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164. The Structure of P o lyisofren ts. P art I I I .  Ultra-violet Absorjition
Spectra.

B y  L . B atem an  a n d  H . P . K och .

The quartz ultra-violet absorption spectra of highly purified polyisoprenes correspond closely to those of 
simple etnylenes having the same degree of alkyl substitution at the double bond. This is also true of g^ranyl- 
amine hydrochloride, which shows no obvious characteristic tha t can be identified with the structural anomaly 
revealed by ̂ -ra y  crystal analysis. The extent to which spectral variations are a measure of the electronic pro­
perties of groups and molecules of this type is therefore discussed—^with the conclusion that for formally saturated 
substituents the correlation is still obscure. Evidence is presented to  show tha t inductive influence is slight, 
and tha t interpretations hitherto advanced on the basis of hyperconjugation are unsound.

U l t r a - v i o l e t  absorption measurements on polyisoprenes were carried out in 1 9 2 7  b y  Scheibe and Pummerer
{Ber., 60, 2163), who compared the optical behaviour of rubber and gutta-percha with th at of simple olefins.
The considerable advances since made in correlating spectral data w ith molecular structure and in the theoretical
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in te r p r e ta t io n  o f  th e  e le c tro n ic  b a n d s ,  to g e th e r  w i th  e x p e r im e n ta l  p ro g re s s  in  th e  p re p a r a t io n  a n d  p u r if ic a tio n  
o f  h y d ro c a rb o n s ,  n o w  m a k e  a  fre sh  s u rv e y  d e s irab le . A d d it io n a l  ju s t if ic a t io n  i s  d e r iv e d  fro m  th e  r e c e n t  
d isc o v e ry , re p o r te d  in  P a r t  I  o f  th is  se ries , t h a t  th e  d i4 so p re n e  d e r iv a t iv e  g e ra n y la m in e  h y d ro c h lo r id e  e x h ib i ts  
a  n e w  ty p e  o f  h y b r id  b o n d  c h a r a c te r  a k in  t o  c o n ju g a tio n  (T eifrey , in  t h e  p re s s ;  c f. B a te m a n  a n d  Teffrev. 
Nature, 1943, 152, 446). ^ r  j  j .

I s o la te d  o lefin ic  l in k a g e s  g iv e  r is e  t o  in te n s e  a b s o rp tio n  b e g in n in g  in  t h e  n e ig h b o u rh o o d  o f  2 0 0 0  a . a n d  r is in g  
s te e p ly  t o  a  m a x im u m  n e a r  *1860 a . ,  i t s  p re c ise  lo c a tio n  b e in g  g o v e rn e d  b y  se c o n d -o rd e r  e n v iro n m e n t  e ffec ts  
(C a rr  a n d  W a lk e r ,  / .  Chem. Physics, 1936, 4 , 7 6 1 ; P r ic e  a n d  T u t te ,  Proc. Jioy. Soc., 1940, A ,  174, 207). T h is  
c h a ra c te r is t ic  a b s o rp t io n  b a n d  h a s  b e e n  id e n tif ie d  b y  M u llik e n  [Rev. Mod. Physics, 1942, 14, 266) a s  a n  N -> V  
t r a n s i t io n  fro m  th e  n o rm a l t o  th e  f ir s t  io n ic  e x c ite d  s t a te  o f  t h e  d o u b le  b o n d . I n  c o n ju g a te d  s)rs tem s i t  o ccu rs  
a t  p ro g re s s iv e ly  lo n g e r  w a v e - le n g th s , a n d  in  g e n e ra l, a n y  c h a n g e  in  e le c tro n ic  a c t iv a t io n  t h a t  a ffe c ts  th e  e n e rg y  
o f  t h e  N ->-V  t r a n s i t io n  w ill b e  re fle c te d  b o th  in  a  d isp la c e m e n t o f  th e  a c tu a l  m a x im u m  a n d  in  a  c o rre sp o n d in g  
s h i f t  o f  t h e  a r e a  c o v e re d  b y  th e  a b s o rp t io n  b a n d . S ince  t h e  p o ly iso p re n e s  d o  n o t  re a d i ly  le n d  th e m se lv e s  to  
v a c u u m  u l tr a - v io le t  m e th o d s ,  o u r  m e a su re m e n ts  w e re  c o n fin e d  to  so lu tio n s  th r o u g h  q u a r tz  o p tic s , a  te c h n iq u e  
w h ic h  fixes a  lo w e r w a v e - le n g th  l im i t  o f  2 0 0 0  a . b u t  o ffers  t h e  a d v a n ta g e  o f a c c u ra te  in te n s i ty  d a ta  in  th e  
acc ess ib le  re g io n  o f  t h e  s te e p  n e a r-u ltra * v io le t  s lo p e  o f  t h e  sp e c tru m .

E x p e r i m e n t a l .

recAntjMc and Notation.— A sm all H ilger q u a r tz  spec trog raph  (E 484) w as em ployed in  conjunction  
w ith  th e  Spekker p h o to m e te r a n d  a  tu n g sten -s tee l sp a rk  source of u ltra -v io le t ligh t. T he sp ec tra  were recorded on

F i g . 1.

1, 1 :  5-Hexadiene.
2, l-Pentene.
3, 1 :  4:-Pentadiene.
4 , cycloHexene.

X . A .
6, 2  : Q-Dimethyl-2 : 6-octadiene.
6 , l-Methylcyclohexene.
7, Rubber (in C ,H „  containing 10%  E tO H ).
8 , Isoprene.

K o dak  B-10 p lates, a n d  th e  m atch -po in ts determ ined  visually. E x cep t w here o therw ise s ta ted , p u re  cvc/ohexane was 
used as th e  so lven t m  ceU len g th s of 0 -1  to  5-0 cm. In d ep en d en t d e te rm inations carried  o u t on sep ara te  sam ples of th e  
sam e hydro carb o n  prov ided  confirm ation  th a t  th e  p robab le  e rro r w as less th a n  3 % , w hich is  negliinble on th e  steep  
p o rtio n  of th e  abso rp tion  slope. ® ® ^

T h e  m olecu lar e x tin c tio n  coefficient e is defined b y  e =  in  w hich logjo/o/^ a t  th e  m atch ing  wave-
len g th  IS given d irec tly  b y  th e  d ru m -se ttin g  of th e  p h o to m eter a f te r  allow ance fo r a  su itab le  b lan k ; /  is th e  cell-length 
m  cm., a n d  c th e  concen tra tio n  (in g./l.) of th e  dissolved su bstance  of m olecular w eight M. T he e thy len ic  ex tinction  
coefficient e =  e /n  is also em ployed in  th e  s tu d y  of th e  polyisoprenes a n d  o th e r com pounds con ta in ing  n double bonds 
m  o rd er to  o b tam  com parab le  in te n sity  values represen ting  th e  abso rp tion  of one e thy len ic  linkage. W ith  th is  conven- 
h a lf mo^lecule*^ ru b b e r is p lo tted  pe r single isoprene residue, b u t  th a t  o f isoprene itse lf a s th e  absorp tion  of th e

Preparation and Purification of Materials.— \-iext.-Butylcyc\ohexene is th e  only  new  com pound to  be  described b u t  
^ Purification  procedures ad o p ted  fo r th o se  hydrocarbons whose low -in tensity  absorp tion  

w  ^  V® p rep ara tiv e  m ethods em ployed for th e  rem aining m ateria ls n o t specially  purified  for
lo w -in tensity  in v es tiga tion  a re  b n efiy  sum m arised  a t  th e  end of th is  section p u rm ea  lo r



12-8%). D istilla tion  of th is  from  a  few c ry sta ls  of iodine read ily  gave l-^«W.-butylcyc/ohexene (b. p. 158*/765 m m .), w hich 
w as k ep t over m olten  sodium  for one h our a n d  finally  red istilled  a t  51®/U m m .; 1-4632 (Found : C, 8 6-8 : H ,
13-2. CioH ,8 requires C. 87-0; H . 13-0%).

Spectrographically Pure /Tyiyocartons.— E x ce p t w here otherw ise s ta ted , each  specim en w as distilled th rough  all­
glass, grease-free, frac tiona tion  a p p a ra tu s  of th e  F enske-W hitm ore  ty p e  im m edia tely  before op tica l exam ination !

1-Pentene a n d  1 : 4-pen tad iene were generated  from  th e ir  p u re  b rom o-ethers w hich h ad  been o b ta ined  b y  th e  m ethod 
of B oord et al. ( / .  Amer. Chem. Soc., 1930, 52, 3396; 1931, 63. 1506) as m odified b y  K istiakow sky  et a l (ibid., 1936, 58, 
146). T he h y drocarbon  sp ec tra  u nderw en t no  fu rth e r change a fte r  th ree  azeotropic  d istillations w ith  m ethy l alcohol 
(b. 15. 26-66* a n d  2 3 -50®, respectively), and  th e  pu re  olefins boiling a t  30-16® and  25-8^° w ere iso lated  b y  repea ted  washings 
w ith  ice-w ater.

T he lo w -in tensity  abso rp tio n  of 1 : 5-hexadiene, p repared  from  ally l brom ide a n d  m agnesium , rem ained co n stan t 
a f te r  th ree  frac tiona tions a t  69*1®. Isoprene w as sim ilarly  purified {b. p. 33-87®/758 m m.) from  th e  crude hydrocarbon 
o b ta in ed  on a lka line  d istilla tio n  of its  recrystallised  sulphone (m. p. 63*5°).

N one o f th e  c^c/ohexenes could be  freed from  traces  of con jugated  dienes b y  frac tiona tion  alone, b u t b o th  cyclo- 
hexene a n d  1 -m ethylcyc/ohexene were p roduced spectrograph ically  pu re  on tre a tm e n t w ith  m aleic anh y d rid e  (StiicWen, 
T h ayer, a n d  W illis, ibid., 1940, 62, 1717).

“  D ihydrom yrcene "  (Sem mler and  M ayer, Ber., 1911, 44. 2010) has been em ployed in  chem ical w ork  as a  repre­
se n ta tiv e  of th e  d i-isoprenic 2 : 6-dim ethyl-2 : 6 -octadiene hydrocarbon  (F arm er a n d  S u tton , J ., 1942, 139; Bloomfield, 
th is  vol., p . 114), b u t  D u p o n t a n d  D esreux {Bull. Soc. chim., 1937, 4, 422) o b ta in ed  R am an  sp ec tra  evidence th a t  
th e  reduction  of ^-m yrcene in v ariab ly  resu lts  in  a  c erta in  am o u n t of 1 : 2- a s well a s 1 : 4 -addition  of hydrogen. A part 
from  th is  ob jec tionab le  com plication , th e  spec tra  of our d ihydrom yrcene sam ples also exh ib ited  th e  ty p ic a l arom atic  
b an d  system  o f * -cym ene (cf. B r a d l^  a n d  R ichardson, Ind. Eng. Chem., 1940, 32, 963), an  im p u rity  w hich could n o t 
be  rem oved b y  frac tio n a tio n . 2 : 6-D im ethyI-2 : 6 -octadiene w as therefore  m ade b y  th e  reduction  of purified geraniol 
w ith  sodium  in  liqu id  am m onia  (Chablay, Ann. Chim., 1917, 8 , 146; D upon t, D ulou, and  D esreux, Bull. Soc. chim.,
1939, 6 . 83), and  we a re  in d eb ted  to  D r. F . H ilto n  for th is  p rep ara tio n . On carefu l frac tiona tion , th e  pu re  hydrocarbon 
distiUed a t  61-2°/16 m m .; 1-4498.

R u b b e r h y drocarbon  w as purified dow n to  c o n stan t low -in tensity  abso rp tion  b y  a  special p rec ip ita tio n  m ethod  of 
frac tiona tion , d e ta ils  of w hich  will be given elsewhere. T he final specim en conta ined  N, 0-01%  and  h ad  a  viscosity 
m olecular w eight o f 330 X 10*.

Preparation of Other Materials.— 1 : 2-D im ethylc^c/ohexene w as o b ta ined  b y  condensation  of m ethylm agnesium  
iodide w ith  2-m ethylc^c/ohexanone and  d eh y d ra tio n  of th e  te r t ia ry  carb ino l p ro d u c t w ith  iodine. A fte r purification 
via th e  crysta lline  d ibrom ide (m. p . 142°), th e  hydrocarbon  h ad  b. p . 135®, 1-4591.

G eranylam ine hydrochloride  (Su tton , th is  vol., p. 306) w as c rystallised  four tim es from  ace tone  (m. p. 146°) and  
^ d ried  in  a  vacuum . O xidation  im purities were rem oved from  squalene hydrocarbon  b y  adsorp tion  on a  colum n of alum ina. 

P u re  w h ite  T jip e tir  g u tta -p erch a , ob ta in ed  b y  courtesy  of th e  R esearch  D ep artm en t of th e  T elegraph C onstruction  and  
M ain tenance Co., L td ., h ad  N, 0-01% , and  a  viscosity  m olecular w eight of 78 X 10®.

D i s c u s s i o n .

Low-intensity Long-wave Absorption o f Olefins.— I t  w a s  n o te d  b y  C a rr  a n d  W a lk e r  {loc. cit.) t h a t  e v en  h ig h ly  
p u rif ie d  sp e c im en s o f  h y d ro c a rb o n s  c o n ta in in g  iso la te d  e th y le n ic  l in k a g e s  r e g u la r ly  sh o w ed  c h a ra c te r is tic  
lo n g -w a v e  a b s o rp t io n  t a i l s  in  a d d it io n  t o  th e  in te n s e  N->*V b a n d s  o c c u rr in g  a t  s h o r te r  w a v e -le n g th s . W e  
h a v e  c o n firm ed  th e  p re sen c e  o f  th is  w e a k  a b s o rp t io n  re g io n  in  1 -p p n ten e  a n d  in  c>'c/ohexene (fetiicklen , T h a y e r ,  
a n d  W illis , loc. cit.), a n d  w e  a lso  o b se rv e d  i t s  e x is te n c e  in  sp e c tro g ra p h ic a lly  p u re  p re p a ra t io n s  o f  1 : 5 -h e x ad ien e , 
1  : 4 -p e n ta d ie n e , l-m ethylc;> /c/ohexene, 2  : 6 -d im e th y l-2  : 6 -o c ta d ie n e , a n d  r u b b e r  (F ig . 1). T h e  e le c tro n ic  
p ro c e ss  re sp o n s ib le  fo r  th e  lo n g -w a v e  e th y le n ic  b a n d  h a s  n o t  y e t  b e e n  id en tif ie d , b u t  is  o f re a l  s ig n ifican ce  a s  i t  
m u s t  e v id e n t ly  p la y  a n  im p o r ta n t  r61e in  th e  p h o to c h e m is try  o f  th e s e  su b s ta n c e s  u n d e r  s u n lig h t  c o n d itio n s . 
C a rr  a n d  W a lk e r  h a v e  a lr e a d y  d ire c te d  a t t e n t io n  to  th e  m a rk e d  in c re a se  o f th is  a b s o rp t io n  reg io n  a s so c ia te d  
w i th  a lk y l  s u b s t i tu t io n  o f  t h e  d o u b le  b o n d , a n d  i t  c a n  b e  se e n  fro m  th e  fig u re  t h a t  b o th  m e th y lcy c /o h ex en e  
a n d  r u b b e r  a c tu a l ly  a b so rb  m o re  s tro n g ly  t h a n  th e  c o n ju g a te d  iso p re n e  a t  w a v e - le n g th s  lo n g e r  t h a n  2760  a .

M o s t o f  t h e  o lefin ic  s p ^ t r a  re p o r te d  fro m  C a r r ’s  la b o r a to r y  a lso  d isp la y e d  in flex io n s  o r  s te p -o u ts  o f  v a ry in g  
in te n s i ty  in  t h e  re g io n  o f  2300  a . W e  e n c o u n te re d  s im ila r  fe a tu re s  in  o u r  o w n  h y d ro c a rb o n  sp e c im en s  b e fo re  
s y s te m a t ic  f ra c t io n a t io n  w h ic h  re v e a le d  t h a t  th is  ty p e  o f  b a n d  is  c a u se d  b y  m in u te  tr a c e s  o f  in te n se ly  a b so rb in g  
c o n ta m in a n ts  o f  a  c o n ju g a te d  d ie n e  s t ru c tu re .  S u c h  ir re g u la r i t ie s  a re  th e re fo re  n o t  t o  b e  re g a rd e d  a s  c h a ra c ­
te r is t ic  o f  p u re  o lefin  s p e c tra ,  a s  w a s  in d e e d  su s p e c te d  b y  th e  A m e ric a n  a u th o rs .

Classification o f Intense Polyisoprene Absorption.— T h e  e x tre m e  q u a r tz  u l tr a -v io le t  sp e c tru m  o f th e  p o ly - 
iso p re n es  is  c o m p a re d  w i th  t h a t  o f  so m e  re la te d  o lefin s  in  F ig . 2. T h e  c o m p le te  c o in c id en ce  o f th e  a b so rp tio n  
c u rv e s  o f  r u b b e r  a n d  g u t ta -p e rc h a  is o f  in te r e s t  in  v iew  o f  th e  g e o m e tric a l iso m erism  w h ic h  is b e lie v e d  to  
d is t in g u ish  th e s e  tw o  h y d ro c a rb o n s . R a m a r t-L u c a s  (G rig n a rd , "  T r a i t s  d e  C h im ie  O rg a n iq u e ,”  1936, I I .  
59) h a s ,  h o w e v e r , a lr e a d y  re fu te d  e a r lie r  a s se r tio n s  t h a t  th e r e  e x is te d  a  s y s te m a tic  d iffe ren ce  b e tw e e n  th e  
u l tr a -v io le t  s p e c tr a  o f  ct5- / ra « s - is o m e r ic  a b so rb in g  g ro u p s , a n d  th e  h ig h - in te n s i ty  N ->-V  a b s o rp t io n  o f th e  tw o  
fo rm s  o f  2 -b u te n e  a p p e a rs  t o  o c c u r  a t  th e  sa m e  w a v e - le n g th s  (C arr a n d  S tiic k len , J .  Chem. Physics, 1936, 
760). M o s t o f  th e  e x is tin g  s p e c tro g ra p h ic  d a ta  o n  p a ir s  o f g e o m e tric a l iso m ers  r e la te  t o  m o re  c o m p le x  c h ro m o - 
p h o re s  t h a n  th e  s im p le  a lk y l- s u b s t i tu te d  e th y le n ic  lin k a g e , a n d  th e  re d u c e d  a b s o rp t io n  u su a lly  d isp la y e d  b y  
th e  cM -isom erides c a n  b e  a t t r i b u te d  to  th e i r  sh o r te n e d  s p a t ia l  e x te n s io n  o r  t o  s te r ic  in te r fe re n c e  b e tw e e n  cis- 
e th y le n ic  s u b s t i tu e n ts  (K o ch , Chem. and Ind ., 1942, 61, 273). T h e  p o ly iso p ren e  c u rv e  a lso  c o v e rs  o u r  m e a su re ­
m e n ts  o n  sq u a le n e  a n d  is  id e n tic a l  w i th  t h e  e a r lie r  d a t a  o n  r u b b e r  a n d  g u t ta -p e rc h a  o b ta in e d  b y  S ch e ib e  a n d  
P u m m e re r  {loc. cit.), w h o se  c u rv e  fo r  d ia lly l  is  lik ew ise  co n firm ed .

f  s p e c tr a  o f th e  p o ly iso p re n e s  a n d  o th e r  u n s a tu r a te d  h y d ro c a rb o n s  o f  th e  t r i -
s u b s t i tu te d  t ^  C R iR ,:C H R 3 fo rm  a  w ell-d e fin ed  g ro u p , c le a r iy  d if fe re n tia te d  fro m  a ll  o th e r  e th y le n ic  co m -

a b s o rp tiv e  in  a c c o rd a n c e  w i th  th e  e x te n t  o f  s u b s t i tu t io n  o n  th e  d o u b le  
b o n d . T h e  p re c ise  n a tu r e  o f  th e  a lk y l  s u b s t i tu e n ts  a p p e a rs  t o  b e  la rg e ly  im m a te r ia l  in  th is  c la ss if ic a tio n  p ro -



y id e d  t h a t  n o  c o n ju g a tio n  o c c u rs  -when m o re  t h a n  o n e  d o u b le  b o n d  is  p re s e n t  in  th e  m o le c u le  (cf. s p e c tru m  oi 
iso p re n e ). C a r r  a n d  W a lk e r  (loc. cit.) a n d  P r ic e  a n d  T u t t e  {he. cif.) p re v io u s ly  o b se rv e d  c o rre sp o n d in g  re d  
s h if ts  in  th e  v a p o u r  s p e c tr a  o f  so m e  s im p le  e th y le n e s  in  th e  v a c u u m  u l tr a -v io le t .  A n a lo g o u s  lo n g -w av e  
a lk y la tio n  d isp la c e m e n ts  a r e  a ls o  k n o w n  to  o c c u r  in  t h e  s p e c tr a  o f  th e  c o n ju g a te d  d ien e s  (P ric e  a n d  W alsh , 
Proc. Roy. Soc., 1940, A ,  174, 2 2 0 ; B o o k e r, E v a n s ,  a n d  G illam , J . ,  1940, 1453) a n d  o f  o lefin ic  c e n tre s  c o n ­
ju g a te d  w i th  a  c a rb o n y l  ^ o u p  (W o o d w ard , / ,  Amer. Chem. Soc., 1941, 63, 1123).

* A lth o u g h  th e  a b s p rp t io n  o f 1 : 5~hexad iene  a t  t h e  e x tre m e  sh o r t-w a v e  e n d  o f  th e  q u a r tz  u l tr a -v io le t  is  in  
lin e  w i th  th is  c la ss if ic a tio n , y e t  t h e  s p e c tr a  o f th e  m o n o s u b s t i tu te d  e th y le n e s  1 -p e n te n e  a n d  1 : 4 -p e n ta d ie n e  
a p p e a r  t o  lie  r e m a r k a b ly  c lose  t o  th e  c u rv e  o f cyclohexene, w h ic h  is  m o re  h ig h ly  s u b s t i tu te d  on  th e  d o u b le  b o n d .

F i g . 2 .

1 , 1 : 5-Hexadiene.
2, 1 : i^Pentadiene.
3, \-Pentene.
4, c.yz\aHexeyie.
6 , 2 : %~Dimetkyl-2 ; ^-octadiene. 
6 , l-Methylcyciohexene.

7. Rubber {in C ,H „  containing 10%  E tO H ). 
X X X ,  Gutta-percha.
O O O . Squalene.
8, 1 : 2 -DimethylQyc\ohexene.
9, Tetramethylethylene {after Carr and Walker).

10, Isoprene.

A c c o rd in g  to  C a rr  a n d  W a lk e r , w h o  re c o rd  d if fe re n t  a b s o rp t io n  v a lu e s  fo r  1 -p e n te n e . «><7p ro p y le th y ie n e  is  e v en  
m o re  a b s o rp t iv e  t h a n  cycldhtxene  in  th is  re g io n . S in ce  t h e  p e a k  o f  th e  *s£>propylethylene b a n d  is  re p o r te d  t o  
f i t  n o rm a l ly  in to  i t s  g ro u p  p o s i t io n  (C arr a n d  S tiic k le n . loc. cit.), i t  se e m s p o ss ib le  t h a t  t h e  i r r e g u la r  sp re a d in g -  
o u t  o f  th e  m o n o s u b s t i tu te d  e th y le n e  a b s o rp t io n  c u rv e s  m a y  b e  d u e  to  a  p e c u l ia r  b ro a d e n in g  o r  in te n s if ic a tio n  
o f  t h e  b a n d  r a th e r  t h a n  a  g e n u in e  w a v e - le n g th  sh if t .

A lk y l Shifts and H y p e r c o n j u g a t i o n . { J .  Chem, Physics. 1939, 7, 339) d e v e lo p e d  th e  th e o r y  o f  
y ^ r c o n ju g a t io n  to  a c c o u n t  fo r  t h e  a b n o rm a l lo n g -w a v e  a b s o rp t io n  o f c y c lic  c o n ju g a te d  d ien e s , a n d  u se d  i t  

s u b s e q u e n t ly  t o  e x p la in  th e  su ccess iv e  a b s o rp t io n  sh if ts  e ffe c te d  b y  a lk y l  s u b s t i tu t io n  in  s im p le  e th y le n e s  
I h e  th e o ty  h a s  b e en  g e n e ra lise d  a n d  e x p re sse d  q u a s i - q u a n t i ta t iv e ly  in  q u a n tu m -m e c h a n ic a l  te rm s , a lth o u g h  
iQ?i® a i  d r a s t ic a l ly  re v ised  (M u llik en . R iek e , a n d  B ro w n , / .  Amer. Chem. Soc.,
«V f  +V. H ^ r c o n j u g a t i o n ,  w h ic h  is  n o w  co n sid e red  to  fin d  e x p re ss io n  in  th e  p ro p e rt ie s  o f  t h e  g ro u n d  
s t a t e  r a th e r  t h a n  th o s e  o f  e x c ite d  s ta te s ,  is  s t i l l  re g a rd e d  a s  d e te rm in in g  th e  re d  sh if ts ,  a l th o u g h  d e c re a se s  in  
io n is a t io n  p o te n t ia l  q.re m a m ly  a t t r i b u te d  to  c h a rg e  t r a n s fe r  (M u llik en , Rev. Mod. Physics, loc. cit.). S in ce  th e



c o n ju g a t iv e  p o w ers  o f  s a tu r a te d  b o n d  e le c tro n s  w ith  u n s a tu r a te d  c e n tre s  is  m u c h  g r e a te r  fo r  C - H  th a n  fo r 
C -C  b o n d s , th e  lo n g -w a v e  d isp la c e m e n ts  in  th e  c>'c/ohexene se rie s  a re  d u e , o n  th is  v iew , t o  t h e  in c re a s in g  c o n ­
ju g a t io n  in h e re n t  in  s t r u c tu r e s  (I)— (I I I ) ,  W e  h a v e  b e en  a b le  t o  t e s t  th is  th e o r y  e x p e r im e n ta l ly  b y  e x a m in in g

A  ■
f t ,  \ c x ^

(!•) (H .) ( I I I .)  ■ (IV.)

l-te>^.-butylc;yc/ohexene (as IV ) in  w h ic h  a l l  t h e  s id e -c h a in  h y d ro g e n  a to m s  n e c e s sa ry  fo r  h y p e rc o n ju g a tio n  
h a v e  b e e n  re p la c e d  b y  c a rb o n . T h e  sp e c tru m  o f  th is  n e w  o lefin  is  g iv e n  in  F ig . 3, a n d  c o m p a riso n  w i th  m e th y l-  
cyclohe-Ktnt a n d  o th e r  cyc/ohexenes p ro v e s  t h a t  a lk y l  s h if ts  a re  p re d o m in a n t ly  a  fu n c tio n  o f  c a rb o n  s u b s t i tu t io n  
a s  su c h , i r re s p e c tiv e  o f  t h e  p re sen c e  o r  o th e rw ise  o f  C - H  b o n d s  in  t h e  s u b s t i tu e n t  g ro u p . T h is  r e s u l t  is  co m ­
p a r a b le  w i th  C o n a n t  a n d  K is t ia k o w s k y ’s h e a t  o f h y d ro g e n a tio n  d a t a  [Chem. Rev., 1937, 20 , 181) in  w h ich  
n e g lig ib le  d iffe ren ces  b e tw e e n  m e th y l- ,  e th y l- ,  w o p ro p y l- , a n d  te r f .-b u ty l-e th y le n e  w ere  fo u n d .

D iffe rin g  fro m  M u llik en , P r ic e  a n d  T u t t e  {loc. cit.) re g a rd  a lk y l  d isp la c e m e n ts  a s  c h ie fly  d u e  to  a  re d u c tio n  
in  io n is a t io n  p o te n t ia l  o f  th e  e th y le n ic  c e n tre  b y  c h a rg e  t r a n s f e r  f ro m  th e  a d ja c e n t  a lk y l  g ro u p s , a  p ro cess  
w h ic h  sh o u ld  le a d  to  p a ra l le l  c h an g e s  in  h e a ts  o f h y d ro g e n a tio n . I n  c o n ju g a te d  <;yc/ohexadiene th e  N->«Vi 
t r a n s i t io n  o c c u rr in g  a t  m u c h  lo n g e r  w a v e - le n g th s  t h a n  in  th e  o p e n -c h a in  d ien e s  is  s im ila r ly  r e la te d  t o  a n  
a l te r a t io n  in  t h e  g ro u n d  s ta te .  I f  th is  is  c o rre c t,  i t  seem s re m a rk a b le  t h a t  i t s  h e a t  o f  h y d ro g e n a tio n  d o e s  n o t  
d iffe r  a p p re c ia b ly  fro m  t h a t  o f  a n  a n a lo g o u s  b u ta d ie n e  (C o n a n t a n d  K is t ia k o w sk y , loc. cit.). M u llik e n 's  
a l te rn a t iv e  e x p la n a t io n  o f  th e  c ;yc/ohexadiene sp e c tru m  is  o p e n  t o  m o re  se r io u s  o b je c t io n  fro m  a rg u m e n ts  
b a se d  o n  c h em ica l c o n s t i tu t io n .  I f  h y p e rc o n ju g a tio n  d e p ic te d  in  s t r u c tu r e  (V) is  re g a rd e d  a s  d e te rm in in g  
th e  re d  s h i f t  fro m ' th e  n o rm a l c o n ju g a te d  d ien e  sp e c tru m , th e n  i t  is  d iff ic u lt t o  see  w h y  s u b s t i tu te d  cyclo- 
h e x a d ie n e s  o f  th e  ty p e  o f  e rg o s te ro l (V I) sh o u ld  a b so rb  a t  e v e n  lo n g e r  w a v e - le n g th s . I n  p o in t  o f fa c t ,  a ll  th e  
s p e c tro g ra p h ic  d a t a  o n  p o ly c y c lic  d ien e s  t h a t  h a v e  a c c u m u la te d  in  re c e n t  y e a rs  (B o o k er, E v a n s ,  a n d  G illam ,

Y i /  H O ^  V : /
(V.) (VI.) (VII.)

loc. cit.) s e rv e  t o  sh o w  t h a t  th e  in c o rp o ra tio n  o f  th e  c o n ju g a te d  d ien e  sy s te m  in  o n e  s ix -m em b e re d  r in g  is  th e  
e x c lu s iv e  c au se  o f  th e  a b n o rm a l  s p e c tru m  re g a rd le s s  o f  a l l  se c o n d -o rd e r  s u b s t i tu t io n a l  in flu en ces.

I t  h a s  b e e n  sh o w n  b e y o n d  d o u b t  t h a t  h y p e rc o n ju g a tio n  is  a n  im p o r ta n t  m e c h a n ism  o f  e le c tro n ic  a c t iv a t io n  
in  c h e m ic a l p ro cesses  (H u g h e s  a n d  In g o ld , Trans. Faraday Sac., 1941, 87 , 657), a n d  p h y s ic a l m e a su re m e n ts  
h a v e  in d ic a te d  i t s  in flu e n ce s  in  t h e  g ro u n d  s t a te  (H a n n a y  a n d  S m y th , J .  Amer. Chem. Soc., 1943, 6 5 , 1 9 3 1 ; 
B a k e r  a n d  H e m m in g , J . ,  1942, 191), b u t  i t  is  e v id e n t  t h a t  t h e  s p e c tr a l  fe a tu re s  o f  h y p e rc o n ju g a tio n  h a v e  y e t  
t o  b e  c o r re c tly  d e sc rib e d .

Interaction o f Double Bonds in  the Polyisoprene Chain.— T h e re  is  a  g e n e ra lly  a c c e p te d  w o rk in g  h y p o th e s is  
in  u l tr a -v io le t  s p e c tro s c o p y  t h a t  tw o  c h ro m o p h o re s  c o n ta in e d  in  th e  sa m e  m o le c u le  b e h a v e  a s  s e p a ra te  a b so rb ­
in g  e n ti t ie s  p ro v id e d  th e y  a re  s e p a ra te d  b y  o n e  o r  m o re  c a rb o n  a to m s  (R a m a r t-L u c a s ,  loc. cit.). T h is  is  b o rn e  
o u t  b y  o u r  d a t a  o n  1 : 4 -p e n ta d ie n e , 1 :  6 -h e x ad ien e , a n d  th e  p o ly iso p ren e s , a l l  o f  w h ic h  fa ll  in to  th e i r  n o rm a l 
g ro u p  c la ss if ic a tio n  in  a c c o rd a n c e  w i th  t h e  d eg ree  o f  a lk y l  s u b s t i tu t io n  o f t h e  d o u b le  b o n d . T h e  sp e c tro ­
g ra p h ic  ru le  is  p a ra l le le d  b y  th e  a v a i la b le  th e r m a l  d a ta ,  sin ce  t h e  h e a t  o f h y d ro g e n a tio n  o f 1  : 5 -h e x a d ie n e  is 
a lm o s t  id e n t ic a l  w i th  tw ic e  t h a t  o f a  s in g ly  s u b s t i tu te d  e th y le n e , a n d  th e  sa m e  is  v e r y  n e a r ly  t r u e  o f  1 : 4- 
p e n ta d ie n e  (K is t ia k o w sk y  e t  al., loc. cit.). T h e  o n ly  e x c e p tio n  t h a t  m ig h t  b e  q u o te d  a g a in s t  t h is  g e n e ra lisa tio n  
is  th e  s p e c tra l  a n o m a ly  o f  t h e  c y c lic  c o n ju g a te d  d ien es . A lth o u g h  P r ic e  a n d  W a ls h  {Proc. Roy. Soc., 1941, 
A , 17 9 ,2 0 1 ) te n ta t iv e ly  {>ostu lated  e le c tro n ic  re p u ls io n  b e tw e e n  th e  tw o  « s - l in k e d  d o u b le  b o n d s , o r , a lte rn a t iv e ly ,  
th e  e x is te n c e  o f  D e w a r  ty p e  re so n an c e  s t ru c tu re s  in  1 : 3 -cyc/ohexad iene , y e t  W o o d w a rd  ( / .  Amer. Chem. Soc.,
1942, 64 , 72) e n v is a g e d  a n  in c o m p le te ly  in s u la t in g  6  : 6  s in g le  b o n d  in  a  b e n z e n e -a n a lo g o u s  s t r u c tu r e  (V II) . 
T h is  fo rm u la t io n  w o u ld  a c c o u n t  fo r  th e  lo n g -w a v e  a b so rp tio n , b u t  t h e  n o rm a l h e a t  o f  h y d ro g e n a t io n  re m a in s  
a  d iff ic u lty .

R e c e n t  p h j^ ic a l  e v id e n ce  p o in ts  t o  in c o m p le te  in s u la t io n  o f  th e  1 : 6 -sp a c e d  d o u b le  b o n d s  in  th e  p o ly iso ­
p re n e  c h a in , c o m p a ra b le  w i th  t h a t  re p re s e n te d  in  s t r u c tu r e  (V II) . j^ - R a y  a n a ly s is  o f  th e  d i- iso p re n e  d e r iv a tiv e  
g e ra n y la m in e  h y d ro c h lo r id e , C M e jX H 'C H jr^ C H j'C M e lC H ’C H a 'N H j.H C l (Je ffrey , loc. cit.), h a s  re v e a le d  a  
s ig n if ic a n t s h o r te n in g  o f th e  c e n tr a l  s in g le  b o n d  a c c o m p a n ie d  b y  a  p la n a r  a r ra n g e m e n t  o f th e  a d ja c e n t  g ro u p s . 
I t  h a s  b e en  su g g e s te d  (B a te m a n  a n d  Je ffrey , loc. cit.) t h a t  th is  u n iq u e  b o n d  c h a ra c te r ,  w h ic h  s im u la te s  n o rm a l 
c o n ju g a tio n , is t h e  r e s u l t  o f h y p e rc o n ju g a tio n . T h e  e th y le n ic  c e n tre s  a re  c o n s id e re d  to  p ro m o te  h y b r id is a t io n  
w h ic h  p a r t ia l ly  lo ca lises  t h e  C - H  b o n d  e le c tro n s  o f th e  c e n tr a l  CHg g ro u p s  in  th e  h y b r id  b o n d . I t  is  p e rh a p s



su rp r is in g  th e re fo re  t h a t  th e  N -> V  b a n d  o f  t h e  p o ly iso p ren e s  d o es n o t  re fle c t th is  s t r u c tu r a l  m o d ific a tio n  
a n d  t h a t  th e  sp e c tro g ra p h ic  in s u la t io n  ru le  s t i l l  h o ld s . T h e re  is  n o  d iffe ren ce  in  th is  re s p e c t  b e tw e e n  d i- 
iso p re n e  i ts e l f  a n d  i t s  a m in e  h y d ro c h lo r id e , w h o se  s p e c tr a  a re  p lo t t e d  s id e  b y  s id e  in  F ig . 4. S in ce  s a tu r a te d  
a m in e  h y d ro c h lo r id e  g ro u p s  a re  c o m p le te ly  t r a n s p a r e n t  in  t h e  q u a r tz  u l tr a -v io le t ,  th e  a b s o rp t io n  o f  g e ra n y l-  
a m in e  h y d ro c h lo r id e  in  th is  re g io n  is d e te rm in e d  e x c lu s iv e ly  b y  th e  d i- iso p re n e  sy s te m , a n d  th e  c lose  co in c id en ce  
o f  th e  tw o  s p e c tr a  is  v e ry  s tr ik in g .

T h e  l a t t e r  o b s e rv a tio n  is  o f  f u r th e r  in te r e s t  ow in g  to  i t s  b e a r in g  o n  th e  in d u c t iv e  d e p e n d e n c e  o f  N -> V  
tr a n s i t io n s  (cf. Jo n e s , Chem. Rev., 1943, 32 , 14). P r ic e  a n d  h is  c o lle ag u e s  c o n c lu d e  t h a t  t h e  d e te rm in a tiv e  
fu n c tio n  o f  a lk y l  s u b s t i tu e n t s  a t  e th y le n ic  c e n tre s  is  o n e  o f  c h a rg e  t r a n s fe r ,  w h ic h  th e y  id e n t i fy  w i th  th e  
in d u c t iv e  m e c h a n ism  w e ll re co g n ise d  c h e m ic a lly . N o w , i t  is  w e ll k n o w n  t h a t  a  s u b s ta n t ia l  fretc tion  o f  th e  
e le c tro s ta tic  fo rce  o f  a n  io n ic  p o le  is  t r a n s m i t te d  th ro u g h  o n e  s a tu r a t e d  c a rb o n  a to m . H e n c e  a t  th e  n e a re r

F ig. 4.

F ig . 3.

......................  cycloHexene.
-----------------  \-teTt.-Butylcyclohexene.
-----------------l-Methylcyclohexene.
—•—•—•—• 1 : 2-Dimethylcyclohexene.

------------- - Geranylamine hydrochloride {di‘
isoprene amine hydrochloride) in EtOH. 

— —•—•—• 2: Q-Dimethyl-2; Q-octadiene {di- 
isoprene) in  EtOH.

...................  2: ^-Dimethyl-2: Q-octadiene {di-
* \  isoprene) in

d o u b le  b o n d  in  g e ra n y la m in e  h y d ro c h lo r id e  th e r e  w ill b e  a n  a d d e d  in d u c tiv e  in flu e n ce  o f  m a rk e d  s t r e n g th  
d ire c tiv e ly  th e  sa m e  a s  t h a t  o f  th e  m e th y l  s u b s t i tu e n t .  M o reo v er, i t  is  n o t  p o ss ib le  in  t h is  case  t o  invo{&» a n  
a l t e rn a t iv e  a n d  c o m p e n sa tin g  m o d e  o f  p o la r is a t io n  a s  in  c w -d ich lo ro e th y len e  a n d  c h lo ro p re n e . w h e re  c o rre la tio n  
b e tw e e n  s p e c tr a l  d isp la c e m e n t a n d  th e  in d u c t iv e  p o w e r  o f  th e  c h lo r in e  a to m  w a s  a lso  a b s e n t  (P ric e  a n d  W a lsh , 
1940, loc. cit.), a n d  w e  m u s t  c o n c lu d e  t h a t  d o u b le  b o n d  a b s o rp tio n  is  f a r  less se n s itiv e  t o  in d u c t iv e  in flu en ce  
t h a n  h i th e r to  b e liev ed .

T h e re  a p p e a r  t o  b e  t l ^ e e  p o ss ib le  e x p la n a t io n s  w h y  th e  s p e c tru m  o f  g e ra n y la m in e  h y d ro c h lo r id e  sh o w s n o  
d e p a r tu r e  f ro m  t h a t  ty p ic a l  o f  a  s u b s t i tu te d  e th y le n e  in  s p i te  o f  t h e  u n u s u a l  c h a r a c te r  o f  th e  c e n tr a l  sin g le  
b o n d . F i r s t ,  t h e  a b n o rm a l  b o n d  m a y  b e  p e c u lia r  t o  th e  c ry s ta l l in e  s t a t e ;  se c o n d ly , th e  p re se n c e  o f  th e  
e th y le m c  c e n tre s  m a y  n o t  in  f a c t  g o v e rn  th e  n ew  h y b r id is a t io n . W e  see  n o  r e a so n  fo r  a c c e p tin g  th e  fo rm er, > 
a n d  r e g a rd  th e  l a t t e r  a s  im p ro b a b le . T h ird ly ,  b o th  n o rm a l a n d  e x c ite d  s t a te s  o f  t h e  d o u b le  b o n d  m a y  p a r ­
t ic ip a te  e q u a l ly  m  th e  h y p e rc o n ju g a tio n  p ro cess , in  th e  sa m e  w a y . p re su m a b ly ,  a s  t h e y  a re  s im ila r ly  re sp o n s iv e  
to  th e  p o la r  fo rce  o f  th e  a m m o n iu m  g ro u p . H o w ev e r, th is  p ro b le m  o f  th e  u n c h a n g e d  t r a n s i t io n  e n e rg y  m u s t



remain unsolved until the true spectral consequence of hyperconjugation is elucidated, and the nature of the 
unusual hybridisation more fu lly  understood.

O ur th a n k s  a re  d ue  to  D r. D . A. S u tto n  fo r supp ly ing  sam ples of dimethylc>’c/ohexene a n d  squalene  for th is  investig ­
a tion , w hich form s p a r t  o f th e  program m e o f fu n d am en ta l research  on  ru b b e r u n d e rtak en  b y  tiie  B oard  of th e  B ritish  
R u b b e r P ro d u cers ' R esearch  Association.
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