 5s 1 r a t io  o f  w-xylene to  j>»xylene would tend  to  support th i s  

mechanise, Compound (202) could a ls o  a r is e  d i r e c t ly  from (200) a s  shown 

ly  ro u te  G. This appears f e a s ib le  from a  co n s id e ra tio n  o f  m olecular 

models, b u t no an a lo g ies  have been found f o r  i t  i n  the l i t e r a t u r e ,

th e  l a s t  o f  th e  unsa tu ra ted  compounds, cycloocta*-l, 5, 5- t r le n e ,  

oould be formed by e i th e r  ro u te  X o r  L as shown i n  Scheme XXH, The 

former ro u te  invo lves an  in te rn a l  O ld s  A lder o f  compound (199)* 

form ation o f  th e  b ic y c lio  valence isom ers, and r e a r r angemen t o f  th ese  to
00

the trien e*  On th e  o th e r  hand, a  very recen t l i t e r a tu r e  rep o rt 7 claim s 

the form ation o f  (101) d i r e c t ly  from th e  te tre e n e  ( 105a), and a s  t h i s  type 

o f  molecule had been d e tec ted  sp eo tro sco p ica lly  i n  the course o f  th ese
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s tu d ie s , i t  seems th a t  i t  could rearrange d i r e c t ly  to  the ey cloco ta- 

1, % 5 -tr ie n e , w ithout th e  interm ediacy o f the  b ic y c lic  forma*

These mechanisms provide an exp lanation  o f the products formed 

by base c a ta ly s is  o f  octa-1* 7-diyne o r  octa-1 , 2-diens-7~yn©. However* 

the l a t t e r ,  when heated  w ithout base, a lso  arom atised to  a considerab le  

ex ten t, bu t the  m- and g -xylenes were the ma,jor arom atic products (oct&~ 

i , 7 ”diyne could not be therm ally isom erised). No reason can be foun/i 

fo r  th i s ,  except th a t  obviously the  mechanisms i n  Schemes X X X X I I  must 

be dominant, r a th e r  than  th a t  o u tlin ed  in  Scheme XVI.

81* A recent ooomunioation provides proof for the preferential

formation of the oie-allylio anion fora of an olefin during base catalysed 

isomerisation in & strongly basic solution* Variations in the rate of 

isomerisation are dependent on the base employed, particularly the cation* 

Similarly it Is found that U-shaped pentadieoyl anions are more stable 

than other planar forms, although the corresponding transold dienes are 

more stable than the ciaoid dienes*

Henoe this observation lends weight to the aeohanian proposed in 

this thesis, insofar that an energetic preference has been shown to exist 

for the tarnation of oisoid lonLo fbxme, and thus eyblisatlon will be so 

a w h  more facile*



Tetrabromide I

s 7 till *®I 91

Tetrabromide I I

N.m.r. sp ec tra  (CDC1,) of the isom eric 1 ,2 ,5#6-tetrabrom ocyclo-
: octanes.

x = CHC1,.7

Figure l 6



Tetrabromide I

4 0 -

3000 2000 1000ISOO -1
CM

Tetrabromide II

8 0 -

60

2 0 -

14003000 2000 1000

Infrared spectra (nujol mulls) of the isomeric 1 ,2 ,^ ,6 -  
tetrabroraocyclooctanes•

F i g u r e  1 7 *

/



S O T I O N  V I

Preparation and Pehyci robromination o f the Tetrabromocycloootanss

As was stated b r ie f ly  in  the introduction, W illis  succeeded in

preparing  benzocyol obutene by dehyd robromi nati ng to t rab romocy cloce fc ana.

Of the  o th e r  compounds formed concurrently with bansccyelobutene, styrene

43and oyo loocta te traene  wore id e n tif ie d  by W illis . As other compounds

were a lso  kncsn to  be p r e s e n t ,  a  rep etitio n  o f th is  work was undertaken

w ith  the  in te n tio n  o f  id e n tify in g  them, and in  the process perhaps

e lu c id a tin g  th e i r  mode of formation -  as was dons with the octa«*l„7“

diyne iso m erisa tio n .

Brom ination o f  cyo loocta-1 ,5 -d iene gave a much sm alle r y ie ld  o f

co lo u rle ss  c r y s ta ls  than  reported  by W illis . (Bromination w ith

brom ine/carbon te tra c h lo r id e  gave a  b e t t e r  y ie ld )  • Moreover# published 
146l i t e r a t u r e  d a ta  corroborated  t . l . o .  evidence th a t  th e  product co n s is ted  

o f  two isom ers and not one as  claimed by W illis . Indeed, comparison 

( t . l . o . #  i . r . ,  n .m .r. and m .p.) o f  f re sh ly  prepared m a te ria l w ith  a  

sample o f  W ill is ' showed bo th  to  c o n s is t o f  th e  same two isom ers. These 

isom ers were sepa r ab le  on a  s i l i c a  column# and were ob tained  a s  c o lo u rle ss  

o z y s ta ls  o f  m.p. 1) 5°  and 1J8°  re sp ec tiv e ly  ( a  m ixture o f  th e  isom ers had

■ .p . 100 -  1 1 0 °).

furthermore# both th e  n#m#r. and in fra re d  sp e c tra  were 

s u f f ic ie n t ly  d i f f e r e n t  (F ig s . l 6# 17) f o r  some deductions to  be made about
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t h e i r  probable s tru c tu re . As both analysed fo r  and ga^©

ey c lo o c ta -1 ,5-d iene on debroraination w ith s in e , i t  seems c e r ta in  th a t  

they a re  both 1 , 2 , ^-tetrabrom ocyclooctanes. Assuming tran a  ad d itio n  

o f  bromine to  the double bonds* arx3 excluding any p o ss ib le  tranaannu lar 

mechanism, only two co n fig u ra tio n a l isomers can e x is t .  These are  (20^) 

and (206). The form er has the p a ir s  o f  bromine atoms a n t i  to  each

o th e r, w hile the l a t t e r  has them qyn. The a n t i  isomer, (205) * would have

a l l  i t s  bromines pseudo-equatorial £as in  th e  most l ik e ly  conform ation

(207) ] ,  w hile the  syn isom er ( 206) would have a t  b a s t two a x ia l and two 

e q u a to r ia l [as in  (208)]*

As s ta te d  befo re , the  in fra re d  sp ec tra  o f these two isomers 

(Nujoi mull; F ig , 17) d isp la y  d iffe re n c e s  which p e r s i s t  in  the  so lu tio n  

sp e c tra  (CSg) • S tud ies  a re  i n  p rogress to  determ ine w hether any 

s ig n if ic a n t  c o r re la t io n s  can be made from th e  ab so rp tio n  sp e c tra  o f th ese  

isom ers a t  tem peratures o th e r  than  ambient. Some u sefu l deductions can, 

however, be made from the n ,m ,r, sp e c tra  run a t  ambient tem perature

( FLg, l 6) • The spectrum o f  Tetrabromide I  c o n s is ts  o f  sharp  peaks in

th re e  groups, w hile th e  spectrum o f Tetrabromide H  d isp la y s  only two 

broad peaks (w ith  only in d ic a tio n s  o f  fu r th e r  s p l i t t i n g ) .  These types 

o f  sp e c tra  a re  c h a r a c te r is t ic  o f  fixed  and f le x ib le  conform ations i n  

each c ase , Hence a t  ambient, th e  f i r s t  isom er i s  i n  a  r e la t iv e ly  r ig id  

conform ation (p o ss ib ly  a l l  eq u a to ria l brom ines), w hile  the  second 

probably c o n s is ts  o f  an equ ilib rium  m ixture o f  sev era l conform ers.
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Again,, studies o f  the spectra o f these i s  oners run at higher an3 lower 

temperatures, should show whether th is  i s  the correct in terpretation  o f  

these features.

The id e n t i ty  o f each Tetrabromide seemed so in te re s t in g  th a t  an 

X-ray in v e s tig a tio n  (by Dr. W. O berhansli) has been made o f Tetrabromide XI, 

and prelim inary  r e s u l ts  (R f a c to r  o f 2C$) have shown i t  to  have one p a i r  

o f  bromine atoms e q u a to r ia l, and the  o th e r  p a i r  a x ia lly  o r ie n ta te d , as  in

(208), i n  the c r y s ta l l in e  s ta te .  Hence, on the b a s is  o f  th e  mechanism 

o f  a d d itio n  o f bromine atoms to  double bonds, the o th e r Tetrabromide ( l)»  

should possess the  co n fig u ra tio n  i l lu s t r a te d  by ( 207)*

The next s tag e , W illis* dehydrobromi n a tio n  o f  the  tetrabrom o- 

cyclooctane. was attem pted a f t e r  the  above physica l and chemical d a ta  had 

shown th a t  both  isom ers possessed e ig h t membered rin g s  and were not 

rearranged s k e le ta l ly .  This dehydrobromi n a tio n  was e ffe c te d  by h ea tin g  

a  m ixture o f  them (8  h r s .)  w ith  th e  usual agent (potassium  te rt-b u to x id e ,

J m olar ex cess). The product had in fra re d  and u l t r a v io le t  sp e c tra l 

p ro p e r tie s  (F ig . 18) id e n tic a l  to  those reported  by W illis  f o r  h is  

p roduct. Prominent peaks i n  th e  in fra re d  could be asso c ia ted  w ith  o le fix d c  

ols double bonds, (3  l640, l 6 l0 , 710 cmT1) ,  an l w ith  the

o -d is u b s t itu t io n  p a tter n  o f  b en zocyclob uten e ( 3 7 90 , 72^ cm7* ) .
The u l t r a v io le t  spectrum had ab so rp tio n  a t  A ^ ^ e 3Canc 260,  266,  2J2 y*.* 

( in d ic a tiv e  o f  bensocyclobutene). superimposed upon a  b ro ad er ab so rp tio n  

over t h i s  range (F ig . 1 8 ).
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A naly tical $5, I . e .  (F ig , l^a) o f the product on a  v a r ie ty  o f  

columns confirmed the  presence o f  benzocyclobutene (^ 2$)» and showed 

sty ren e  (7/0 # cy c lo o c ta te traen e  ( 1$) and a  major unknown (42$) to  be 

p resen t a lso . As the  to ta l  y ie ld  o f  products was 40$, th e  a c tu a l y ie ld  

o f  bensocycl obut ene was only 1J$, in  c o n tra s t to  W illis* estim ated  y ie ld  

o f  25$ and 2Q$ by in fra re d  spectroscopy and chemical degradation  to  

p h th a lio  anhydride.

A study o f  th e  v a r ia t io n  in  com position over 24hrs. during a  

re a c tio n  was made by withdrawing a liq u o ts  a t  re g u la r  in te rv a ls ,  examining 

th e i r  con ten ts  by a n a ly tic a l g . l . o . ,  and p lo t t in g  g ra p h ica lly  th e  

com position versus time (Fig* 20) • From th i s  i t  i s  obvious th a t  re ac tio n  

i s  very rap id , equ ilib rium  i s  reached in  5 h rs . and l i t t l e  change occurs 

a f t e r  7 tun* I n i t i a l l y ,  a  high p ro p o rtio n  o f  th e  re a c tio n  m ixture 

c o n s is ts  o f  cy c lo o c ta te traen e ; th i s  means th a t  dehydrobromination must 

be very rap id  to  b u ild  up such a  high concentration* T h e rea fte r  the 

cy c lo o c ta te traen e  co n cen tra tio n  decreases s te a d ily , w hile th e  o th e r  

c o n s titu e n ts  (e sp e c ia lly  th e  o th e r  major one l a t e r  id e n tif ie d  as  cyclo- 

:o c ta - l ,  5, 5 - tr ie n e )  in c rease  a t  a  s im ila r ly  steady rate*  The co n cen tra t-  

l i o n  o f  bensooyolobutene, once formed, s tay s  a t  a  co n stan t le v e l ,  whereas 

oyolooota^l, % 5 - tr ie n e  s t a r t s  to  decrease a f t e r  ^  17 h rs* , probably due 

to  decom position. The s ty ren e  (a s  w ell as  o th e r  minor products) i s  

formed a t  the  same r a te ,  bu t ag a in  i t  decreases slowly during  th e  

oourse o f  reaction*



A® both Tetrabrom ides I  and IXwere av a ilab le  pure* i t  was o f 

in te re s t  to  see w hether t h e i r  s tru c tu ra l  d iffe ren ces  bore any r e la t io n  to  

product com position. Accordingly* dehydrobromi n a tion  w ith the  same 

agent (J  m olar excess* 10 h r s .  a t  l6o°) y ielded  the follow ing r e s u lts  -  

which a re  included i n  Table V III. In  both cases the q u an tity  o f 

benzooyclobutene and sty ren e  i s  g re a te r  than  obtained before from the  

mixture o f  I  and II*  (although the y ie ld s  a re  50$ and J O f re sp ec tiv e ly  as 

compared to  4C£ f o r  th e  m ix ture). The sim ultaneous decrease o f the  

major urknown compound ( id e n ti f ie d  lA te r  as cycloocta-1* % ̂ - tr ie n e )  could 

be due to  th e  lo n g e r re a c tio n  time and i t s  r e su lta n t removal through 

decomposition* (The low er y ie ld  from I ,  and the  sm aller q u an tity  o f 

cy c lo o c ta -1 ,5 ,5 - tr ie n e  i n  the  product mixture* supports th i s  hypothesis* 

though decom position could a lso  occur during  the  ex tra c tio n  process) •

Hence i t  must be concluded th a t  th ere  i s  no s ig n if ic a n t d iffe ren c e  i n  

com position between th e  end products derived  from e i th e r  tetrabrom ide*

This and th e  f a c t  th a t  th e  same isom ers a re  obtained from each tetrabromide* 

suggests th a t  th e  in te rm ed ia tes  i n  each case a re  s im ila r  o r  in te r -  

i convertib le* o r  th a t  th e  conform ation o f  each tetrabrom ide p r io r  to  

dehydrobroeination i s  th e  same*

As a  f i l t e r e d  ab lu tio n  o f  th e  base had been employed su ccessfu lly  

to  produce only o-xylene and ethylbensene from o c ta -1* 7-d iyne, a  s im ila r  

s im p lif ic a tio n  o f  product was hoped f o r  w ith  the  te trabrom ides*

Accordingly a  s o lu t io n  o f  th e  base i n  diglyme was f i l t e r e d  through
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sintered g la ss  under nitrogen, titra ted  to estimate the amount o f  base 

in  so lu tio n , and an a liq u o t of th is  (su ffic ien t to  provide a 6s 1 molar 

r a t io  o f  base to  tetrabrom ide) was employed fo r  the dehydrobromination. 

However, though th e  q u an tity  o f cycloocta-1 ,5*5 -triene  was diminished 

(Table V III; 24£) i t  was not elim inated , though benzocyclobutere (57/0 

and s ty ren e  ( 55*) between them accounted fo r  a l l  the  r e s t .

Another I n te re s t in g  re s u l t  was obtained when 5* 7-dibromocyclo- 

; o c ta -1, 5-d ien e  (155*0 was heated under re flu x  w ith  the  base (Is 8 molar 

ra t io )  to  produce bensooyolobutene (4430# sty rene (550* c y d o o c ta -  

s te tra e n e  ( 9*) and cyo loocta-1, 5, 5- t r le n e  ( 52jt) -  comparable w ith  the 

y ie ld s  from th e  te trab rom ides. Though th is  i s  not d ire c t  evidence fo r  

the p a r t ic ip a t io n  o f  t h i s  p a r t ly  dehydrobrominated tetrabrom ocyclooctane 

i n  th e  dehydrobrom ination reac tio n , i t  does perm it th i s  s tru c tu ra l  type 

to  be p o s tu la ted  as  an  interm ediate* This po in t -  and a  d iscu ss io n  o f 

the r e la t iv e  s t a b i l i t i e s  o f  dibromocyclooctadienes •  i s  presented more 

fu l ly  i n  the  s e c tio n  on th e  mechanism o f  dehydrobromination and 

i  som erlsat io n .

66A very recen t re p o rt described  the dehydrobromination o f  the  

tetrabrom ocyolooctanes w ith  potassium te rt-b u to x id e  in  dim ethyl- 

t aulphoxide (HQ0) to  produce only sty rene ( 22f )  and cy e lo o c ta te t reene 

( 7 # ) .  This work has been repeated in  the p resen t study* using  s im ila r  

cond itions ( th e  au th o rs  do not provide f i l l  d e ta i l s ) .  H eating o f  the  

te trabrom ides i n  1M90 w ith  potassium  te r t-b u to x id e  (1*5 m olar ra tio )  a t



20° fo r  24 h rs , and a t  70° fo r  a  fu r th e r  6 h rs . y ielded a bromine fre e  

product, composed o f  cycloocta te traene  (&&%), styrene ( 2($ ) , and benzo- 

5 oyclobutene (4£), bu t no c y c lo o c ta - l,5 ,5 ~ tr ie n e . R ep e titio n  o f th is  

reaction , but h ea tin g  a t  80-90° fo r  24 h r s . ,  y ie lded  a  product con ta in ing  

cyclooo ta te traene  ( 26$C), s ty rene  ( 6j0 , benzocyclobutene (1  Jf) and a  host 

o f  o th e r products ( a l l  w ith  sh o r te r  ^  on g . l . c . )  • Hence, benzocyclo»

5butone i s  produced, though the  amount i s  dependent upon reac tio n  

tem perature. I t  i s  not l ik e ly  th a t  dehydrobromination should be slow er 

a t  higjher tem peratures, so th e  lower y ie ld  o f cyc loocta te traene  and 

styrene may again  be due to  e i th e r  fu r th e r  reduction , o r  decomposition, 

ra th e r  th an  a  fundamental d iffe ren ce  i n  the  mechanism.
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SECTION VII

Iso m erisa tio n  o f  Cycloocta^l* 5» 5*7~tetraene.

P revious woik hy W illis  had shown th a t  cydLooctatetraene (a  

probable in te rm ed ia te  in  the  dehydrobromination o f  the  Tetrabromocyclo- 

: octanes) could be induced to  rearrange by base treatm ent to  an id e n tic a l  

a e r ie s  o f  products (under cond itions s im ila r  to  those i n  th e  dehydro- 

; brom ination) . As in  the dehydrobromination* th e  rea c tio n  m ixture was 

cam ple^ and W illis  was ab le  to  id e n tify  only two o f  the  products 

(bensocyolobutene and s ty re n e ) . He reported  th a t th e  products from both 

re ac tio n s  were the same* though the  components were p resen t i n  d if f e re n t  

p ro p o rtio n s ( g . l . o . ) .  Accordingly, fu r th e r  s tu d ie s  were conducted to  

id e n tify  t h e i r  products and observe the  e f f e c ts  o f  d if f e r e n t  re a c tio n  

co n d itio n s .

C yclooctatetraene, when heated under re f lu x  (8  h rs  a t  150°) w ith  

a  Is 4 m olar r a t io  o f  potassium  te r t-b u to x id e  in  diglyme gave an o i l  i n  

about 40£ y ie ld .  This had the  same sp e c tra l c h a ra c te r is t ic s  as did the 

product from th e  dehydrobromination o f tetrabrom ocyclooctane! (  ^ IBflT
790. 750, 725. 710 0-uX; \  «•>»»»"• 259, 266, 272 n̂ . pl«. 21, 

o f .  * lg . is) . tm b*fo re , g . l . c .  (M g. 19b) oonfliM d th e

presenoe o f  bensopyelofeutene ( 9JC)* s ty ren e  ( 2#)* cy c lo o c ta te traen e  ( l£ )  

and th e  m ajor unknown (J7* ; c y d o o c ta -1* 5* 5- t r ie n e )  « th e  rem ainder o f  

th e  m ixture co n s is ted  o f  m a te ria ls  w ith  s h o r te r  re te n tio n  times* presumed



1  1 I  -  ‘  ‘  1 * « » 1 ‘  —  I  -  - 1

24 22  2 0 19 16 14 12 10 •  6 4 2 MIN

Gut 4Cut 5

22 20 MIN

P rep ara tive  a . I . e .  sep a ra tio n  o f  the products from the  
iso m e r isa t io n  o f  c y c lo o c ta te tr a e n e , a f t e r  8 h rs . (A ), and 24 h rs . 
(B) r e s p e c t iv e ly .

C onditions; 2$% 'Cyano rP*, 1^’ x |r ** o .d .

A. 1 1 5 ^  l^O m l./m in .

B. 120°, 1&0 m l./m in .

F i g u r e  2} .



58

to be reduced products.

A time study (F ig . 22) o f  the  re ac tio n  oyer a period o f  24 h rs . 

was effec ted  in  the same way as befo re , ( i . e .  withdrawal o f a liq u o ts  and 

exam ination by <5. I . e . ) .  Trends s im ila r  to  those observed in  the 

dehyd rob rood n a tio n  study were noted. Thus the  q u an tity  o f cycloocta- 

: te tra e n e  decreased s te a d ily  throughout the reac tio n , w hile the o th er 

c o n s titu e n ts  increased  in  p roportion . A steady s ta te  was es tab lish ed  

f a i r ly  rap id ly , and as before, a l l  the unstab le  c o n s titu e n ts  s ta r te d  

to  decrease a f t e r  about 8 h r s . ,  again  probably through decom position.

The q u an tity  o f benzocyclobutene, once formed, stayed co n sta n t. The 

"tim e lag* befo re  cy c lo o c ta -1, % 5- t r ie n e  appears i s  probably due to  an 

i n i t i a l l y  low er re a c tio n  tem perature as compared to  the  dehydrobromination 

re a c tio n  tem perature (due to  d i f f i c u l t i e s  i n  reproducing id e n tic a l  

re a c tio n  tem peratu res).

A naly tical g . l . c .  confirmed th a t  th e  products from both the 

dehydrobrom ination and d ire c t  iso m erisa tio n  o f cy c lo o c ta te traen e  were 

very s im ila r  (F ig s . 19a, 19b), though the  l a t t e r  contained more secondary 

p ro d u cts, For t h i s  reason, th ese  were the  products th a t  were subjected  

to  p rep a ra tiv e  g . l . c ,  in  an  attem pt to  id e n ti ty  the  secondary c o n s titu e n ts . 

P re p a ra tiv e  g . l . c .  o f  a re a c tio n  product obtained i n  the  usual manner 

(8  h rs . re f lu x  a t 150°) y ie ld ed  f iv e  c u ts  (F ig . 2 Ja ), each o f  which was 

rechrom*togrephed, to  check fo r  p u r ity . Cuts 5 and 1 contained one 

component each; Cut 1 was In  in s u f f ic ie n t  amount to  be d e tec ted ; Cut 2
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was & m ixture o f  a t  le a s t  two compounds* w hile Cut 4 showed a new peak, 

w ith  s h o r te r  re te n tio n  time, as w ell as the  main compound. This second 

component could not have been p resen t o r ig in a lly  in  th a t  cu t; the 

exp lanation  must be th a t  i t  i s  formed by thermal iso m erisa tio n  o f  the 

main component on rechromatography. This exp lanation  seemed q u ite  

s a tis fa c to ry  once th e  id e n t i ty  o f  Cut 4 had been e s ta b lish e d .

When co l Lecting the  c u ts , no attem pt was made to  c o l le c t  the  

peaks due to  cy c lo o c ta te traen e  o r  sty rene, as they  were small and tended 

to  decompose ex ten siv e ly  p r io r  to  c o lle c tio n . Bensocyolobutene (a s  

expected) c o n s titu te d  Cut 5 and i t s  id e n ti ty  was confirmed by 

spectro scop ic  comparison ( i . r . ,  u .v . ,  rum .r.) w ith  an au th en tic  sample. 

Cut 4 was a lso  c o lle c te d  in  s u f f ic ie n t  amount to  enable determ ination  

o f  i t s  in fra re d , u l t r a v io le t  and n .m .r. sp ec tra . Prom these , i t  was 

u n h e s ita tin g ly  id e n t i f ie d  as  c y c lo o c ta -1 ,5 ,5 - tr ie n e . (The appearance o f

a  peak w ith  s h o r te r  ^  on rechromatography can be ascribed  to  th e  

g en e ra tio n  o f  b icyclo£4 :2 :0 joc ta»2 ,4 -d iene , ( 102), i t s  valence isom er). 

Comparison o f  g . l . c .  c h a ra c te r is t ic s  and sp e c tra l d a ta  l e f t  by W illis , 

confirmed th e  fa c t  th a t  t h i s  was h is  m ajor unknown, fo r  which he 

suggested a  b ic y c l ic |4 :2 :o ]  s tru c tu re .

(lone o f  th e  o th e r  th re e  c u ts  were id e n t i f ie d .  Cut 1 was 

in s u f f ic ie n t  f o r  any sp e c tra l  measurements; Cut 2, a  m ixture o f  a t  

l e a s t  two compounds had 218, 248 i y t i n  the  u l t r a v io le t .  Cut )

had sp e c tra l c h a r a c te r is t ic s  ( i . r . ,  u .v . ,  n .m .r» ), which resembled those
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o f 2-m cthylcyclohept& triene ( 122) ,  but could not be assigned to  any 

known con pound.

This iso m erisa tio n  re ac tio n  was repeated to  o b ta in  more m ate ria l; 

th is  time heating  was continued fo r  24 h r s , ,  a f t e r  which the  products 

were subjected to  p rep ara tiv e  g . l . c .  (which again  gave fiv e  cu ts ; Fig. 25b ) . 

A naly tical g . l . c .  o f  Cuts l - J  showed th a t Cut 1 contained th ree  compounds;

Cut 2 only one, w hile Cut 5 e i th e r  decomposed o r isom erised, fo r  two peaks 

appeared w ith  s h o r te r  than  the o r ig in a l cu t had.

Cut 5 was, aa before, shown ( i . r . )  to  be benxocyclobutene. The 

id e n t i ty  o f  Cut 4 was not checked, but Cut }  had an in fra re d  spectrum 

id e n tic a l  w ith th a t  o f  e thy l benzene, and no u l t r a v io le t  absorp tion  could 

be detec ted  a t  th e  con cen tra tio n  used. This assignment could not be 

su b s tan tia te d  through lack  o f  an lum .r. spectrum, and as the  g«l»c. o f 

t h i s  sample was anomalous, i t s  id e n t i ty  cannot be taken as proved.

The in fra re d  and u l t r a v io le t  sp ec tra  o f  Cut 2 were id e n tic a l  to  

those o f  Cut J i n  the  previous sep ara tio n , though s l ig h t  d iffe re n c es  were 

apparent in  t h e i r  n«m.r. sp e c tra . The mass spectrum o f  th is  component 

a ls o  showed a p aren t io n  a t  * /e  106, corresponding to  C ^ g  * equ ivalen t 

to  a  doubly reduced cy c lo o c ta te traen e . This compound could not be 

id e n tif ie d  fu r th e r .

Cut 1, though a  m ixture o f th ree  components, had an u l t r a v io le t  

spectrum s im ila r  to  Cut 2 o f the previous sep ara tio n , but although i t s  

in f ra re d  and n .n . r .  sp e c tra  were obtained, th e  s tru c tu re s  could not be
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id e n t i f ie d .

These 'o u t  o f sequence® cu ts  during preparative g . l . c .  can be 

explained by the  ra t io n a le  o u tlin ed  on p.128 , i . e .  Cuts 4 and 5 

correspond, but i n  each case these a re  preceded in  ac tu a l fa c t by fou r 

compounds, o f  which only th re e  could be co llec ted  ( th i s  was confirmed 

by a n a ly tic a l g . l . c . )  • This confirm s W illis ' observation  th a t  the 

re a c tio n  period does a f fe c t  the natu re  and p ro p e rtie s  o f the end products, 

e sp e c ia lly  as  th ese  seem to  be e i th e r  reduced d e r iv a tiv e s  o f  cy cloocta- 

s te tra e n e  o r  isomers th e reo f.

Sim ultaneously w ith  th e  work on th e  c h a ra c te r is a tio n  o f  the  

products from the iso m erisa tio n  o f  cy c lo o c ta te traen e , a  s e r ie s  o f 

experim ents was c a rr ie d  out w ith  a v a r ie ty  o f  reagen ts and re ac tio n  

co n d itio n s . These a re  described  In  the follow ing passages, and the 

r e s u l ts  a re  summarised i n  Table IX.

( i )  When cy c lo o c ta te traen e  was heated under re f lu x  (w ith 

various p roportions o f potassium  te r t-b u to x id e  i n  diglyme fo r  

10 h r s .)  iso m erisa tio n  to  the  usual products occurred each tim e. 

However, when phenothiasine (a  fre e  ra d ic a l scavenger) was 

added, the q u a n tity  o f  cy cloocta-1, J , 5- t r ie n e  formed was much 

reduced. (T his r e s u l t  i s  d iscussed  fu r th e r  in  th e  m echanistic 

sec tio n ) •

( i i )  When a weaker base was employed (potassium  hydroxide in  

diglyme) th e  ex ten t o f  conversion to  th e  usual products depended



veiy much upon reaction time, longer period© o f  reflux causing 
more extensive conversion*

A f i l t e r e d  so lu tio n  o f  potassium te r t-b u to x id e  in  diglyme* 

to  which was added cy clo o cta te traen e  (m olar r a t io  I s l  o r  2s 1) ,  

was a lso  e f fe c tiv e  but conversion was much le s s  ra p id .

No iso m erisa tio n  occurred when e i th e r  potassium  te r t-b u to x id e  

i n  bu tanol, o r  potassium  hydroxide on alumina, o r  so lid  potassium 

hydroxide were used as  ca ta ly s ts*

C yclooctatetraene, when heated in  con tact w ith  so lid  

potassium te r t-b u to x id e  (about 1^0°) was com pletely isom erised to  

a  m ixture o f  the  isom eric xylenes ( 22% t o t a l ) ,  and ethylbensen© 

(5Q?0 as determ ined by g*l*o* and in fra re d  spectroscopy* A 

s e r ie s  o f peaks w ith  s h o r te r  ^  values was a lso  seen in  the  g . l . c .  

t ra c e .  th e se  were presumed to  be fu r th e r  reduction  products o f  

cy c lo o c ta te traen e . The is o la t io n  o f  m ateria l te n ta t iv e ly  

id e n t i f ie d  as e thy ltensene  from th e  iso m erisa tio n  o f  cyoloocta- 

i te tra e n e  w ith  a suspension o f  potassium te r t-b u to x id e  in  diglyme 

now becomes more c re d ib le , (p . 6o ) •

C ycloocta te traene, bensoeyclobutene, o r  s ty rene  fa i le d  to  

re a c t on h ea tin g  (8  h rs . a t  l6o°) w ithout base i n  diglyme. 

Bensoeyclobutene o r  sty rene s im ila r ly  heated alone under re f lu x  

f o r  the same time, a lso  fa ile d  to  re a c t .
t

Siose bensoeyclobutene had been prepared from tetrabrom ocyclooctane
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by heating  w ith  potassium te r t-b u to x id e  in  DMSO (p . $ 6  ) ,  i t  was hoped to  

prepare i t  in  a s im ila r  manner from cy c lo o c ta te traen e , C yclooctatetraene 

in  a  so lu tio n  o f  DMSO con ta in ing  potassium te r t-b u to x id e  ( l j  2 m olar ra tio )  

was heated a t  ^ 75°  ^o r  2* h rs . E x trac tio n  o f the re ac tio n  m ixture in  

th e  usual manner y ie lded  no iso m erisa tio n  products, nor even any s ta r t in g  

m a te r ia l. Although the re a c tio n  was repeated, and the  e x tra c tio n  

technique m odified, no s ta r t in g  m ate ria l o r  product could be d e tec ted .

Hie reason fo r  th is  i s  unknown -  combination o f th e  cyclo o c ta te traen e  

w ith  th e  DMSO o r  complete decomposition may be the  answer.



SECTION V III

The Mechanism o f Base Catalysed Dehydrobromination 

and Isom eri8a tio n  o f the C  ̂ c y c lic s .

The X-ray s tru c tu ra l  a n a ly s is  had shown th s t  th e  Tetrabronocyclo-

5 octane I I  has s tru c tu re  (206) ,  best represen ted  by (208), in  which two

bromines a re  a x ia l, and two a re  e q u a to r ia l. Assuming s im ila r  tran a

a d d itio n  o f  bromine to  cycloocta-1,5*-diens, then  Tetrabromide I  must be

(20^)* represen ted  by (207), w ith  a l l  fo u r bromines e q u a to r ia l. The

n.ra. r .  sp ec tre  showed th a t even a t  ambient tem perature, s tru c tu re  (207)

was r e la t iv e ly  r ig id , and s tru c tu re  (208) f le x ib le .  At h igher tem peratures

i t  i s  to  be expected th a t both s t r ic tu r e s  would become more f le x ib le , and

th i s  has some s ig n if ic an ce  when considering  the mechanism o f th e i r

dehydrobrom ination,

W illis  has a lready  considered the cond itions fo r  bim olecular

1, 2-e lim in a tio n , where, as in  a l l  cases, the p a r t ic ip a tin g  species have to

be t ra n a -a n t i - t r a n a , In  the  cyclooctane molecule, as in  o th ers , tra n s

a d d itio n  o f  bromine to  the c i s  cycloalkane lead s  to  a  s i tu a t io n  where the

Hydrogen and f  bromine w il l  be m utually o is ,  and cannot a t t a in  the

necessary t ra n s  d ia x ia l  conform ation. Because o f  th is ,  p  , y  * e lim in a tio n

w i l l  be compulsory# and i t  would be expected th a t  the  r a te  o f  dehydro-

t brom ination would be dependent upon th e  ease w ith  which th i s  e lim in a tio n

could occur.
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d i f f i c u l ty  in  each bromine, reg a rd less  o f i t s  co n fig u ra tio n , a t ta in in g  

th e  requ ired  conform ation fo r  p  , e lim in a tio n . This appears to  be 

confirmed by a  study o f the m olecular models o f each isom er. Hence, 

p o s tu la tin g  a  fo u r s tage  dehydrobrcxnination as  in  Scheme XXIII, (209) 

would be the f i r s t  in term ed ia te  formed. T hereafter, i f  the second 

molecule o f  hydrogen bromide elim inated  involved th e  lo ss  o f  the o th e r 

bromine o f th a t  p a ir ,  (1J3) would r e s u l t .  From a study o f i t s  

m olecular model, i t  appears to  be ra th e r  s tra in e d , and as a  re s u l t  

f u r th e r  e lim in a tio n  should be rapid to  give (210). At th is  stage , fu r th e r  

dehydrobrom ination could give cy c lo o c ta te traen e , o r  by analogy w ith 

cy c lo o c ta -1, 3* 5- tx ie n e , o th e r  products could be obtained by the form ation 

o f  th e  b ic y c lic  s tru c tu re s  ( 211a) and (211b ) .

I f  (211a) i s  formed, then  dehydrobromination can only occur to  

g ive  (109), as  no o th e r  hydrogen i s  tra n s  to  the bromine. I f  ( 211b) 

r e s u l t s ,  th en  e i th e r  (109) o r  ( 212) can be formed, because e i th e r  

hydrogen could be e lim inated  w ith  the  bromine. F u rth er rearrangement o f  

in te rm ed ia tes  (109) and ( 212) would y ie ld  s ty rene  and bensoeyclobutene. 

There may be two reasons fo r  the g re a te r  y ie ld  o f  th e  l a t t e r .

S ta b i l i s a t io n  on ach iev ing  an arom atic system w il l  be considerab le , but 

aa the  form ation o f  bensoeyclobutene does not involve carbon-ca rbon bond 

cleavage, th i s  p a r t ic u la r  conversion  w il l  be e n e rg e tic a lly  favoured.

The o th e r  reason i s  th a t  ( 211b) may be formed in  preponderant amount, and
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hence form ation o f (212) would he more l ik e ly  than  (109) •

One po in t th a t  req u ires  to  he dwelt upon fu r th e r  i s  th e  probable 

form ation o f s tru c tu re s  { I f f* ,  o, d* o r b ) .  The form ation o f 

s tru c tu re  ( 155) has a lready  been commented upon* but n e ith e r  (155a) nor 

(l55o) seems l ik e ly  from work done in  the  course o f  th i s  th e s is  (Appendix)*
147

o r  from th e  l i te ra tu re *  ' where a l l  attem pts to  prepare (155°) by 

a l ly  l i e  brom ination o f  cy e lo o c ta -1, 5 - d i e n e  have been unsuccessfu l.

N eith er o f  th ese  dibrom ides i s  therm ally stable* l e t  alone r e s is ta n t  to  

base* and they would be expected to  form ( 210) spontaneously* o r  by 

fu r th e r  rearrangem ent to  form (I55d)* then  (155b). The l a t t e r  could 

happen by an i n i t i a l  a l ly  l i e  rearrangement o f  one o f  the  bromine atoms 

(155a ——♦155d)# followed by m igration  o f the  double bond in to  con jugation  

w ith  th e  other* to  give (155b). That th i s  s o r t  o f  rearrangement does 

tak e  place* even thermally* i s  borne out by the  marked lack  o f  success in  

ob ta in in g  one product from the  a l l y l i c  brom ination o f  cyclooo ta-1, 5-d iene 

(p . 107 )> and the  i s o la t io n  from the  re a c tio n  m ixture o f  a compound w ith  

a s tru c tu re  corresponding to  (155b). The o th e r  In te re s tin g  po in t i s  

th a t  th e  dehydrobromi n a tio n  o f  (155b) y ie lded  a  m ixture o f  hydrocarbons 

very s im ila r  i n  com position to  th a t  obtained from th e  dehydrobromination 

o f  the  te trab rom ide . Hence th e  dibronri.de (155b) i s  a  p o ssib le  in t e r -  

: m ediate i n  th e  dehydrobrom ination o f  th e  te trabrom ide.

The reason  th a t  cy c lo o c ta te traen e  i s  not suggested as  th e  so le  

in te rn e d ia te  i n  Scheme XXIII f o r  the form ation o f  bensoeyclobutene and
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B Z / m i t ,  l *  *vrvat com p o u n d * 1 <4r e  not th«? m a l a r  p r o d u c t s  fr -yr . th?'. «

c a ta ' vsed isom eris* tion  o f cy c lo o c ta te traen e . Hence in  the dehydro-

sbromi nation  re ac tio n  th ere  must be an a lte rn a tiv e  route fo r  th e i r

form ation, probably viA (211) as shown. (The form ation o f a la rg e

amount of cycloocta-1* 5#5-triene  in stead  of cy c lo o cta te traen e  w ill  be

di sc visaed a t a l a t e r  stage)*

I t  i s  d i f f i c u l t  to  ra t io n a lis e  the h igher y ie ld  (55^ o f product?

o f  styrene fomcct when a f i l te r e d  so lu tio n  o f  base i s  used. I t  may be

due p a r tly  to  the h igher re a c tio n  tem perature, o r  the  fa c t th a t  a sm aller

q u an tity  o f base was p resen t, thereby formirvi le s s  c y c lo o c ta ^ l,3, 5- tr ie n e *

Yet ano ther d if f e re n t  r e s u l t  i s  obtained when a so lu tio n  of

potassium tert-butoad.de in  dim ethylsuIpboxido (UC90) i s  used. A recent 

66l i t e r a tu r e  rep o rt s ta ted  th a t  the solo products were cy clo o cta te treen e  

and sty ren e . Hhen th is  reac tio n  was repeated in  these la b o ra to rie s , 

bensocyclobutene was a lso  found, in  an amount dependent upon the reac tio n  

tem perature. I t  i s  lofljical to  suppose th a t  the main re a c tio n  i s  

s tr a ig h t  forward dehydrobromi na tion  a t lower tem peratures, and th a t 

rearrangement to  bensocydobutene only occurs a t  h igher tem peratures.

Shat i s  in ex p licab le , i s  the complete lack  o f  cyelooctap»l» 5* J>-triene, 

which i s  formed under every o th e r  re a c tio n  cond ition . The nature of the 

nueleoph ilic  species  must be such th a t i t  i s  e i th e r  too weak to  form the 

o c ta te tra e p y l d ian io n  ( 215)* which may be a  necessary p recu rso r fo r  

fo m a tio n  o f  the t r ie n e ,  o r  th a t  the  presence o f  the sulphur compound
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a c ts  as in h ib i to r  to  i t a  form ation, The form ation o f styrene ra th e r  

than beniocyclobutene i s  in  accord w ith re la te d  reac tio n s in  the 

l i t e r a tu r e ,  ^ ^ * 6* *here halogenated cyclopolyenes have been converted to  

P  -h a lo sty ren e  ra th e r  than the  corresponding benzocyclobutene d e r iv a tiv e  

(p , 11 )• I b is  must be due to  an en erg e tic  p reference, fo r  w ith the 

exception  o f W illis* re s u l ts  and i t a  p rep ara tio n  from tetrabrom ocyclo-

U: octane, bensocyclobutene has never been synthesised  d ire c t ly  from 

cy c lo o c te te traen e  o r  any halogenated p recu rso r w ith an e ig h t me abered rin g .

The occurrence o f  cy c lo o c ta te traen e  in  the  rea c tio n  m ixture from 

the  dehydrob rami n a tio n  o f  te trab rasocyclooctane suggested thAt i t  could 

be an in term ed ia te  in  the  form ation o f  sty rene and benzocyclobutene, 

though possib ly  not the  main one in  the dehydrobromination. A study o f 

the vast amount o f research  ca rried  out on cy c lo o c ta te traen e  in  recent 

y ears  provides a ready explanation  fo r  the  form ation o f  s ty rene, benzo- 

scyclobutene and c y d o o c ta -1, %5- t r i e n e .

The p re fe rred  conform ation o f  cy c lo o c ta te traen e  i s  now fu lly  

e s ta b lish ed  as a  *tub* (79* ). ar*d the g en era lly  accepted mode o f base 

ca ta ly sed  p ro to tro p ic  rearrangement cannot apply in  such a rig id  non- 

p i anar system. I t  must be converted in to  a  more o r  le s s  p lan a r s tru c tu re

which w ill  permit unhindered movement o f  e le c tro n s . As th e  energy to  do 

th is  would be ap p rec iab le , some compensating fa c to r , such as the  

production o f  a high ly  resonance s ta b i l is e d  arom atic system mast be 

involved. The a d d itio n  o f  two e le c tro n s  to  cy c lo o c ta te traen e  would give
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i t  te n  Jf  e le c tro n s , end allow  i t  to  co'aply w ith  H uckel's (4n ♦ 2) 

ff e le c tro n s  ru le  fo r  pseud o -arom atic ity , so the form ation o f the  cyclo- 

i o c ta te tra en y l d ian io n  ( 215) should be f a c i le  under th e  ap p ro p ria te  

co n d itio n s. This spec ies  has been proposed by F a ts  e t  a l.>  and i t s

sp e c tra l c h a ra c te r is tic s*  as  w ell as i t s  quantum mechanical assessment*

. . . .  ..__  148* 149* 150* 151,152* 155. _ . . ___ . . .are in  accord w ith  theory . Furthermore* i t  has

been shown th a t  in  the  presence o f  a lk a l i  metals* ( i n  te trah y d ro fu ran ), an

equilib rium  between the s tru c tu re s  (79*)» (215) and (214) (a  ra d ica l anion)

i s  s e t  up* w ith  the equ ilib rium  as shown. f tir th e r  work has a lso  shown

th a t th e re  i s  a  d iffe re n c e  o f  2 .4  K cal. in  fre e  energy between cyolo-

154I o o ta te traen e  and the dianion* w ith the former being favoured.

This d ian io n  form ation with a lk a l i  m etals has been u t i l i s e d  to

prepare c y c lo o c ta tr ien e  derivatives*  such as the d iao id  ( 215) * by

155ad d itio n  o f  carbon d iox ide to  the  d ian ion  ( 215) • Experiments using 

t r a c e r  techrdques^^* have shown th a t  both ( 2l 6) and ( 217) a re  formed from 

th e  d ian io n  on a d d itio n  o f  deuterium  oxide* so th a t i n i t i a l l y  an 

equ ilib rium  must e x is t  between th ese  forms* before  ( 217) i s  converted to  

the conjugated isom er ( 216) •

A re la te d  mechanism can be postu lated  f o r  th e  form ation o f  cyclo- 

s o o ta -1 ,5 ,5 ~ tr le a e  from oycloocta te traene  w ith  base. Reaction o f  cyclo- 

s o o ta te tra en e  w ith  potassium  te r t-b u to x id e  could y ie ld  th e  dipotassium  

s a l t  o f  the  dianion* and generate two te r t-b u to x id e  rad icals*  which could 

e i th e r  re ac t i n  some fu r th e r  way* o r  become in a c tiv a te d  and take no
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fu r th e r  p a r t in  the reac tio n  (Scheme XXIV). An attem pt was made to  

d e te c t these  te rt-b u ty lo x y  ra d ica ls  by e le c tro n  sp in  resonance 

spectroscopy, bu t th i s  was unsuccessfu l. Though so f a r  no d ire c t  

analog ies have been found i n  the l i t e r a tu r e  fo r  th is ,u n d e r  comparable 

re a c tio n  co n d itio n s, these fa c to rs  should not be held to  in v a lid a te  th is  

argument w ithout fu r th e r  experim ental t r i a l .

The dipotassium  s a l t  o f  the d ian ion  i s  thought to  remain as such 

fo r  the d u ra tio n  o f  th e  reac tio n , and w i l l  fo m  e i th e r  o f the cyclo- 

s o c ta tr ie n e s  on ad d itio n  o f w ater to  the re a c tio n  m ixture during  the  

e x tra c tio n  process £  though the  1, 3,6  isom er (101a) w il l  be converted by 

aqueous base to  the  conjugated 1»3»5 isomer (101)J| • This same mechanism 

w il l  account f o r  the form ation o f  cy cloocta-1, 3* 3“^r ^ene» again  v ia  cyclo- 

s o o ta te tra en e , du ring  the dehydrobrondnation o f the  Tetrabromocyclo- 

i octanes. £  A re la te d  re a c tio n  has been observed w ith the  cyclonona- 

j te t r a e p y l  io n  (218), which gave cyolononatetraene ( 219) ,  indene ( 221) ,  

and th e  dihydroindene ( 220)3 *

Some s o r t  o f  re la ted  mechanism must a lso  be postu la ted  fo r  th e

form ation o f  fu r th e r  reduction  products. These may a r is e  by f re e  ra d ic a l

red u c tio n  o f  any f re e  cyclo o c ta te traen e  i n  the re a c tio n  m ixture, i n  a

manner analogous to  the reduction  by hydra s in e  hydrate and oxygen o f
158cyolododeca-1,  % 9- t r le n e s  to  d ienes, o le f in s , o r  even oyclododecane. ’ 

Another p o ssib le  mechanism, re la te d  to  the reduction  o f  conjugated 

po ly .naa  . i t h  sodamide i n  l iq u id  aanonia. in  n lao  fe a s ib le .  i n  th i s
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o&sef the  potassium  te r t-b u to x id e  would need to  produce e lec tro n s  which 

could become so lv a ted  in  the diglyme (which has a  high d ie le c t r ic  

constan t) o r  a l te rn a t iv e ly  th e  e lec tro n s  associated  w ith  the cycloocta- 

s te tra e n y l d ian io n  may be the rea c tiv e  sp ec ies . I f  e i th e r  type was 

formed, th en  subsequent reduction  o f cyc loocta te traene  would be q u ite  

l ik e ly .

The r e s u l ts  o f  many in v e s tig a tio n s  have helped to  c la r i f y  the 

reac tio n s  o f  cy c lo o c ta te traen e , i n  p a r t ic u la r  the  fa c t th a t  i t  appeared 

to  re ac t v ia  the isom er ( 109) i n  some cases, in  a  fash ion  s im ila r  to  the  

valence tau tom erlsa  o f  cyoloocta-1,5»5"”tr ie n e . ( I t s  o th e r  isom er (46) 

has a lso  been proved as  a p a r tic ip a n t i n  sev era l reac tio n s , examples o f 

which a re  quoted i n  th e  Introduction^ p. 19 ) .  With the a c tu a l p rep ara tio n  

o f  th i s  compound?^ which has a  h a lf  l i f e  o f  14 ndns. a t  0°, i t  may be 

sa id  w ith  c e r ta in ty  th a t  (109) can e x is t  i n  equilibrium  w ith  cycloocta- 

stetoaene. Hence, cy c lo o c ta te traen e  can form e i th e r  (212) o r  (109) * 

which in  tu rn  can form benzocyclobutene o r  sty rene (Scheme XXIII). The 

simple a p p l ic a b i l i ty  o f  th i s  mechanism to  both  the debydrobrorai n a tio n  o f 

tetrabrom ooyclooctane and th e  d ire c t  iso m erlsa tio n  o f cy c lo o c ta te traen e , 

i s  immediately obvious.

Various o th e r  re a c tio n  cond itions and compounds were t r ie d  w ith  

a  view to  proving th i s  mechanism. As expected, n e ith e r  benzocyclobutene 

no r s ty rene  could be iso ae rlse d  to  anything e ls e .  C yclooctatetraene 

under most re a c tio n  cond itions produced the  same re la t iv e  p roportions o f
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products (Table XI); the best y ie ld s  of benzocyclobutene and styrene 

were obtained w ith a  weaker base (potassium hydroxide) or a f ilte r e d  

so lu tio n  o f  potassium  te rt-b u to x id e  in  diglyme -  in  a 2s 1 r a t io  (much 

le s s  than u su a l) . Hence excess base does seem to  c re a te  a greater 

number o f  s id e  products, and more c.ycloocta?-l, 5 ,5 - tr ie n e . The 

p roportion  o f s id e  products, thought to  be mostly fu r th e r  reduction  

products (some p roof was obtained fo r  th is ) ,  was as high as o f  the  

to ta l  a t  tim es, so th a t  much fu r th e r  woxk needs to  be done befo re  th is  

becomes a  p ra c t ic a l  sy n th esis  o f  benzocyclobutene.

Puzzling  r e s u l ts  remain as  befo re . A ddition o f cy c lo o c ta te traen e  

to  hot so lid  potassium  te r t-b u to x id e  re su lte d  in  isom erisa tion , ~f2$  o f  

the  products c o n s is tin g  o f  C ^ H a ro m a tic  compounds, mainly ethylbenzene 

(5Q/0 and the  isom eric xylenes I The remainder consis ted  o f  fu r th e r  

reduction  compounds, w ithout any benzocyclobutene o r  s ty ren e . As cyclo- 

s o c ta -1, 5- t r t e n e  has been converted i n  sm all y ie ld  to  ethylbenzene, i t  

must be assumed th a t  th e  te tra en e  gives oyoloocta-1, J , 5- t r ie n e ,  which i s  

i n  tu rn  rearranged to  the  arom atios o r  reduced to  th e  o th e r  minor p roducts. 

The reason  f o r  th ese  being  th e  preponderant products in  t h i s  case i s  not 

t r id e n t .

The rem aining problem re su lted  from th e  attem pted iso m erisa tio n  o f 

C yclooctatetraene w ith  potassium te r t-b u to x id e  in  1X00, when no products 

o r  s ta r t in g  m a te r ia l could be ex trac ted  from the  re a c tio n  m ixture! This

i s  a lso  a  m echanistic mystery* though i t  i s  hoped someone w il l  be



75

in sp ired  to  t r y  and e lu c id a te  th is  some tim e.



SECTION 3X

P rep ara tio n , Dghydrobromination, and Isom erisa tion  

2 L C i* - and -S iv  Cyclic Compounds

As the  d i r e c t  p rep ara tio n  o f  carbocycles i s  now a commercial

process, producing the  isom eric c ia , t r a n s , t r a n s -  and tra n s , tra n s , trana~

cyclododeca-1,9# 9 - tr le n e s  £ ( l l6 )  and (117)] on the  to n  sca le  (by trim er-

s is a t io n  o f  butadiene over e*g* titan ium  te traoh lo ride/d ie thy la lu rain ium  

159ch lo ride  ) ,  th ese  isom ers form very usefu l s ta r t in g  m a te ria ls  f o r  th e  

syn thesis  and iso m erisa tio n  o f  c y c lic  C.^ polyenes.

The e l s ,  t ra n s , tra n s  isomer £ ( l l6 ) ,  henceforth  c a lle d  c , t ,  t . J  was 

av a ila b le  in  sm all q u a n ti t ie s  (1CX# pure by g . l . e . )  from A ldrich Chemical 

Co.; m a te ria l Obtained from Koch-Light was le s s  pure (**99/0 Q3â  th i s  

was used fo r  re a c tio n s  on a  la rg e  scale* The tra n s , tra n s , tra n s  isomer 

[(117), hencefo rth  shortened to  t ,  t ,  t f j  was obtained from C it ie s  Service 

Research and Development Co., bu t required  fu r th e r  p u r if ic a t io n  

( f ra c tio n a l c r y s ta l l i s a t io n  from pentane gave 99^ pure m ateria l)*  The 

sp eo tra l p ro p e rtie s  ( i . r . ;  n .m .r.)  o f  both isomers corresponded w ith

th e i r  s tr u c tu ra l  assignoent*

The p re p a ra tio n  o f  a  double bond equivalen t o f  cyolododeca- 

l» 5»9* iriy n e  (224), by dehydrobrondnation o f  th e  1,  2, 9,  6, 9» 10-hexabromo~

: oyolododeoane isom ers was undertaken i n  a  manner analogous to  the 

p rep ara tio n  o f  a  o y d o o o ta -1, 5-diyne double bond equivalen t (by dehydro-
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In frared  sp ec tra  (n u jo l m ulls) o f  the hexabromo d e r iv a t iv e s  from 
c ,t ,t -c y c lo d o d e c a -1 ,5 * ^ “ tr ie n e  (A ), and t ,t ,t -c y c lo d © d e c a 

ls  5* ^ -tr ie n e  (B ).

F i g u r e  2 4 .
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N .m .r. sp ec tra  (p y r id in e  so lu tio n )  o f  the hexabromo d e r iv a t iv e s  
o f  c , t , t - c y c l o d o d e c a - 1 ,9 - t r i e n e  (A ), and t , t , t , - c y c lo d o d e c a -

1*5* (B ).

F i g u r e
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5 b ro a in a tio n  o f 1 ,2 , %  6 -te trabroiaocyclooctane). I n i t i a l  attem pts by
47

McCrae to  brorainate the c, t ,  t .  d i re c t ly  gave only in tra c ta b le  gums, so

pyriatn ium  bromide perbromide ( c f . p. 119) was used instead* A r e p e t i t io n

o f  th ia  work in  the p resen t s tu d ie s  y ie lded  so lid  hexabromo d e r iv a tiv e s

o f c , t , t .  and t , t , t .  by e i th e r  method. The method w ith  pyridinium

bromide perbromide gave b e t t e r  y ie ld s  than  even a  modified v e rsio n  o f  th e

1^0d ir e c t  brom ination method. The physica l p ro p e rtie s  o f  both so lid

hexabromides £ represen ted  by (222) and (22J)] corresponded w ith  

published  d a t a , ^ ^  and th e  sp e c tra l c h a ra c te r is t ic s  o f  the  hexabromide from 

th e  c , t » t .  isom er (222) corresponded with those obtained by McCrae.

The sp e c tra l p ro p e rtie s  ( i . r . ,  n .m .r.)  o f  the  two hexabromide 

isom ers, though s im ila r , were not id e n tic a l  £ c f . the  two tetrabroraocyclo- 

s octane isom ers ( 209) ani® (2o6)J, but fu r th e r  a n a ly s is  o f  the  sp e c tra l 

c h a ra o te x is tic s  was not p o ss ib le  -  a p a rt from id e n tify in g  expected 

ab so rp tio n s. (Fig* 24a and b ) .

Attempts made by A lexander*^ and McCrae^ to  dehyd robromi nate 

hexabromocyclododecane had shown th a t  the b e s t reagen t was potassium 

te r t-b u to x id e  i n  diglyme, and accordingly th i s  was used i n  t h i s  in stan ce  

as  w e ll. The brom ine-free o i l s  obtained a f t e r  e x tra c tio n  o f  th e  

re a c tio n  m ixtures from th e  dehydrobrondnation (h ea tin g  a t  150° f o r  14 h r s . )  

o f  th e  hexabromides o f  e i th e r  o, t ,  t .  o r  t ,  t ,  t .  had s im ila r  s p e c tra l  

c h a ra c te r is t ic s ;  sev era l prominent bands could be a t t r ib u te d  to  e i th e r
% Ai V JH

arom atic o r  o le f in lo  ohromophores ( v  1&40, 1490* 770, 750*



1

A

_ J U
~ ii ii is U S i  i  MtN

J L J

i

3

A jl.
i t  a* zs «• a  t  4

G -.l.c . tr a c e s  o f  the products from the dehydrobrom ination o f  the  
hexabromides from c ,t ,t - c y c lo d o d e c a tr ie n e  (A ), and t , t , t - c y c l o -

: dodecatriene ( B ) .

1 . 1 , 2-b e n z o c y c lo o c ta -l, 5» ^ -tr ie n e .

F i g u r e
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N.rn.r. o f  1 , 2-b e n z o c y c lo o c ta - l, ^ -tr ie n e  (GCl^ s o lu t io n ) .

F igure 2&%



690 omT1; fo r  both products which had A 240 n it  and A 264 m >*-max s  max /

re sp e c tiv e ly ) . A naly tica l g . l . c .  showed th a t the c o n s titu e n ts  o f each

product were the same* but p resen t in  d if f e re n t  p ro p o rtio n s  (F ig . 25).

This may be due to  s l ig h t ly  d if fe re n t  re ac tio n  co n d itio n s, f o r  when the

dehydrobrom ination o f  the  hexabromide (222) was repeated on a  la r g e r

sc a le , the  com position o f th e  product was very s im ila r  to  th a t  from the

dehydrobrondnation o f hexabromide ( 225) .

As the most s ta b le  compound in  th e  dehyd robrom ination product

appeared to  be the  th ird  major c o n s titu en t (w ith  lo n g est 1^), so the

is o la t io n  o f  th i s  compound was undertaken. A fte r i n i t i a l  chromatography

o f  the rea c tio n  products, over s i l i c a  g e l, t h i s  compound was obtained in

a  pure s ta te  by p rep a ra tiv e  g . l . c .  I t s  sp ec tra l p ro p e rtie s  ( i . r « ,  u .v .)
4 7

were id e n tic a l  to  those obtained by McCrae ' fo r  h is  product *AV. The

in fra re d  spectrum showed bands c h a ra c te r is t ic  o f o -d isu b s tltu te d  arom atic

compounds ( ^  1495# 755 °m~^) as w ell as m ultip le  bands in  th e  region

800-6^0 cmT  ̂ o f  which several could be ascribed  to  d s  double bonds. The

u l t r a v io le t  spectrum had A 264 out., ty p ica l o f  arom atic chronophores,max /

but the in te n s i ty  (£  * 6,4^0) was f a r  h igher than normally found fo r  

arom atic nucle i, so th a t a  double bond a t  le a s t  must be i n  conjugation  

w ith th e  arom atic r in g . The n .m .r. spectrum (F ig . 26), had absorp tions 

ty p ic a l o f  arom atic, e th y len ic  and a l ly l i c  o r  bensy lic  protons in  the r a t io  

l j l j l .  This d a ta , coupled w ith a m olecular weight o f 1^6 (by ma«s 

spectrom etry), equ ivalen t to  C^2Ii12# *8 8Ut t i c i e n t  to  confirm the  id e n ti ty
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o f th i s  compound as 1, 2~ b e n c c c y c lc c e ta - l ,5~ trisn e  ( 225a) an proposed by

McCrae, and not the  o th e r  p o ssib le  isomers (225b and c) • (The o th e r
4 7

s tru c tu ra l  degradations c a rr ie d  out by McCrae ' a lso  confirm  th i s

assignm ent). Furthermore, hydrogenation (over 10* pallad ium /charcoal)

o f  th i s  compound, and g . l . c .  comparison o f  the  product w ith  a  sample o f

1 , 2-bansocyo looct-l-ene £ ( 226) ,  prepared by ano ther rou te , p . 80 J  showed

them to  be the  same.

Dehydrobromination o f both hexabromides w ith  potassium  te r t-b u to x id e

i n  HUSO gave 1 ,2 -benzooycloocta-l,3 ,5 - tr ie n e  (225a) as  th e  major product

i n  each case ( 31* and 79* re sp ec tiv e ly , as  determined by g . l . c . ) ,  bu t a

s e r ie s  o f  compounds w ith  lo n g er (on g . l . c . )  than  ary  obtained before

was a lso  p re se n t. These may be e i th e r  polyunsaturated  carbooycles

o r  o th e r  arom atic sp ec ies  such as su b s titu te d  asulenes ( 227) o r

naphthalenes (228). - This view i s  su b s ta n tia te d  somewhat by th e  d e te c tio n

o f  weak ab so rp tio n  i n  th e  u l t r a v io le t  a t  A 310, 330, 545 y * .  as

w e l l  a s  a b s o r p t i o n  a t  A 2 4 5

To s u b s ta n tia te  th e  r e s u l ts  o f  th ese  dehydrobromi n a tio n s i t  was

d e s i r e d  t o  c a r r y  o u t  a  s i m i l a r  r e a c t i o n  o n  a  p y d o d o d e c a d i y n e . e q u i v a l e n t

-  o r  i n  t h i s  c a s e  i t s  p r e c u r s o r  -  s u c h  a s  a  t e t  r a b r a m o o y o l o d o d e o a n e  •

S e d u c t i o n  o f  t h e  o y d o d o d e e a t  r i e n e s  t o  d i e n e s  a n d  s u b s e q u e n t  b r o m i n a t i o n

158w o u l d  g i v e  t h e  r e q u i r e d  s t a r t i n g  m a t e r i a l .  A  r e c e n t  p u b l i c a t i o n  h a d  

d e s c r i b e d  t h e  r e d u c t i o n  o f  o ,  t ,  t .  ( I l 6 )  t o  o l s - o y c l o d o d e o e n e  ( 231)  w i t h  

h y d r a z i n e  h y d r a t e / o x y g e n ,  c a t a l y s e d  b y  c o p p e r  s u l p h a t e .  T h i s  r e d u c t i o n
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proceeds step -w ise , cia» t  ran s-cyclododeca-1, 5-d iene ( 229) being f  osaed 

i n i t i a l l y ,  then p re fe re n tia l ly  reduced fu r th e r  to  c ia - cyclododscene ( 231) ,  

though complete reduction  to  cyolododecane ( 233) could a lso  occur.

This red u c tio n  was t r i e d  on both t , t ,  t .  and o , t , t . ,  and th e  

re a c tio n s  followed toy withd ra rin g  a liq u o ts  which were examined by g . l . c .  

With th e  former, reduction  was rapid* and a f t e r  26 h rs . the re a c tio n  

m ixture contained cydododecane £ ( 233)# 6lj(J , tra n a -oydododecene £ ( 250)* 

20jf], and s ta r t in g  m ate ria l ( 8Jt). The fo u rth  compound p resen t (11^) 

was assumed to  be th e  tra n s , tra n a -oyolododcca-1.5-diene (252). This d iene 

formed as  much as 29? .of th e  m ixture a f t e r  4 h r s . ,  bu t th e re a f te r  the 

q u a n tity  decreased s te a d ily  as  th e  re a c tio n  time in creased .

C, t ,  t .  (116) was reduced more slow ly, although re a c tio n  cond itions 

were Id e n t ic a l .  Thus, a f t e r  6 h r s . ,  th e  re a c tio n  m ixture contained c ia -  

cyclododeoene £ ( 231) ,  I jX] ,  th e  s ta r t in g  m ate ria l ( 27J()» and a  compound 

tak en  to  be th e  d a ,  tra n e -cyclododeca-l, 5-d iene £ ( 229) ,

Hence, a s  th i s  isom er ( l l 6) y ie ld ed  more o f  th e  requ ired  d iene, 

a  la r g e r  q u an tity  was reduced under s im ila r  cond itions over 30 h rs .  to  

g ive  a  m ixture o f  d a - oyclododeceno ( 29)0 * s ta r t in g  t r ie n e  ( 22)0 , and th e  

requ ired  c i s ,  tra n a -oyclodo& eoa-l.5-dlene (49)0 . ^  Again, th e  oourse o f  

th e  re a c tio n  was followed toy withdrawing a liq u o ts  and analysing  toy g . l . c .  

th e  proport i ons o f  th e  reduced compound a j

Bromination o f  t h i s  m ixture c o n ta in in g ^  JOjL o f  th e  diene ( 229) 

w ith  b rom ine/acetic  ac id  y ie ld ed  a  brown gum upon ex tra c tio n , which showed
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two main spo ts on t . l . c .  a n a ly s is . (The hexabromide derived  from the  

broraination o f c, t ,  t .  in  the mixture* p re c ip ita te d  out during  the  

re ac tio n , and was f i l te r e d  o f f  p r io r  to  e x tra c tio n ) . The 1 ,2-dibromo- 

s cyclododeoane (2^4) derived from the c ia - cyolododecene (2J1) p resen t in  

th e  m ixture (one o f the two m ajor c o n s titu e n ts  o f the e x tra c t)  was 

separated  from th e  r e s t  o f  th e  m ixture by chromatography* and p u r if ie d  

by d is t i l la t io n *  Analysis* and th e  sp e c tra l c h a ra c te r is t ic s  o f  th i s  

m a te ria l confirmed th e  s tru c tu re  assigned to  i t .

Although the o th e r  major brondnation product was p u rif ie d  fu r th e r  

by chromatography and p rep a ra tiv e  t . l . c . *  a t  b e s t only a  low m elting  gum 

could be ob tained . The sp e c tra l c h a ra c te r is t ic s  o f  t h i s  m ateria l (which 

co n s is ted  o f  two c lo se  running sp o ts  on t . l . c * )  were s im ila r  to  those o f  

th e  dibromo- and hexabromopyclododecanes ( i . r .*  n .m .r.)*  and i t s  value 

was in texm ediate to  th ese  two compounds on t*l*c« A good elem ental 

a n a ly s is  could not be obtained due to  the  d i f f i c u l t i e s  in  p u r if ic a t io n .

The mass spectrum showed no paren t ion* but ions a t  m/e  401* 405* 405* 

and 407* ( l j 5*5*1 ra tio )*  due to  P -  Br, were c le a r ly  v is ib le*  fu r th e r  

fragm entation  ions confirmed th e  presence o f  fo u r bromine atoms o rig in a lly *  

Thus t h i s  m a te ria l can  be sa id  to  co n s is t o f  two 1* 2* % 6-te trabrom ocyclo- 

tdodecane isom ers ^ rep resen ted  by ( 2?5)J derived  from th e  cis* tra n s -  

oyolododeca-1* 5 -d iene (229)* Lack o f  time precluded a  p o ssib le  se p a ra tio n  

o f  th e se  isomers* and hence i t  i s  im possible to  say what t h e i r  r e la t iv e  

c o n fig u ra tio n s  are* fo r  t h i s  problem can only be solved by X-ray analysis*
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Pehyd rob mni natio n  o f this mixture of tetrabrornooyclododecartes 
w ith  potassium  tert-b'it oxide in diglyme (Is 8 molar ratio of te tn b ro m id e  

to  barn; heatod at 130°  for 16 hrs.) gave, a f t e r  extraction* a product 

which was shown by a n a ly tic a l g«l«c« to contain on ly  on© eomnound* This 

m a te r ia l, a clear o i l  a f t e r  d i s t i l l a t i o n ,  had physical p ro p e rtie s  v eri

s im ila r  to  those quoted in  th e  l i t e r a tu r e  fo r  1, 2-benzocyclooct-l-ens

(226) ,  and th e  sp e c tra l c h a ra c te r is t ic s  were s im ila r  to  those obtained by 
47

McCrae fo r  h is  product °B°, which was the hydrogenated 1 ,2-benEOcyclo- 

: o c ta - l ,% 5 ~ tr ie n o 0 Furthermore, gol,e0 comparison of this product w ith  

th e  hydrogenated 1, 2-benzocycloocta-l, 5 , 5 - t r i ® m  obtained orev iously  in  

th ese  s tu d ie s  (p . 77 )* showed them to  be the  same compound* Hence i t  

may be sa id  w ith  c e r ta in ty  th a t  the product from the dehydrobromination 

and subsequent iso m erisa tio n  o f tetrabromocyolododecane i s  l , 2«benzo- 

jc y c lo o c t- l-e n e  (226) ,

A re la te d  iso m erisa tio n  o f cy c lo te trad eea -1 ,8-d iyne (53, ra *= n = 9)
46

w ith  th e  same b as ic  reagent as reported  by Hubert and Pale was a lso  

in v estig a ted *  The cy c lo te trad eca -1 , 8-d iyne was prepared (a s  described  

by th ese  au thors) i n  40% y ie ld  from nona-1, 8-d iyne  (119* n * 5) Qhd 1,9* 

dibromopentane• This oyo lic  diyne was heated under re f lu x  (14 hrs*) w ith  

potassium  te r t-b u to x id e  (Is 6 molar r a t io  o f diyne to  base) i n  diglyme*

The product obtained  a f t e r  e x tra c tio n  was a  yellow o i l ,  which showed 

ab so rp tio n  i n  th e  in fra re d  and u l t r a v io le t  c h a ra c te r is t ic  o f  arom atic and 

e th y len ic  chrcwtophores f » g .  Zjt ^  f11*  1660, 1*95,  770, 750,  755.
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In fra re d  ( liq u id  film ) and n .m .r. (CCl^ so lu tion) sp ec tra  of the 
product from the  base cata lysed  isom erisa tion  of cy c lo te trad eca-

1, 8-d iyne.

F i g u r e  27 .
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G . l . c .  tra ce s  o f  th e  primary (A),  and hydrogenated (B) oroducts from 
the base ca ta ly se d  iso m e r isa t io n  o f  c y c lo te tr a d e c a -1 ,8 -d iy n e .

C onditions: ^0 m. Ap1! /  c a p il la r y , l6 0 ° ,  20 p . s . i . / 5 » 5 »
t o t a l  flow  45 m l./m in .

F i g u r e  2 8 .
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In fra re d  ( liq u id  film) and n .m .r. (CCl^ so lu tion ) sp ec tra  o f the 
hydrogenated product from the base ca ta ly sed  i  scane r i  sa t io n  of 

cy c lo te trad eca -1, 8-d iy n e•

F i g u r e  2 ?
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700 CiflT'S A 2^0, 274 m e .  ( f  ~ 2*150 and 1>750) . The n0m ,r,

ep eo tm c  e l  so  showed the pr©sen©£ ©f arosaatic* e th y l a n ic , anil a l l y  l i e

p rotons (F ig e 2 7 ) « Analytical g .l .c *  (Fig* 28) sheered two major

components ( 2 ^  and 55/0 as w e ll  a s  some o f  the s ta r t in g  d iyn e (14,£)«

H ydrogenation o f  t h i s  m ixture (o v er  10# pal 1 adiura/charcoal) gave

an o il*  which was shown by g . l . c .  t o  c o n s is t  o f  th ree  main components

(2$% ,  2 % ,  45^)* o f  which th e  l a s t  two had r e te n t io n  tim es id e n t ic a l  w ith

th o se  o f  two o f  the compounds in  the o r ig in a l m ixture. Comparison w ith

©yelotetradeoan®  showed th a t th® f i r s t  peak i n  th e hydrogenated m ixture

was due to  t h i s  compound (p ig*  2 8 ) . Th© sp ectra  ( i . r 0? u .v . s  n*m«r0)

o f  t h i s  hydrogenated product showed ab sorp tion s w hich could be asoribsd.

t o  arom atic m a ter ia l * jjELg. 29; ^  f i l ® 770, 700 cmT1;

^hexane 274 m.u, (£  ® 280* 290);  no a b so lu tio n  i n  th e n.m0r .  a t  
max.

5o2°4*7^due to  e th y len ic  protons . Thus the compounds remaining a f t e r  

hydrogenation can only be arom atic o r  cy c lic  isomers (and cy o lo te tra«

: decane) * o f  which l,2-bensooyolodec-l«ene ( 256) i s  th e  most l ik e ly  by 

analogy w ith  p revious work* The id e n ti ty  o f  th e  o th e r  co n situ en t c*n 

only be guessed a t ;  p o ssib le  s tru c tu re s  could be (249) o r  (244) o r  

some b io y o lic  (7*5*0 j compound*

•iiiriyH8



SECTION X

Mechanism o f  Dehydrobromination and laomeriaation  

o f Cyclic C1C and Compounds

The dehydrobromination o f th e  hexabromocyclododecanes £( 222) a id  

( 22J) derived from (116) ana (1 I7 )J  must be considered as proceeding by 

th e  same mechanism as in  the  dehyd robromi nat io n  o f  th e  tetrabrom ocyclo- 

soctanes (p . 64 ) .  Without an X-ray s tru c tu ra l  determ ination  o f  th ese  

compounds £ ( 222) and ( 22J ) | i t  i s  im possible to  a ss ig n  d e f in i te ly  aqy one 

p re fe rred  conform ation o r  co n fig u ra tio n . The n .m .r. sp ec tra  (F ig . 24) 

o f  the  hexabromides in d ic a te  apparent f l e x ib i l i ty  o f th e  m olecules; a l l  

th a t  can  be deduced from a study o f t h e i r  m olecular models i s  th a t  t r a n s -  

a n t i - t r a n s  conform ations can be adopted by the  bromine atoms r e la t iv e  to  

th e  p ro tons, so ag a in  p  * e lim in a tio n  o f  hydrogen bromide should be 

f a c i l e .  Thus i t  would be expected, th a t  as*C, p  e lim in a tio n  seems le s s  

l ik e ly ,  so cyclododeca-1,5, 9 - tr iy n e  (224) would not be formed, and in s te a d  

th e  cydododeca-1 , % 5»7* % 11-hexaene (2J8) -  the  so -c a lle d  annulene -  

should be formed in s te a d . This p a r t ic u la r  annulene has never been

165is o la te d , and Sondheimer* s  study o f  o th e r  annulene homologues has 

shown th a t  t h i s  system would be too s tra in ed  to  e x is t  f o r  any len g th  o f  

tim e, so fu r th e r  rearrangement must be expected.

I t  i s  d i f f i c u l t  to  p re d ic t the  mechanism o f  th i s  rearrangem ent. 

I s o la t io n  o f  1 ,2-bensocyolooct^-l, J , 5 - tr le n e  (22^a) shows th a t  t r a n s -
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S annular ring closure must occur, but i t  i s  impossible to  say at what

stage o f  the  dehyd robromi nat io n  sequence th i s  occurs. Trans annular r in g

closure could take  p lace  w ith a  p a r t ly  dehydrobnominated spec ies, i n  a

manner s im ila r  to  th a t  o u tlin ed  in  Scheme XXIII [ i . e .  (210) to  ( 211)] fo r

the  CL compounds. As there  i s  no evidence a t  the  moment as to  the o
ex ten t to  which th i s  could occur, only rearrangement o f th e  fu lly  dehydro*

fbrondnated spec ies  w i l l  be considered. (Scheme XXV).

As i t  does not seem fe a s ib le  fo r  dehydrobromi n a tio n  to  y ie ld  a

cy c lic  tr iy n e  [such  a s  (224), o r  possib ly  the  le s s  s tra in ed  t r i - a l l e n e

(2 )7 )] , so th e  only compound p o ssib le  i n i t i a l l y  must be th e  annulene

(25$). T his, w h en  represen ted  as  ( 258a) can be envisaged to  undergo

tran san n u la r r in g  c lo su re  to  give s tru c tu re  ( 259) • a  b ic y c lic  [ 6* 4j cT]

system, f u r th e r  base ca ta ly sed  a l ly l i c  s h i f t s  can then  occur to  give

(259a) which should re a d ily  rearrange to  give th e  arom atic compound

(225a ) ,  which i s  1,  2-bensocycloocta*l, 5- t r le n e .

The experim ental evidence (and analogy w ith previous systems)

does seem to  support t h i s  mechanism. Die o th e r two major peaks seen on

g . l . o .  a n a ly s is  o f  th e  remotion m ixture may i n  fa c t  be compounds ( 259) o r

(2J9a ) , f u r  r e p e t i t io n  o f  th e  dehydrobrcadnation a t  a  s l ig h t ly  h ig h er

tem perature, caused a  masked decrease In  t h e i r  amounts. This would

in d ic a te  th a t  they had been transformed in to  th e  arom atic compound, f o r

th e  amount o f  th i s  i n  th e  re a c tio n  m ixture increased  p ro p o rtio n a lly .
1 2 7

Experimental r e s u l t s  a lso  obtained by Hubert and Dale In d ic a te  th a t
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this is the structure to be expected, for in the formation of compound 

(157) frG* Cl55)» structure (156) ess the flavoured intermediate with all 

the dodble bonds in the macrooyolio part of the ottleoule conjugated with 

one another sad eith the bensene ring. This amices structures (225 b and 

e) unlikely on theoretical grounds, quite apart from the fleet that they 

were not identified amongst the reaction products. It is leoossible to 

say whether the produets [i.e. possibly substituted asulenee and 
naphthalenes (227). (228)] in the reaction mixture from the dehydro- 

s broad nation in Q Q O  are formed by this sane mechanism (or formed at all) 

until they are positively identified.

the preparation of 1.2-bensooyolooet-l-ene (226) from tetrm- 

ibromocyolododeoane (255) can be explained by a rationale similar to that 

for the formation of l,2-ben*ocycloocta-l, 5»5~brlene (225a) from the 

hexabromides £(222) and (225)]* and this is outlined in Soheme XXVI.

The route and mechanlem is identioal to that outlined in 9chaae XXV for 

the hexabromide dehydrobroodnatlon. exoept that in this oase only flour 

double bonds instead, of.six oan be formed. Hence the product is 1,2- 

bensoeyelooet-l-ene. though it is interesting to note that the aromatic 
eonpcund is preforred to the carbooyole with the flour double bonds 

placed in the most sterioally flavoured positions (which is presumably 

first formed) • , A cyclic diyne (55* » » n « 4) has also been aromatlsed 

by Hubert and Dsle*^ (under floroing conditions), and it is evident that 

the starting material is of relatively little importance in determining
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the nature o f the f in a l products* So long as there are the same number 

o f double bonds in  the intermediate mono-cyclic polyene* the same 

arom tic isomers w i l l  be formed when the same basic ca ta lyst i s  employed 

in  these reactions.

99A re p o rt by Hubert and Dale* th a t  the arom atisa tion  o f  cyclo- 

5 te tra d e c a -1, 8-d iyne (55* m * n  « J) w ith  base gave b i -  and t r i - c y c l ie
46compounds (a s  w e ll as arom atic compounds under more fo rc in g  cond itions ) ,  

was deemed worth investigating*  considering the re s u l ts  obtained w ith the 

CL and (L0 c y c lic  compounds* This diyne gave* a f t e r  base isom erisation*o jJi

a product whose sp e c tra l c h a ra c te r is t ic s  were compatible w ith s tru c tu re

(256)* i . e .  1, 2-bensocyclodeo-l-ene. However* as th e re  were th re e  major

components (one o f  them s ta r t in g  diyne)* only one could be aromatic* w hile

the o th e r  was unknown* A fte r hydrogenation* oyclotetradecane and two

o th e r  compounds were seen (by g .l .c * )  so i t  i s  hi.^hly probable th a t  th e re

are  b io y d ic  compounds o th e r  than th e  1* 2-benzooyolodeO-l-ene being

99formed* These may be* as  suggested by Hubert and Dale* e i th e r  b ic y c lic  

[ 7* °^J compounds (analogous to  th e  form ation o f  cyo lohep ta trienes from

th e  l i n e a r  oc ta-1 ,7 -d iyno) o r  ■» and j^cydophane compounds* such as  (245) 

and (244). Hence i t  i s  p o ssib le  th a t  i n  la rg e r  maorocyolio diynes* the  

same mechanisms can  operate  a s  f o r  th e  isom erisa tion  o f o c ta - l ,  7-d iy n e . 

This re a c tio n  could th en  be app lied  to  th e  preparation* i n  two stages* o f  

£•» and j^cyolqphanes from th e  appropr ia te  naorooyolio diyne*



EXPTCIIfSrrAL

General

Unless otherwise stated* the fblloving experimental conditions 
apply throughout.

Quantitative infrared (i.r*) spectra were obtained with a Unicam 

SP 150 grating spectrophotometer* (acouraoy - 1 cm7*)* and survey spectra 

with either Fexkin KLner 157, 257 or Unlearn SP 200 (accuracy * 10 omT1).

All survey spectra are corrected to the 1605 cm?1 band of polystyrenes 

only absorption characteristic of wain functional groups is quoted* The 

letters (Vo)* (a). (a$* (w)* after quoted frequencies denote very strong* 

strong* medium or weak intensity*

Ultraviolet (u.v*) spectra were measured on either a Unlearn 

SP 500 (manual)* 800 (automatic) or Pextdn Ulmer 157 U.V.

Barly nuclear magnetic resonance spectra* (n*aur«)» were recorded 
(in cartoon tetrachloride unless otherwise stated) on an Associated 

ULectrioal Industries model BS2 (60 megacycles). while later spectra were 

run on a Perkin Ulmer B310* 60 megacycles instrument. Tetramethylsilane 

was used as the internal standard throughout*

Mass spectra were obtained with an Associated ULectrical Industries 

MS 5 instrument* either *hot-toox* or fprobe* samples as indicated.

Gas liquid chromatographic analyses were conducted on a variety 

of Instruments and columns* Operating conditions* columns and detectors
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are quoted vhere  necessary? re te n tio n  tin ea  (F ^ ,in  minutes) were

ca lcu la ted  from the  so lven t fro n t (pent&ne u su a lly ); a l l  q u a n tita tiv e

woxk was done w ith  a  flame io n is a tio n  d e tec to r, using peak a rea  o r  peak

heigh ts  (a s  in d ic a te d ) . Except f o r  a  few known compounds (a s  in d ica ted ),

no c o rrec tio n s  were made fo r  d iffe ren ces  in  d e tec to r  response, Fye

Argon Chromatographs (equipped w ith  a  closed in je c t io n  system and f la sh

preheater) azri a  Pericin Elmer 4^1 Practom eter were used fo r  a n a ly tic a l

isotherm al runs; a  PertdLn Elmer F 11 and a  ffilken* s  Aerograph 204 (dual

columns, dual flame io n is a tio n  d e tec to rs) fo r  tem perature programmed woxk,

and th e  F rao to n e te r o r  a  Wilken* 8 Autoprep JQO fo r  p reparative  work.

Alumina (n e u tra l)  o f  a c t iv i ty  determined by the  method o f 

164Brockraann was used; s i l i c a  gel was normally ex B.D.H. unless Indicated

165otherw ise. S i lv e r  n i t r a t e  on s i l i c a  gel was prepared by two methods:*

(a) S i l i c a  gel (50 g .) was s lu r r ie d  i n  d i s t i l l e d  w ater (200 m l,)

co n ta in in g  s i l v e r  n i t r a te  (25 g«) fo r  severa l minutes, f i l t e r e d  

and p a r t i a l ly  d ried  by su c tio n . The remainder o f the w ater was 

removed under reduced p ressure  and g en tle  heating  ( le s s  than  75°): 

a t  a l l  tim es th e  m ateria l was sh ielded  from l ig h t .  T i t r a t io n  o r  

weighing o f  th e  product showed th a t  s i lv e r  n i t r a te  comprised

10jf w t.A rt, u sing  th e  above proportions,

(b) S i l i c a  gel was S lu rried  w ith the required weight o f  s i lv e r

n i t r a t e  a s  b e fo re , l a t e r  was removed completely by th e  ftreeee

d ry ii^  method. I n  th is  case, th e  ac tu a l amount o f s i lv e r
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n i t r a te  used determ ines the percentage composition.

Thin la y e r  chromatography ( t . l . c . )  was done on K ieselgel G

1^6(E. Merck AG.) prepared according to  S tah l, of standard th ickness. 

Eluents and sprays a re  in d ica ted  in  each case.

M elting p o in ts  were taken on a  K ofler ho t-s tage  and are  

unoorrected. R efrac tive  in d ice s  were obtained on a standard Abbe 

re  f  ractome t e r .

Unless in d ica ted  otherw ise, magnesium sulphate was used as 

drying agent throughout.



SECTION I

P rep a ra tio n  anc! Isam erisa tion  o f  Decadiynea. 

Deoa-l.fr-diyne*^*1^  ( H 9. n  •  6)

1&8TO a  sun pension o f  sodium ace ty lid e  (from 11 g . sodium) in  liq u id  

ammonia (600 m l.) was added w ith s t i r r in g  (over 1 h r .)  a  so lu tio n  o f  1 ,6 - 

dibromohexsne (25 .9  S») i n  e th e r  (40 m l.) . The m ixture was s t i r r e d  

vigorously fo r  a  fu r th e r  hour, then  l e f t  standing overn igh t. E ther 

(200 m l.) was added to  the  suspension, followed by so lid  amaoniun ch lo rid e  

(20 g .) w ith  rapid  s t i r z in g .  This, and the ad d itio n  o f aqueous ammonium 

ch lo rid e  decomposed any remaining ace ty lid e , and evaporated o f f  the hulk 

o f the ammonia. A fte r decanting the organic lay e r, the aqueous so lu tio n  

was ex trac ted  w ith  e th e r , and the combined e th e rea l e x tra c ts  washed w ith  

d i lu te  sulphuxic acid  (2 N)» sa tu ra ted  sodium bicarbonate so lu tio n , w ater, 

and then d r ie d , concen trated , and f ra c tio n a lly  d i s t i l l e d .  F ractions o f 

s im ila r  b .p .  and re f ra c t iv e  index were combined to  y ie ld  9*8 g. (4& ) o f 

a se fr.l,9 -d iy n » . b .p .  7*-76°A6-17 •« . ; n ?  1. 4*96. ( L i t .  7 

b .p . 78-30°/29 « .  i n^° l .* 528) :  ^  5250 (y»), 2100 (■) 0. 71

1. *-D lohlorobut-2-Y nB ^^

Thionyl c h lo rid e  (90 a l . )  was added slowly, w ith  s t i r r in g ,  over 

6  h rs .  to  b u t-2- y n e - l ,4 -d io l (29 g .) in  dry pyrid ine  (69 *0L), the
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tem perature not being allowed to  r is e  above 20°. The th ick , d&ik paste  

so formed, was allowed to  come to  room temperature towards the  end, 

s t i r r e d  fo r  a  f u r th e r  2 hrs* then l e f t  overnight. The re su lt in g  so lid  

mass was decomposed by th e  a d d itio n  o f  crushed ic e  (190 g . ) ,  ex trac ted  

w ith e th e r , th e  e x tra c ts  washed w ith sa tu ra ted  sodium carbonate, and then  

d rie d , concen tra ted , and f ra c tio n a lly  d is ti l le d *  Tractions o f s im ila r  

b .p . and re f r a c t iv e  index were combined to  y ie ld  15*2 g* o f

1, A -dichlorobut-2-ynes b .p . 6 >-6l°A Q  mm,.5 1*9048. ( L i t .1^  b*p.

6e0A ?  "w« ; ^  1.5072)* ^  5.*00 (w), 126) (m), 116) (m),

700 (vs) cmT^

Decap-4, 6-pdiyne*^
1, 4-D ichlorobut-2-yne (10 g .) was added slowly, w ith  s t i r r in g ,  to  

a  suspension o f  aodamide (from 7*7 ft* sodium)in l iq u id  ammonia (90Q m l.) , 

followed by n-propylbroraide (22*12 g .) over 9 minutes* This m ixture was 

s t i r r e d  w ith  coo ling  (so lid  carbon dioxide-met h an d ) fo r  49 m inutes, then  

f o r  1 hr* w ithout e x te rn a l c o d in g , followed by s t i r r in g  w ith  in te rm itte n t 

c o d in g  f o r  a  f u r th e r  2 h rs . E ther (200 m is.) was added, followed by 

s o lid  ammonium c h lo rid e  (20 g .)«  Any remaining ace ty l id es  were decomposed 

by th e  cau tio u s  a d d itio n  o f  an iced  so lu tio n  o f ammonium ch lo rid e  

(**190 m l.) ,  and th e  m ixture was l e f t  to  stand overn ight. The organic 

la y e r  was decanted, and th e  aqueous so lu tio n  ex tracted  w ith  ether*

These e th e re a l e x tra c ts  were combined, washed w ith  2R su lp h u ric  ac id .
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saturated  sodium b icarbonate, w ater, d ried , concentrated , and fr a c t io n a l ly

d i s t i l l e d .  F ractions o f s im ila r  b ,p . and re fra c tiv e  index were combined
20

to  give g- ( 52j£) o f  deca-4 ,6-fliynej b .p . 57— 59 /D-5 «*»•» ^  l.*911
( L i t . 170 b .p .  < 6o°/0.01 urn.. 76°/2 o n .) .  $ “ lm 2150 (w). 1)30 (m),

1)10 (m). 1270 (m) cm?1; A  1̂ ?  “ 5 <*A- ( € - & 5)*IBaA# /

Base Catalysed Aroroatisation o f  Diynes

The General Method

The b as ic  medium was prepared ju s t  before use, as an opalescent 

d isp e rs io n , by re  flu x in g  fresh ly  prepared potassium te r t'-b u t oxide (previous-  

1 ly  heated a t  <*w. i 6o° under reduced pressure u n t i l  sublim ation s ta r te d )  in  

approximately te n  tim es i t s  weight o f  diglyme (d ried  by d i s t i l l a t i o n  from 

sodium). The diyne and th is  reagent ( in  the required ra tio )  were then

heated under re f lu x  fo r  the  re q u is ite  length  o f time under n itrogen . On

cooling, the  re a c tio n  m ixture was d ilu ted  w ith w ater, ex trac ted  w ith 

pent&ne, and the  e x tra c ts  washed repeatedly , d ried , and concentrated to  

g ive ' the  liq u id  hydrocarbons. Except fo r  i n i t i a l  experiments, 

d i s t i l l a t i o n  of the  products was not attem pted, owing to  the  lo sse s  

occasioned through polymerisation.

The leoner i a a t i o n  o f  D a o a - 1 , 9 - d l y n e  ( 1 1 9 ,  n »  6 .

The purity of both deo*-l, 9-diyne and deca-4,6-diyne was checked 

by analytical g.l.c. prior to use (10^ Ap'L*, 4* x o.d., 100°,

50 ml.Aain*» p u r ity  100(4 fo r  both; deca-1,9-diyne * J»SQ tain*..



deca-4, 6-d iyne = 23*25 m ins.).

Heating of the diyne (2 g.) with the above basic system ( in  a
molar ratio of 1?7) for 18 hrs. at l6o° gave 1*9 (95̂ ) of a yellow
oil after extraction. This had A  265 ni/bu. ( £ = 1900) Fig. 3 ;
^ uq trace of ethynyl in the i.r. (Fig. 1);max

n.m .r. 2.94 ( s in g le t ) ,  3*5-5«(> (m u lt.) , 4.0-4.1 (doub le t), 4.5-4.8 (m u lt.) , 

7«5-7«8 (m u lt.) ,  8. 7-9 .O (rault.)T ' . g . l . c .  data . Table I ,  p . 21.

The Iso roerisa tion  o f  Deca-4, 6-d iy n e .

Treatment o f  the  diyne w ith the  same basic  system as above (1:7 
molar r a t io )  f o r  12 h rs .  a t  l 6o° gave 1.5 g. {" ]% )  o f product: i max
740 (m), 710 ( a) omT^; no tra c e  o f ethyoyl in  the i . r . ;  A ®*^exane 

2^5 15M.. ( £ =  2 ,800); n .ra .r. 2 .95-2.98 (m u lt.), 5*5-5«6 (m u lt.) , J . 8-4.1 

(m u lt.) , 4 .9 -4 .8  (u iu lt.) ,  7 . 9- 8 .2  (m u lt.) , 8.7-9*2 ( m u l t . ) t ’ . (F ig . 2a) 

g . l . c .  d a ta , Table 1 , p . 2 \  •

Hydrogenation o f the  Decadiyne Primary I  some r i  sa t ion  Products.

Hydrogenation i n  e th y l a c e ta te  over palladium /charcoal (1050 o f 

e i th e r  o f  the iso m erisa tio n  m ixtures gave s im ila r  m ateria l -  as determined
% f t 1by spectroscopy ( i . r . ,  u .v .)  and a n a ly tic a l g . l . c .  (Table I ) ;  V mmax.

740 (s )  ornT1 fo r  bo th  samples (see  F ig. 3); A 257, 264, ZJ2 nyu.-
n l U «

( € 21100) and A  c *hexane 257.  264, 272 *0.  ( £ -  50) fo r  the m ixturesmax. ’ *

derived  from the 1 ,9 -  nnd 4 ,6 - isomers re sp ec tiv e ly . 3o absorption  from

eth y len ic  pro tons i n  the  n .m .r. spectrum fo r  e i th e r  product (F ig . 2 ) .
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A nalytical g . l . c ,  o f  Primary and Hydrogenated Isom eriaation  Products o f 
the Deoadiynes (Table I ) .

The th re e  expected isomers i n  the m ixtures (o-rv-propyliriethyl- . 

j benzene, o^diet^ylbenzene» and n-butylbenzene) were id e n tif ie d  by 

comparison o f  t h e i r  ^  values and by co-chrow»tography w ith au then tio  

samples. Several columns were t r ie d  fo r  optimum resolution* th e  b est 

r e s u l ts  being achieved w ith  a  poly(ethyleneglycol) c a p illa ry  column (F igs. 

4a ami b) .

The percentage com position ( to  the nearest whole number) was 

ca lcu la ted  from the peak he igh ts  o f the components o f the  m ixtures, and 

i s  not co rrec ted  f o r  v a r ia tio n s  in  d e te c to r  response.

The optimum cond itions used w ere;- 5 0  ra. poly( ethylenoglycol) 

c a p illa ry , temp. 5°°> 18 p . s . i . / 6 , 0  * to ta l  flow 55 m l.Asin. Flame

io n is a tio n  d e te c to r , yX) y .  x 256, F i l t e r  2.

Time study o f  Deca-4 ,6-diyne Isom erisation .

Treatment o f  deoa-4 ,6-diyne under th e  same conditions as described

prev iously  was followed ty  withdrawing a liq u o ts  (1  m l.) from the  re ac tio n

a t  re g u la r  in te rv a ls  over 25 h rs . These were worked up by the  usual 

method and th e i r  co n ten ts  examined by g . l . c .  (50 m. Ap'La c a p il la ry , 105°* 

20.75 P . s . i . / f . l  m t o t a l  flow 50 ml . / s i n . ;  F ig . 5)*

This study showed th a t  isom erisa tion  takes p lace very rap id ly ; 

even a f t e r  1 h r .  th e  com position o f  the m ixture was p ra c t ic a l ly  th e  same 

as  a f t e r  25 h r s .  Some fu r th e r  decomposition o r  isom erisa tion  d id  seem



to  take p lace towards the ena an evidenced by the appearance o f fu r th e r  

peaks. The com position remained the same throughout the f i r s t  te n  hours, 

e .g . the p rop o rtio n s o f n-butylbenzene, o-diethylbenzene and o-n-propyl- 

5toluene were 9. 7# (10. 1# ) . l 6. 8# ( l 6. 1#) axri 4 2 .^  ( 58. # )  a f t e r  2 h rs . 

and 10 h rs . ( in  b ra c k e ts ) .



SECTIO N  I I

Isom erisa tion  o f Octa-1, 7-diyne

0 o ta -I,7 -d iy n e  (119f n  s  4) -  General

This m a te r ia l, prepared by standard methods, was obtained

from R. G. W illis  and I .  D« Campbell, and showed several components by 

g . l . c .  I t  was accordingly  p u rif ied  by p repara tive  g . l . c .  (P e ik in  TSlmer 

451, 1" x 90 cms. column, 2Q£ poly (propylene) glycol, 90° , 10 p .S o i. 

(n itro g en ), 20 mina.) to  give 100# pure m a te ria l. This was used fo r  

i n i t i a l  t r i a l s ,  bu t as th e  isom erisa tion  products were the  same from the  

p u rified  and crude diyne, the  l a t t e r  was used fo r  a l l  la rg e  scale  

iso m erisa tio n s . (The im p u ritie s  did not in te r fe re  w ith g . l . c .  an a ly s is ) .

5500 ( s ) * 2100 ("O' 0*"1

Isom erisa tion  o f  Octa-»l, 7-dlyne -  Standard Procedure.

The diyne (2  g .)  was heated under re flu x  (8  h rs .)  w ith  the basic  

system (potassium  te r t-b u to x id e , from 5.8  g. potassium, in  the  r a t io  It 9) 

under n itro g en , to  g ive a f t e r  ex trac tio n , 0.55  g . (5530 o f  a yellow o i l ;

^ m j" 1652 (* ). i f c *  (w). l&>5 (» ). l*9« (» ). 7*5 (» ). 709 <«). 699 (») 

A 251-256 yu. . ( £  « 2,550); lu o .r .  2 .45 -  2 .9  ( * u l t . ) ,

5.2-5*7 ( « u l t . ) ,  4 .1 -4 .9  ( v j l t . ) ,  7 . 2-7 .8  ( a u l t ) .  8 .0-8 .2  ( a u l t . ) ,

8 .7.91  (m u lt.) T  . A liquots removed i n  the  course o f  the  reac tio n , and 

examined by g . l . c .  ( s o r t i t io n s  as  below) showed th a t equilibrium  was
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a tta in e d  a f t e r  2 h rs .

Isom erisa tion  o f (Detail,7-diynes Analysis o f  the Product.

A naly tica l g . l . c .  (Fig* 6; 50 »• Apfl/ c a p illa ry ,

81°# 1? Pofioio/^n9^ i. to ta l flow J2 adU/aino) showed tKat eight

components were p re se n t. The two main components were id e n tif ie d  by

values and co-chromatography as o-xylene and ethylbenzena in  a

proportion  o f  5* J (by d ire c t  area  comparison), and comprising about

o f the to ta l  re a c tio n  products.

P rep a ra tiv e  g . l . c .  []3A E P » 20^ poly(e thyleneglycol),

2 m.; x -J* o .d . ,  85° , 20 p . s . i .  (helium)*]] furnished several cu ts , one

o f  which was pure o-xylene (s in g le  peak on a n a ly tic a l g . l . c . ) ; ^~  max

JO60 ( a ) .  J020 ( s ) ,  1605 (* ) , 1500 ( s ) ,  1J90 (m), 7*5 (vs) omT1!

1 7 2id e n tic a l w ith  published  d a ta . The presence o f  the m~ and ]>-xylenes,

as w ell as  ethylbenzene, i n  an e a r l i e r  f ra c tio n  was proved by i . r .  and 

a n a ly t ic ^  g . l . c . s  ^  J050 (a ) ,  J020 (a ) , l6>5 0 0 .  1500 (m),

1J80 (* ), 795 ( s ) .  770 ( a ) .  7*0 ( a ) .  715 (a ) ,  700 (vs) omT1; ( l i t . 172 

.thy lbenzene 790 (»* ), JJZ (* ) , 697 (va) onT j a-^ylena 77°  ( T8)»

695 (a) caT1 ; £■>xy l.n e  795 ( va) onu1) . G .l .c .  ( 20J(. 7 , 8-ben*oquinoline, 

2 m. x J* o .d . ,  80°, 65 m l./m in .) showed four components p resen t w ith 

re te n tio n  t in e s  o f  17*38, 19*12,  20. 58, 21,8 mins, resp ec tiv e ly . 

Kthylbensene, m-gylene, and jg-gylene had re te n tio n  times o f 17*8, 19*0 , 

and 20.5 ndn. re sp ec tiv e ly  under id e n tic a l conditions (Fig* 7) • The
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m ateria l in  the o th e r  cu ts  was in su ff ic ie n t to  perm it id e n tif ic a t io n ,

Isom erisa tion  o f  0cta-l,7«-diyne; Analysis o f the Hydrogenated Product,

Hydrogenation o f  the isom erisa tion  mixture (over 1Of palladium /

charcoal i n  e th y l a c e ta te )  y ielded  a mixture o f sa tu ra ted  and aromatic

compounds, as  shewn by a n a ly tic a l g . l . c ,  (P ig . 8; 50 Ap*L' c ap illa ry ,

84°,. 18 p . s . i .  i n l e t  p re ssu re ) . These were separated by preparative

g . l . c .  in  th e  fo llow ing manner. A poly(ethylenegLycol) column (20%,

2m. x I* o .d . ,  85°, 18 p . s . i .  helium) was used fo r  the i n i t i a l  separa tion

of the arom atic from the sa tu ra ted  compounds (F ig . 9)» the l a t t e r

(to g e th e r w ith  e th y l a c e ta te  so lvent) were then  rechromatographed on an

Ap'L* column (2Q£, 2 m. x £* o .d . ,  85°» 18 p . s . i . )  to  give four main o u ts .

The f i r s t  was e th y l a c e ta te , and th e  second was id e n tif ie d  as methyl*

»oycloheptane; ^  29*5 («). 291* (*■). 285? (a). 1*6) (m), 1**8 (.a),
1577 (»)# 15^6 (w), 1552 (w), 1048 (vw), (vw), 814 (w) omT1 A

saaplp'*
synthetic had an identical spectrum. The n.m.r. spectra of the isolated 

cut and authentic aethylcyoloheptane were identical, having absorptions 

at 8.0, 8.44, 8.75# 9*1 ̂  • Analytical g.l.o, (50 m. Ap'L* capillary,
84°, total flw 55 ml./s in )  showed this cospound by oo-chromatogmphy and 

gp to be identical with methylcyol oheptane •

The third cut, containing two compounds was in an amount 

insufficient for identification. The fourth out was identified as 

oydooctane; one signal in the n.n.r. spectrum at 8.461  identical with

. J
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au then tic  m a te ria l and id e n tic a l  R ^w ith cyclooctane by g . l . c ,  (same 

conditions as  above). No n-octane could be detected by g . l . c .

Iaom erlaation o f  Oota-1*7-diynes The O lefin ic  C onstituents o f the 
Primary P roduct.

( i )  The re a c tio n  products (9 g«) from the base catalysed  isom erisa tion  

of oo ta-1, 7-d iyne  (10  g .) were chromatographed on a  1(#  s i lv e r  n i t r a t e /  

s i l i c a  gel column (40 g«) using  pentane and d ie th y l e th e r  as e lu an ts

(5 mil. f ra c tio n s )  • The u l t r a v io le t  spec tra  o f i n i t i a l  frac tio n s  were 

aromatic i n  character*  and the appropriate  fra c tio n s  ( 20- 29) were 

combined: l a t e r  f ra c tio n s  ( 59*90) had more d iffu se  sp ec tra  co n s is ten t

with diene chromophores, and th ese  i n  tu rn  were combined* and a f te r  

ca re fu l concentration* subjected to  p reparative g . l . c .

( i i )  U t i l i s in g  a  poly( ethyleneglycal) column (20f» 2 m. x o.d,*

81°* 59 n d ./n in * ) f iv e  o u ts  were taken ( f ig .  10* 10a ) .  The f i r s t  two 

consisted  o f  so lv en t and tra c e  m aterials* and were d iscarded . Cuts 5 

and 4 contained sev e ra l components i n  common* and w il l  be considered 

la te r*  The f i f t h  cu t was obtained pure* and id e n tif ie d  spec troscop ica lly  

a s  oyoloocta-1*5*5- t r l e n e  ( 101) :  ^  3010 (vs)* 2935 (vs)* 2885 (m).

8*9 (■ ). a ?  ( a j ,  77$ (* • ) .  7*2 702 <*»). 6*7 (*») a C 1,  id .n ti< » l

w ith  t  published  ^  o .h .i1."*  265 mp~ (  €  ■ 5 .000).

* $ • /* ■ .  ( £ . % « 0O jJ.

A m an  a fflo L W t oc&uaaQgC pol*(«tfcgrl«Mgl*oail) 600,  12’ x f *  o .d . .  

70°. 180 ( 1.M &  3  I***"11** in  •» Autoprep inetnnont

i
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yielded a  more convenient separa tion . Again Cuts 1 and 2 were d iscarded, 

but Cuts 5 ***1 a s  w ell as 9» were b e t te r  separated* the  l a s t  being 

obtained in  an amount s u f f ic ie n t  fo r  an tu au r. spectra*; th is  had 

absorption a t  4 .l6 ,  4.5* 7*97T  ( e l l  broad sing lets)*  id e n tic a l w ith th a t  

of a  eyn the tlo  sample o f  oyolooota-l»5«9*4riene.(p.l09 )•

Cuts J and 4 were obtained in  s u ff ic ie n t quan tity  to  be id e n tif ie d  

by th e i r  s p e c tra l  c h a ra c te r is t ic s  as  m ixtures o f mainly 2-methylcyclo* 

s hepta-1* J , 9 - tr ie n e  (122), f p lu s  J-methylpyolohepta-l* % 9 -tr ie n e  (12?)}, 

and 1-m ethylcyclohepta-l, 5 ,9 - tr ie n e  (121)* [Jplus methyl cy c l ohept a-

1 ,5 ,9 - tr ie n e J  re sp e c tiv e ly . These th ree isomers* as w ell as the  7-®®thyl-
112

: oycloheptar.1,5 ,9*"t r i -eni* (120) were synthesised by a  published route 

(see p. JO )* and a  comparison o f th e i r  sp ec tra l c h a ra c te r is tic s  and 

those o f  Cuts 9 and 4 follow s in  tab u la r fora; th e i r  i . r .  and lum .r. 

speotra a re  i l l u s t r a t e d  in  H g s . 11* 12* 15 (p . 26 ) .

Comparison o f  these f ra c tio n s  by a n a ly tica l g . l . c .  (20£ Cyano *P».

4' x i* o.d .*  50°, 58 m l/win.) w ith  syn thetic  m ateria ls  showed th a t Cut 5 

contained fo u r components* the two major ones being 2* and J-m ethylcyclo- 

j h ep ta -1 ,5* 9 - tr ie n e  re sp ec tiv e ly . Cut 4 contained the  5- and 1-methyl 

isomers (m ajor), w hile Cut 9 contained only cyo loocta^ l,5*9 - tr le n e .

( i i i )  A sm all amount (**1 mg.) from each cut was dissolved in  e i th e r  

earbon te tra c h lo r id e  o r  e th y l ace ta te  and hydrogenated in  a Clauson-Kaas 

apparatus over an  exoess o f  palladium on charcoal (1Q90* The products 

"ere analysed by g . l . c .  (90 m. Ap*L» c a p illa ry , j6? , 49 m l./fain, to ta l
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TAELS II

A m i m w  W H w e n f c  * v a  S i w  a v e w o A a v  — ■t i u '  i v j v a v i r i f -------- 1 >  f t  j— r i r v n r T

and Outs 5 and 4 from P rep ara tiv e  g .l.c *  o f  Isomerised 0 o t* -l,7 -d iy n e

Cut 5 Cut 4 1-M ettyl 2-Methyl 9 - tb t ty l 7-Methyl
(121) (122) (125) ( 120)

2200 vs
30262022 }026 3028

2965
3012 2992 3014

2970 2970 2970 2960 2962
2925

2911
2944 2942

2920
2950

2880 288? 2886 2882 2884 287*
28J5 2840 28 J8 2836 2840 2892

X65O
1655 16271625 1620

1^10 1604
1500 1555 15*0 1550 1550
1280 1575 1380 1578 1575 1577

1J60
1298 1295 1295 1290
1145 1190
1080 1080 1059
1040
1025 1010 1015 1016

942 915
895 854 656

822 822
79° rx> 7 9 790

7 6 )765 760 769
7*0 755 757 757 742
720 719
709 705 706 705 707

671

Values quoted ere ̂  ia oaT1
Cute 5 •>* * run on PS 2$7, a l l  o thers  on Unloam SP 1J0.
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TABUS in

dtrariolet Data for the Isomeric M>tteioyclohtptfr»l, 5.5»trtem 
and Cuts 5 and 4 from F » p m t l y >  g.l.c. of Iwwiltea 0oto»l«7"dijpw

Out } Cut 4 1-Hrthyi12 2-M*thji12 J-lfetlvi12 7-lfattwiU
(121) (122) (123) (120)

239 264-266 269 258 260 25B
£  > 2200 £  « 2730 £»  3400 £  -  2600 £ «  3800 £ -  3J10

v gtGH▼•lues for 1-, 2-# and 9-methyl isomers are A  ̂  ; all others are

TABLE 17

Proton Magnetic Bsaonanoe Data 
for the Isomeric Methyloyoloheota-l. 3.5-trlenea

and Cote 5 and 4 from Preparative g .l.c . of Isomerised 0cta-1.7-djyne

Cut 9 Cut 4 1-Methyl
(121)

2-Methyl
(122)

9-Methyl
(125)

7-Methyl
(120)

5*55 5-55 5.55 5.6 5.4
doublet tr ip let trip let doublet doubl.t trip let

5-95 5 .» 5-96 5.96 4.01 5.95■at. mult*. molt. mult. trlia«t doublet
*•75 *•7 4.74 4.72 *.75 *•97■at. quartet quartet W it. w it . quartet
7.86 7-7 7-75 7.69 7.75 8*4

trip let doublet doublet trip let w it . nult.
8.16 8.0 8.Q9 8.19 7 .# 8.65

doublet doublet singlet singlet trip let doublet

All sasples run in  carbon tetrachloride with T.M.S. a s  internal reference. 
Mldkpoints oriLy of noltiplete are quoted ( ' t ) .



102

flow. Peak h e ig h ts  used to  c a lc u la te  percentage com position).

Cut8 5 and 4 produced in  each case *w 50% o f  methylcycloheptsne* no 

s ta r t in g  m aterial*  and sev era l o th e r peaks.

Cut 5 d id  not co n ta in  any cyclooctane* nor any s ta r t in g  m aterial* 

hut d id  have one m ajor component* presumed to  be eyclooctene.

L ite ra tu re  rep o rts  reveal th a t complete hydrogenation o f  e ig h t 

meobered u n sa tu ra ted  carbocycles i s  not possib le  under some conditions* 

eyclooctene being the  major product in  most cases. Possib ly  a s im ila r  

l im ita tio n  may apply to  th e  hydrogenation o f  the  seven carbon ring  

compounds. Iso m erisa tio n  on the c a ta ly s t  surface may be a fu rth e r  

com plicating f a c to r ,  e sp ec ia lly  when an excess o f c a ta ly s t i s  p resen t.

Isom erisa tion  o f  O cta-1,7-diynes Id e n tif ic a t io n  o f T ransitory  In te rm ed ia tes ,

( i)  The diyne (5 g .) ,  was heated under re flu x  (2 h rs .)  from cold with 

the base (potassium  te r t-b u to x id e  from 1.8J? g. potassium in  a Is 1 molar

ra tio )  i n  diglyme (500 m l.) under n itrogen . The product was iso la te d  as 

before, and had )  3000 ( a ) ,  29*0 (v a ), 2880 (a ) ,  1970 (w), 1920 (w).

1720 (w). 1650 (w). 1620 (n ) , 1*90 ( a ) ,  1*50 (»)» 1380 (to). 790 (a ) ;

775 («). 7*5 (▼.), 700 (a) omZ\ A 2^9 ( f  -  *00) ,  280 ( t  rn *00) ,

r l  AOL i t . f o r  octa-1* % % 7 - te t  m ens

(lOJb) 5 X  ^ " ° ° tan® 267* 278, 290* 504 nyu.. (£  ■ several thousand -
iso -o c tan e

immeasurable accu ra te ly  due to

A n aly tica l g . l . c .  (50 m. Ap»L* oapilla iy*  80°, 18 p .s » i .)  showed
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one major component (R^ re la t iv e  to  ethylbenzene 1. 25) apart from the 

aromatic hydrocarbons. P rep ara tiv e  g .l.c*  f e o t  po ly(e thy leneg lyco l),

2 m. x J* o.d.* 96° , 18 p . s . i j  y ielded  fiv e  cu ts , the l a s t  co n s is tin g  o f

th is  m ajor p roduct. This was co llec ted  as a so lid  (co lo u rless  p la te le ts

o filnia t 0 ) which gave a  s in g le  peak on re-chromatography. 2̂ 22 ( s ) ,

2858 (m). 1*55 («)• 15*0 (w), 1520 (w), 1260 (n ), 1025 (*) omT1; ond

absorp tion  only i n  the u l t r a v io le t .

hydrogenation over palladium /charcoal (10$; o f calcu la ted

uptake fo r  fo u r double bond equivalents) y ielded n-octane ( id e n tif ie d  by 

g . l . c . )  • These p ro p e rtie s , as w ell as i t s  correspondence to  the compound 

iso la te d  in  s e c tio n  ( i i ) ,  shew th is  in term ediate to  be o c ta -2 ,6-diyne (124).

( i i )  O cta-1, 7-d iyoe  was heated under re f lu x  in  a  so lu tio n  o f potassium

te r t-b u to x id e  in  te r t-b u ta n o l (1*5 molar; 4s 1 r a t io  o f base to  diyne)
122 r  

fo r  24 h rs . under n itro g en . A nalytical g . l . c .  |  50 ra. poly(ethylene-

sglycol) cap illa ry *  50°* 20 p . s . i . / 6. 5* to ta l  flow = 75 m l./rain.3 showed

the m ixture to  have th e  follow ing composition a f te r  10 h rs . re flu x . (A

number o f  minor peaks were p resen t a ls o ) .

( a in s .)  i  Composition ♦ Compound

7.56 8 ethylbensene
7 .92  7 ^-xylene

8*16 14 » -xylene

11.0 26
50.6  *5 Ufknoro.

* C alcu lated  from peak h e ig h ts .
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p re p a ra tiv e  g . l . c .  £ 25/  poly(ethyleneglycol) 600» 12* x f  

X25°# 140 m l./m in .J  again  y ie ld ed  several outs, the l a s t  o f  which was the 

uricnown, Id e n tif ie d  a s  o c ta -2, 6-diyne (124), o d o u r le s s  p la te le ts  a t  0°, 

i . r .  and end ab so rp tio n  i n  the  u .v . id e n tic a l w ith th a t given above under

( i ) .  A mass spectrum  had th e  paren t peak a t  m/e  106, i . e .  C ^ q ?  

n.m .r. ab so rp tio n  showed s ig n a ls  a t  7*75 (s in g le t ,  4H), and 8.2$ ( s in g le t ,  

&I) No oot& tetraene (lOJb) o r  a lie n s  could be detected  speot roscopio- 

i a l ly .

( i i i )  H ydrogenation over palladium /charcoal (109() in  e thy l ace ta te  o f 

the product ob tained  by method ( i) ,  followed by examination o f th is  

m ateria l by a n a ly t ic a l  g . l . c .  (50 m. Ap'L* c ap illa ry , 84°, 18 p . s . i . )  

demonstrated th e  presence o f  a l l  th ree  p la n e s ,  ethylbenzene, n-octane, 

cycloootane and m ethylcycloheptans in  the proportions as indicated  in  

f ig .  14 (p . 28 ) .

Iso m erisa tio n  o f  O c ta -l,7 -d iy n e i F ilte re d  Solu tion  o f Base.

A ho t d isp e rs io n  o f  potassium te rt-b u to x id e  in  digLyme («• 2% 

oonoentration) was c a re fu lly  f i l te r e d  through a  s in te red  g lass  f i l t e r  

under n itro g en . Ih e  re su lt in g  d ilu te  so lu tio n  (*»0 .2  molar oonoent ra tio n , 

by t i t r a t io n )  to  whieh th e  diyne was added, gave complete conversion to  

^ ^ r l e n s  and ethyibensene a f t e r  2 h rs . re f lu x  (w ith only tra c e s  o f  o th e r  

components, f ig .  1J )  a s  shown by a n a ly tic a l g . l . c .  (50 ra. Ap*L* c a p il la ry , 

75°. 18
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^y n th ea ls  o f  Hydrocarbons Isomeric w ith  O cta-1 .7-d lyns. 

7-M ethyloyolohepta-l, 3, 5 - tr ie n e  (120)111’ 17*

( i )  Broadne (40 g .)  i n  carbon te tra c h lo rid e  (125 m l.) mss added w ith  

s t i r r i n g  over &  h rs .  to  a  so lu tio n  o f cyoloheptai-1,3, 5 - tr ie n e  (ex  S hell,

25 g .)  i n  200 ml. o f  carbon te tra c h lo rid e  a t  0 ° . The dibrom otropilidene 

complex ob tained  on removal o f  the  a d v e n t,  was heated in  vacuo fo r

72 h rs . (55-6>°A 5-20 mm.). The s d i d  greenish-yellow  cake was ground 

i n  a  m ortar under carbon te tra c h lo rid e , f i l te r e d  o ff , washed, and d ried  

in  vacuo a t  room tem perature. The crude product (58 g. 90£), m .p.*»l40° 

dec. f l i t . * 7 ^ 165*165 d e o w a s  shaken vigorously w ith abso lu te  ethanol 

(550 m l., added a t  re flu x ) t i l l  so lu tio n  was complete. The re su ltin g  

dark so lu tio n  was s e t  a s id e  a t  *50°  fo r  several hours, f i l te r e d  rap id ly , 

and th e  so lid  washed w ith cold absolute ethanol ( a t  - 50°; 90 m l.) to  give 

a  dark s o lid  (25 g . ;  m .p .-*140° d e c .) .  Removal o f so lvent o f  c r y s ta l l i s -  

1 a t io n  by h ea tin g  under vacuum resu lted  in  yellow c ry s ta ls  o f tropylium 

brcwide£(126) same in d e f in i te  m elting point]* ^ 1250 (m), 1210 (m),

10*0 (» ) . 980 (« ) .  670 (.> .650  ( • )  0.T1* A 245*2W> » 5-215 y u -

(£. 1.1JQ, l.«0).

( i i )  The orude tropylium  bromide (126) ,  4 g. was added over 50 w ins, 

to  a  s o lu tio n  o f  methylmagneaium iodide i n  e th e r  (75 m l.; from 0 .8  g .



magnesium and 47 g . methyl iodide) . This mixture was s ti r re d  fo r  1 h r . a t  

20°, then  re flu x ed  f o r  a  fu r th e r  50 rnins. gxoess Orignard reagent was 

decomposed w ith  ic e ,  th e  m ixture ex tracted  w ith e th er, and th e  e x tra c ts  

washed, d r ie d , and concentrated to  y ie ld  1*5 g. (5 3 0  ° f  * brown o i l .

This was p u r if ie d  by p rep ara tiv e  g . l . c .  (2%  Cyano column, 19* x l - * ,  

75°, 190 ml • /m in .) to  g ive pure 7*® cthylcyclohepta-l, 5 ,5 - tr ien e  (120).

The sp e c tra l c h a r a c te r is t ic s  ( i . r . ,  u .v .,  n .m .r.; Tables I I ,  I I I ,  IV) 

were in  agreement w ith  values quoted in  the l i te r a tu r e .

1-, 2-, and 5 -M eth y lcyc loh ep ta -l, 5, 5 -tr ie n c s112,1^* f(121), (122), (125)1

( i)  B irch red u c tio n  o f  o - to lu ic  acid £(127), 25 g .J  w ith methanol and

sodium /liquid  ammonia y ie ld e d  1 , 4 -d ih yd ro to lu ic  a c id £ ( 1 2 8 ) ,2J g .;  9&J
m.p. 74-76°  from pentane, ( l i t . 1^* 7^-7^°)* ^  1720 (v s), 890 (v s),max

6j0 (>) cmT1
( i i )  Lithium  aluminium hydride reduction o f the d ihydrotoluic acid 

( l6  g .)  i n  e th e r  gave 1 , 4-dihydro-2-methylbennyl alcohol (129) as an o i l  

(15 g .; 923C), t£ °  1.5024 ( l i t .112 r^ °  1.5055), which was p u rif ied  by

d i s t i l l a t i o n  (b .p . 109°/26 mm.); ^  5*00 (v s), 10*0 (v s) , 890 ( s ) ,

690 ( s )  cmT1
( i i i )  The p -to lu en esu ln h oq y l d e r iv a tiv e  (150) o f  t h is  a lcoh o l was 
obtained in  y ie ld  (by the a c t io n  o f  p -to lu ene sulphonyl ch lor id e  in  
d iy  p yrid in e fo r  44 h r s . a t 0-5°)> m*P* 42-45° from ethanol ( l i t 112 

42-45°); ^  m;501 15^0 ( v s ) ,  1180 ( v s ) ,  1170 ( v s ) ,  890 ( s ) ,  690 ( s )  cmT1mot
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( I t )  S o lv o ly sia  o f  t h i s  to sy la te  [(1J0)» 6 g . j  in  g la c ia l a c e tic  acid

o /(7 g. ; sodium dihydrogen orthophosphate aa buffer) at 90 for 96 hrs* 
yielded 4*7 g. of a Mixture of the required nethylcycloheptatrienes and 

of the acetates arising fro* the alcohol. This Mixture was separated 

into its hydrooaxfcon and ester fractions by chromatography (alumina.

Grade IX) w ith  n-pentane a s  e lu a n t, PreparatiT e g . l . c .  {7%  Cyano 'P ' ,  

19'  i f * ,  79° ,  180 m l . /s in .)  o f  the  hy&rooaxbon fra c tio n  yielded the 

pure 1- ,  2-> and 9-m ethylcyolohepta-l. 9» 9*4rienes, id en tified  by a 

oomoariaon o f  t h e i r  sp e c tra l p ro p e rtie s  (Tables U* III*  IV) w ith

publiatod d . t » .U 2 ' 12^

AtMlytlcaJ. g . l . e .  on th rs e  d if fe re n t oolurane MO m. po lj(e th y len e- 

«glycol) o a p il la ry ;  20j( s i lv e r  n itra te /tr i(e th y le n e g ly c o l)  j TOji 

Qyano »Pf J o f  th e  hydrocarbon m ixture p r io r  to  separation , showed i t  to  

co n sis t o f  1& , 1^ ,  and (O t o f  th e  2- ,  9-* an i 1-methyl Isomers, as  w ell 

as $C o -xy lsue. These values d i f f e r  from the  l i te r a tu r e  findings, but 

l a t e r  work i n  t h i s  th e s is ,  (p . X V fl, shows th a t these isomers can read ily  

interchange under th e  a c tio n  o f heat alone.

Attempted P re p a ra tio n  o f  Honobromooyclooota*»l,9-dlene8U ‘̂  ["(151),(132)1 

Q yolooo ta-l,9 -d iene £(92), ex C itie s  Service* 47 g ,, o,44 molej, 

N-bromosuoolndLidde (99 mole) and bensayl peroxide (2  g .) i n

carbon te tra c h lo r id e  (290 ml.)* were heated under re flu x  fo r  9 h rs . to  

y ie ld  a  yellow  o i l  ( a f t e r  removal o f  the  p reo lp ita ted  suooinUdde by
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f i l t r a t io n ,  anrl co n cen tra tio n  o f  the  so lu tio n ). D is t i l la t io n  o f  th is  

o i l ,  even unfler reduced p ressu re , caused gross decomposition and was
"l M |

discontinued; (recovered 11.1 g . ,  l o t  y ie ld );  0  (")* 7 ^  ( s ) ,

710 (8) cmT1 Chromatography over s i l i c a  gel re su lted  in  decomposition, 

hut use o f  n e u tra l alumina (Grade I  o r  IX) gave a  small amount o f 

o d o u r le s s  need les, m.p. 119- 125° , (found to  he dibromide, p . 109) i n 

l a t e r  f ra c t io n s .  The o i l  obtained from e a r l i e r  fra c tio n s  seemed to  

consis t o f  iso m erisa tio n  products. No fu r th e r  p u r if ic a tio n  was 

attem pted.

P rep ara tio n  o f  DLbromooycloootadienea11^ [“(lS ^a), (153b)l

A brom ination method id e n tic a l  to  th a t  described above was used, 

except th a t  a  2*1 m olar r a t io  o f N-bromosueciniraide to  cycloocta-1 ,5- 

diene was employed. Thin la y e r  chromatography ( s i l ic a ;  p e tro l; iodine 

spray) showed two main spo ts as w ell as a  minor one. (A s in g le  product 

could never be ob tained , d esp ite  v a ria tio n s  in  th e  reac tio n  co n d itio n s). 

The o i l  obtained  was chromatographed over alumina (Woelm, n eu tra l. Grade 

I I ,  pentane a s  e lu an t)  to  y ie ld  a so lid , m.p. 122.5-125.5° sub ., ( l i t ^ 1^ 

124-125°), i n  th e  l a t e r  f ra c t io n s .  This, unlike the  o i l  in  e a i l i e r  

f ra c tio n s , was a  s in g le  compound, and corresponded to  the spot w ith  the  

low est i n  th e  t . l , c .  o f  the  re ac tio n  m ixture.

This so lid  had d  ^  16*5 (* ). UJO ( s ) ,  8*0 ( s ) ,  785 ( s ) ,

755 (» ). 719 <*>. 708 ( s ) .  578 (a ) on,:1! A ^ “ n°  22* y > .(£  -  5*00) ;
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the n.m. r .  showed m u ltip le ts  centred a t  4.5, 6,4, 7.2 tr  in  the r a t io

2s Is Is 1. The mass spectrum had a  parent t r i p l e t  a t  m/e  2 6 A, 266, 268, 

( l s 2s l  r a t io ) ,  a r is in g  from the presence o f two bromine atoms in  the  

molecule. Pounds C 56*5; H 5*8 • C^H^Er,, re q u ire s  C J6, l ;  H 5«8 * 

For a d iscu ss io n  o f  the  probable s tru c tu re  (155k) and reac tions o f th is  

compound see the  Appendix (p . 14$ •

115P rep ara tio n  o f Cycloocta-»l; 5* 5->trlene (101)

The o i ly  product from the attempted preparation  o f mono-bromo-

soyclooota?-l,9-*^iene was heated under re flu x  (5 h rs .)  w ith potassium

te rt-b u to x id e  in  te r t-b u ta n o l .  The reac tio n  mixture was cooled, w ater

was added, th i s  m ixture was ex trac ted  w ith  o ther, and the ex trac ts  d ried

and concentrated  to  give a  yellow o i l .  (Potassium hydroxide in  t r i -

5ethylene g ly co l, heated under re flu x  fo r  1 h r . was equally  e f fe c tiv e ) .

Chromatography o f  th is  over alumina (Grade I )  w ith pentane as eluant gave

a  o d o u r le s s  o i l ;  n) m m  l640 (w), 1650 (w), 1210 (w), 1000 (w), 820 (m),

800 (w), 770 (m), 755 (m), 700 (vs) cm?1 A nalytical g . l . c .  ^2%  poly-

t (e th y len eg ly co l), 12* x ^ * ,  80°, 45 m l.A d n .J  revealed one minor and two

major components. The two m ajor components were obtained purs by

p rep ara tiv e  g . l . c .  poly( e th y le n eg ly c d ), 12» x f ‘* , 750,  80 m l./m in .J;

oyclooota-1, 5-d ien e  was e lu ted  f i r s t  and id e n tif ie d  by i t s  i . r .  spectrum.

The l a t e r  oompouiti was shown to  be o y d o o cta -1, 5, 5- tr ie n e  by i t s  sp e c tra l

p ro p ertie s ; ^  fU ja 850 (w), 820 (m). 78O ( s ) ,  740 (m), 7Q5 (v s) , 650 (vs) max
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“ 1 1 7 2 .cm* » id e n tic a l  w ith  published d a ta .

Preparation o f  1,2 -B is (Z, 2-aibroaoeyclopropyl) ethane (156)

T ria l a ttem p ts  to  generate  dihalocarbenea from sodium tr ic h lo ro -

176 177*178; aceta te  ' o r  phenylmercuiy t  ribromomethane fa ile d , so

broraofbrra/potassium te r t - b u t  oxide in  pent ana was used (a s  ou tlined  by

(1) R e d is t i l le d  bromofoim (68 .2  g ,; 0.25 mole) was added to  a

s tir re d  s lu r ry  o f  potassium  tert-bu toadde (from 9*75 8* potassium) and

a fu r th e r  18 h r s . ,  during  which the tem perature was allowed to  r is e  to  

ambient. Water was then  added, the  so lu tio n  extracted  with e ther, and 

the e x tra c ts  washed, d ried  and concentrated to  y ie ld  58*7 g. o f  an o i l  

(contain ing some bromofonn) • P u r if ic a tio n  was attempted by two methods.

F i r s t ly ,  repeated  f ra c tio n a l d i s t i l l a t i o n  o f th is  o i l  (29 g .) 

y ielded a  f r a c t io n  (9*8 g .)  whloh gave only a s ing le  spot on t . l . o .

(ailio&$ p e tro l;  io d in e  sp ray ), b .p . 86-88°A *  mm.; n j^  1. 5175* ( l i t V ^  

1).p. 78-80°A 2 ran.; n£° 1.5180). This o i l  had 'J l6*0 (■ ), U 10 (m),

10*5 (■)• 995 (“ )» 920 (» ) . 690 (■) ca7* and th e  n .a .r .  ahomS m u ltip le ts  

oentred a t  4 .1 , 4 .95, 7 .7 ,  8 . 58,  8.8  X ( r a t io  o f  1*2*2* kt 1)• These 

sp ec tra l p ro p e rtie s  were id e n tic a l  w ith  reported v a lues.1^ *

A mass spectrum shoved parent peaks a t  a /e  210* 212, 214 (1:2*1

S k a tteb o l^ ^ ) .

hexa*»l,5*diene |^(154), 8.2  g .;  0 .1mole, ex L ights, checked by i . r .  and

g . l . c . ]  i n  dry  pentane a t  0 -5° over 6 h rs . S tir r in g  was continued fo r
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ratio) corresponding to  This i s  obviously a fragm entation

product o f th e  o r ig in a l  molecule, and ions corresponding to  fragments o f 

the alky l ch a in  were a lso  observed. These sp ec tra l fea tu res  and physical 

p roperties  perm it t h i s  m a te ria l to  be id e n tif ie d  as the mono-addition 

product 1, l~dibrom o-2(but-5-e*yl) cyclopropane (155) obtained by 

S k a t te b o l '^ .

Chromatography o f  the  d i s t i l l a t e  residues (1 ,5  8*) on alumina 

(Grade I I ,  50 8*) w ith  pentane as eluant (5 ml. frac tio n s) yielded a  

fu rth e r 0 .55  8* o f  the  mono-adduot (155)# and 0 ,6  g. o f a so lid , m.p. 

68- 69. 5°  ( l i t . 179 68- 70° ) ,  which had i  m m  1220 (m). 1210 (m), 1120 (a ) , 

10?0 (a ) ,  1015 ( a ) ,  950 (w). 76 ) (*)• 690 (va) cmT  ̂ The n.m .r. had

m u ltip le ts  cen tred  a t  8,25# 8*75 ^  ( r a t io  4*1) id en tic a l w ith quoted

179 mvalues. The mass spectrum shewed parent ions a t  approximately /e

422, 424, 426, 428, 450 ( r a t i o  I s 4 s 6 * 4 ?  1) due to  The qu in tup le t

(and th e  r a t io  o f  th ese  peaks) in d ic a te s  the  presence o f  four bromine

atoms in  th a t  m olecule. This product would th erefo re  appear to  be the

diadduet 1, 2- b is (  2, 2-dibromocyoloprapyl) ethane (156) .

Seeondly, a  pentane so lu tio n  o f the  exude o ily  product (50 g«) was 

washed repeated ly  (x  25) w ith  aqueous methanol (70*50# methanols water) 

u n ti l  no ab so rp tio n  due to  bromoform was v is ib le  in  the  in fra red . The 

pentane s o lu tio n  was d r ie d  and concentrated to  y ie ld  5*7 8* m ate ria l. 

This co n cen tra te , a f t e r  chromatography on alumina (Grade H# 180 g«# 

pentane a s  e lu a n t, 5 ml. f ra c tio n s )  y ie lded  pure mono-adduot (155)# 42 g.
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and diadduct Q l5 ^ )»  0*8 g

The combined y ie ld  from th is  reac tion  was 8.55 S* 0 4 $ ) o f mono- 

adduct (155)* 1*4 g . (4$) o f diadduct (136)* Although the  reac tio n

was repeated sev era l tim es, th e  y ie ld  o f diadduct never exceeded 1(# 

(corresponding y ie ld  o f  monoadduct J1J0*

( i i )  Bromoform (7 .6  g . ,  0*05 mole) was added over 1 h r. to  a  s t i r re d  

s lu n y  o f potassium  te r t-b u to x id e  (from 1.2  g. potassium) and the  mono

adduct £(155), 5  S«< 0.02 mole, obtained as under ( i ) ]  in  dry pentane a t  
o

0-5 • S t i r r in g  was continued fo r  a fu rth e r  25 h r s . ,  during which time 

the tem perature ro se  to  ambient. Water was added, the mixture ex tracted  

with e th e r , th e  e x tr a c ts  washed, d ried  and concentrated to  yield, an o i l .  

A pentane so lu tio n  o f  t h i s  o i l  was washed repeatedly w ith aqueous 

methanol to  y ie ld  4*6 g, o f  bromoform free  product. This, a f te r  

chromatography on alumina, gave 1 .5  g* (1530 o f the diadduct (156) ,  and 

a recovery o f  2.8  g . (5530 o f  the s ta r t in g  mono-adduot m ateria l (155) •

Attempted P rep a ra tio n  o f  Octa^-l, 2, 6 ,7 -te traen e .

( i)  From 1 ,2 -B is(2 , 2-dibromocyoloproRyl) e th an e* ^  (156)

A so lu tio n  o f  m e th y l-lith iu a  in  e th e r  was prepared and estim ated 

by t i t r a t i o n ,  u sing  s tandard  methods. I n  general, an e therea l 

so lu tio n  o f  m ethy l-lith ium  was added dropwise to  a  so lu tio n  (25 ml.) o f 

the diadduct (136) i n  dry  e th e r  ( i n  a  2.5s 1 molar ra tio )  over 20 mins. 

w ith s t i r r i n g  and coo ling , (-50° -  -40°) • S tir r in g  was continued fo r
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Water was added, th e  e th e r  la y e r  separated o ff, washed t i l l  n eu tra l, dried  

and concentrated .

R eaction tim es were varied  from 1 to  2 h r s . ,  temperatures from 

- 75°  to  15° , and th e  r a t io  o f base to  diadduct from 2. 5*1 to  4s 1, but in  

evexy case, only s ta r t in g  m ateria l could be recovered, (a s  detexmined by 

i . r .  and t . l . o . ) .  The diadduct (156) was re s is ta n t  to  m ethyl-lithium  

under th ese  co n d itio n s .

( i i )  From O cta-1 . 7- d i y n e '^

Phosphorus pen tach lo ride  ( 6l  g .;  0*5 mole) and oct& -l,7-diyne 

(6.75 g . ,  0.068 mole) were s t i r r e d  vigorously in  benzene (150 ml.) fo r  

60 h rs . a t  room tem perature . The pa le  yellow suspension was poured onto 

crushed io e  (** 400 g , ) ,  and th is  m ixture was s t i r re d  fo r  1 h r . ,  then 

extracted w ith  e th e r .  The benzene/ether so lu tio n  was washed with b rin e , 

d ried  (sodium su lp h a te ) , and concentrated. The re su ltin g  sem i-solid was 

taken up in  l i g h t  petroleum  (40°-6o°) and ex tracted  w ith 10{C potassium 

b icarbonate. The aqueous a lk a lin e  ex trac t was ac id ified  w ith d ilu te  

sulphuric ac id , and th e  l ib e ra te d  ohlorophosphonio a d d  (158) iso la te d  

by e th e r  e x tra c tio n  a s  & brown gum (4.25 g*) a f te r  concentration. This

^n« x *  5*°° 2500 (■)» lfieo ( • ) ,  1620 (» ) . liao (»).
1(00 ( s ) .  950 ( » ) .  850 (m), 760 (m) cnT1

th e  crudedU oraphiuphonlc w id ^ (1 3 6 ) f 4 g i j  i u  t l n c l n A  in  

2g sodium hydroxide (40 m l.) , and th e  so lu tio n  heated under re f lu x
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(5 h rs .)  on a  steam b a th . The reac tio n  mixture was extracted with

pentane ( a f t e r  cooling)* and the e x trac ts  were washed, d ried , and

concentrated to  g ive  an  o i l  (250 mg., 1 %) which had ^  f i l n  JJOO (m),

1970 (m). 1710 (w). x& o (in). 860 (■ ), 8*0 ( . )  on!1 ( l i t . 116 i  86},
wax

8*0 on.”1) ana A 206, 212 m/U..

A n aly tica l g . l . c . ^ 5 0  nw poly(ethylenegLycol) c a p illa ry , 55°

17 p . s . i . / 5 .8 ,  t o t a l  flow «= 55 ml»/miru J showed two major compounds, 

which had re te n t io n  tim es o f  12*5? and min. respectively , n e ith e r

of them o c ta -1 ,7-d iy n e  * 20.28 min.) comprising JXf and 18/C o f  the 

to ta l  p roduct. The f i r s t  compound was assumed to  be oota-1,2-diene-7~ 

yns (159) • th e  l a t e r  compound was not thought to  be the d ia llen e  (125) • 

Due to  s c a rc i ty  o f  m a te r ia l, no fu r th e r  d a ta  was obtained, but the 

second component may be ootar-1,5-diene-7-yae (lAO), obtained by fu rth e r  

rearrangement o f  th e  a l le n ic  moiety.
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Base ca ta lysed  Iso m eriaa tio n  o f CqE^q hydrocarbons and Related Species.

General Procedure?

The hydrocarbon under examination was heated under re flu x  (^ l6 o ° )  

in  a d isp e rs io n  o f  potassium te rt-b u to x id e  in  diglyme (molar r a t io  1*2) 

fo r J-4  hrs* under n itro g en . The iso la t io n  procedure was id en tica l to  

th a t used in  the  iso m erisa tio n s  o f octa-1 ,7-d iyne. The products were 

examined by i . r .  and a n a ly tic a l g . l . c .  f  50 m. poly( ethylenegLycol)

c a n il la iy j ,  which gave a q u a n tita tiv e  evaluation  (using peak heights. 

Table V).

p-Xylene ana Rthylbenzene?

These hydrocarbons were recovered unchanged, ®- and j>* xylene were

absent*

Cycloocta-1, 5 -d ie  nes

On h ea tin g  under re f lu x  w ith the above reagent th is  hydrocarbon 

yielded cy c lo o c ta -1 ,5 -d ien e  (& # ), s ta r t in g  m aterial (J8J0 and others 

(2$ ) ,  R eaction w ith  potassium  hydroxide in  diglyme fo r  5 h rs . produced 

s ta r t in g  m a te ria l (& b0 , the  conjugated diene (58)0 and o thers (2£) as 

before* R eaction w ith potassium te rt-b u to x id e  in  te rt-b u tan o l fo r  4 h rs . 

yielded only s ta r t in g  m a te r ia l .
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Cyolohepta-1, 3 ,5 - tr ie n e ;

The s tandard  treatm ent fo r  5 h rs, y ielded unchanged cyclohepta- 

: tr ie n e . H eating i n  diglyme w ithout base did not cause isom erisation  

e ith e r .

Methyl c y c lo h e p ta - l .5# 5 -tr le n e a ;

Saoh o f  th e  m ethylcyoloheptatriene isomers ( i . e .  7-* 1-* 2-* and 

5-methyl) was heated under re f lu x  with the b asic  medium to  form id e n tic a l 

equilibrium  m ixtures i n  each case (Table VI) • Aromatic products were not 

detected .

These same me thy lcyo lohep ta t r ienes, when refluxed (without base) 

under id e n t ic a l  co n d itio n s  again  produced equilibrium  mixtures* but o f 

vair/ing composition* probably because longer reac tion  times are necessary 

fo r tru e  eq u ilib riu m  to  be a tta in e d  (Table VII) • (These eq u ilib ra tio n s , 

e sp ec ia lly  o f  th e  7*“motHyl isomer* c o n s titu te  a  simple p reparation  o f the 

o ther isom ers i n  only th re e  s ta g e s ) .

TABLS VI

Base C atalysed Iso m erisa tio n  o f Methylcyolohepta-1* 5* 5 -trlen es

Isomers i n  Product {% composition)

S ta r t in g  isom er 7-Methyl 1-Methyl 2-Methyl 5-Methyl

7-Methyl 2 6l 15 20

1-Methyl 5 55 15 25
2-Methyl 2 58 14 15
5-Methyl 2 62 15 20
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TABLE VH

Thermal Iso m erisa tio n  o f  M ethyloycloheota-l, 3# 5 -trlen ea .

Isomers in  product (% composition)

S ta r t in g  isom er 7-Methyl 1-Methyl 2-Methyl 3-Methyl

7-Methyl 32 14 0 35
1-Methyl 4 8i 5 5
2-Methyl 4 « 50 33 4

3-Methyl & 31 4 56

Qycloocta-1, 3 ,5 - tr ie n e t

The t r ie n e ,  on treatm ent w ith the stand aid reagents was recovered

la rg e ly  unchanged (52%). However, by an a ly tica l g . l . c .  on several columns

j20J|C s i lv e r  n i t r a te / t r i ( e th y le n e g ly c o l) ;  %  B dinor\ylphthalate;

50 m. poly(e th y len eg ly co l) c a p illa ry  J  i t  was shown th a t ethylbensene

(lOjC) was a ls o  produced, along w ith b icyclo [4 :2 :oJocta-2, 4-diene (28%, the

31valence tautom er o f cycloocta-1 , % 5 -tr ie n e , and several o ther minor 

compounds, (11/C o f  t o t a l ) .

Oota-1, 2-dlone-7-yne (139) %

The orude a llen e-y n e  was heated under re flu x  (Q h rs .)  w ith a  6 l  

molar excess o f  th e  base . The products analysed as o -^ le n e  (%%)»

•thylbensene (3050, m- and p-xylene (JX and 4$C) with o th er compounds.

N either o f  th e  two m ajor co n s titu en ts  o f the s ta r tin g  m aterial were p resen t.
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O cta-l,7-diyne;

The d iyne, when heated under re flu x  (8 h rs .)  in  diglyme without 

base, was recovered unchanged.

O ota-1,2-diene-7-yne (139) I

S im ila rly , h ea tin g  under re flu x  (8 h rs .)  without base o f the 

crude a llene-yne  m a te ria l gave o-xylene (750* ethylbenzene (4jC), xylene 

{2}%) and £ -*y lene (950, to g e th e r w ith  some recovery of the constituen ts 

(J8% and re sp ec tiv e ly )  o r ig in a lly  in  the s ta r tin g  m aterial, as well 

as o ther minor p ro d u c ts , ((£  to ta l )  •



SECTION V

P rep ara tio n  and Dehydrobrominatlon o f the Tetrabromocyclooctanea

Preparation o f  Tetrabrooocyclooctanes (205) > (2p6).

(i) A so lu tio n  o f  p y rld in iu a  bromide perbrom ide^# 181 (120 g ., 0.35

mole) in  py r id in e /n e th a n o l (4*1, 400 ml.) was added slowly with s t i r r in g

to a so lu tio n  o f  cycloootap-1, 5-d iene (20 g ., 0.185 mole) in  benzene/

methanol (1*1 , 400 m l.) a t  room temperature and the mixture allowed to

stand overn igh t. Most o f  th e  methanol was removed under reduced pressure,

the mother l iq u o rs  added to  w ater (500 ml.), and extracted  with ethyl

acetate. The e x t r a c ts  were washed w ith 6 l hydrochloric acid, dried,

concentrated, and th e  resid u es  (59 £•) c ry s ta llis e d  from ethanol to  give

the tetrabrom ide as  c o lo u rle ss  c ry s ta ls  (16.2 g ., 21$ )  m.p. 100- 110°

( l i t . 11® 97-110°). Thin la y e r  chromatography showed two spots ( s i l ic a ;

petro l; iod ine  sp ray ). Chromatography on s i l i c a  (500 g«), w ith the

mixture (10 g .)  dry-packed onto the column, and e lu tio n  with p e tro l-

carbon te tra c h lo r id e  (25 ml. frac tio n s) separated the isomeric tetrabrom ides.

The f i r s t  tetrabrom ide (5 .2  g .)  had m.p. 153*5-i35° ( l i t . 110 155°)»
^ nujol m 4  {s)( 1 (ao  ( a) ,  9 9 4  (a ) ,  965 (m), 890 (m), 785 (■), 695 (* ). 

max.
•*

673 (s) cm? (F ig . 17)* N.m.r. had absorption a t 5*15-5-25 (doublet),

7.05 ( t r i p . ) ,  7.25  (d o u b le t) , 7.5  ( s in g le t) ,  7.8  (s in g le t) , 8 .0  ( s in g le t ) t  

(Fig. l6 ) .  Found C, 22.22; H, 2.86. Calculated fo r  CgE^gBr^ ,
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C, 22.44; H, 2 .80 . The mass spectrum (hot box) fa ile d  to  shoe a 

parent ion , but peaks due to  P -B r a t  m/e  347, 549, 551* (q u a rte t,

1*5?5s 1 r a t io )  were p re se n t. Peaks a t  266, 268, ZJO (1*2*1) and 187*

189 (1*1) due to  P >2, and P *5 bromine atoms respectively  were a lso  

p resen t.

The second tetrabrom ide ( 2 .9  g .)  had m.p. 156 .5 -138° ( l i t * * 0  159°)*
)  1250 ( a ) ,  1148 ( a ) ,  1075 (» ) . 928 (a ) .  91? (a ) . 810 (a ) .  665 (» ).max.

657 (a) omT1 (P ig . 17 ). N.m.r. shoved broad s in g le ts  a t  5** a®1 7*5^* 

(P ig . 16 ). Pound C, 22.21; H, 2 .94. Calculated *or , C,

22*44; H, 2 .80 . The mass spectrum was id e n tic a l with th a t o f the f i r s t

isomer.

( i i )  Bromine (16 g«, 6 m l.) i n  carbon te tra c h lo rid e  (50 ml.) was added

to  cy o lo o c ta~ l,5-d ien e  (5  g«) 1® 25 ml. oaxbon te tra ch lo rid e  (w ith 

s t i r r in g )  over 5 h r s .  a t  room tem perature, s t i r r in g  was continued over- 

1 n ig h t; the  so lu tio n  was washed thoroughly* d ried , and then concentrated 

to  g ive 6,8  g . (34J() o f  th e  same tetrabrom ldes ( t . l . c . ;  i . r . )  as a  so lid

o f  m.p. 105-121° ,  p lu s  a  la rg e  amount o f  o i l  which gave a  p o s itiv e  t e s t  

fo r  halogen and showed abso rp tion  due to  o le  double bonds in  the  i . r .

Sine Debroml n a tio n  o f  th e  Tetrabromldes110

Each o f  th e  tetrabrom ldes (400 m3.)  in  ethanol (10 m l.) was s t i r r e d

182and heated under re f lu x  (8  h r s .)  w ith a  suspension o f ac tiv a ted  zinc 

(500 m g.). A fte r  coo ling  the reac tio n  mixture, w ater was added, and the
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so lu tio n  was e x trac te d  w ith  pentane ( a f te r  f i l t e r in g  o f f  excess z in c ).

The pentane e x tr a c ts  were washed, dried# and concentrated. A nalytical 

g . l . c .  £50  m. poly(ethyleneglyool) c a p illa ry , 51°, 20 p . s . i . / 6 .8 ,  to ta l  

flow * 80 ml. A*in.]  and i . r .  showed the  product to  be cycloocta-1 ,5- 

diene, w ith  only t ra c e s  o f  o th e r m ate ria l. The re su lt  fo r  each t e t r a -  

sbromide was id e n t ic a l .

Dehydrobroadnation o f  the  1 .2 ,5 .6-Tetrabnaaooyclooctanes. ̂

( i)  A so lu tio n  o f  the  mixed tetrabrom ldes (10.1 g ., 0.024 mole) in  

digLyme (50 ml) was added over JO mins. w ith s t i r r in g  to  a  suspension o f 

potassium te r t-b u to x id e  (from 6.6  g . potassium, O.169 mole) in  diglyme 

(JO m l.) under n itro g e n  a t  J0 °• Heating was s ta r te d  a f te r  the  i n i t i a l  

exothermic re a c tio n  (causing  a  b lade co lora tion) had moderated and 

continued a t  1J0° fo r  8 h r s .  The m ixture was oooled, w ater added, and

then  ex treo ted  w ith  pentane. The pentane so lu tio n  was washed repeatedly,

dried , and co n cen tra ted . The brown o i l  (1 g . ,  40JC) was f i l te r e d  through 

alumina (Grade I )  to  give a  d e a r  o i l  a f t e r  concentration; 0 i640 (w),

1610 (w), 845 (w), 820 (m), 790 (v s) , 750 (m), 725 (v s), 710 (vs) cmT1;

254 (s h ) , 260, 266, 272 13/u. (**g. 18) £  bensocyclobutene 1̂ 

260, 266,  272 ly * . A naly tical g . l . c .  (W g. l$a) ^ 50 m. poly- 

*(ethyleneglyool) c a p il la ry ,  50° , 20 p . s . i . / 6. J ,  to ta l  flow * 70 ral./m inQ 

showed th e  m ixture to  o o n s is t o f sty rene (756) , benzoeyolobutene ( J 2JC), 

oyo loocta te traene (IjC), and a  major uxfcnown oompound (42jC). Comparison
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of av a ilab le  d a ta  l e f t  by W illis  shoved th is  l a s t  compound to  be the same 

uxknown as  ob tained  by him. and which has now been id e n tif ie d  as cyclo-

x o o t* - l ,5 ,5 - tr ie n e  (P *126 )•

( i i )  A s o lu t io n  o f  th e  mixed tetrabrom ides in  diglyme was dehydro-

sbrominated under Id e n tic a l  conditions to  those described above.

Aliquots o f  1 ml. were removed a t  reg u la r in te rv a ls  over 24 h rs . and 

wo iked up a s  described  p rev iously . The products were then examined by 

g . l . c .  (co n d itio n s  as before) • The percentage compositions were ca lcu la te  

xed from th e  peak h e ig h ts  o f  th e  components i n  the mixture and p lo tted  

against re a c tio n  tim e. (See F ig. 20).

Dehydrobromination o f  Tetrabromldes I  and n  (20$). (206).

The fo llow ing  method was used fo r  both isomers.

( i )  A so lu tio n  o f  the  tetrabrom ide (1 g .) in  10 ml. diglyme was added

over 5 mioa. to  & suspension o f  potassium te rt-b u to x id e  (from 0.66  g. 

potassium. I t 7 m olar ra t io )  in  2^ ml. diglyme a t  50°  and under n itrogen. 

Heating was oonnaeneed a f t e r  ad d itio n  and the reac tio n  mixture maintained 

a t  1J0°  f o r  10 h r s .  when, as before, w ater was added, and the mixture 

ex trac ted  w ith  pentane. The e x tra c ts  were washed, dried and concentrated. 

The y ie ld s  o f  th e  iso m erisa tio n  product from tetrabrom ldes I  and I I  were 

re sp ec tiv e ly  91.5 mg. (JO^) and 126.5  mg. ( ^ ) .  A nalytical g . l . c .  

j50 m. poly( ethy leneg lyool) c a p illa ry , 52°, 17*5 p . s . i . / ^ . J ,  to ta l  flow 

65 ml. A d n .J  showed th a t  th e i r  products consisted  o f bensooyolobutene
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(27? and J2%), s ty re n e  { IJ f  and 1 # ) ,  cyclooctatetraene (4jC and Of)» 

cyclooota-1, J ,5 - t r l e n e  ( id e n ti f ie d  l a te r ,  1 #  and JljC), and bicyclo* 

s (4:2:d^oct«*»2,4-diene ( id e n ti f ie d  la te r ,  2$ and (£) • In  each case the 

composition l a  s im ila r  to  th a t  obtained from a  mixture o f both, though 

the amount o f  c y c lo o c ta -1 ,5* 5 - tr le n e  present th is  time was le s s  -  possibly 

due to  th e  lo n g e r  re a c tio n  tim e and re su lta n t polym erisation.

Dehydrobroari ration o f  th e  Tetrabromldes Pnder Other Conditions.

( i i )  1 g . o f  th e  mixed tetrabrom ide isomers in  25 ml. dimethyl-

s tulphoxLde (p rev io u s ly  d ried  and d i s t i l l e d  from calcium hydrLde ,

b .p . 75° AO mm.) was added to  a  so lu tio n  o f potassium tert-bu tox ide  (from

472 mg* potassium , 5*1 m olar r a t io  o f base to  tetrabromide) in  25 ml* o f

the so lv en t. This was s t i r r e d  a t  room temperature fo r  24 h rs .,  then 

O /a t  70 f o r  a  f u r th e r  6 h r s .  The m ixture was cooled, w ater added, then 

ex trac ted  w ith  pentane; th e  e x tra c ts  were washed repeatedly, dried  and 

concentrated . A na ly tica l g . l . c .  (as  above) showed th a t cy c lo o cta te tra- 

sene ( 6# ) ,  bensocyolobutene (4£) and styrene ( 26%) were present as w ell 

as 4J( u n id e n tif ie d  m a te r ia l.

This re a c tio n  was repeated on the  same quan tity  o f m ateria l, 

in  th e  sane p ro p o rtio n s , except th a t  heating  was commenced immediately 

a f t e r  a d d itio n  o f  th e  tetrabrom ide to  the  basic  so lu tion , and the 

tem perature was m aintained a t  80*50° fo r  24 h rs . The ex trac tio n  

procedure was as  b e fo re . A nalytical g . l . c .  showed th a t cyclooctatetraene
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(2&)* benaooyclobutene (1930 and styrene ((>%) formed $1$  o f  the to ta l  

reaction  products* th e  remainder having sh o rte r  re ten tio n  tim es. (These 

nay be fu r th e r  red u c tio n  products) •

( i i i )  A suspension  o f  potassium te rt-b u to x id e  in  digLyme was f i l te re d  

hot through s in te re d  g la ss  under n itrogen . This so lu tio n  was t i t r a te d  

to  estim ate th e  co n cen tra tio n  o f  base p resen t. A volume o f  th ia , 

su ff ic ie n t to  provide a  6f l  molar r a t io  was added to  a  so lu tio n  o f the 

tetrabrom ide i n  diglym e. The m ixture was then heated under re flu x  to r  

8 h rs . under n itro g e n . This was then  cooled* w ater was added* and the 

mixture was e x tra c te d  w ith  pentane. The e x trac ts  were washed dried  and 

concentrated. A n a ly tica l g . l . c .  showed th a t  the product contained 

styrene ( 53?)* benzocydobutene (}?£)» cyoloocta-1, J*>-triene (24g) and 

i t s  valence isomer* b ioyclo£4:2:6] o c ta -2* 4-diene ( £ f t .

(iv ) 5 ,7-dibrom oqyclooota-l*>-diene ^ ( l j j b ) ,  see Appendix^ was heated 

under re f lu x  (10 h r s .  a t  l(C °)  w ith  potassium tert-bu tox ide  (Is 8 molar 

ra tio )  i n  diglyme under n itro g en . Bensopyclobutene (4 # )*  styrene (}%)» 

and o y c lo o c ta te traen e  (990 as  w ell as  oyblooota-l* 5* J - tr ie n e  (J2£) were 

obtained a s  u su a l.



SECTION VI

Iso m erisa tio n  o f C ycloocta-l, 5. 5 ,7~ te traer» . (Table 130 

General P rocedure.

( i)  Q ycloootato traene (ex  A ldrich, one peak on g . l . c . ,  5*1 g*) ***

(from 5 g* potassium , 1*4 molar ra tio )  in  diglyme (100 m l.) . Iso la tio n  

of the product w ith  pentane in  th e  usual way gave a brown o i l  (1.25 g.» 

4(#) which y ie ld ed  a  co lo u rle ss  liq u id  a f te r  f i l t r a t i o n  through alumina

(Grade I ) j  0 * * * "  l6 * 0  (w), l 6 l 0  (w), 8*5 (* ), 820 (m). 79 0  (vb), 75 0  (m). 

725 (v s ) . 7 1 0  (vs) omT1! X  c<heJBUW a 2 ,  2 5 9 . 2 &  ( s h ) ,  272 ( s h )m ^ .(P lg .2 1 ) .

mixture to  c o n s is t  o f  benzocyelobutene {%)» styrene (2#)» cycloocta- 

: te tra en e  (l%),  and ano ther major component (yi%) which corresponded to  

the unknown obtained by W illis  ( l a t e r  id e n tif ie d  as cycloocta-1 ,5* 5- 

t r ie n e ) . The rem ainder o f  th e  mixture consisted  o f m ateria ls  w ith sh o rte r  

re te n tio n  tim es, presumed to  be reduced m ateria ls  (F ig . 19b) •

( i i )  A s o lu tio n  o f  c y d o o c ta te tra en e  i n  diglyme was tre a ted  w ith  base 

and heated under co n d itio n s  Id e n tic a l to  those described above. Aliquots 

o f 1 ml. were removed a t  reg u la r in te rv a ls  over 24 h rs . ,  and th e i r  products 

examined by g . l . c .  ( a s  b e fo re ) . The percentage composition was again  

ca lcu la ted  from th e  peak h e ig h ts  o f the components, and p lo tted  ag a in st

heated under n itro g en  a t  1J0° fo r  8 h rs . w ith potassium tert-bu tox ide

A nalytical g . l . o .  £^0 ra. po ly( ethylenegLycol) capillary]), showed the
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reaction tim a, ( F ig , 22) *

Separation and I d e n t i f ic a t io n  o f  IsoraeriBation Products,

(i) Samples (200/d.) of a pentane solution of the reaction mixture
from the isomerisation of cyolooctatetraene were injected onto a 2%

QyaiJO SP* column (15* x f  w» 115°» 150 ml./bin.). Five cuts were taken
(Fig. 2Ja), and each was checked by analytical g.l.c. ( 2 0 Cyano *P*, 50°,
55 mi./min.). Cuts 5 5 contained singLe compounds; Oat 1 felled to
show anything due to insufficient material, while Cut 2 was a mixture of

at least two compounds. Isomerisation on reehroraatography must have
occurred with Cut 4, for apart from the main peak, it showed another with
a shorter which could not have heen present in the original cut itself.
Cut 1. Insufficient material; no data obtained.
Cut 2. Very little material, but this had X **5n̂ &n® 218. 248 mJU,." max. '
Cat 5. This had 5 f tlm  J015 ( s ) .  2965 ( s ) ,  2920 ( s ) ,  2880 ( s ) ,  16*5 (w), 

1620 (w). 1575 (w). 1015 (a ) . 995 (w). 715 (vs), 695 (vs) onu1;

^  max!*”8 2^Z T ; ^  P « * a  a t 4 .55  ( s in g le t ) ,  7 .6 8 -7 .7 5
(mult.), 8 .1 5 (singlet), 8.95-9*05 (doublet)T, This material was
not id e n t i f ie d ,  bu t i t s  sp ec tra l p roperties were sim ilar to  those

o f  2 -»ethy lcyclohep ta~ l, 5 ,5 - tr ie n e .

Oat 4. This m a te r ia l had \> m “  J005 ( s ) ,  29JO ( s ) ,  2880 ( s ) ,  2825 («0»* max.

815 (■). 775 («). 7*5 (*>. 705 (»). 6*5 (•> ^ ^ ane 261

th e  n.m .r* spectrum showed absorption a t  4.15, **5* 7*58”t  ( a l l
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s in g le t s )  • Comparison of these spectral properties with those 

of cycloocta-1, 5* 5-trlene (8ee P*109) confirmed this structural 

assignment*
Cut 5* This compound showed 306? (m), 2 ^ 0  ( s ) ,  2^15 (®)* 2815 (■)•HwAt

1205 (m ). 1000 (a), 780  (v e ) , 718 (va) cm7l s A * * " * " *  255 (■»».).max*

260* 266, 272 myu* the  n*m. r .  spectrum showed peaks a t  2*95 

(d o u b le t) , 6<>8 ( s in g le t ) ? ' i n  a  Is 1 ratio* These spectra l 

p ro p e r tie s , id e n t ic a l  to  those exhibited by benzocyclobutene, as 

w ell as comparison w ith  an au then tic  sample by analy tica l g .l.c * , 

proved i t  to  be benxocyclobutene.

( i i )  R e p e titio n  o f  t h i s  isom erisation , but heating fo r  & period of 

24 hrs* in stead  o f  8 hrs* re su lte d  i n  a  d ifference  in  composition*. 

P reparative g .l .c *  o f  t h i s  product again  provided fiv e  cuts,(Pig* 2Jb), 

checked fo r  p u r ity  by a n a ly tic a l  g . l . c .  [ 5 0 * .  poly ( ethylene glycol) 

cap illa ry , 55°# 16 p .s .i .A > .1 , to ta l  flow (C r a l . /a d n j .  th i s  showed th a t 

Cut 1 was a  m ixture o f  th ree  compounds, Cut 2 was a  single compound, while 

Cut J must have decomposed o r  isom erised because two peaks with shorter 

^  than th e  o r ig in a l  cu t were obtained.

O jtJ .. B lia  m a te ria l had $ }010 ( s ) .  2925 (*»), 1580 (* ), 755 (* ),

& 5  (■ )• 675 (■) o» .l s A Pentane ^  the iu*«r. spectrummax. e
had ab so rp tio n  a t  4.5 (doub le t), 7*76 (broad s in g le t) , 8*22 

(doublet)#  8 . 85*9 .0  (d o u b le t)? :. Hone o f the three compounds 

( g . l . c . )  i n  t h i s  cu t could be id e n tif ie d .



128

Cut 2* Both the  i . r *  and u .v . absorptions of th is  m aterial were id en tica l 

w ith  th a t  o f  Cut 5 from the previous separation. The n.m .r. 

spectrum obta ined  th is  time showed absorption a t 4.4 (s in g le t) , 

7.7-7*® (d o u b le t) , 8 .2  ( s in g le t) '? ’ and nothing a t 8.9T. The

mass spectrum  showed a parent ion  a t m/e  108, (CgH^)# equivalent 

to  a  doubly reduced cyclooct& tetraene molecule. This 

compound could  not be id e n tif ie d .

Cut 3. This compound had ^  film  J0&) (m), 3020 ( s ) ,  2960 ( s ) ,  2925 (s ) ,

2870 (m), 1605 (w). 1500 (m), IA55 ( s ) ,  1030 (w). 995 (s ) .

965 (w). 745 ( s ) ,  700 ( vs) om7\ very s im ila r to  th a t of e thyl- 

tbenzene. No u l t r a v io le t  absorption could be detected a t the

co n cen tra tio n  used (arom atic absorption i s  weak) • nor was an 

r u a .r .  spectrum  a v a ila b le .

Out. 4. f t i is  was not co llec ted  th is  time.

Out 5. S p ec tra l comparison ( i . r . )  w ith benzocyclobutene confirmed the

id e n t i ty  o f th i s  compound.

These "o u t o f  sequence" cu ts  can be explained by the following 

c o rre la tio n  between th e  two reac tio n s . (A nalytical g . l .c .  confirmed 

th is ) .

Cuts

l e t  re a c t io n  (8 h r s .) 1 2 4 5

2nd re a c t io n  (24 h rs .) 1 2 5 4 5

i . e .  components a  b c a e f
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Isom erisation o f  C.yclooct a t  <s traene with Other Reagents (Table IX)

(i) Q ycloootatetraene was heated under reflux  (10 h rs .)  w ith a molar 

equivalent o f  potassium  te rt-b u to x id e  in  diglyme under nitrogen.

Analytical g . l . c .  showed th a t  the products consisted o f bensooyolohutene 

(l$0*  sty ren e  (230, cycloocta-1* % 5 -tr ien e  (5 # )  and bicyclo[4:2:d]octa- 

2, Ardiene ( l l £ ) ,

( i i )  Q yclooctat© traene was heated under re flu x  ( fo r  e ith e r  8 hrs. o r 

24 h rs .)  over potassium  hydroxide (Is 4.5 molar ra tio )  i n  diglyme.

Conversion o f  s ta r t i n g  m ate ria l was more extensive with the longer reaction  

time (only 1 #  rem aining unchanged as  compared to  55 %) and yielded 20% 

instead o f  1 #  o f  bensocy olobutene (w ith a  proportionate increase in  oyclo- 

jocta-1, J - t i l e n e )  •

( i l l )  A suspension  o f  potassium  te rt-b u to x id e  in  diglyme was f il te re d  

hot through s in te re d  g la s s  to  remove undissolved solid  material* and the 

resu lting  s o lu tio n  t i t r a t e d  to  estim ate  the amount o f base present. A 

volume o f  th i s  so lu tion*  s u f f ic ie n t  to  provide a  Is 1 o r  2*1 molar ratio* 

was then  employed f o r  iso m erisa tio n . With the former ratio# W  of the 

s ta r tin g  m a te ria l was p resen t i n  th e  end products ( a f te r  heating a t 

reflux  fo r  8 h rs .)*  a s  compared to  13% fo r  th e  2s 1 ra tio . Simultaneously 

under these  c o n d itio n s  benxocydobutene (2550 and oyolooota-1, 5* 5 -trien e  

(48£) were a ls o  produced.

(iv) A ddition  o f  phenothiaxina ( a  free  rad ical inh ib ito r) to  a  

reaction  m ixture o f  oyo looo ta te traene and potassium tert-butoxide ( lr  2
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molar ra tio )  and subsequent heating  a t re flux  (8 h rs. a t  l 6o°) yielded 

as usual s ta r t in g  m a te ria l (2$ ) *  benzocyclobutene {!!%)> styrene (5/0 

and oyoloocta-1, 5, 5- t r i e n e  (7/0 .

(v) No iso m e risa tio n  occurred when e ith e r  potassium tert-bu tox ide  in  

tert-butanol*  potassium  Hydroxide on alumina o r so lid  potassium Hydroxide 

were used.

(vi) C yclooo ta te t raene, when heated in  contact w ith so lid  potassium

te rt-b u to x id e  f o r  4 hrs* was completely isomerised to  ethylbenzene (50^), 

and the o -, m-, and xylenes (1QO 7% and %  respectively)* without the 

production o f  th e  o th e r  products normally obtained* The other products 

present evidenced s h o r te r  re te n tio n  times during g*l*c* analysis and 

were presumed to  be red u c tio n  products. The mixture had $  1660 (w),

1600 (a ) ,  1560 ( a ) ,  790 (m), 775 ( a ) .  750 (a ) ,  700 ( rs )  omT1. typ ical o f  

aromatic m ateria ls*

(v ii)  Potassium  te r t-b u to x id e  i n  HEX) (of* tetrabromocyoloootane) was 

not successfu l as  a c a ta ly s t*  Heating cyclooctatetraene in  th is  medium 

(e ith e r  a t  20° o r  ^ 7 5 °  fo r  24 hrs*) d id  not produce any isom erisation 

products; moreover* th e  s ta r t in g  m ateria l could not be recovered (though 

several techniques were used) and i t  oust be assumed th a t e i th e r  reaction  

with the  medium o r  decom position prevented simple isomerisation*

( v i i i )  C y c lo o c ta te t raene, benzocyclobutene* o r  styrene fo iled  to  reac t 

on heating  under re f lu x  w ithout base (8 hrs* a t l£o°) i n  diglyme. 

S im ilarly  h ea tin g  under re f lu x  o f  bensooyclobutene o r styrene w ith a



suspension of potassium tert-butoxide (1* 4 molar ratio) also failed 

bring about &r\y isomerisation.



SECTION VII

P re p a ra tio n , Dehydrobromi nation. and Isotnerisation 

o f  and Compounds

P u iif io a tio n  o f  Qyclododeca-1, 5, 9 - tr le n sa .

Commercially available material consisted mainly of the ole, 

trans, trans (ll6 ) and trans, trans, trans-qyclododeoa-1, 5, 9-trienes (117) « 

Material obtained from C ities Service Research and Development Co., 

contained mainly the a ll trans isomer* This was isolated lay fractional 

oiystallisation, and recrystallised from pentane (x 2) to give a compound

m.p. 29-55°. 99* pur*, ( l i t . 185 51- 52°)j lCttO (a), 97° (v«),

950 (vs) omT1; n,m,r* (CDC1-) shoved absorption a t  4,97, 7*97 T* (broad
7

singlets* ratio 1$ 2 ),

A sample of e ls , trans, trang-oyclododecatrlene (lOQpC pure) was 

obtained from Aldrioh Chemicals; material obtained from Koch-Light was 

pure and was used for reactions on a larger scale. The pure 

material had njjp 1 . 5 0 4 4  ( l i t . 185 n jf  1 , 5051) ;  $ ^  1 0 2 0  (m). 970 (vs), 

950 (»)* 71° (▼») cnu1; iueur. (CDd^) had absorption at 4.65-4.85, 7*85- 

7.95 r  (both unresolved multip&ets, ratio If 2).

Brominatlon o f  o, t .  t-Cyclododeca-1, 5 ,9 -tr ien e  ( l i f t

( i)  H th  pyrldinium  bromide peibroaide.

A s o lu tio n  o f  th e  above reagent (128 g .. O.5  mole) in  p y rid in e /



eeth&nol (4j 1 , 200 m l.) was added slowly (over 5 h rs .)  w ith s t i r r in g  to  

a eo la tion  o f  c , t ,  t-cyclododeoatriene  (20 g .» 0.125 mole) in  benzene/ 

methanol (Is  1.  2^0 m l.) a t  room temperature* and the mixture allowed to  

stand overn igh t. a  la rg e  volume o f water was added ( 2*5 l .)»  the so lid  

p rec ip ita te  f i l t e r e d  o f f ,  and th e  aqueous mixture extracted with ethyl 

ace ta te . The e th y l a c e ta te  ex tra c t was washed with 6w sulphuric add* 

aqueous sodium bicarbonate* w ater and then d ried . The solvent was 

removed to  g ive a  brown o i l  which yielded a  fu rth e r crop of the 

c ry s ta ll in e  hexabrocdde ( 222) on standing (49*5 total* &l£) m«p. 19&- 

192° ( l i t . 1 1̂ 194-195°). The i . r .  spectrum had 0 890 (m),

8fo  (« ), 850 (w), 8J0  (a)* 690 (w)* 670 (a) croT1, id en tica l with th a t 

obtained by McCrae; ^  th e  n .m .r. (pyridine) had absorption a t 5*1 

(s in g le t) , ( tJri-pl6* )» 5*8- 6.0  ( tr ip le t)*  7*^5 (broad singlet)!:

(fig . 24a and b ) .  9ound, C, 22.11; H, 2.85; C ^^g B r^  requires 

C, 22.44; H, 2 .8 0 . T . l . c .  showed only one spot (s ilica*  %  ethyl 

a c e ta te /p e tro l* io d in e  sp ray ).

( i i )  H th  brom ine/ethanol.

A s o lu tio n  o f  bromine (64 g . ,  0*57 ®ole) in  ethanol (100 ad.) was 

added w ith  vigorous s t i r r i n g  a t  room temperature to  a  mixture of c* t, t -  

oyclcdodecatriene (20  g«, 0*125 mole) and ammonium carbonate (8 g .) in  

ethanol (60 m l.) o v er 4 hrs* Water wan added ( l  1.) and the reaotion 

mixture ex trac ted  w ith  e th y l a c e ta te . This ex trac t was then washed w ith 

w ater and d r ie d . C oncentration  o f  th is  so lu tio n  gave a  brown o i l ,  which
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y ie ld ed  some c ry s ta l l in e  m ateria l on standing (19 24$). C om paris^

( t . l . c . ,  m .p., i . r . ,  n .m .r.) w ith  the product from ( i ) ,  showed i t  to  b^ 

the  same compound.

Bromination o f t ,  t ,  t-Cyclododeca-1, 5*9 -tr ie n o  (117)

( i )  With pyrldlnium  bromide perbromide.

A method id e n tic a l to  th a t  used f o r  the brom ination o f  th e  o, 11 

isom er was used. Reagent q u a n ti t ie s  and e x tra c tio n  procedures were &t*o 

th e  same. The c ry s ta l l in e  hexabromide (223) so obtained (31 g ., 38$) 

m.p. 178-17?° ( l i t .161 177-178°); J  “ ^ 0 l ?00 (m), 8fo  (■ ), 790 (m).max#

780 (m), "JMO (m), 660 (s)  cm .S n»m.r. (py rid ine) had abso rp tion  a t  4*72, 

3*23, 7 . 6 ^  ( a l l  broad s in g le ts ;  F ig , 24a and b)« Found, C, 22.68;

H# 2.98; C1^ 1QBr^ req u ires  C, 22.44; H, 2 .80 . T . l .c .  showed one spot 

only ( s i l i c a ,  %  e th y l a c e ta te /p e tro l ,  iod ine  sp ray ).

( i i )  With brom ine/ethanol

The method and q u a n ti t ie s  used were again  id e n tic a l  to  those used 

in  the brom ination o f  th e  o , t , t .  isom er. The c ry s ta l l in e  so lid  so 

obtained  (3  g.» 6$) was found by comparison ( t . l . c . ,  m.p.* i . r , ,  n ,m .r.)  

t o  be th e  same as obtained i n  ( i )  above.

Dehydrobromi n a tio n  o f Hexabromocyclododecanes.

( i )  1 .2 .5 .6, 9 . IQ-Hexabromide from c , t,t-c y c lo d o d e ca tilen e  (222).

A so lu tio n  o f  the  hexabromide (1 g .)  i n  diglyme (10 m l.) was added 

ov er 3 mins. to  a  suspension o f potassium te r t-b u to x id e  (from 0 .6  g.
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potassium ; molar r a t io  o f  herabroraid©*bass * 1*10) i n  digLyra© (JO m l,) 

u n d sr n itro g en  a t  ^  J0 ° , H eating was s ta r te d  as  soon a s  th e  i n i t i a l  

exotherm ic re a c tio n  had moderated, and was continued a t  1J0°  f o r  14 h rs . 

The m ixture was c o d e d , w ater was added, and then  e x trac ted  w ith  e th e r .  

The e th e re a l s o lu tio n  was washed repeated ly , d rie d , then  concen tra ted .

The b rown gum (0 ,4 6  g .)  so obtained was f i l t e r e d  through alumina (Grade I )  

w ith  pentane as  e lu a n t, to  give a  d e a r  bromine f re e  l iq u id  on 

oonoentxation (107 7736)* V l6A0 (w), 1*90 (»0, 810 (m),

780 ( a ) ,  760 ( a ) ,  750 ( a ) ,  C90 (o ) omT1 ; A peIltan# 2*0 u ,  A nalyticalJQ3Xt

g . l . c .  £50 m. pdy(ethy lene<£ycol) c a p il la ry , 152° , 20 p . a . i , / 5 , 5» to ta l  

flow JO m l./fed n j showed th re e  main components (55& 1 # ,  2 #  re sp ec t-  

s i r a iy )  i n  th e  re a c tio n  m ixture, (F ig , 25)»

(1 1 ) 1.  2,  5 , 6.  9 , 10-H oxabrqnide from t ,  t ,  t-cy d o d o d eo a tr ie n e  (2 2 3 ),

The same reaction was oarxied out on the other isoamr, using 
identical quantities and conditions. Again a brown gum (255 wg*) was 

obtained after extraction and yielded a dear liquid (148 mg,, &£) after 

filtration through alumina. This had 0 1&40 (w), 14$5 (°0 , 820 (a),

790 (■). 770 (a). 7J0 (a), 685 (») o ^ 1: X  ̂ f*** 26* Analytical 

g.l.c* (ssm conditions), showed the seme three components to be present, 

but these fumed 10jC, V, end 7 respeotiedy of the m ention mixture, 
(fig, 25), The reaction was repeated to check the composition of the 

produet, and analysis hr g.l.c. again showed it to consist of 11#, #, 

end & £  respeotimly of the seme major components.
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S eparation  and I d e n t if ic a t io n  o f  Dehyd rob roml n a tio n  p roducts o f 

1 ,2 , 5. 6. 9» 10-Hexabromide from c, t ,  t-C yolododecatriene ( 222).

The dehydrobromi n a tio n  was repeated on a  la rg e r  sca le  (20 g.

hexabromide) under id e n tic a l conditions ( r a t io  o f base to  hexabromide,

10? 1 ; heated a t  ~  1A0°  fo r  1A h rs .)  to  y ie ld  5* A g. o f  a  brown gum a f t e r

e x tra c tio n  w ith  e th e r .  This gave A.75 g. (9A/0 o f a  c le a r  o i l  a f t e r

f i l t r a t i o n  through alumina. A naly tical g . l . c .  (cond itions as before)

showed th a t the  same th ree m ajor components were p resen t (1A/6, 2%,

re sp e c tiv e ly ) . T . l .c .  showed ( s i l i c a ,  p e tro l,  iod ine spray) one main

spot and tra c e s  o f  two o th e rs , so the  bulk o f  th e  product was p u r if ie d

by chromatography (150 g. Merck s i l i c a ,  50 ml. f ra c tio n s , iso -pen tane as

e lu a n t) .  F rac tions 8-25 contained the  major c o n s titu en t o f the  m ixture.

These f ra c tio n s  were checked fo r  p u r ity  by a n a ly tic a l g . l . c .  and p u r if ie d

fu r th e r  by p rep ara tiv e  g . l . c .  j~ 20J( po ly (e thy leneg lyco l), 2 m. x o .d .,

150°. 55 n il.A *in .J. The major co n s titu en t was d i s t i l l e d  a f t e r  c o lle c tio n

b .p .  ~ 1A0° A  A ran.; n^° 1.59^5? ( l i t . b . p .  70°/D .8  mm.; n^° 1.5980)i

i>m “  16*5 (* ) . 1*95 (a). 805 (» ) . 795 (» ). 725 ( a ) .  6*5 («) m u1;

^  haxase ^  « / * . ( (  .  6,* 50) S n . a . r .  sheared absorp tion  a t  2.85  ( s in g le t ;  max. ^

AH), 5.2 - A.55 (m u ltip le  s in g le t;  AH)£ and unresolved m u ltip le ts  centred 

a t  6. A, 7*0* 7«*5 t  ( to t a l  AH) (F ig . 26). A mass spectrum had a  p aren t 

io n  a t  m/e  156# i .e *  corresponding to  This sp e c tra l d a ta

corresponds to  th a t  quoted by McCrae^ fo r  1, 2-benzocycloocta-l, 5* 5-  

t r le n e  ( 225a ) .
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Hydrogenation o f the dehydrobromi n a tio n  product (1C$ pallad ium / 

charcoal) gave only one product (a s  shown by g . l . c , ,  cond itions as b e fo re ) . 

This was shown to  be id e n tic a l  (by g .l.c *  on sev era l columns) w ith  the 

product obtained from the  dehydrobromination o f the tetrabrom ooyclo- 

sdodecane isom ers, i . e .  ( 226) ,

Dehydrobromi n a tio n  o f the  Hexabromocyclododeoane Isomers i n  EMSO.

The same q u a n titie s  and cond itions were used in  th e  dehydro-

sbrom ination o f  both isom ers.

A so lu tio n  o f  th e  hexabromide (1 g .)  i n  DjESO (10 m l.) was added

to  a suspension o f  potassium te r t-b u to x id e  (from 0 .6  g . potassium;

m olar r a t io  o f  base to  hexabromide, 10s 1) i n  DMSO (50 m l.) u n le r  n itro g en
o

a t  room tem perature. The m ixture was heated a t  80-90 f o r  20 h rs . I t

was then  cooled, w ater added (100 m l.) and ex trac ted  w ith  pentane. This

e x tra c t  was washed, d ried  and th en  concentrated . The re su lt in g  dark 

brown s o lu tio n  was examined by g . l . c .  £50 m. poly(ethyleneglyool) c a p il la ry , 

152° , 20 p . s . i . ^ . 6,  to ta l  flow y 5 m l./n in .J .  I n  each case th e  peak 

corresponding to  1, 2-benzocyoloocta-l, 5, 5- t r te n e  ( 229a) was th e  m ajor 

component (JlJf and 79% from the hexabromides o f  c , t , t .  and t , t , t .  

re sp ec tiv e ly ) • A s e r ie s  o f  sm aller peaks w ith  much lo n g er re te n tio n  

tim es was a lso  observed; these may be caused by e i th e r  po ly-unsaturated  

Ĉ 2 c&rbocyclea o r  arom atic isomers o th e r  than  those w ith  a  s in g le  benzene 

nucleus. The u l t r a v io le t  sp ec tra  o f  both e x tra c ts  showed broad ab so rp tio n
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a t  ^h ex an e  ^  ^   ̂ but as w©h as th is ,  both showed i l l -d e f in e d  

maxima o f  lower in te n s i ty  a t  X il®:Kan® ^10, 550, 545 ruM,.
QI&3C« /

P rep a ra tio n  o f  Cyclododecene.

Qyclododeoanol (1 g .)  and su lphuric  ac id  (50 m l.; 1?1 r a t io  o f

waters conc. su lphuric  acid) were heated on a  steam bath  fo r  6 hrs* The

re a c tio n  m ixture was cooled, w ater (50 m l.) was added, and th e  m ixture

n e u tra lis e d  (sodium hydroxide). This was th en  ex trac ted  w ith  e th e r ,

th e  e x tra c ts  washed, d ried , and concentrated  to  give an o i l  (0.85  g . ,

?**) 3 m “  995 ( a ) .  7*0 (» ) , 720 (a) cm?1 . A rw lytloal g . l . o .  f  50 m. max. *•

po ly ( ethylenegLycol) o ap illazy , 102° , 15 p . s . i . / 5.0,  t o t a l  flow 55 m l ./  

min. ]| showed th ree  components. The f i r s t  (14*) was id e n tif ie d  ty  

comparison w ith an au th en tic  sample as  oycLododeoane. The o th e r  two 

( 57* and 29*) were taken to  be tra n s  and o ia -cyclododecene '£ ( 250) and

Reduction o f  Cyclododeca-I.5a 9 - tr ie n e a .

( i )  tra n s , tra n s , trans-C ydododeca^l, 5, 9 - tr ie n e . (117)

Q /olododecatriene (1 g .)  i n  ethanol (50 m l.) was added w ith  

s t i r r i n g  to  hydras!ne hydrate ( 100*, 5*5 8*) con tain ing  copper su lphate  

(100 mg.) • Tbia m ixture was s t i r r e d  vigorously  w hile a i r  was bubbled 

through i t  f o r  26 h r s .  Water (250 m l.) was then  added, th e  m ixture 

n e u tra lis e d  ( d i l .  su lphuric  a d d )  and ex trac ted  w ith  pentane. t t i i s  

pentane e x tra c t was washed thoroughly, d rie d  and concentrated . A liquots
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removed in the course of the reaction were extracted in an identical

fashion. The pale yellow oil obtained had 5 fU'ra 995 (a)* 990 (a),max#

9®5 (»)* 730 (®) oaT1 ♦ Analytical g.l.c. £50 m. poly(ethyleneglyool) 
capillary. 102°, 15 p.s.i./5.0, total flow 55 ml.^nin.] showed fbur 

compounds to be present in the mixture (6l£. 2QJC. ll£ and 8$ respectively), 

of which the first, second, and last were identified as oyclododeoane 

(233). trans-oyeloflodeoene (230), and starting t.t.t. The third 

compound was taken to be trans. trana-oyclododeca-l. 5-diene (232). This 

compound fOrsed 2#  of the mixture after 4 hrs.. but thereafter its 

concentration decreased steadily.

(ii) da. trans. trans»Cyolododeoap»1.5»9»triene (116)
The same quantities and conditions Were used as in (1) above.

‘ „ \ filmbut the reaction was terminated after 6 hrs. The product had v ^

980 (s). 710 (■) cou*• Analytical g.l.c. again showed that three

components were present 2J% respectively) of which the first

and third were identified as dg-oydododeeene (231) and starting o.t.t.
T h e  e e o o n d  c o m p o n e n t  was t a k e n  to  b e  th e  d s .  tra n s-oyolododeoa>-l. 5-diene

(229).
(iii) Reaction (ii) was repeated on a larger scale as it produced more 
oyolododeea-1.5-d.ene*

C. 1.1. (100 g.) In ethanol (900 ml.) was added with stirring to 

hydtasixM hydrate (179 *•) oontdning oopper sulphate (900 Bg«) • The 

mixture was stirred and air bubbled through it for 30 hrs. (during this



time a liq u o ts  were withdrawn and analysed to  check th e  ra te  o f reduction) • 

The re a c tio n  m ixture was ex trac ted  as  before* and y ielded  a  yellow o i l  

(90*4 g .)  a f t e r  removal o f so lv en t. This had ^ 985 ( a ) ,  (®)

cm?1. A naly tical g .l« c s showed cis-cyclododecene (2950* o ls ,  t ra n s -  

cycledodeca-1 ,9-d isns (49SO and c»t*t* ( 22%) to  be p resen t i n  the  p roduct. 

These compounds were not separated .

Bromination o f d a *  trans»Ctyolododeca«»l. 5-diene (229)

Bromine (80 g .)  in  g la c ia l  a c e tic  ac id  (290 m l.) was added over 

7 h r s .  w ith  s t i r r i n g  to  a  so lu tio n  o f the  crude cyclododeca-l*9~dicne 

m ixture (90 g»; con ta in s $0% o f  th e  diene) i n  g la c ia l  a c e tic  ac id  

(296 m l.) . S t i r r in g  was continued fo r  a  fu r th e r  5 h rs .  during  which a  

so lid  p re c ip ita te d  ou t o f th e  re a c tio n  m ixture. This so lid  (9*4 g .)  

was f i l t e r e d  off* and id e n t i f ie d  as  th e  hexabromide o f  o * t* t. (222) (by 

t . l . c . *  ra.p.* i . r . ) .  Water (900 m l.) was added to  th e  a c e tic  acid  

solution* followed by aq. sodium b icarbonate  t i l l  n e u tra l. t h i s  

s o lu tio n  was ex trac te d  w ith  ether* and th e  e x tra c ts  washed* dried* and 

concentrated  to  give a  brown gum (111*7 8*)« T . l .c .  ( s i l ic a *  petro l*  

io d in e  spray) showed th e  absence o f  s ta r t in g  m ate ria l (and only a  tm o e  

o f  hexabromide) * bu t two slow er moving spo ts  were observed. These sp o ts  

showed th a t  they contained bromine when sprayed w ith  s i lv e r  n i t r a t e /  

f lu o re sc e in .

D is t i l l a t io n  o f  t h i s  gum was abandoned due to  g ross decom position
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and lack  of sep ara tio n . Chromatography was more s u c c e s s fu l . The guas 

(75 8*) was chromatographed over s i l i c a  (500 g .)  w ith  p a tmL-dle th y l e th e r  

(500 ml. f ra c tio n s )  as  e lu an t. F ractions 4-15 contained the  f i r s t  

compound ( 19*2 g .)  w hile f ra c tio n s  14-27 contained m ainly the  second 

product (51*7 8*)*

A pure sample o f th e  f i r s t  product was obtained by p rep a ra tiv e  

t . l . c .  and d i s t i l l a t i o n ,  b .p . ^ 120° / 0*55 ®»« ( li t .^ ® ^  129- 151° / 0.25  mm.). 

This yellow o i l  had »> **** 12*5 (a ) ,  760 (m). 750 (m). 700 (m). 670 (a)HiftXs

cmT1; the  n .m .r. (CDCl^) spectrum had abso rp tion  a t  5*^5 (m u ltip le t; 

1,2H), 7.95  (unresolved m u ltip le t; 4H), 8.65  (broad s in g le t;  l 6d)2r ; 

i n  pyrid ine  these  values changed to  5«55 (m u ltip le t; 21) ,  7*99 (u»- 

5 reso lved  m u ltip le t; 4n), 8.75 (broad s in g le t;  l 6 i)T ’. Found 0, 44.58; 

H, 6. 65. ^!2®22Br2 re<lu ire ® 44.18; H, 6 .75 . A mass spectrum

showed parent ions a t  m/e  526, 528,  550 ( r a t i o  l s 2s l )  due to  the  presence 

o f  th e  two bromine atoms in  th e  m olecule. These physica l and sp e c tra l 

p ro p e rtie s  a re  s u f f ic ie n t  to  id e n tify  th is  compound as 1, 2-dibromooyclo- 

sdodec&ne (254) -  produced from th e  o ia -cyclododeccne in  the  s ta r t in g  

m a te r ia l.

The crude gum (16 g .)  con ta in ing  the  second m ajor component was

rechromatographed again  over s i l i c a  (200 g. Merck), w ith  p e tro l-d ie th y l

e th e r  a s  e lu an t (50 ml. f ra c t io n s ) .  F rac tio n s  54*55 contained the  

req u ired  m ate ria l (7*5 8*) which co n s is ted  o f two spo ts very d o s e

to g e th e r  on t . l . c .  ( s i l i c a ;  %  d ie th y le th e r /p e tra i;  iod ine  spray) arti
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gave & p o s itiv e  t e s t  fo r  bromine when sprayed with s i lv e r  n itr a te /  

f lu o re sc e in . A sample o f  th is  m ateria l was further purified  by 

p rep a ra tiv e  t . l . c .  to  give a  lew m elting gum. This had ^ 1250 (a),,

910 0*), 790 (w). 670 (a) cmT1; n .m .r. (py rid ine) shoved ab so rp tio n  a t

9 .2  (broad s in g le t;  4H)# 7*9 (unresolved m u ltip le t; 8H). 8-6  (broad 

s in g le t ;  8H ) £ . Found C» J1.7* H. 4.5# ca lcu la ted  fo r  

C# 29. 8; H# 4 .1 . A mass Spectrum (probe) shoved no paren t Ion  a t  

° / e  480# b u t ions a t  a /e  401. 40J# 405# 407# (1* 5* 5* 1 r a t io )  due to  F-Br 

were c le a r ly  v is ib le .  further fragm entation ions due to  lo ss  o f more 

bromine ions were a lso  p re sen t. T . l .c .  shoved th i s  gum to  c o n s is t  o f  

two sp o ts  very c lo se  together# which had an value in term ediate  between 

th a t  o f  th e  dibromo* and the  hexabromocyclododeoanes. These p ro p e rtie s  

and s p e c tra l  c h a ra c te r is t ic s  would in d ic a te  t h i s  to  be a  m ixture o f  th e  

1# 2,5# 6-tetrabromocyolododeoane isom ers (2 J9 )•

Dshydrobromination of TetrabrQtnocyolododecane (2551

The dehydrobromlnatlon o f the tetrabfondde isom ers (1 g«) in  

dlglyme (90 n l . )  w ith potassium  tert-but03d.de (from 650 mg. potassium;

I f  8 m olar r a t io  o f  tetrabraod.de t o  base) was c a r r ie d  out under id e n tic a l  

co n d itio n s  to  those g iven on p . l j 4  f o r  th e  dehydxebroninstibn o f  th e  hexa-» 

t bromocyolododeoanes• H eating a t  1 )0° was continued fo r  l 6 h r s .  under

n itro g e n . ^a ttrac tio n  o f  the re a c tio n  m ixture w ith  d ie th y l e th e r  gave

0.94  g« o f  a  brown o i l  a f t e r  concentration# and O .J g. {%%) o f  a  d e a r
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l iq u id  a f t e r  f i l t r a t i o n  through aluaina. (Grade X) w ith  pentan© as e lu an t. 

A naly tica l g . l .c . .  [ 5 °  m. poly(ethyleneglycol) c a p il la ry , 1} 2° , 20 p . s . i .  /

5 *6,  to ta l  flew 55 ®l*/min,J showed only one compound, w ith  a re te n tio n  

tim e id e n tic a l  to  th a t  o f  the hydrogenated 1, 2~ben2ocy o lo o cta-l, 3» 5“ 

tr le n e  £ i . e .  1 ,2-benzooyclooct-l-ene, (22(>)J ♦ This m ate ria l was 

d i s t i l l e d ,  b .p .^ l2 0 ° A 4  nro.; 1.5385; ( l i t , 184 b .p . 64°/0 .8  am.;

^  1*5598), had 0 m ® 1605 (W), 1455 ( s ) ,  755 (v s ) , 710 (a) cm:1.

id e n t ic a l  w ith  th a t  obtained by McCrae4^; A  îexand 252, 257 (£ .*  910),max.

265, 272 m ^ . ( £  = 820), ( l i t . ^ A ^ ^ 11® 265 ny*,. (fc.- 408); the n .» ,r .  

had absorp tion  a t  2.95  ( s in g le t ;  4H), 7*25 ( t r i p l e t ;  4H), 8. 2- 8.7  

(broad m u ltip le t; 8H) V  , A mass spectrum had a  paren t io n  a t  m/e  160,

i . e .  equ ivalen t to  ^ h is  evidence proves the  compound to  be

1 , 2-benzocyclooet-l~ene ( 226) .

P re p a ra tio n  o f  Q yolo tetradeca-1 ,8-d iyne4^* ^  (53. a  « n  « 5)

Nona-1,8-d iyne ( 119, n  » 5)* I *2 prepared by th e  general 

method o u tlin ed  on p . 89 i n  dry e th e r  (55 «&•) was added w ith  s t i r r in g  

over 15 m ins. to  a  s o lu tio n  o f  sodandde i n  l iq u id  ammonia (from 0.48 g. o f  

sodium and 1 1 . ammoni a ) .  A fte r 2 h r s .  psntamsthylenadibramide (2*5 g .)  

i n  d ry  e th e r  (100 olL.) was added over a  fu r th e r  2 h r .  p erio d . Hie re a c tio n  

m ixture was s t i r r e d  f o r  a  fu r th e r  40 h rs .  (more l iq u id  ammonia was added 

a s  necessary ). So lid  ammonium ch lo rid e  ( /’w10 g .)  was then  added, 

followed by e th e r  (100 n il.) and the  remaining ao e ty lid es  were deooaposed
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by the addition of an iced solution of ammonium chloride- The m ixture 

was extracted with ether* the extracts washed* dried and concentrated* to  

y ie ld  the so lid  cyolotetradeca-l*8-diyne (0-74 g»; 40$) ra.p. 99°,
k£y _ Q

( l i t .  )* n .m .r. showed absorp tion  a t  7.8  (broad s in g le t;  8B)*

8-55 (unresolved m u ltip le t; 12H)T •

Base Iso m erlsa tio n  o f  Q yolotetradeca-l*8-d iyne (53* m •» n a  5)

C yclo te tradeca-l*8-diyne (200 mg.) i n  diglyme (10 ml) was added 

to  a  suspension o f  potassium  te r t-b u to x id e  (from 2J5 "“go o f  potassium; 

r a t io  o f  base to  diyne, 6*1) in  diglyme (40 m l.) under nitrogen* and 

heated under re f lu x  f o r  14 h rs . The re a c tio n  m ixture was cooled* w ater 

was added* and i t  was e x trac ted  w ith  pentane. The pentane e x tra c ts  were 

washed* d rie d  and concentrated  to  y ie ld  a  yellow o i l  (176 mg.; 8830 a f t e r  

co n cen tra tio n . This was d is t i l le d *  b .p . /’w 1J0°A 4 mm.* and had

1660 (w). 1*95 (w)» 785 (w). 770 (* ) , 750 (■ ). 755 (» ) , 700 (w) cmT1;

250,  274 y - . ( J  •  2,150 and 1, 750)» n . a . r .  had ab so rp tio n  a t  

2 .9  (s in g le t)*  J . 2 -4 .7  (m u ltip le  s in g le ts )*  7.15  ( t r ip le t )*  7*75 (m u ltip le t)*  

8 .5  (m u ltip le t)  t . A naly tica l g . l . c .  (JO m. Ap9L* cap illa ry *  l6o°,

20 p.s*i*./Jo J* t o t a l  flow 45 m l./m in .) showed two m ajor components { 2%  and 

JJjC) a s  w all a s  some s ta r t in g  diyne (14£).

hydrogenation o f  th e  Isom erlsa tlon  product ( 1 4  palladium /charcoal) 

i n  e th y l a c e ta te  gave a  o d o u r le s s  o i l  which was d is t i l le d *  b .p . ** 110° /

1* aril had O 1*1"  1495 (■ ), 785 (■ ), 770 ( « ) ,  7*5 (a ) , 755 (■>.



1*5

7 0 0  (m ) om~ ; X  h®*R“ 9 266 ,  274  { £  = 2g 0  araS 2 9 0 ) ;  n . a . r .  tshow sdmax. (
abso rp tion  a t  2 0? (s in g le t)*  7®XJ ( t r io l e t ) *  8*4J ( s i n g l e t ) ,  8*6j  

( s in g le t ) *£ ©nd no e th y len ic  protons® A n a ly tica l gol 0Co (seas® condition©) 

showed th ree  main c o n s titu e n ts  (2J^* 2% , b$%) t th© f i r s t  o f  which was 

oyclo te tradecana. The l a t t e r  two had re te n tio n  times id e n tio a l to  two o f 

th e  components in  the  unhydrogenated product. At l e a s t  one o f th ese  

must be due to  an arom atic compound* while th e  o th e r  may be a bicyeli©  

hydrocarbon w ith  a  s im ila r  re te n tio n  time to  one o f the o th e r isomar« 

s is& tio n  products®



4

R' (2)

M » ,  R ^ c Hj  

R s R 1 *  C M j

OH

-tC-
(7)

P t
200'

(10)

Sfc

( 1 1 )



i n

Scheme I

THF TWf

C u )

»  'B .

Soheme I I  ^  ~>)



c M * e »

C H

c

c o a cm3



Pb(OAo)_ _

(27)

8 a 3*

Scheme IV

h

m

i te



f  (3 0 a )



I  f t

(37) (38) (39)

©

(40) (41) (42)

(43) (44)

(45)

He 5CH£ 

(47)

(46)

Base

(48)





2 Hal

o ly a is

X X C H * a .

/.vf ?

V*

V ' f  4  
«* C

v  • -W .*.

i i
0

; | j

iff

(62) I (63) 
I CH,COjH

^  ty r c O y s iB  y

(65)





Ac OH,
—

A

(eo; x-ox) (81)



h a le ic  . g i
An3aydri<K| |



(97 )

' II | |

SO.

( 9 8 )

(99) (1 0 0 a )

(101) (102)

c~ pa/c
20'

(105) (101)



T

€

(104.) (101a)

Cd
(102)

(105)

o ^ - c

(10?> (103a)

Sohaae VI

*

K

u

(1 0 6 )

A « O C 0 C %

o Cd
(101a)

g

%

S o h e a o  V I I



T

BuOH

Hg(OAc)



T

( 1 1 4 ) (115)

(116) (117)

c o

(118)

HCS C(CRt)nC5CH  (119)

CH

(120) (121)

4 r cl* /

C H j

(122) (123)

s c C e n j ^ c s e c H g  c H a s c ®

( 1 2 4 ) (125)



T

\

€V  > tiM\

• 4 
'■I  V < 1 2 6 )

Scheme VIZI
c % (120)

CO.H

l i q .  HH*

(128)

Scheme IX

ffogyl
c h l o r i d e

(130) 

S o lv o ly s ls  

fl-:grlene + (121) + (1 2 2 ) + (123)

(129)

1 Mole N .B .S .

2 M oles

m

M g/EtgO

(153a)

(132)
KO^Bu/^DuOIi

(101ft)

Scheme X

(133b)



T

' I'' •

r e

eH ss € W & ^ € M sCMsCMi

(1 3 4 )

Scheme XI

A 0 ^
CH**C»CHxCHi CMCHa (135)

_  1 
A x > A 0P*

C MjC MC H^CHj^CH CH  ̂ (136) 

4  u -ife

eH^s C s CHO^CN^CHb Cs CI^

(125)

a

HC5 C(CHa)^CSCH

(119 ; n»4)

C H j C H e C * ^

(125)

i h2 0

[~  c h 2 c h = c - c h 2 p o (om^  

C»
( 13a )

H C S C C H a C f^ C ^ C « sC s :C H a  &C5C O ^ C f^ C f ts C H C H  »CW2

Oi?
(139) (1 4 0 )

Scheme X II



(142)



^y{

/  ' H
H

I
M

(147) (146) (149 )

H@ac cHae s C “ €.*c c co^ h f4 e h *e m e  H =e h e  * c  ca  ̂h
(150) (151)

(152) Ct^CCft^CHaCH COaH

I K0H
(153) tH g C C ^ C H s C H C M a C H ^ H j  COjH

^  iS*9# *

CHS (CHa)0 COaH + CI^(CH2^J(>c a lH * CHgCÔ H
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pjppvrmix

D iscussion

Q .

The s p e c tra l o ro p e rtiee  o f th e  m re  compound (m.Po 12J ) ,

is o la te d  from th e  a l ly  l i e  brom ination o f © ycloocta-lP5-di«ne# are

somewhat a t  variance w ith th e  chemical evidence fo r  i t s  s tru c tu re ,
115 ^

The s tru c tu re  proposed by Cope and h is  co-workers fo r

th e  o i l  they obtained from an id e n tic a l  re a c tio n  was based uoon in fra re d  

and u l t r a v io le t  c h a ra c te r is t ic s  and- th© form ation o f  a d e r iv a tiv e , Thiss 

a  bis°dim ethylam inocyelooetadiene, was s ta ted  to  be the  1, 6-©ycloocta= 

l» 5"diene d e r iv a tiv e  If(246), obtained in  ^1% y ie ld j ,  id e n t i f ie d  by 

comparison w ith  a  sample obtained prev iously  by ano ther ro u te . Cope 

a ls o  s ta te d  th a t  the product from d ire c t  brom ination o f cy e lo o c ta -1, % 5“ 

t r ie n e  had a  s im ila r  u l t r a v io le t  spectrum to  t h i s  dibrom ocyclooctsdienso 

£ o f g rea t in te r e s t  i s  h is  observation  th a t  a email q u a n tity  o f s o l id  

(m*p« 124-125°) did c r y s ta l l i s e  from the  o i l  on stand ing  a t  and th a t

th i s  analysed as  C ^ R ^ B r^  Reductive debrom ination o f  the liq u id  <

dibrom ocyolooctadiene ( l j j c )  w ith  lith iu m  al'jcoinium hydride gave a  

m ixture o f  cyolooctadienea, whereas debrom ination w ith  magnesium gave a  

y ie ld  o f  cy c lo o c t* -l, % 5-»triene (101),

I n  the p resen t work, a  d ire c t  s p e c tra l comparison ( i« r« , u .v . ,  

n.m .r*) Has been made between cycloocta-1,5-d***>e (175)* J-brcwocyelo**



: o c ta -1 , [ ( l ) 2a ) , sy n th es ised  by m ono-ally  l i e  brcm ination  o f  

cyclc>oeta«l# 5 -d ie n e j f and th e  s o lid  d ibrom ocyclooctadi^ne. (T ab les X, XI, 

and X II).

I n  the  in fra red  sc e c tra , there are d i s t in c t  s im i la r i t ie s  i n  the 

reg ion  below BOO cm. fo r  a l l  th ree  com w ands (Table X), ba t i n  

p a r t ic u la r  between 5~bro.;ooyoloocta-li 3-d ien e  (152a) and th e  so lid  

dibroraide. The band a t  57® cn»7  ̂ in  the speotrura o f  the dibromide can 

be a t t r ib u te d  to  th e  C -  Br s tre tc h in g  frequency o f th e  n o n -a lly lic  

bromine atom, fo r  th i s  band i s  to ta l ly  absent in  the  o th e r  sp e c tra .

The u l t r a v io le t  sp ec tra  (Table XI) a re  again  s im ila r  (v a r ia tio n s

18(>i n  A do occurc defending on rin g  s iz e  and s u b s titu e n ts  ) ,  though max.

th e  in te n s i ty  o f  th e  ab so rp tio n  (£  * 6,140) from 5™brcstiocycloocta-»l,5-
92

d iene does seem to  be ra th e r  h igh . Q uite d e f in i te ly ,  the  ab so rp tio n  

due to  the dibromo compound, cannot be ascribed  to  two iso la te d  double 

bonds under any oiroum stances.

The rum.ro spectrum (Fig# 50) o f  th i s  compound i s  r a th e r  

in te re s tin g #  I t  can be d iv ided  n a tu ra lly  in to  fo u r  groups (p ro tons i n  

th e  r a t io  2:1:1* 1 ), each o f  which c o n s is ts  o f  sharp  m u ltio le ts , possib ly  

in d ic a tiv e  o f  a  r ig id  s tru c tu re#  By comparison w ith  o th e r  re ference  

compounds (Table X II), sev e ra l o f  th ese  groups can be a llo c a te d  to  the  

p ro tons responsib le  w ithout apy d i f f i c u l ty .  The in te g ra tio n  a lso  shows 

fo u r  o le f lrd c  p ro tons, two protons on the same carbon atoms as the  

bromines, and two o th e r  sep a ra te  p a ir s ,  probably due to  th e  ad jacen t
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m ethylene p ro ton s. T h is ev idence w i l l  b s  dlficussed. more f u l ly  l a t e r .

S evera l r e a c t io n s , s im ila r  t o  th o se  ca rr ied  out by Cope* were 

also att®apt©&. R eaction  o f  the dibromide w ith  lith iu m  aluminium  

hydrideAithium hydride in tetrah yd rofu ran  gave one major product 
(comprising 7 #  of the total, by g.l.c.), which was identified (i.r.; 
g.l.c.) sis cycloocta-l,5-diene (52). Treatment o f  cycloocta«»l, 5-diene 
(175) with this reagent caused no rearrangement. When 5-hroaocyoloocta° 
1* 5~dione (1 52a) was treated in a likewise manner, only cycloocta-1,5~ 
diene (175) was obtained.

When th e  so lid  dibromide was dehalogenated w ith  e i th e r  s in e  o r  

magnesium, i t  d id  not give any nroduct which could be id e n tif ie d  as  

c y o io o c ta -l, 5« ̂ "»triene (u ,v , ;  g . l . c . ) .

T i t r a t io n  o f  th e  dibrotaide in  m ethanol/% ater w ith  s i lv e r  n i t r a t e  

so lu tio n  in d ica ted  th e  presence o f  one a l ly  l i e  bromine atom p e r molecule, 

thouc$i as th e  t i t r a t i o n  was c a rr ie d  out on a  v e ry  sm all sc a le , t h i s  

r e s u l t  may have been su b jec t to  a  d isp ro p o rtio n a te ly  la rg e  e r ro r .

From th e  above d a ta , th e  chemical evidence favours th e  presence 

o f  an  unoonjugated d iene, though only one a l l y l i o  bromine seems to  be 

p re se n t. However, i t  i s  im possible f o r  a cyc loocta-1 , >-diene s tru c tu re  

t o  have only  one a l l y l i o  bromine, so th e  only a l te rn a t iv e s  a re  th e  1,5”  

and 1 ,4 -  isom ers. Cope hiBSwrtf187 has shown th a t  a l ly l io  s h i f t s  a re  

f e a s ib le  du ring  re a c tio n , and th e  p o s s ib i l i ty  o f  th i s  oocurring during  

th e  hydride red u c tio n  re a c tio n  cannot be excluded. The marked f a i lu r e
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o f  the dibrotnide to  y ie ld  c y c lo o c ta « l5 %^“tri©5ia on  treatm ent w ith s in e  

o r  magnesium, would a ls o  seem to  e lim in a te  a  p o s s ib le  1 , 2~ciibr©mo 

s tru c tu re*

Itous i t  seems c e r ta in  th a t  th e  s tru c tu re  ( 155c) Droposed by 

Cope, cannot be applied  to  t h i s  compound* I t  l a  l ik e ly ,  from the

evidence quoted by him, th a t  he was in  f a c t  working w ith  a  m ixture o f 

a t  le a s t  two isom ers, e sp e c ia lly  as  a ttem pts to  prepare (155c) by a l ly l io  

bnom ination o f  o y c lo o c ta -l, 5~<3iem (175) in  th e  course o f  th is  work -  

and by Cope h im self on ano ther o ccas io n * ^  ^ f an© d completely* I t  i s  

probable th a t  f o r  s te r i e  reasons, s tru c tu re  (155°) i*  too unstab le  to  be 

is o la te d , o r  even to  e x is t .  Also th e  s p e c tra l evidence does not seem 

to  f i t  th i s  s tru c tu re  e ith er*

From th e  c o n f lic tin g  evidence so f a r ,  the  only s tru c tu re  th a t  

could p o ssib ly  f i t  appears to  be (155b ) , and the r e s u l ts  from the sp in  

decoupling experim ents, though not c le a r  ou t (Fig* 50), seem to  f i t  t h i s  

s tru c tu re ,  Ttoro im portant deductions can be made from these*

I r r a d ia t io n  o f  e i th e r  Group o r  Bg pro tons a f fe c ts  th e  Group C pro tons, 

and hence th ese  pro tons a re  probably i n  a  1 ,5  p o s itio n , on e i th e r  s id e  o f  

th e  Group C p ro to n s , furtherm ore, i r r a d ia t io n  o f  Group C has no e f fe c t  

on th e  p ro tons o f  e i th e r  Group A o r  D, and t h i s  must mean th a t  th e  Group 

C pro tons a re  not ad jaoen t to  those  o f Groups A o r  D* These f a c ts  can 

oriLy be acoommodated -  i f  th e  in te rp r e ta t io n  i s  c o r re c t  -  by s tru c tu re  

(155B), i n  which th e  p ro tons a re  assigned according to  t h i s  in te rp re ta t io n .



A flow  aheet embodying th e form ation  o f  p o s s ib le  dibrcnioeyel 

/octadien©  isomers i s  shown i n  Scheme XXVII. Routes 4# B o r  C a r is e  

through the  form ation o f  the  th re e  p o s s ib le  dibrorao isom ers . Of th e se ,  

ro u te  C i s  the  most probable f o r  s te r i c  reasons. This i s ,  o f  course, 

n eg lec tin g  any p o ssib le  a l l y l i c  m ig ra tion  o f the double bonds p r io r  to  

brorai n a tio n . T hrther a l l y l i c  rearrangement o f bromine atoms would le ad  

to  (155c) by rou te  A as  proposed by Cope. S im ila rly  ro u te  B could le a d  

to  ( 245b) and (246c), both o f  them 1 ,2«dibromides, and a ccord in g ly  ru led  

out by th e  spec tro scop ic  and chemical evidence a v a ila b le . Route 0 i s  

th e  one th a t  req u ire s  to  be p o s tu la ted  fo r  the  form ation o f (155b).

This a lso  involves an i n i t i a l  a l l y l i c  bromine m ig ra tion  to  give (155^) * 

which th en  has to  rearrange fu r th e r  by m ig ra tion  o f a double bond in to  

con jugation  w ith  th e  o th e r  ( e i th e r  bond may m igrate) to  give (I5 5 d ), w ith  

only one a l l y l i c  bromine, and th e  o th e r  bromine in  a  p o s itio n . At the 

moment, these ro u te s  are  a l l  h y p o th e tica l, (lack in g  experim ental evidence) 

and would req u ire  fu r th e r  d e ta ile d  study to  decide which i s  most fe a s ib le  

and a c tu a lly  does take p lace .
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Experimental

P rep ara tion  and P u r i f ic a t io n  o f  D ibrom ocyclooctadiene

The method fo r  nr©paring these  compounds from © ycloocta-1,5- 

d iene i s  given in  the  Experimental S ec tion  (p , 108) 0 The so lid , (m0p0 

122, 5-125 «!>0) under in v e s tig a tio n  was p u r if ie d  as  described , and a n a ly s is  

(C and H; mass spectroscopic) showed i t  to  have the m olecular formula 

CgHj^Bty \) KBr 16*5,  1150,  840, 785, 753. 719, 708, 578 craT1 (Table X);

A ° *  *ane 224 mu.. (£ .=  5,400); n .m .r .,  m u lt ip le t s  cen tred  a t  4 ,5  (4H)»•ax* y

5 .4  (2H). 6 .4  (2H), 7 .2  (2 H )T . (W g. 50).

R eaction o f  D lbrogoj/o loootadiene w ith  Xiithlum Alwalnlum H ydride/
189

Lithium  Hydride

A so l tit io n  o f  th e  so lid  dibrom ocyclooctadiene (500 mg.) i n  dry

te tra p y d ro fu ran  (40 m l,) was added to  & s lu rsy  o f  lith iu m  aluminium

hydride (190 mg,) and lith iu m  hydride (570 mg,) i n dry te trah y d ro fu ran

(25 m l,) a t  a  r a te  s u f f ic ie n t  to  m ain tain  re f lu x . The m ixture was heated

under re f lu x  fo r  a  fu r th e r  5 h r s , ,  cooled, and w ate r added slowly (50 m l,,

1:1 w ater and t  e  t  rahyd rofuran) to  decompose excess reagen t, followed hy

aqueous su lp h u ric  ac id  (75  “&•) • The m ixture was ex trao ted  w ith  e th e r ,

washed, d r ie d , and the e th e r  e x tra c ts  co n cen tra ted . The o i l  obtained

had. 0  i&4o ( a ) ,  800 ( s ) ,  JQO (vs) c n u \  id e n t ic a l  w ith  oycloocta-nax.
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1,^ -d ien e  0 2 ) ,  A naly tica l g.X.c* f^O m„ poly(etl\fienej& ycol) cap illa ry*

52°, IB p . s . i 0/6o2# to ta l  flew 58 m l./m in .j showed th a t  i t  compulsed 1 %  

o f the to ta l  re a c tio n  product# Treatment o f oyclooct&^d.* >“di$r£j under 

th e  same cond itions caused no isonaerioation to  o y cloco ta-l»^-d iene .

Attempted Dehaloge n a tio n  o f  DjbromQcycloootadiens

( i )  Paing Zinc

A so lu tio n  o f the  so lid  dibrom ocyclooctadiene (250 mg.) in

182ethanol (10 sal.) was added to  a suspension o f  ac tiv a ted  zinc (4; 1

excess) i n  ethanol (10 m l.) over 5 mine* The m ixture was heated under 

re f lu x  (w ith s t i r r in g )  fo r  2 h r s .  I t  was then  cooled* w ater was added,

and th e  aqueous so lu tio n  ex trac ted  w ith  pentane. This e x tra c t  was

washed* d rie d  and concentrated  to  y ie ld  an  o i l  which had 0 ^ jn l 66o  (m),

1150 (a)* 1100 ( a ) ,  1070 ( a ) ,  1040 (a)* 1010 (m), 980 ( a ) ,  940 ( a ) ,

890 (m). 8J0 (■ ). 800 (■ ), 700 (vs) oral1; A P*n tan* 221. 226 bug.max. 4
A n aly tica l g . l . o .  (a s  above) sheared one peak w ith  Hj» le s s  than  cy c lo - 

s oo tatetraene*  bu t g re a te r  th an  cyclooeta-1* 5-diene o r  cy c lo o c ta -1 ,5° 

d len e .

(ii) Using magnesium.
A so lu tio n  o f  th e  dibromocyoloootadiene (100 ng9) i n  e th e r  (10 s i* )  

was added to  a  suspension o f  magnesium tu rn in g s  (100 rag.) i n  e th e r  

(10 m l.) • T h is m ixture was heated under re f lu x  on a  steam bath  f o r  2 j  

hrs* The rem aining magnesium tu rn in g s  were f i l t e r e d  o f f  and th e  e th e r  

so lu tio n  co n cen tra ted . The re s u l t in g  o i l  had A ^ 2 ^  215* 255 •
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A n a ly tic a l g « l , c .  (a s  b efore) sheared two peaks* th e  major on© w ith

A so lu tio n  (1 0 0 /t l , )  o f  th e  dibrom ocyclooctadiene in  m ethanol/ 

w ater (4*1 r a t io )  was t i t r a t e d  w ith  a  standard  s i lv e r  n i t r a t e  so lu tio n  

(e o s in  as in d ic a to r) ,  t i l l  th e  co lou r changed from orange to  p a le  yellow . 

Required 50,5/U-l. (mean v a lu e ) . One bromine eq u iva len t req u ire s  5 4 o 7 /> l,p 

so th i s  was o f th e o re t ic a l ,  Hence only one a l l y l i c  bromine

appears to  be p resen t i n  the  dibrom ocyclooctadiene m olecule.

P re p a ra tio n  o f  5-Bromooyclooet&«»l, J°diene (132a)

A m ixture c o n s is tin g  o f cy c lo o c ta -1 ,J -d ien s  (8 ,15  8«* 0,075 mole),

N-bronosucciniraide (JO g ,; 0,17 rool®®)* &**& benzoyl peroxide (0 ,5  go)

was heated under re f lu x  (J  h r s ,)  i n  carbon te tra c h lo r id e  (150 m l.) *

A fte r  t h i s  period , the  p r e c ip i ta te  was f i l t e r e d  o f f  and th e  so lu tio n  

concentrated  to  give a  yellow o i l  (1? g , ,  85$) • Thin la y e r  ohromato- 

1 graphy ( s i l i c a ;  p e tro l;  iod ine) showed th a t  none o f  th e  c o n s titu e n ts  

from th e  a l l y l i c  brom ination o f  cyc loocta-1 , 5-diene corresponded to  th e  

main component o f  t h i s  re a c tio n . D i s t i l l a t io n  o f  t h i s  o i l  did no t p u rify  

i t  com pletely, and excessive decom position during attem pted column 

chromatography prevented f i r t h s r  p u r if ic a t io n .  This m a te ria l had

a very sh o rt o th er  m % )  w ith  a lo n g e r  though both  had 

values le s s  than  th a t o f  c y c lo o c ta - lc  J , 5“ tri© ne.

T i t r a t io n  o f  th e  l&bronocyolooctfldiene

b .p . 52-68°A).2 IM.5 T p  1.5506 ( l i t . 98 b.p. 56°A>.8 nm.s 1.5*8*>t
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^ fa x "  1195 (b )* 1199 <">• 900 ( a ) .  785 (» ) . 755 (a ) .  695 ( to )  craT1;
^ e .  hexane 2J5 _ 6^ * 0 ) . tUm»r«* m u ltip le ts  cen tred  a t  4„25 (4H)*max.

5ol^ (1H)* 7^9 ( ( H ) Z . Found C, H# ^<>98; C^L^^Br req u ires

C, H* 5*®®* "^e mas8 spectrum (h o t box) had a  parent io n  a t
Bft

/ e  214 (corresponding to  ^ ^ 2 2 ^  140 ions o f any s ig n ifio an o e  which

could be ascrib ed  to  bromine atoms were p re sen t. These sp e c tra l and 

ph y sica l p ro o e rtie s  Agree w ith  those quoted fo r  ^-bromocyclooota«l» 

dieneo Nona o f  the  re a c tio n  cond itions t r i e d  y ie lded  the desired  

dibromocyeloocta-1* 5-diene ( lJ 5 c ) .  ~

Reaction o f  5-Bromocycloocta~l» 5°diens (1 32&) w ith  Lithium Al^airdum 

H ydri.de/tithiuia Hydride

A so lu tio n  o f 5-broiftoc/ciooct&-l, ^«diene (200 mg.) i n  dxy tetraR

: hydrofuran (10 a is )  was reac ted  w ith  lith iu m  aluminium hydride A ith iu m

hydride (60 *ag» and l6 o  mg.) i n  t e t  rahyd ro fu ran  (10 m l.) as described

befo re  ( p . l ^ i  ) •  A fte r e x tra c tio n  th e  re su lta n t  o i l  had i  950 (m) #

8JO. (n),  800 ( » ) ,  690 (s )  cmT* A naly tical g . l . c 0 (20? Cyano ‘P*, 50° ,

40 m l . / i i n . )  showed only cyo loocta-1, 5®diene to  be p re se n t.



L’ABL^ X

Cyoloocta-
l #9-d ie i»

( f i l m cm?!)

500B

2926

28^2
2824

16»
1628

1449
1424

l l 66
1155

911

810

789
78O
75 7
755

670
660

In fra re d  S peotra l Data,

9-bromooyclo® ^ibrcxflocyolo- Dibromocyclo- 
o c ta -1, J ^ d ie n a  : octadiene ; oetaH ene
( film  cnfjl) ( KBr cm°l) ( 4 omT1)

5026 9055
5004 5009 29^8

2976
2965 2960
29*8
2 9 ) *  2 9 )7

2924

2390

2902
2379 2392

I 669 1694
1649 1648

I 696
1624
l 6l 8

1487 1488

1289

1442 
1424

1195
1164 1164

1191 1150 1147
U 5 7 m o 1114

907 914
840

79 5  

705
7 5 9  7 5 5

720 719
700 708
675

691 
594

940 
496

5 7 8  576
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TAB','! XI 
Ultraviolet Spectral ppta.

Cycloocta- 5-b r^ocyclooe ta« nibronocyelo-
1, “̂fliene 1, 5~flier» ? octe^iene

( X ° ' hemrm) .^ c .h e w n e .
QtAXi ® ax. max.

250 ryA, 255 m̂ A.. 224

£ =  4240 £= 6140 £ = 5580



TMMM

157

Qjf@XsUsg> o

Cct&pouM X* v a lu e s  &t ssuXiipXetis  quoted)

lo Q yelooct*»l*  5»dien® 4*45 7 o &

2c Qy@looet&»l* J °a ien e 4oJ ? 085

5* Cyol©oeta°X* % 5=»triene 4* 2 J 7*5®

4* Q yoloocta^ l* J* % 7® tet raene

5° T etrabrcm ooyclooctane 1 5o2 7 o l  7a25 ?o@ 8oO

6o T etrabrom ooyoloootane IX 5o4 7*5

7* 5-Bwano©y@X@®otaF>l® Judies® 4*25 5 o l5 lo9

8 . D ib ron ooyeloootad ien e 4*4 J 04J &>45 7<>25 
All sp e c tr a  run in  CGX̂  ex cep t 5 aM  6 (CDGX^)•

S pin  Decoupling Brperiments on th e  Bibro8i©@y®le>©etadiene
O M fcaw B w a— J p — ■ a c s a a o s a — fi«BB»^acwcgsawcaaBKcaa<a—e—^  mu j u r - m ;  ’■■«rg<i •w *±sx*w xxa2s^2a*& & a*m *m m o

Double ir r a d ia t io n  exp erim ents were conducted  w ith  th e  dibrem@=>

s q y d o \o tad ien e  ( i n  GCl^# using  th e  Fexkin  ISLmer BS 10 6o Me0p<>s«

instrum ent) • The p o in ts  o f  i r r a d ia t io n  (1) to  ( f )  a re  shown

diagrauxiiatlcally in 3ig* JO. J Due to the ocmpleadiy of the spectrum*

irrad ia tio n  a lso  oaused uxmnbd in teraction  w ith other energetic sub-levels*

end this declassed the effectiveness of these irradiations* The results

may he sumatrised as follows*
Irrad iation  Cl)

G r o u p  B  w a s  r e s o l v e d  i n t o  t w o  d i s t i n c t  t r i p l e t s  ( r a t i o  1 * 2 * 1 ) *
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a s  i f  two sep a ra te  p ro tons were in te r a c t in g  w ith  an ad jacen t m ethylene  

group*

The ab so rp tio n  due to  Group 0 was b a sic a lly  unaltered® though one 

o f  th e  peaks appeared to  c o llap se . Group D was com pletely u n affec ted .

Hence Group B i s  ad jacen t to  Group A* i ce 0 a t  l e a s t  one o f  th e  

two pro tons i n  th a t  group o u s t be a l ly lic *  fo r  i f  bo th  were a l l y l i c  and 

equivalent* th e  ab so rp tio n  should be much l e s s  complex i n  th e  prim ary 

i r r a d ia t io n  tra c e .

I r r a d ia t io n  (2)

Group 0 i s  reso lved  in to  apparen tly  s ix  peaks* which oould be  

a sc rib ed  to  a  double AB system* c o n s is tin g  o f  a  doub le t and a  quadruplet 0 

This oould be due to  each p ro ton  o f  th e  two i n  th a t  group in te ra c t in g  

Independently  w ith  a  s in g le  p ro ton  which i s  re sp e c tiv e ly  o ls  o r  trans*  

Group D i s  unaffected* and hence not ad jacen t to  Group 

Group A could not be checked due to  s id e  band d is ru p tio n  i n  th a t  region*

Irradiation (3)

Group C again appears to be a double AB system with eight separate 

peaks apparent* The reason should be the same aa stated above* emoept 

that this time the interaction would be with the protons of Group 

The better resolution between these peaks may be due to either mere 

precise irradiation^ or to stronger interaction*

Group D does not appear to be affected* but as irradiation is not
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p re c ise ly  on Group 3 ^  so optlmsn co n d itio n s  m y  not have been a tta in e d  

f o r  th i s  to  occuro

I r r a d ia t io n  (4)

Both Group A and D a re  unaffected* showing th a t  they a re  not

and Bg next to

Group Co Hie ab so rp tio n  fo r  t h i s  group i s  indeed d iffe ren t*  and c o n s is ts  

o f  a  t r i p l e t  (1$ 2*1 r a t io )  In term ingled w ith  a  quadruplet p o ssib ly  from 

an AB system. Hie t r i p l e t  should a r i s e  from th e  in te ra c t io n  o f  the  

p ro ton  i n  Group w ith  those o f  Group Be w hile th e  quadruplet may be due 

to  th e  in te ra c t io n  o f  th e  p ro ton  w ith  one o f  th e  Group A protons* though 

i t  i s  d i f f i c u l t  to  understand why the  coupling should be r e la t iv e ly  so 

g re a t .  Another p o ss ib le  reason i s  th a t  i f  i r r a d ia t io n  o f  the Group C 

pro tons i s  incomplete* only one o f them being  f u l ly  irra d ia ted *  th en  th e  

o th e r  may be in te ra c t in g  w ith  th e  Group p ro ton  to  g ive th e  quadruplet 

(w ith  th ese  p ro tons tr a n s  t o  one ano ther to  account fo r  th e  la rg e  

sep ara tio n ) •

Irradiation (5) 

Irradiation of Group D does affect Group A* but the oomplex 

pattern cannot be interpreted. 

Group B is  again transformed into a tr ip let (ly 2*1 ratio) and a 

quartet (fin e sp litting) * Hie tr ip let i s  probably due to  the unaffected 

proton of Group BL interacting as usual with Group A* Hie quadruplet

ad jacen t to  Group 0 . This can leav e  only Group B
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must bs due to  in te ra c t io n  between th e  p ro tons o f Group and those  o f  

Group C# though i t  i s  not understood why a  quadruplet should r e s u l t .
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497. Rearrangement of Diacetylenes to Aromatic Compounds.
By G. E g l i n t o n , R. A. R a p h a e l , R. G. W i l l i s , and J. A. Z a b k i e w i c z .

H epta-l,6-diyne-4-carboxylic acid (I) readily undergoes base-catalysed  
aromatisation in high yield to m-toluic acid. The rearrangement has been 
extended to diacetylenic hydrocarbons of types (II) and (III) which give 
mixtures consisting mainly of the correspondingly o-disubstituted and mono
substituted benzenes.1

B y  dehydrobromination and hydrolysis of diethyl di-(2-bromoallyl)malonate Perkin and 
Simonsen 2 isolated a crystalline acid, C8H80 2, m. p. 47°, which they named “ i/»-W-toluic 
acid.” They assigned to it the plausible structure hepta-l,6-diyne-4-carboxylic acid (I), 
and reported that it underwent a remarkable isomerisation by treatment with hot mineral 
acid, or even by boiling with water, to give m-toluic acid. Attempted repetition of Perkin 
and Simonsen’s route to this compound was uniformly unsuccessful in our hands. 
A preparation of authentic hepta-l,6-diyne-4-carboxylic acid, m. p. 45-5°, was carried out 
by dialkylation of diethyl malonate with prop-2-ynyl chloride followed by careful 
hydrolysis and decarboxylation.3 This acid was substantially unaffected by boiling water 
and was only slowly attacked by mineral acid with the formation of lactonic products.4 
No indication could be found of the production of m-toluic acid or its derivatives under 
any of the conditions previously described.2 However, when the diacetylenic acid was 
boiled with potassium hydroxide solution it was transformed virtually quantitatively into 
m-toluic acid.

Perkin and Simonsen suggested an unlikely mechanism involving hydration of the two 
triple bonds of hepta-l,6-diyne-4-carboxylic acid and aldolisation of the resulting diketo- 
acid. This latter acid has now been prepared by hydration of acid (I) but, as expected,

(HCEC-CHJ.-CH-CO.H HCEC-[CH2]„-C=CH CH,-[CHJB-(CEC)1-[CH,]I,-CH,
(I) (II) (HI)

treatment with base produced only 3-methyl-5-oxocyclohex-3-ene-l-carboxylic acid,4 
with no trace of m-toluic acid. In order to examine the generality and structural require
ments for this unusual rearrangement it was extended to a series of diacetylenic hydro
carbons. Preliminary experiments showed that potassium t-butoxide dispersed in boiling 
bis-(2-methoxyethyl) ether (diglyme) was a convenient basic medium. Treatment in this 
manner of the hydrocarbon most nearly related to (I), hepta-l,6-diyne ( I I ; n =  3), rapidly 
caused substantial aromatisation to toluene. In a similar manner a variety of straight 
chain aw-diacetylenes (II; n — 4, 5, 6, 10, 17) gave products consisting mainly of the 
isomeric o-dialkylbenzenes, the total conversion into aromatic compounds being in most 
cases around 65%. The rearrangement was not confined to terminal acetylenes; thus, 
nona-2,7-diyne gave the same proportions of n-propylbenzene and o-ethylmethylbenzene as 
did nona-l,8-diyne (II; n =  5). Conjugated diynes underwent the rearrangement with 
equal ease; thus, both octa-3,5-diyne and octa-l,7-diyne produced similar proportions of 
ethylbenzene and o-xylene.

To study the reaction in more detail the isomeric pair, deca-l,9-diyne and deca-4,6- 
diyne, were investigated. Analysis using a high-resolution capillary gas chromatography 
column calibrated with known synthetic mixtures revealed similar proportions of the 
expected benzenoid isomers, n-butylbenzene, o-methyl-n-propylbenzene, and o-diethyl- 
benzene, the last two isomers predominating. However, these were by no means the only 
peaks to appear; at least six further products were indicated on the traces from both 
diynes. The ethylenic nature of these “ abnormal ” constituents was clearly shown by 
the nuclear magnetic resonance (n.m.r.) spectra of the total product. That at least some 
of these olefins were conjugated was demonstrated by differential ultraviolet (u.v.)



spectroscopy. Infrared (i.r.) spectra showed strong indications of cyclic cfs-double bonds 
(sharp band at 700 cm.-1). These olefinic properties disappeared completely when the 
mixture was catalytically hydrogenated (under conditions which left the benzenoid 
constituents unscathed). The absence of n-decane, demonstrated by gas-liquid chrom
atography (g.l.c.) of the hydrogenated mixture, showed conclusively that these olefinic 
constituents were certainly not straight-chain compounds but were most likely cyclic in 
nature. Certain unassigned peaks on the traces did not shift on hydrogenation; these 
almost certainly could not have corresponded to ethylenic compounds and this point 
is discussed below in connection with the C8 diyne.

In view of the large number of isomeric possibilities for these C10 by-products, detailed 
investigation of this aspect of the rearrangement was transferred to the C8 system. 
Similar base-catalysed isomerisation of octa-l,7-diyne produced an eight-component 
mixture (capillary column). The expected ethylbenzene and o-xylene formed the two 
most important components of the mixture. As in the C10 series, the spectral data (u.v., 
n.m.r., i.r.) clearly indicated conjugated ethylenic unsaturation (as-CH=CH), and these 
characteristics vanished on hydrogenation. Examination by analytical and preparative 
g.l.c. of the hydrogenated mixture showed, of course, that the peaks due to ethylbenzene 
and o-xylene had not altered their position. However, most unexpectedly, a partly 
resolved double peak was also unaltered in position after hydrogenation, strongly suggesting 
the presence of two further aromatic isomers; these were identified by g.l.c. as m- and 
^>-xylene! Two further components of the hydrogenated product proved to be cyclo- 
octane and methylcycloheptane, identified by g.l.c. and n.m.r. Employment of milder 
rearrangement conditions (2% butoxide in diglyme for 2 hr.) gave a very similar product 
distribution,, with the addition of two acyclic products tentatively identified as octa-
1,3,5,7-tetraene and octa-2,6-diyne.

At this point it was found that a drastic simplification of this product complexity 
could be achieved by using carefully filtered butoxide solutions in diglyme. Even though 
the solution was extremely dilute (~0-2% butoxide), it effected very rapid and clean-cut 
isomerisation of octa-l,7-diyne to a 9 : 5 mixture of o-xylene and ethylbenzene with the 
formation of less than 1% of by-products. I t would therefore seem at first sight that the 
formation of anomalous side-products in the isomerisation is associated with the presence 
of solid butoxide; this point is being further examined.

The simplest conception to account for the production of monoalkyl- and o-dialkyl- 
benzenes from diacetylenes would seem to be a multiple prototropic rearrangement to 
a cis-allene diene of the type shown, followed by either an intramolecular Diels-Alder 
reaction 1,5 or internal attack on the allene by a terminal carbanion 6 as depicted. Such 

a mechanism would imply the necessary involvement of at least a 
=  V H -  R seven-carbon chain and it is interesting to note that base-catalysed 

rearrangement of hexa-l,5-diyne under the above and other con
ditions 7 furnishes no detectable trace of benzene. Since the original 

announcement1 of this aromatisation a number of allied base-catalysed transformations 
have been reported, e.g., cyclo-octatetraene to benzocyclobutene,8 non-conjugated macro- 
cyclic diynes to 1,2-polymethylenebenzenes,9 cyclododeca-l,3,7,9-tetrayne to biphenylene,10 
cyclohexadeca-l,9-dien-4,6,12,14-tetrayne to 10-diphenylsuccindene,11 as-oct-4-en-l,7- 
diyne to two dimers of o-dimethylenequinone,12 cyclo-octadeca-l,3,7,9,13,15-hexayne to 
triphenylene,13 and l,6-dithiacyclodeca-3,8-diyne to 4,9-dithiabicyclo[5,3,0]deca-l(10)2,7- 
triene.14

Suggested mechanisms for the production of alicyclic products and m- and ^-dialkyl- 
benzenes in the non-homogeneous reactions would be premature at this stage. Certainly 
alkyl- and o-dialkyl-benzenes remain unaffected under these conditions and therefore 
cannot be the source of the unexpected compounds. Further experiments are in hand to 
clarify these findings.



E x p e r i m e n t a l

Light petroleum had b. p. 30—40°. D iglym e [bis'(2-methoxyethyl) ether] was purified by  
jieating under reflux over sodium and subsequent distillation. The gd.c. studies were made 
with a Pye Argon chromatograph (packed columns) equipPed w ith a strontium -90 detector and 
a Perkin-Elmer model 451 fractometer (50 m. Apiezon L capillary column and 2 m. packed 
columns) equipped w ith a flame-ionisation detector. The packed columns were also used for 
small-scale preparative separations, using a hot-wire detector. Peak areas were measured by 
means of a planimeter and standard solutions of the various aromatic hydrocarbons, singly 
and as mixtures, were used to evaluate the possible differing response of the detector; in practice 
these differences were found to be negligible.

Q uantitative i.r. measurements were obtained w ith a Unicam  S.P. 130 grating spectro
photom eter and survey spectra with either a Perkin-Elmer 137 or 237 instrument. The u.v. 
spectra were measured with a Perkin-Elmer model 137 UV and w ith a Unicam S.P- 500 spectro
photometer. An Associated Electrical Industries model RS2 (60 megacycles) instrum ent was 
employed for the n.m.r. spectra, w ith tetram ethylsilane as internal standard.

Diethyl Di-(2-bromoallyl)maIonate.— The original m ethod 2 from 1,2,3-tribromopropane was 
repeated but a much better yield was obtained by using 2,3-dibrom oprop-l-ene as follows. 
The dibromopropene 15 (67 g.) was added dropwise to a stirred suspension of diethyl sodio- 
m alonate [from sodium (7-8 g.) and diethyl malonate (29 g.)] in ethanol (125 ml.) at 60°, and 
the mixture heated under reflux for 30 min. The bulk of the solvent was removed under 
reduced pressure and the resulting suspension poured into dilute sulphuric acid. Isolation  
w ith ether and distillation, gave the ester as an oil (43 g-)> b- p. 122— 123°/0-l mm., wD20 1-5010 
(lit.,2 b. p. 191°/11 mm.), which solidified to long needles, m. p. 7° (Found: C, 40-5; H, 4-6; Br, 
39-3. Calc, for C13H 18Br20 4: C, 39-3; H, 4-6; Br, 40-2%); vmax. (film) 1735s, 1616s, 1200s, 
and 855s cm.-1. All attem pts to convert this ester into “ i/f-m-toluic acid ” by the reported 
method 2 failed. It was noteworthy, however, that drastic alkaline treatm ent produced 
excellent yields of m-toluic acid.

H epta-1,Q-diyne-4,4-dicarboylic A cid .— D im ethylhepta-l,6-diyne-4,4-dicarboxylate, m. p. 
46°, was prepared in high yield by the dialkylation of diethyl m alonate w ith prop-2-ynyl 
chloride 4 or bromide. This ester (7-5 g.), in methanol (20 ml.), was added to a warm solution  
of potassium  hydroxide (5 g.) in 80% aqueous m ethanol (20 ml.). The resultant suspension  
was heated for 2 hr. on a steam -bath and diluted w ith m ethanol (20 ml.), the precipitated salt 
was collected, dissolved in water, and acidified, and the crude free acid was extracted; it 
(4-2 g.) had m. p. 139— 140° [benzene-light petroleum (3 : 1)] (lit.,16 140°).

Hepfa-l,6-diyne-4-carboxylic A cid  (I).— The dicarboxylic acid (2-2 g.) was dissolved in 
pyridine (15 ml.), the solution heated under reflux for 90 min., and the solvent removed in  vacuo. 
The residue was treated w ith dilute sulphuric acid (100 ml.); the resulting acid crystallised  
from light petroleum in large prisms (1-4 g.), m. p. 45-5° (lit.,16 45°).

Isomerisation of A cid  (I) to m -Toluic A cid .11’1*— The action of boiling water, hot dilute 
sulphuric acid (10%), or hot potassium  carbonate solution on the acid (I) produced no m-toluic 
acid, as indicated by the absence of its characteristic spectral properties. Successful isomeris
ation was carried out as follows. A solution of the acid (I) (590 mg.) in 10% aqueous potassium  
hydroxide (50 ml.) was heated under reflux for 4 hr. Acidification, and crystallisation of the 
product from water gave m-toluic acid (420 mg.), m. p. I l l — 112°, identical w ith  an authentic 
sample.

2,Q-Dioxoheptane-4-carboxylic A cid .1— A solution of the acid (I) (2-8 g.) in water (200 ml.) 
was heated under reflux w ith mercury-impregnated Amberlite IR -120 H  resin (2-8 g.) for 
30 m in.19 Isolation by means of ether yielded the dioxo-acid (2-6 g.) as needles, m. p. 72-5° 
(from ethyl acetate-light petroleum) (Found: C, 56-0; H, 6-8. C8H 120 4 requires C, 55-8;
H, 7-0%). Base treatm ent of this compound gave no m-toluic acid, but the product showed 
spectral properties in accord w ith the expected 3-m ethyl-5-oxocyclohex-3-ene-l-carboxylic acid.

Preparation of Diacetylenes.— H exa-l,5 -d iyne,20 hepta- 1,6-diyne,21 octa-l,7 -d iyne,22 nona-
I,8-diyne,23>24 deca-l,9-d iyne,23 nona-2,7-diyne,25 octa-3,5-diyne,28 deca-4,6-diyne,26 tetradeca- 
1,13-diyne 27 were prepared by standard literature methods.

H eneicosa-l,20-diyne was obtained as follows. U ndeca-10-yn-l-yl ch loride28 (17-3 g.) in 
benzene (250 ml.) was treated w ith triethylam ine (11 g.), set aside overnight at room tem per
ature, then acidified w ith dilute sulphuric acid, and the diketen isolated w ith ether. The



residue after removal of solvent -was dissolved in aqueous ethanolic potassium  hydroxide 
[potassium hydroxide (13 g.) water (10 m l.), ethanol (125 m l.)], set aside for 48 hr., and refluxed 
for 4 hr. The heneicosa-\,20-diyn-\\-one  (13-6 g.) separated from the cooled solution in plates, 
m. p. 46— 47° (from aqueous methanol) (Found: C, 83-4; H, 11-0. C21H 340  requires C, 83-4;
H, 11-3% ). vmax. (him) 3270, 2110 (—C=C~H), and 1700 cm .'1. A m ixture of the ketone (500 mg.), 
dioxan (10 ml.), water (20 ml.), concentrated hydrochloric acid, and zinc amalgam (10 g.) was 
heated under reflux for 6 hr., during which tim e a further quantity of acid (5 ml .) was added. 
Isolation by light petroleum and chromatography on alumina (grade V) gave heneicosa-1,20- 
diyne  as a w axy solid, m. p. 47 48° (from methanol) (single peak on g.l.c.) (Found: C, 87‘3;
H , 12-6. C21H 36 requires C, 87-4; H, 12-6%); vmax (fiim) 3300) 2110, and 725 cm .'1.

Arom atisation of D iynes (General Method). The basic medium was prepared just before use, 
as an opalescent dispersion, by refluxing freshly-prepared potassium  t-butoxide (previously 
heated at 160° under reduced pressure until sublim ation started) w ith ten tim es its w eight of 
diglyme. The diyne (500 mg.) and th is reagent (3 g. Qf butoxide in 30 ml. of solvent) were 
refluxed under nitrogen for th e  requisite period (4— 15 hr.). The m ixture was diluted w ith  
water and extracted w ith pentane. Repeated washing with water, drying (M gS04), and 
evaporation of the extract gave the hydrocarbons.

The aromatic products were detected by the absorption bands, y(CH), near 750 and 690 cm .'1 
due to o-disubstituted and m onosubstituted benzenes, respectively; by  permanganate oxid
ation to phthalic and benzoic acids, respectively, and by com parative g.l.c. studies w ith  
authentic alkylbenzenes where feasible.

Diacetylene Main benzenoid products
Hexa-l,5-diyne (II; n =  2)
Hepta- 1,6-diyne (II; n =  3) Toluene
Octa-l,7-diyne (II; n =  4) -i
Octa-3,5-diyne (III; n =  1) /  Ethylbenzene and o-xylene
Nona-1,8-diyne (II; n =  5) 1
Nona-2,7-diyne } n-Propylbenzene and o-ethyltoluene
Deca-l,9-diyne (II; n — 6) -1
Deca-4,6-diyne (III; n =  2) j n-Butylbenzene, o-n-propyltoluene, and o-diethylbenzene

He^nekosa-1',20 -diyne (S’; « =  17) } ComPlex mixture of isomeric o-dialkylbenzenes

D eca-l,9-diyne and Deca-4:,Q-diyne.— The relevant hydrocarbon was heated under reflux as 
above for 8 hr., and the product exam ined by capillary g.l.c. and n.m.r., i.r., and u.v. 
spectroscopy. (A tim e study of the progress of the reaction of deca-4,6-diyne showed th at no 
diyne was detectable after 1 hr.; after 25 hr. the g.l.c. pattern was essentially similar.) The 
product of hydrogenation w ith 10% palladium -charcoal in ethyl acetate was exam ined in 
exactly  the same manner.

The “ before ” and “ after ” results for deca-l,9-d iyne are illustrated in the Figure. The 
g.l.c. trace of the primary product showed a nine-com ponent mixture, of w hich the three peaks 
indicated corresponded to n-butylbenzene, o-diethylbenzene, and o-n-propyltoluene in

Physical properties of aromatic reaction products.
-650 cm.'1 regionBands in 800-

(CSs 04

o-Diethylbenzene yCH "”753
Av* 8
s a 160

o-n-propyltoluene yCH 745
Av* 14
e* 150

n-Butylbenzene yCH 744
18

s a 95
Primary product from deca- yCH 753 742

1,9-diyne Av£ sh ~18
e a ~65 100

Hydrogenated product from yCH 753 742
deca-l,9-diyne AvJ sh ~ 8

e a 55 90

707
10
80

696
7

195

697
~7

5

R  RT
Ajnax. (mn) 

(cyclohexane) £

100 265 175

106 265 265

0-94 262 215

0-95
100 264 1905
106
0-97
100 264 115
106

i?ET =  Retention time relative to o-diethylbenzene (for conditions see Figure).



approxim ate proportions of 2 : 5 : 6 ;  these identifications were made by direct comparison w ith  
authentic samples (see Table). The hydrogenated product also showed the expected peaks 
for these aromatic isomers in the same proportions. Seven other components were detectable  
in the hydrogenation product but n-decane was not present.

The n.m.r. spectrum of the primary product clearly showed the presence of ethylenic com 
pounds (vinylic proton absorption over the region t  3-5— 4-9) as w ell as aromatic products 
(t  2-8— 3). This was confirmed by the disappearance of the former absorption in the n.m.r. 
spectrum of the hydrogenated product. The i.r. absorption of the primary product clearly

46 4 0 3446 4 0 34
Retention time (min.)

Apiezon L capillary column with flame-ionisation detector; 50 m .; 81°; 50 and 110 
m l./m in., respectively (total flow). 1. n-Butylbenzene. 2. o-n-Propyltoluene. 
3. o-Diethylbenzene.

0-3
0-3

t 0*2
0*2co

4-1Q.
o O-l(/)
< 0-1

8 0 0 750 7 0 07 0 08 0 0 7 5 0
Wave number (cm.-1)

Cell path 0-51 cm.; concentrations 4-6 and 11-1 m g./m l., respectively, in carbon
disulphide.

o-r

0-5 0-5

I'O
225 275275 325 325

Wavelength (mg)
Cell paths 0-1 and 0-2 cm ., respectively; concentrations 0-64 and 0-79 m g./m l.,

respectively, in cyclohexane.

G.l.c., i.r., and u.v. characteristics of the primary product (A) and the hydrogenated  
product (B) from the rearrangement of deca-l,9-diyne.

showed the presence of o-dialkylbenzenes (Table). The strong band at 707 cm.-1 was found to  
be due predom inantly to czs-ethylenic absorption, its sharpness being indicative of an endo- 
cyclic ethylene. This band vanished com pletely in the hydrogenation product revealing a 
sm all residual absorption at 697 cm.-1 due to  n-butylbenzene. The presence of conjugated  
ethylenic unsaturation in the primary product was revealed by the u.v. spectrum. In the



hydrogenated product this band collapsed to  reveal the weak absorption in the 260 mg region 
characteristic of alkyl-benzenes.

The cognate rearrangement of deca-4,6-diyne gave substantially the same products (g.l.c., 
n.m.r., i.r., and u.v.). The relative proportions of the aromatic hydrocarbons were essentially  
the same, but there was a greater preponderance of ethylenic consitituents.

From these results it would seem that the main products from these two isomeric diynes 
were the three expected aromatic isomers. A t least some of the remaining unassigned g.l.c. 
peaks must correspond to a range of unsaturated conjugated cyclic hydrocarbons. As the  
isomeric possibilities for such structures of molecular formula C10H U are very numerous it was 
decided to obtain further insight into these by-products by obtaining analogous compounds 
from a hydrocarbon of lower molecular weight.

Rearrangement of O cta-\,l-d iyn e.— (a) The conditions of the preceding experim ent were 
used; no further isomerisation could be detected after 2 hr. In these circumstances octa-
1,7-diyne gave a primary product separated into eight com ponents by capillary g.l.c. 
(Apiezon L; 50 m .; 81°; total flow rate 55 ml./min.). The tw o main com ponents were identified  
as the expected o-xylene and ethylbenzene in a proportion of 5 : 3 (by direct area comparison).

However, m ost unexpectedly, a partly resolved double peak was present, which appeared 
to be due to m- and />-xylene. Preparative g.l.c. [poly(ethylene glycol) column, 20%; 2 m., 
85°; 20 p.s.i. pressure] furnished a fraction which was shown by i.r. and analytical g.l.c. 
(20% of 7,8-benzoquinoline column; 2 m.; 80°; 65 ml. /min.) to contain m- and ^-xylene. The 
total aromatic constituents were shown to  be present in the proportions of o-xylene : e thyl
benzene : w -xylene +  />-xylene =  5 : 3 : 2  (by peak area). The i.r. (film; yCH, cm .-1) and g.l.c. 
(retention tim e; min.) identification data for the aromatic constituents were as follows. 
Product: 795w, 790w, 743vs, 707s, 697s; R t 17-85, 19-10, 20-35, 25-70. Ethylbenzene: 790vw, 
772w, 697vs; i?t 17-80. m -Xylene: 770vs, 695s; R t 19-00. ^-X ylene: 795vs; R t 20-30. 
o-X ylene: 743vs; R t 25-65. The possibility that the m- and the ^-isomer had arisen by  
isomerisation of o-xylene or ethylbenzene under these conditions was disproved by direct trial.

Exam ination of the primary product, using g.l.c., and n.m.r., i.r., and u.v. spectroscopy, 
showed the presence of conjugated ethylenic carbocycles. H ydrogenation of the primary 
product and g.l.c. (capillary column) showed the four aromatic peaks due to ethylbenzene and 
the three xylenes. Apart from these, four further peaks were obtained; the tw o predominant 
ones were isolated by preparative g.l.c. in the following manner. A poly(ethylene glycol) 
column (20% stationary phase; 2 m .; 80°; and 18 p.s.i. pressure) was used for the initial 
separation of the non-aromatic fraction, which w as then subjected to further separation on an 
Apiezon L column (20% stationary phase; 2 m .; 85°; and 18 p.s.i. pressure). The two  
predominant fractions were collected and identified as cyclo-octane and m ethylcycloheptane  
by direct comparison (g.l.c., n.m.r.) w ith authentic samples.

(b) The use of a 2% butoxide dispersion for 2 hr. gave a similar spread of products w ith  the  
addition of tw o further components. One was detected in the m ixture by its strong absorption  
at 269 (e 400), 280 (e 400), 293 (s 45), and 306 mp (e 305) (cyclohexane); this suggested the 
presence of a small percentage of the acyclic octa-l,3 ,5 ,7-tetraene [Xmax (iso-octane) 267, 278, 
290, and 304 m p].7

A second acyclic component, isolated by preparative g.l.c. [20% poly(ethylene g lyco l); 2 m .; 
90°; and 18 p.s.i. pressure], possessed properties com patible w ith its ten tative form ulation as 
octa-2,6-diyne 29 (u.v., end absorption only) vmax (film) 2338w, 2235w, 2050w, 1435s, 1375w, 
1340m cm .-1. Hydrogenation w ith 10% palladium -charcoal gave a product identified by  
analytical g.l.c. as n-octane.

(c) A hot dispersion of 2% butoxide in diglym e was carefully filtered through a sintered - 
glass filter under nitrogen. Use of this filtrate for the isomerisation (2 hr.) gave a two- 
com ponent m ixture of o-xylene and ethylbenzene, as shown by g.l.c., w ith only traces of other 
components.

W e thank Mrs. F. Lawrie for the i.r. spectra, Miss M. Mackay for the n.m.r. results, 
Mr. J. M. L. Cameron, B .Sc., and his staff for the microanalyses, and Miss P. P ellitt for som e of 
the g.l.c. measurements. W e are greatly indebted to the Institu te of Petroleum  Hydrocarbon  
Chemistry Panel for financial support (to R. G. W. and J. A. Z.).
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