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Study of the Radical Mechanism of Iodine-Catalyzed 
Isomerization of Conjugated Diene Systems 
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The iod ine -ca ta lyzed  Z/E-isomerization of  internal  
conjugated  d i e n e s  in the  dark,  to  form a thermody-  
namic  equ i l ibr ium mix ture ,  w a s  found to  be a radical  
p r o c e s s  w i th  an act ivat ion e n e r g y  o f  12 .4+1.2  k c a l /  
mol .  The e f f e c t s  o f  an t iox id an t s  on the  react ion,  both 
in the  dark and in sunl ight ,  w e r e  s tudied .  In both  pro- 
c e s s e s  the  radical  i s o m e r i z a t i o n  w a s  s l o w e d  down,  
probably  through radical  scavenging .  

In the light iodine serves as a catalyst  in Z/E- isomeriza- 
tion of double bonds (1). In conjugated diene systems this 
process  is very effective in obtaining the (E,E)-isomer as 
the p redominan t  one in the the rmodynamic  equilibrium 
(1,2). The light facilitates the reaction, and two mecha-  
nisms have been suggested, depending on the wavelength 
of the applied light (3): 
UV region, shor te r  wavelength: 

hv 
( Z ) - o l e f m + I 2 ~  [(Z)I2 ] ~--- [(Z)I2 ] * 

(Z)-olefin + [ (Z) I2 ] * ~--- 2"(Z) I 
.(Z)~_.(E)I~(E)-olefm+I. 

Visible region, longer wavelength: 
hv 

I2~_2I. 
(Z)-olefin+ I.~_.(Z) I 

. (Z ) I~ . (E ) I~ (E) -o l e fm+I .  

It  has been suggested tha t  the isomerization process 
itself involves rotat ion a round  the o-bond, after  react ion 
of I- with the w-bond (4): 

According to this mechanism the ra te-determining step is 
ei ther the format ion of the carbon radical  or  the rotat ion 
a round  the a-carbon-carbon bond. It  has been shown (4) 
tha t  in the gas phase  the addit ion react ion of I a toms  is 
ra te  controlling. 

Our studies with I2 as a catalyst  in the Z/E-iso- 
merization of conjugated diene systems showed tha t  the 
process  also takes place in the dark, albeit much  slower 
than  in the light (Table 1), thus  hinting a t  a the rma l  rad- 
ical mechanism for the reaction. In this pape r  we describe 
our  studies on the mechanism and the est imation of the 
activation energy of the I2-catalyzed Z/E-isomerization in 
dark. The react ion was studied on three  conjugated diene 
systems which appear ,  among m a n y  others, in long chain 
compounds ,  such as sex pheromones  of moths: (Z,E)- 
9,11-tetradecadien-l-yl  ace ta te  [(Z,E)-9,11-C140Ac) ] 
(TDDA) (I), the main componen t  of the sex phe romone  of 
the  female Egyptian cotton leafworm (Spodoptera litto- 
ralis) (5,6); (E,Z)-7,9- dodecadien- l -yl  ace ta te  [(E,Z)- 
7,9- C12OAc)] (DDA) (II), the sex pheromone  of the 
female grapevine moth  (Lobesia botrana) (7,8); and 
(E,E)- 10,12-hexadecadien- 1-yl aceta te  [(E,E)-10,12- 
C160Ac)] (HDDA) (III),  which is the analog of (E,E)- 
10,12-hexadecadienal (IV), the sex phe romone  of the 
female spiny bollworm (Earias insulana) (9). 

(Z,E)- CH3CH2CH=CHCH=CH (CH2)sOAc 
I 

(E,Z)- CHaCH2CH=CHCH=CH (CH2)6OAc 
II 

(E,E)-CHa(CH2)2 CH=CHCH=CH (CH2)9OAc 
III  

(E,E)-CH3(CH2)2 CH=CHCH=CH (CH2)sCHO 
IV 

R ~ _ . / R '  R \  / R '  __.R . ~ ] ] H  R ~  / H  

I" + ] ~  ~ ~ - - ~ ] H  _ H /  ~ ~--- + 
H i ~H H" "I ' H / g " ' ~ R  ' 

I. 
EXPERIMENTAL PROCEDURES 

The th ree  p h e r o m o n e s  I, II  and  IV and the  analog III  
were  synthes ized and  found to be >--98% p u r e  (10,11). 

TABLE 1 

Iodine-Catalyzed Isomerization of Conjugated Dienes in the Sunlight and in the Dark 

% Composition 
Exposure 

Diene a Conditions time (hr) Z,E- E,Z- Z,Z- E,E- Ref. 
TDDA Sunlight 3 12 14 2 72 Th~work 

Dark 24 14 15 1 70 12 

DDA Sunhght 4 11 12 2 75 12 
Dark 26 11 12 2 75 12 

HDDA Dark 6 13 14 1 72 13 

aEach sample contained 50 or 100 mg of diene and 5 mg of 12 in 5 ml cyclohexane at 
room temperature in dark or in sunlight. 
TDDA, (Z,E)-9,11-C140Ac; DDA, (E,Z)-7,9-CI2OAc, and HDDA, (E,E)-10,12-C160Ac. 

*To whom correspondence should be addressed. 
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TABLE 2 

I s o m e r i z a t i o n  o f  (Z,E)-9,11-C,4OAc in the  P r e s e m c e  o f  Iod ine  in the  Dark 

I2i n TDDA Time % Composition Time % Composition 

mg mmol % (rain) Z,E- E,Z Z,Z- E,E- (min) Z,E- E,Z- Z,Z- E,E- 
2.5 0.01 5 60 70 7 
5.1 0.02 10 40 60 12 

15.2 0.06 30 60 67 12 
25.4 0.1 50 60 60 15 
50.8 0.2 100 60 39 15 
76.2 0.3 150 60 36 15 

101.6 0.4 200 60 23 18 

23 120 45 11 44 
28 120 45 13 42 
21 120 52 15 33 
25 120 45 19 36 
46 120 17 15 <1 68 
49 120 19 15 <I 66 
59 120 16 15 <I 69 

~Each sample contained 50.4 mg of TDDA (0.2 mmol) in 5 ml t-BuOH at room 
temperature with different amounts of I s. Percentage of I2 was relative to 50.4 mg of 
TDDA. 

A.R. grade solvents  were  used w i thou t  fu r the r  purif ica-  
t ion. A n t i o x i d a n t s  were  p u r c h a s e d  from Aldr ich a n d  
used as such. UV spec t r a  were  d e t e r m i n e d  on a Bausch  
a n d  Lomb Spect ronic  2000 s p e c t r o p h o t o m e t e r  in spec- 
t roscopic  grade  cyc lohexane  or t -bu tano l .  Depend ing  on 
the  p h e r o m o n e  s tudied,  GLC analyses  were pe r fo rmed  on 
a Packard-417  i n s t r u m e n t  wi th  FID, using a 30-m • 0.25- 
m m  fused silica capi l lary  co lumn  coa ted  with SP 2340, 
and  wi th  a flow ra te  (He) of 0.4 m l / m i n  a t  130- 160~ or 
on a WCOT silar  9 25-m x 0 .5-mm c o l u m n  with a flow ra te  
(He) of 2.7 m l / m i n  at  130-160 ~ C. In all r eac t ions  fixed 
a m o u n t s  of d iene  were  dissolved in the  a p p r o p r i a t e  sol- 
ven t  (deta i l s  are given in all tables) ,  a n d  o the r  compo-  
n e n t s  were added  to the solut ion.  Samples  were with- 
d r a w n  at  intervals ,  w a s h e d  wi th  NaHSO3 solut ion,  dr ied  
over Na2SO4 a n d  in jec ted  in to  GLC as such  or d i lu ted  as 
needed.  Al iquots  (1-2~1) were  in jec ted  twice (+_ 1%) from 
each sample.  Dark reac t ions  were  c o n d u c t e d  in alumi-  
n u m  foi l -wrapped flasks in a closed cabinet .  React ions  in 
sun l igh t  were  usua l ly  r u n  on the  roof  of the  bui ld ing  in 
diffused light except  for the  e x p e r i m e n t  shown in Table 4, 
in which the  flasks were  held in di rect  sun l igh t  a t  n o o n  (in 
the  summer ) .  

UV spec t r a  of a n t i o x i d a n t s  in cyclohexane:  BHT (V): 
C6H12 
)kma x 2 2 9 n m  (e=5130), 280 (3100); BHA(VI): )kma x 228 

C6H12 
(3980), 290(2190); TBHQ(VII): Xmax 229 (4870), 

C6H12 t-BuoH 
275(4010).  Iodine:  Xm~ x 525(300) ;  )~max 438(765) .  UV 
spec t r a  of m i x t u r e s  of a n t i o x i d a n t s  or p h e r o m o n e s  a n d  12 
were  ob t a ined  in so lu t ions  wi th  the  s ame  rat io  of compo-  
n e n t s  as m e n t i o n e d  in Tables 1 a n d  3. 

RESULTS AND DISCUSSION 

The da rk  i somer iza t ion  of the  d iene  sys tem cata lyzed by 
iodine can  be exp la ined  by the  a b o v e - m e n t i o n e d  rad ica l  
mechan i sm.  The rma l  d issocia t ion of the  iodine molecule  
into two iodine radica ls  takes  place because  the  I-I b o n d  
energy  is relat ively low, 37 kca l /mo l  (14). Still a n o t h e r  
m e c h a n i s m  can  be p roposed  in which  a rr-complex is 
formed be tween  12 a n d  the  7r-bond of the  olefin, as occurs  
with an  a romat i c  sys tem (15), a n d  as p roposed  for the  
shor t  wavelength  i somer iza t ion  in light (v/de supra).  The 
w-complex may  act ivate  the  w-system as the  s t a r t ing  

po in t  for the  isomerizat ion.  However, we do no t  cons ider  
this  7r-complex rou te  to be the  ma in  path ,  as no change  
was  observed in the  UV s p e c t r u m  of the  m i x t u r e  of each 
of the  d iene  sys tems (I-III)  wi th  I2 as c o m p a r e d  wi th  the  
spec t r a  of the  ind iv idua l  pu re  componen t s .  If a 7r- 
complex  were  formed, t h e n  we might  expec t  e i ther  a shift 
in the  abso rp t ion  b a n d s  or the  a p p e a r a n c e  of new ones, as 
f ound  with a roma t i c  sys tems such  as benzene,  t o luene  
a nd  o thers  (15). 

We thus  dec ided to s t udy  the  pos tu l a t ed  rad ica l  mech-  
anism.  The first  s tep  was  to clarify the  catalyt ic  behavior  
of iodine. We m e a s u r e d  the  i somer iza t ion  ra te  wi th  
inc reas ing  quan t i t i e s  of iodine,  relat ive to the  d iene  sys- 
tem. The m e a s u r e m e n t s  were c o n d u c t e d  in t-BuOH solu- 
t ion, because  we have f ound  t h a t  cyc lohexane  dissolves 
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FIG. 1. Average rate o f  i somerizat ion  ( •  o f  (Z,E)-9,11- 
CI4OAe at low (5-50%) ( a )  and high (100-200%) ( b )  concentra-  
t ion o f  I2 in the  reaction,  for 60-  and 120-min  react ion period 
( b a s e d  on data presented  in Table  2).  
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TABLE 3 

I s o m e r i z a t i o n  o f  T D D A ,  D D A  and  H D D A  w i t h  12 in  t h e  P r e s e n c e  o f  A n t i o x i d a n t  in  t h e  
D a r k  a 

Entry Diene b Antioxidant c Time % Composition Ratio of E,E- 
(hr) Z,E- E,Z-  Z,Z-  E,E- formed or reacted 

1 TDDA 25 14 12 2 72 1 
2 BHT 26 53 12 <1 35 0.49 
3 BHA 24 34 15 <1 50 0.69 
4 TBHQ 24 28 14 2 56 0.78 
5 DBHA 23 33 19 1 47 0.65 
6 DDA 26 11 12 2 75 1 
7 BHT 23 5 72 23 0.31 
8 BHA 23 13 18 1 68 0.91 
9 TBHQ 23 13 19 1 67 0.89 

10 HDDA 2 10 10 80 1 
11 BHT 2 4 4 92 0.4 
12 BHA 2 7 7 86 0.7 
13 TBHQ 2 7 7 86 0.7 

aEach sample contained 50 mg of diene, 50 mg of antioxidant and 2.5 mg of I2 in 5 ml 
cyclohexane, at room temperature. 
bFor abbreviations see Table 1. 
cBHT, (butylated hydroxy toluene) or 2,6-di-t-butyl-4-methylphenol (V); BHA, (buty- 
lated hydroxy anisole) or 2(3)-t-butyl-4-methoxyphenol (VI); TBHQ, (butylated 
hydrouinone), or 2-t-butylhydroquinone (VII); DBHA, 3,5-di-t-butyl-4-hydroxyanisole 
(VIII). 

only  smal l  a m o u n t s  of iodine (up  to 10-15 mg in 5 ml), a n d  
the  resul t s  of i somer iza t ion  were  no t  cons i s t en t  us ing  
larger  a m o u n t s  of iodine. We found  t h a t  for up to 50% by OH 
weight  of iodine in the  d iene  so lu t ion  (25 mg of I2 a n d  50 (CH:,):~C~/C(CH~)~ 
mg of TDDA, which is 1:2 in mola r  rat io) ,  the re  is no 
increase  in the  i somer iza t ion  rate,  as shown  in Table 2 a n d  

CH:~ 
Figure 1. Therefore,  we m a y  conc lude  t h a t  at  low concen-  v 
t r a t i ons  of I2 (5-10%, 2.5-5.1 mg of 12 a n d  50 mg of TDDA) 
the  reac t ion  is a catalyt ic  process,  first  o rde r  only in the  
con juga ted  d iene  system. This suggests t h a t  the  a m o u n t o f  
iodine radica ls  is large enough  to i nduce  the  catalyt ic  
i somer iza t ion  a t  5% I2, a n d  t h u s  no  increase  in the  ra te  
process  is observed w h e n  larger  quan t i t i e s  (up  to 50%) of 
12 are used. Therefore,  toge ther  wi th  the  low ac t iva t ion  
energy  (v /de  infra) of the  isomerizat ion,  only  a low con-  
c e n t r a t i o n  of iodine radica ls  is needed  for the  catalyt ic  
process.  Any  fu r the r  r e d u c t i o n  of iodine c o n c e n t r a t i o n  
(1-2% would  be 0.5-1 mg) could lead to e r roneous  results.  

It  is in te res t ing  to no te  t h a t  wi th  m u c h  larger quan t i t i e s  
of I2 (100-200%), the  a m o u n t  of i somer iza t ion  is again 
c o n s t a n t  bu t  is abou t  double  t h a t  of the  smal le r  quan t i -  TABLE 4 
ties (5-50%), which  is clear  f rom Figure 1. This ma y  indi- 
ca te  a different  m e c h a n i s m  a n d  kinet ics  of isomerizat ion.  

Assuming  t h a t  iodine reac ts  t h rough  a radical ,  the  
effect of rad ica l  scavengers  ought  to slow the  isomeriza-  
t ion. Phenol ic  a n t i o x i d a n t s  r eac t  wi th  g r o u n d  s ta te  t r ip-  Entry 
let oxygen (302) as radica l  scavengers ,  t hus  p ro tec t ing  
sensi t ive molecules  f rom rad ica l  oxidat ion .  Three  such  1 
a n t i o x i d a n t s  [BHT (V), BHA (VI) a n d  TBHQ (VII)] (for 2 BHT 
abbrev ia t ions  see Table 3) marked ly  inh ib i ted  the  12- 3 BHA 
catalyzed i somer iza t ion  of the  th ree  s tud ied  dienes  (Table 4 TBHQ 
3). 5 DBHA 

The resul t s  clearly show the  effect of all th ree  ant ioxi -  
d a n t s  on the  isomerizat ion.  BHT is the  mos t  effective 
(en t r i es  no. 2,7,11), a n d  BHA a n d  TBHQ show s imilar ly  

inh ib i tory  act ivi ty bu t  are less efficient t h a n  BHT. 

OH OH OH 
O ( CH:~):~C ~ ( ( ' H : ~  ):~C ~ C(CH:~ ):~ 

C(CH:,):~ [ ~ J  

OCH ~ OH OCH:~ 
VI VII VIII 

It could be a rgued  t h a t  the  effect of the  phenol ic  an t iox-  
idan t s  is no t  only  rad ica l  scavengers ,  bu t  also t h rough  
deac t iva t ion  of the  iodine by fo rma t ion  of a ; r -complex 
(15), i.e., "binding" the  I2 molecules  to the  a roma t i c  sys- 
t ems  to yield fewer I- radicals.  M e a s u r e m e n t  of the  UV 
spec t r a  of the  m i x t u r e s  of the  a n t i o x i d a n t s  a n d  12 in the  
same  rat io  as t h a t  used  in the  e x p e r i m e n t s  s u m m a r i z e d  
in Table 3 does no t  show a ny  change  as c o m p a r e d  wi th  
the  spec t r a  of ind iv idua l  c ompone n t s .  Thus,  we m a y  
a s sume  t h a t  the  da rk  i somer iza t ion  p robab ly  p roceeds  
t h r ough  a t he rma l - r ad i ca l  mechan i sm.  

I s o m e r i z a t i o n  o f  (Z,E)-9-11-C14OAc w i t h  12 in  t h e  P r e s e n c e  o f  
A n t i o x i d a n t s  in  t h e  S u n l i g h t  a 

Antioxidant b Time % Composition 
(min)  Z,E- E,Z- Z,Z- E,E- 

40 16 14 3 67 
45 34 16 3 47 
40 49 l l  2 38 
45 24 17 3 56 
30 41 13 1 45 

aEach sample contained 50 mg of TDDA, 50 mg of antioxidant (for 
abbreviations see Table 3) and 2.5 mg of 12 in 5 ml of cyclohexane. 
bFor abbreviations see Table 3. 
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TABLE 5 

Iodine Catalyzed Isomerization of  (Z,E)-9,11-C14OAc at Different  Temperatures  in 
the  Dark a 

t BuOH b 

Solvent a 

Temp Time Composition 
(~ (min) Z,E-  E ,Z -  Z,Z- 

Temp Time 
E,E- (~ (min) 

Cyclohexane r 

% Composition 
Z,E- E,Z- Z ,Z -  E,E- 

90 20 22 14 <1 64 90 15 24 15 61 
64 20 63 10 27 70 15 40 17 43 
64 60 16 15 1 68 70 50 27 13 60 
25 30 65 9 26 58 120 45 8 47 
25 120 45 11 44 23 120 50 12 38 
2 b 60 90 4 6 
2 b 240 83 5 12 

aEach sample contained 50 mg of TDDA and 2.5 mg 12 in 5 ml of solvent. 
bBecause of freezing of t-BuOH, ethanol was used as a solvent. 
cErratic results were obtained because of low solubility of 12 in cyclohexane at 2~ 

a 
o 
I -  

I 
~u 

10( 

50 

x 9 0 ~  
o 64oc  
�9 2 5 ~  

2 ~  

0 I 2 3 4 

T I M E  (hours) 

FIG. 2. Decrease  in (Z,E)-9,11-C14OAc (TDDA) concentration 
in t-BuOH solution at di f ferent  temperatures  wi th  I z in the  
dark (based  on Table 5). 

T h e r e  a r e  t w o  d i f f e r e n c e s  in t h e  s t r u c t u r e  o f  BHT as  
c o m p a r e d  w i t h  B H A  a n d  TBHQ: BHT h a s  t w o  t - bu ty l  
g r o u p s  a n d  B H A  a n d  TBHQ h a v e  a s e c o n d  p h e n o l i c  
( e t h e r )  oxygen .  E n t r y  5 in Tab le  3 c l e a r l y  s h o w s  t h a t  t h e  
s e c o n d  t - b u t y l  g r o u p  in t h e  a n i s o l e  r ing  (3 ,5 -d i - t -bu ty l -4 -  
h y d r o x y a n i s o l e ,  DBHA, VIII )  d o e s  n o t  h a v e  a n y  e f f ec t  on  
t h e  i s o m e r i z a t i o n .  Thus ,  t h e  d i f f e r e n c e  in t h e  r a d i c a l  s cav -  
e n g i n g  b e h a v i o r  a p p a r e n t l y  s t e m s  f r o m  t h e  s e c o n d  OH 

,,,,,, 

r"- 

- 1 4  - 

-I:.'.']'- 

- 1 2  - 

- I I -  

-10 - 

- 9  

- 8  

2.5 
I I 

5.0 5.5 

t / T  x 10 -3 

FIG. 3. Relat ionship be tween  In  k and 1 / T  for the  dark isomer- 
ization of  (Z,E) -9,11-C14OAc (TDDA) by 12 in t-BuOH at di f ferent  
temperatures .  

(OR)  g r o u p  ( E n t r i e s  3,4,8,9,12 a n d  13 in Table  3).  A 
s u b s t i t u e n t  

( ~}-- O" (i)  
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TABLE 6 

I s o m e r i z a t i o n  o f  T D D A ,  D D A  a n d  H D D A  I n d u c e d  by T h i o p h e n o l  
in  T o l u e n e  at  100~ a 

Time % Composition 
Diene b (rain) Z,E- E,Z- Z,Z- E,E- 

TDDA 20 22 13 < 1 65 
DDA 20 13 18 3 66 
HDDA 5 14 16 3 67 

aEach sample contained 50 mg of diene and one drop of thio- 
phenol in 5 ml toluene at 100~ 
bFor abbreviations see Table 1. 

such  as  R0-  on  the  r ing can  d o n a t e  i ts u n s h a r e d  n-elec-  
t r o n s  on the  oxygen  to t he  7r-system of  t h e  benzene  ring, 
t h u s  des tab i l i z ing  the  p h e n o x y  r a d i c a l  (i)  a n d  r e n d e r i n g  
it less effective as  an  iod ine  r a d i c a l  scavenger .  

As d e s c r i b e d  ear l ier ,  t he  i od ine -ca t a lyzed  p h o t o c h e m i -  
ca l  i somer i za t ion  wi th  longer  wave l eng th  l ight  s t a r t s  wi th  
t he  f o r m a t i o n  o f  I-. We f o u n d  t h a t  t h e  a n t i o x i d a n t s  used  
by  us  can  also s low down  t h e  i od ine -ca t a lyzed  i somer iza-  
t ion  of  t he  c o n j u g a t e d  d iene  sys t em in sunl ight ,  as  sum-  
m a r i z e d  in Table 4. 

In  sun l igh t  t h e  r e a c t i o n  is fast ,  a n d  even d i f fused  l ight  
in t he  l a b o r a t o r y  is suff ic ient  for  t h e  i od ine -ca t a lyzed  iso- 
m e r i za t i on  to  p roceed .  

The  above  d e s c r i b e d  f indings  s u p p o r t  t he  a s s u m p t i o n  
of  t h e  r a d i c a l  c h a r a c t e r i s t i c  of  t he  i somer iza t ion .  If  t h e  
key  s t e p  in t h e  r e a c t i o n  is c leavage  of  t h e  i-I  b o n d  (37 
k c a l / m o l )  by  t h e r m a l  energy,  t hen  t h e  t e m p e r a t u r e  effect  
s h o u l d  be i m p o r t a n t .  We t h u s  m e a s u r e d  t h e  r a t e  of  iso- 
m e r i za t i on  as  a func t ion  of  t h e  t e m p e r a t u r e  (Table 5 a n d  
Fig. 2). 

The  r e a c t i o n  was  c o n d u c t e d  in two  solvents ,  t -BuOH 
a n d  cyc lohexane ,  wh ich  differ  bo th  in p o l a r i t y  a n d  p ro t i c  
ability. The  r a t e s  a n d  c o m p o s i t i o n s  a r e  s imi lar ,  t h u s  h in t -  
ing a t  t he  non ion ic  c h a r a c t e r  of  t he  reac t ion .  As e x p e c t e d ,  
a t  t he  h igher  t e m p e r a t u r e  (90~ the  i somer i za t i on  was  
m u c h  f a s t e r  t h a n  a t  r o o m  t e m p e r a t u r e ,  a n d  it p r o c e e d e d  
v e r y  s lowly a t  t he  low t e m p e r a t u r e  (2~ The  d e p e n d e n c e  
of  t h e  i somer i za t ion  r a t e  on  t e m p e r a t u r e  is i l l u s t r a t e d  in 
F igure  3, f rom which  t h e  ac t iva t ion  ene rgy  of  t he  iodine-  
c a t a l y z e d  i somer i za t i on  of  (Z,E)-TDDA, an  i n t e r n a l  con-  
j u g a t e d  d iene  sys tem,  in t h e  d a r k  is c a l c u l a t e d  to  be 12.4 
_+ 1.2 kca l /mo l .  The  p r o c e s s e s  l ead ing  to  t he  i somer iza-  
t ion  wh ich  r equ i r e  ene rgy  a re  t he  b r e a k i n g  of  the  rr b o n d  
[(64 k c a l / m o l  (14)] ,  t he  loss of  r e s o n a n c e  ene rgy  of  t h e  
c o n j u g a t e d  d iene  sy s t em [(5-7 k c a l / m o l  (14)] ,  a n d  ro t a -  
t ion  a r o u n d  t h e  C-C b o n d  [at  l eas t  4-5 kca l /mo l ,  as  t he  
r o t a t i o n  b a r r i e r  in b u t a n e  is 3.8 k c a l / m o l  (16)] ,  giving a 
t o t a l  of  73-75 kcal.  The  p r o c e s s e s  in wh ich  ene rgy  is 
evolved o r  s aved  a r e  f o r m a t i o n  of  t h e  C-I b o n d  [52 k c a l /  
mol  (14)]  a n d  t h e  s t ab i l i za t ion  of  t h e  allylic r a d i c a l  
f o r m e d  [12 k c a l / m o l  (4)] ,  giving a t o t a l  64 kcal.  The  dif- 
f e rence  of  9-11 k c a l / m o l  is in good  a g r e e m e n t  wi th  o u r  
e x p e r i m e n t a l  r e su l t  of  t h e  re la t ive ly  low ac t iva t ion  ene rgy  
of  ca. 12 kca l /mo l .  

I t  is i n t e r e s t i n g  to  no t e  t h a t  t h e  r a t e  of  r a d i c a l  i somer -  
iza t ion of  t he  c o n j u g a t e d  d iene  sys t em by  t h i o p h e n o l  in 
t o lue ne  a t  100~ (Table 6) is a b o u t  t he  s a m e  as  t h a t  of  
iod ine  i some r i z a t i on  a t  90~ (Table 5) in t h e  l ight  (Table  
4), bo th  p r o c e s s e s  b r ing ing  t h e  m i x t u r e  c lose  to  t h e  t he r -  
m o d y n a m i c  equi l ibr ium.  

We have  p rev ious ly  s h o w n  t h a t  l ight  a n d  p h o t o s e n s i -  
t i ze r  p r o m o t e  s ingle t  oxygen  r e a c t i o n  wi th  an  (E,E)-  
c o n j u g a t e d  d i ene  s y s t e m  (17,18) to fo rm a cyclic p e r o x -  
ide, wh ich  l a t e r  co l l apses  to  a f u r a n  der ivat ive .  We have  
o b t a i n e d  l a rge - sca le  i s o m e r i z a t i o n  ( h u n d r e d s  of  g r a m s )  
of  c o n j u g a t e d  d iene  sy s t e ms  wi th  I2 in sun l igh t  a n d  f o u n d  
t h a t  a s igni f icant  p o r t i o n  of  t h e  m a t e r i a l  is los t  d u r i n g  the  
p rocess .  I t  cou ld  be t h a t  th is  loss occu r s  t h r o u g h  t h e  oxi-  
d a t i o n  process .  I t  seems,  the re fo re ,  t h a t  fas t  t h e r m a l  
i od ine -ca t a lyzed  i somer i za t i on  migh t  be a b e t t e r  
a p p r o a c h  when  the  (E ,E ) - i some r  is r equ i red .  An  ine r t  
a t m o s p h e r e  in t he  f lask is a lso  des i r ab le  (2). 
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