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INTRODUCTION 

The T heories o f O p tic a l A c tiv i ty

S ince th e  d isco v ery  o f  o p t ic a l  a c t i v i t y  many 

a ttem p ts have been made to  ex p la in  the o r ig in  o f  th e  

phenomenon. More r e c e n t ly ,  th e o r ie s  have been p u t f o r ­

ward which le a d  to  form ulae ex p ress in g  th e  o p t ic a l  a c t i v i ­

ty  as a fu n c tio n  o f o th e r  m olecu lar p aram eters . Although 

th e  r e s u l t s  o f  th e se  th e o r ie s  a re  s t i l l  u n s a t is f a c to ry  as 

f a r  as  q u a n t i ta t iv e  r e s u l t s  a re  concerned, they  a re  su c c e ss ­

f u l  in  ex p la in in g  q u a l i t a t iv e ly  th e  causes o f o p t ic a l  

a c t iv i ty .  I t  i s  no t y e t  p o s s ib le ,  however, to  e s ta b l i s h  a 

sy s tem a tic  r e la t io n s h ip  between chem ical c o n s t i tu t io n  and 

o p t ic a l  a c t iv i ty .  A com parative study  o f the  o p t ic a l  p ro ­

p e r t ie s  o f compounds o f s im ila r  chem ical s t r u c tu r e  rem ains 

one o f  th e  main methods o f ta c k lin g  th e  problem and much 

experim ental m a te r ia l  has been accum ulated in  t h i s  f i e l d .

The problem o f o p t ic a l  a c t iv i ty  has been approached 

from two s id e s :  (1) Chemists have t r i e d  to  f in d  a model

which could  ex p la in  -  a t  l e a s t  q u a l i t a t iv e ly  -  the  d i f f e r e n t  

behaviour o f  a r o ta t in g  substance  to  r i g h t -  and le f t-h a n d e d  

c i r c u la r ly  p o la r is e d  l i g h t .  Le Bel and van ft  Hoff found 

a model s a t is fy in g  th i s  co n d itio n  in  a te tra h e d ro n  formed 

by th e  v a le n c ie s  o f the earbonjatom w ith  fo u r d i f f e r e n t  

s u b s t i tu e n ts  in  th e  co rners  (asym m etric carbon atom ).

L a te r  t h i s  model was supplem ented by o th e r s ,  a s ,  e . g . ,  the



p en tagonal pyramid o f the  asymmetric n i tro g e n  atom, 

o . - o '. - d i s u b s t i t u t e d  d ipheny l d e r iv a t iv e s  w hith  r e s t r i c t e d  

r o ta t io n ,  asymmetric sulphoxydes and In o rg a n ic  complex 

s a l t s .  In  a l l  th e se  cases th e  model o f th e  m olecule 

e x is ts  in  two co n fig u ra tio n s  which a re  in  the  r e l a t io n  o f 

o b je c t  and m irror-im age*

In  o rd e r  to  ex p la in  th e  q u a n t i ta t iv e  d if fe re n c e s  

between th e  r o ta to ry  powers o f  v a rio u s  su b s ta n c e s , Guye(l) 

and Crum -and Brown(2) went f u r th e r  in  assuming th a t  the  

"dissym m etry” o f the  masses o f th e  fo u r s u b s t i tu e n ts  con­

n ec ted  w ith  th e  c e n t r a l  atom was th e  d e c is iv e  f a c to r ;  

th ey  in tro d u ced  th e  "p roduct o f  dissymmetry" (a -b )(b -c )

( c - d ) ( a - c ) ( a - d ) ( b - d ) , where a ,b ,c ,d  a re  the  masses o f  the 

s u b s t i tu e n ts  as a fu n c tio n  p ro p o rtio n a l to  the  o p t ic a l  

a c t i v i t y  o f  any compound. This h y p o th esis  was d isproved  

by Walden, who showed t h a t  even substances w ith  a v an ish in g  

p ro d u ct o f dissym m etry ( e .g . ,  substances w ith  two s u b s t i ­

tu e n ts  o f  equal mass b u t o f d i f f e r e n t  s t r u c tu re  a t  th e  

asymmetric carbon atom) were o p t ic a l ly  a c t iv e .

(2) P h y s ic is ts  have deduced from Maxwell and 

H e r ts 's  e lec tro m ag n e tic  theory  th e  co n d itio n s  under which 

a homogeneous medium causes r o ta t io n  o f  th e  p lan e  o f 

p o la r is a t io n  o f l i g h t .  The th eo ry  which had been a p p lie d  

so su c c e s s fu lly  to  th e  problems o f r e f r a c t io n  and ab so rp tio n  

was extended to  the  problem o f  c i r c u la r  double r e f r a c t io n  by



3*

Drude(3)* He developed form ulae f o r  r o ta t i o n  as w e ll as 

f o r  r o ta to r y  d is p e rs io n . The l a t t e r  ot -  X ^ X 1'

( k n  and A * .  a re  c o n s ta n ts )  c lo s e ly  resem bles th e  c l a s s i c a l  

form ula fo r  d ispers ion*  This was no t s u rp r is in g  s in c e  

F re sn e l had shown th a t  the  r o ta t io n  was r e la te d  to  th e  

d if fe re n c e  o f the  two r e f r a c t iv e  in d ic e s  fo r  le f t-h a n d e d  

and rig h t-h an d ed  c i r c u la r ly  p o la r is e d  l i g h t  by th e  eq u a tio n  

*vij Having used th e  d is p e rs io n  th eo ry  based

on th e  e lec tro m ag n e tic  th e o ry , Drude sought th e  e x p lan a tio n  

o f o p t ic a l  r o ta to ry  power in  a c e r ta in  type o f  e le c t ro n ic  

motion* O s c i l la t io n  o f th e  e le c tro n s  along s p i r a l s  in  

space seemed to  be a s u i ta b le  model f u l f i l l i n g  th e  re q u ire d  

p h y s ic a l cond itions*  I t  was, however, found l a t e r  th a t  

Drude*s m athem atical trea tm en t d id  n o t correspond to  th i s  

model (4)*

Another im portan t s te p  towards th e  und erstan d in g  o f 

o p t ic a l  a c t i v i t y  was C o tto n fs (5) d isco v ery  o f  th e  e f f e c t  

now c a lle d  a f t e r  him: th e  behav iour o f th e  r o ta to r y  d is ­

p e rs io n  curve w ith in  some ab so rp tio n  bands and th e  c i r c u la r  

d ichro ism  e x h ib ite d  by such bands* The c i r c u la r  d ichro ism  

i s  d e fin e d  by th e  d if fe re n c e  ( *-e - fA ) between th e  ab so rp tio n  

c o e f f ic ie n ts  f o r  le f t-h a n d e d  and r ig h t-h an d ed  c i r c u la r ly

p o la r is e d  l i g h t ;  £ and iA in  tu rn  a re  determ ined by
y /  - ê cct

L am bert's form ula (d i s  th e  th ic k n e ss  o f

th e  la y e r  o f the  medium, 10A th e  i n i t i a l  i n te n s i t y  o f th e
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r ig h t-h an d ed  l i g h t ,  I *  i t s  i n t e n s i t y  a f t e r  p a ss in g  th rough  

th e  medium) • The d if fe re n c e  ) was found to  have

a maximum a t  th e  same wave le n g th  as the maximum o f  th e  curve 

o f t o t a l  ab so rp tio n  ( £ = . . The r o ta to r y  d is p e rs io n
<X/

in  such bands has bo th  "maximum and/minimum which a re  u s u a lly  

se p a ra ted  by a r e v e r s a l  o f s ig n  ( [oc] = 0°) co in c id in g  w ith  

th e  maximum o f  th e  a b so rp tio n  (and o f th e  c i r c u la r  d ichro ism  

curves)* This s t r ik in g  phenomenon in d ic a te d  t h a t  a t te n t io n  

had to  be p a id  to  the abso rb ing  reg io n s  which h i th e r to  had 

been n e g lec ted  bo th  ex p e rim en ta lly  and th e o re tic a lly *  I t

a lso  suggested  th a t  an e le c t ro n ic  model m ight be found 

which would account fo r  th e  phenomena of a b s o rp tio n , r e ­

f r a c t io n ,  c i r c u la r  d ich ro ism  and r o ta t io n  o f th e  p lane o f 

p o la r is a tio n *  A bsorption  o f  l i g h t  had been ex p la in ed  by 

th e  f r i c t i o n  in  th e  fo rced  m otion o f th e  e le c tro n s  under 

th e  a c tio n  o f th e  l i g h t  wave by H elm holtz(6 )̂ . N atanson(7 ) 

th e re fo re  d e riv e d  form ulae f o r  d o ta tio n  and c i r c u la r  d i ­

chroism , in tro d u c in g  a "damping fa c to r"  (a lre a d y  used by 

Drude in  h is  l a t e r  th e o ry ) . The r e s u l t s  thus o b ta in ed
/m o m ; )

w ere: VT^T* c i r c u la r  double r e f r a c t io n

and faKA = D =constant, the
w i -Ao )  + i ' A

wave le n g th  o f maximum a b so rp tio n , damping f a c to r )  f o r  

c i r c u la r  dichroism* Prom the f i r s t  form ula th e  an g le  o f 

r o ta t io n  i s  ob ta in ed  by in s e r t in g  f o r  -  n^  in  P resn e l* s 

form ula (see  page 3)* The observed e l l i p t i c i t y  i s  defined



by th e  r a t i o  t a n y  where a* , a re  th e  am plitudes

o f le f t-h a n d e d  and r ig h t-h an d ed  c i r c u la r ly  p o la s le d  l i g h t  

a f t e r  p ass in g  through  th e  medium* A ccording to  L am bert's

law , t h i s  i s  e q u iv a le n t to  ------- f   JL__ £ ______________ ,__.
I- *“ *4* 1 *

and s in c e  th e  ex p o n en tia ls  in  th is  ex p ress io n  a re  always

sm a ll, the  f i r s t  two term s o f th e  expansion in to  a s e r ie s  

w i l l  s u f f ic e  as an approx im ation , g iv in g  ~

-v f^ (n i- to )  ( f/'*cc «  i  ) . Noting th a t

th i s  again  i s  a sm all q u a n t i ty ,  t a n y  may be re p la c e d  by 

s in  y  *v y  so th a t  th e  equa tion  fo r  sm all e l l l p t i c i t i e s  

reads f i n a l l y s y  ̂  d-l). r  in  N atanson 's  form ula i s

th e  h a lf-w id th  o f th e  c i r c u la r  d ich ro ism  curve and the 

c o n s tan t D i s  equal to  P a (Kt-#*)*** ~ ^

N atanson 's  form ula can be te s te d  u sin g  th e  experim en ta l 

r e s u l t s  f o r  ( £«.-*•* )max and P  from the  d ichro ism  curves*

The agreem ent between th e  ro ta to ry  d isp e rs io n  curve thus 

c a lc u la te d  and the  observed curve i s  s a t i s f a c to r y  In  many 

cases*

The n ex t g re a t advance was made by Born(8 ) and 

s im u ltaneously  0 seen (9 ), who so lved  th e  problem  o f  i n t e r ­

a c tio n  o f  a l i g h t  wave w ith  a system  o f e le c t ro n ic  o s c i l l a ­

to r s  o r ie n ta te d  a t  random in  space and coupled w ith  each 

other* The problem i s  r a th e r  invo lved  and can only be 

so lved  by com plicated  ca lcu la tio n *  I t  ap p e a rs , however, 

from the  theo ry  th a t  th e  p lane o f  p o la r is a t io n  o f th e  l i g h t



6 .

wave i s  r o ta te d  by a system  o f  v ib r a to r s  which have no p lan e  

o f  symmetry.

A nother im portan t r e s u l t  i s  t h a t  a t  l e a s t  fo u r  atoms 

a re  n ecessa ry  in  o rd e r  to  cause r o ta t io n .  A bsorbing reg io n s  

o f  the spectrum  were n o t d e a l t  w ith  ( th e  m otion was assumed 

to  be w ith o u t f r i c t i o n ) .  While being  o f fundam ental im­

po rtan ce  th e o r e t i c a l ly  * the  f i n a l  fozmulae o f Bom and 

Oseen co n ta in  too many unknown m olecu lar param eters to  be 

p r a c t i c a l ly  u s e fu l .  In  a few c a s e s , however, B orn 's  theo ry  

has been ap p lied  w ith  success (10 ) .

A s im ila r  trea tm en t was suggested  by Gray(11) who 

used  a more s p e c ia l  model ( th e  te tra h e d ro n  arrangem ent).

His r e s u l t s ,  which a re  in  g en e ra l agreem ent w ith  th e  th e o r ie s  

o f  Born and Oseen, d id  n o t le ad  to  a form ula which could  be 

te s te d  ex p e rim en ta lly .

A d i f f e r e n t  th eo ry  was p u t forw ard  by de Mallemann 

(12 ) :  th e  coup ling  fo rc e s  between th e  s u b s t i tu e n ts  were

n eg lec ted  b u t th e  phase d if fe re n c e  and th e  inhom ogeneity o f 

th e  f i e l d  o f th e  l i g h t  wave w ith in  th e  m olecule were taken  

in to  account. A system  o f v ib ra tin g  e le c tro n s  then  produces 

secondary waves whose p lane o f p o la r is a t io n  in  g en e ra l i s  

no t th e  same as the  p lane  o f p o la r is a t io n  o f  th e  in c id e n t  

l i g h t  and ro ta t io n  i s  th u s  caused. De Mallemann l a t e r  

t r i e d  to  s im p lify  h is  theo ry  so as to  make i t  a p p lic a b le  to  

p r a c t ic a l  c a lc u la t io n s :  in s te a d  o f th e  te n so rs  o f  p o la r i s a ­

t io n  in  h is  o r ig in a l  form ula th e  mean p o l a r i s a b i l i t i e s



c a lc u la te d  from th e  atom ic r e f r a c t i v i t i e s  were used and 

d i r e c t  coup ling  between th e  s u b s t i tu e n ts  was assumed. I t  

seems, however, t h a t ,  a p a r t from a c a lc u la t io n  f o r  the  com­

pound CClBrIF (which cannot be confirm ed by ex p erim en t), 

th e  th eo ry  has n o t been used in  p rac tic e *

Kuhn's Theory* S ta r t in g  from B om 's th e o ry , VIT* 

Kuhn(13) in  1929 s e t  o u t to  o b ta in  ex p ress io n s  more amenable 

to  p r a c t i c a l  a p p l ic a t io n s  fo r  r o ta to ry  power and c i r c u la r  

d ichro ism . Kuhn's b a s ic  model (See diagram) c o n s is ts  o f  a 

p a i r  o f coupled v ib ra to r s  moving a t  r ig h t  ang les to  each 

o th e r  and se p a ra te d  by a f i n i t e  d istance*  The le f t-h a n d e d

h e l ix  in  F ig . a) re p re se n ts  the e l e c t r i c  f i e l d  v e c to r  o f the  

c i r c u la r ly  p o la r is e d  l i g h t  wave; x^ and x a re  two e l e c t r i c  

charges v ib ra tin g  along th e  arrows a t  r ig h t  ang les to  one 

another* I t  i s  seen from th e  f ig u re  th a t  i f  th e  d is ta n c e  d 

between th e  o s c i l l a to r s  = » th e  v e c to r  a t  th e  one o s c i l ­

l a t o r  in c lu d es  an ang le  o f M. w ith  th e  v e c to r  a t  th e  o th e r ;  

( in  th e  course o f one w ave-leng th  th e  e l e c t r i c  v e c to r  tu rn s  

through 2 ft in  th e  course o f ^4 th e re fo re  th rough  ^4 

In  th i s  case the  wave i s  in  phase e i th e r  w ith  bo th  o r w ith
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n e i th e r  o f th e  o s c i l l a to r s  ( in  F ig .a )  i t  i s  in  phase w ith  

bo th  o f  them)* In  F ig .b )  a r ig h t-h an d ed  h e l ix  a c ts  on th e  

same model; h e re  th e  e l e c t r i c  v e c to r  o b v io u sly  cannot be 

in  phase w ith  b o th  v ib r a to r s ;  i t  i t  i s  w ith  th e  f i r s t ,  i t  

i s  o f o p p o site  phase w ith  th e  second and v ice  versa* Simi­

l a r  argum ents, o f  co u rse , h o ld  f o r  the m irro r  image o f  th e  

model where th e  r ig h t-h an d e d  h e l ix  i s  in  phase w ith  bo th  

o s c i l l a to r s  (c and d ) . The work done on e i th e r  o f th e  

models by th e  rig h t-h an d ed  and th e  le f t-h a n d e d  wave w il l  be 

d i f f e r e n t  s in c e  in  th e  case a) the  work done on bo th  o sc il­

l a to r s  i s  p o s i t iv e ,  E th e  e l e c t r i c  v e c to r  o f th e  l i g h t  wave 

and v th e  v e lo c ity  o f th e  p a r t i c l e  being  o f  equal s ig n , 

whereas in  b) th e re  are  two term s o f o p p o site  s ig n  s in c e  E 

and v a re  o f o p p o site  s ig n  i f  th e  wave i s  out o f phase by \  

w ith  the  v e lo c ity  o f th e  v ib ra to r*  The d if fe re n c e  in  the  

energy t r a n s f e r r e d  by two o p p o site  c i r c u la r ly  p o la r is e d  

beams to  the model accounts f o r  the d if fe re n c e  between ab­

so rp tio n  c o e f f ic ie n ts  fo r  the two beams ( c i r c u la r  d ichroism ) 

and the d if fe re n c e  between th e i r  r e f r a c t iv e  in d ic e s  ( ro ta ­

tio n )*  In  g en e ra l d i s  no t equal to ,  b u t sm all compared

w ith  A , d being o f the order o f 10“®cm* and A o f the 
—5o rd er o f 10 cm ., b u t the  arguments ex p la in in g  th e  o p t ic a l  

a c t i v i t y  o f  the  model s t i l l  hold q u a l i t a t iv e ly .  The model 

may be g e n e ra lise d  f o r  an a r b i t r a r y  number o f o s c i l l a to r s  

a l l  coupled w ith  one ano ther and o r ie n ta te d  a r b i t r a r i l y .

In  th e  case o f  gases and I s o tro p ic  l iq u id s  th e  random
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o r ie n ta t io n  o f the  m olecules m ust be taken  in to  account* 

S olv ing  the  equations o f  m otion f o r  th e  s in g le  p a i r  of 

coupled v ib r a to r s ,  Kuhn o b ta in ed  f o r  i t s  c o n tr ib u t io n  to  

th e  r o ta t io n :  v  . j w 1-
'  " V * *  l y r  , f =  S i ' H U  < * ? c c  r — ----------------  £ “  »

6  If *H( (K - r 1) + r y ‘

where e  ̂ and e a re  the e l e c t r i c  charges o f  th e  o s c i l l a t i n g  

p a r t i c l e s ,  m-, and m0 t h e i r  m asses, v, the  frequency
X1 /corresponding  to  th e  head o f the  band and v*s , X' , being  

h a l f  th e  w idth  o f the  band on th e  wave le n g th  s c a le ,  oc th e  

an g le  between the two o s c i l l a to r s  and d t h e i r  m utual d istance*  

The form ula s t i l l  co n ta in s  a number of param eters which can
«/ e.n o t be ob ta in ed  from experim ents, e*g*, _

corresponding  to  the  f^  fa c to rs  in  th e  quantum th eo ry  of 

d isp e rs io n  ( " o s c i l l a to r  s tr e n g th ” ) -  as w e ll as -  cc a re  no t 

known* Kuhn got over th i s  d i f f i c u l t y  by making use o f 

h is  form ula derived  f o r  c i r c u la r  d ichro ism : f  Cet"**.) <Av =

tf tu.— s>~At*r>tc j in s e r t in g  in to  the  form er form ula

he o b ta in ed  f t  -  '  "h e re  «- =

i s  assumed to  be co n s ta n t w ith in  a sim ple ab so rp tio n  band* 

The in te g ra l  J s  i s  approxim ated to  by G auss1 s e r ro r
j  - ( ' - ' ‘ Td is t r ib u t io n  curve £ « e ^ J which allow s

s o l i c i t  e v a lu a tio n  o f th e  in te g r a l .  th en  f i n a l l y
09

becomes: K i j e ~g;V <Ly ;

A fte r some changes o f v a r ia b le  and re p la c in g  an in te g ra l  

by an approxim ate v a lu e , Kuhnfs f in a l  form ula f o r  th e  con­

t r ib u t io n  of an ab so rp tio n  band to  th e  to ta l  r o ta t io n  o f the
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m olecule i s :  ŷ y
l i ° -  r  r ^ ___
4  y*ir  10*  Yt/ J  e  “  j. ( v+ r ,)

M i s  the  nm olecu lar fco ta tion" d e fin e d  by / / -  L«J
/00

where Jfcj I s  th e  s p e c if ic  ro ta tio n *  The observed r o ta ­

tio n s  a re  th e  sum of th e  c o n tr ib u tio n s  o f a l l  ab so rp tio n  

bands of th e  molecule* On th e  o th e r  hand, s u b tra c tin g  

the  c o n tr ib u tio n  o f an ab so rp tio n  band from th e  observed  

r o ta t io n ,  the c o n tr ib u tio n s  o f  th e  o th e r  bands may he obtained* 

Kuhn's equation  has been a p p lie d  w ith  co n s id e rab le  success 

to  th e  problem o f  re so lv in g  the observed  r o ta to r y  d is p e rs io n  

curve in to  th e  c o n tr ib u tio n s  due to  v a rio u s  a c t iv e  abso rp ­

t io n  bands; i t  m ust, however, be borne in  mind th a t  th e  

form ula i s  sem i-em p irica l as i t  in c lu d es  th e  d a ta  o f  the  

observed c i r c u la r  d ichro ism  and n o t the  param eters appearing  

in  Kuhn's b a s ic  model* Lowry and Hudson(14) found t h a t  

ab so rp tio n  curves were more u s u a lly  sym m etrical when p lo t te d  

a g a in s t w ave-lengths than  frequencies*  They th e re fo re

re p re se n te d  the  e x t in c t io n  curve by th e  eq u a tio n  £ =
JA-Aq j*-

***** c \  £ '  and made corresponding  changes in  th e  equa­

t io n  fo r  th e  curve o f c i r c u la r  d ichroism . This le ad s  to

a m o d ific a tio n  o f Kuhn's form ula where A th roughout r e -
] *p la ces  v and y6 . The form ula thus o b ta in ed  proved in

many cases to  be in  b e t t e r  agreem ent w ith  th e  observed 

curves than  Kuhn's o r ig in a l  eq u a tio n .

A more re c e n t theo ry  i s  th a t  o f  Boys(15 ). S ta r t in g  

from a s p e c ia l  type o f m olecu le, the r o ta t io n  i s  expressed

*  _ J?    x  . J 2 _ _■**&*** -h +
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in  term s o f  r e f r a c t i v i t i e s  o f  th e  s u b s t i tu e n ts  and o f mole­

c u la r  d im ensions. His m athem atical tre a tm e n t has been

c r i t i c i s e d  by B o m (/6 ) on th e o r e t ic a l  grounds. When

ap p lied  to  th e  c a lc u la t io n  o f th e  r o ta t io n s  o f some sim ple 

compounds, however, good r e s u l t s  were o b ta in ed .

With th e  rep lacem ent o f the c l a s s i c a l  th eo ry  o f 

d isp e rs io n  by the  quantum m echanical tre a tm e n t o f  m o lecu lar 

o p t ic s ,  i t  had become n ecessa ry  to  r e v is e  th e  th e o r ie s  o f  

o p t ic a l  a c t i v i t y .  This was f i r s t  done by R osenfeld  in

1928 (17) who gave a c o n s is te n t  tre a tm en t o f th e  problem 

o f ro ta to r y  d is p e rs io n  on the b a s is  o f  quantum th eo ry .

His r e s u l t s  a re  a " t r a n s la t io n "  o f B ornfs(<? ) c l a s s i c a l  

th eo ry  in to  the  language o f quantum m echanics. Am plitudes 

o f the v ib ra t in g  e le c tro n s  a re  rep laced  by t r a n s i t io n  pro­

b a b i l i t i e s  between th e  v a rio u s  s ta te s  of the e le c tro n .

The d e c is iv e  f a c to r  i s  th e  m a trix  elem ent (a /p /b ) (b/m/a .)*' 

re p re se n tin g  th e  change o f  th e  m agnetic moment connected 

w ith  th e  change o f th e  e l e c t r i c  moment in  a t r a n s i t io n  o f 

th e  e le c tro n  from a to  b under the  a c tio n  o f th e  in c id e n t 

lig £ it. A lthough R o s e n fe ld ^  form ulae were n o t s u i ta b le  

fo r  p r a c t ic a l  a p p l ic a t io n s ,  they  a re  o f fundam ental im port­

ance in  p ro v id in g  the s t a r t in g  p o in t fo r  th e  moẑ e modern 

th e o r ie s . A s im ila r  trea tm en t based on quantum mechanics 

was given two y ea rs  l a t e r  by Bom and Jo rdan (18 ).

In  1935 Born(16) a ttem pted  to  adap t h is  e a r l i e r  

( c la s s ic a l )  th eo ry  so as to  make i t  more u se fu l to  chem ists.

( s /p /b )  = m atrix  elem ent o f  th e  e l e c t r i c  moment,
(b /m /a) = " «■ « « m agnetic  "
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Although, th e  form ula a p p lie d  to  a spiro-compound gave th e  

r ig h t  o rd e r o f  m agnitude f o r  the  r o ta t i o n ,  i t  s t i l l  rem ained 

-  in  s p i t e  o f the  co n s id e rab le  s im p lif ic a t io n s  made -  too 

com plicated  and re q u ir in g  th e  knowledge o f too many f a c to r s  

to  be o f  more than  l im ite d  use .

I t  was n o t u n t i l  1937 th a t  J . Kirkwood(19) d e riv e d  

a quantum th eo ry  o f o p t ic a l  a c t iv i ty  a p p lic a b le  to p r a c t i ­

c a l  problem s. Using R o sen fe ld fs r e s u l t s ,  he deduced 

( a f t e r  some s u i ta b le  s im p lif ic a t io n s )  a form ula which he 

ap p lied  to  the case of secondary b u ty l a lco h o l w ith  con­

s id e ra b le  su ccess . Even in  th i s  sim ple compound, however, 

f a r  reach in g  assum ptions had to  be made about th e  co n fig u ra ­

t io n  o f th e  m olecule (valency a n g le s , f r e e  r o ta t io n ,  e t c . )•

In  the same y ear Condon, A lta r  and E yring(20) showed 

on th e  b a s is  o f  quantum mechanics (R o sen fe ld 's  r e s u l t s )  

th a t  n o t only  the coup ling  o f  v ib ra t in g  e le c tro n s  b u t a lso  

th e  m otion o f  a s in g le  e le c t ro n  in  an asymmetric f i e l d  can 

g ive r i s e  to  o p t ic a l  a c t iv i ty *  They a lso  gave a quantum 

m echanical tre a tm e n t o f c i r c u la r  d ichro ism . * Rough c a l ­

c u la tio n s  were made f o r  some o rgan ic  compounds u s in g  the 

d ip o le  moments o f th e  vario u s s u b s t i tu e n ts  and t h e i r  m utual 

o r ie n ta t io n  and d is ta n c e . The b a s ic  model i s  a th re e -  

dim ensional o s c i l l a to r  moving along th e  axes o f  an e l l i p ­

so id . By the  ac tio n  of th e  neighbouring  s u b s t i tu e n ts  th e  

fto tion  i s  d is tu rb e d  so th a t  th e  axes o f  th e  e l l ip s o id  a re  

s l i g h t ly  tw is ted  causing  the  e le c tro n  to  move a long  h e l i -  

c o ld a l p a th s  in s te a d  o f  moving along the  co o rd in a te  axes.
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The model i s  th e  p ic tu re  in  c l a s s i c a l  m echanics o f  Rosen- 

f e l d fs r e s u l t  a s s e r t in g  th a t  the  r o ta t io n  f o r  a c e r ta in  

w ave-leng th  i s  p ro p o rtio n a l to  Im (a /p /h ) (b /n ^ a ) : ( a /p /h

and b/xq/a have the  same meaning as above; Im deno tes th e  

im aginary p a r t  o f the  complex m a trix  p ro d u c t) . I t  i s  

c le a r  from th e  model th a t  a change in  the e l e c t r i c  moment 

(as th e  e le c tro n  changes i t s  e lo n g a tio n  from th e  c e n tre  to  

which i t  i s  a tta c h e d )  in v o lv es  a change o f th e  m agnetic 

moment (s in c e  th e  m otion o f th e  e le c t ro n  along  th e  h e l ix  i s  

eq u iv a le n t to  a c u rre n t in  a c o i l  co rrespond ing  to  a magnet 

p a r a l l e l  to  th e  ax is  o f the c o i l ) .  The ex p ress io n  

Im (a /p /b )(b /m /a ) , denoted by R (a ,b ) , i s  a q u a n t i ta t iv e  

measure fo r  th e  c o n tr ib u tio n  to  the  ro ta t io n  o f  th e  e le c tro n ic  

t r a n s i t io n  from s ta te  a to  s t a te  b . The t o t a l  c o n tr ib u ­

t io n  o f the  e le c tro n  i s  found by summing over a l l  s t a te s  b 

corresponding  to  a l l  p o s s ib le  t r a n s i t io n s  o f th e  e le c tro n .

The m athem atical a n a ly s is  o f  th e  model i s  based  on p e r tu r -  

b a to ry  th e o ry f  R (a,b ) i s  zero f o r  th e  unpertu rbed  th re e -  

dim ensional harmonic o s c i l l a to r  because the  s e le c t io n  ru le s  

known to  h o ld  fo r  th e  harmonic o s c i l l a to r  make a l t e r n a t iv e ly  

e i th e r  (a /p /b )  o r  (b/m /a) equal to  zero . The asymmetric 

d is tu rb an ce  o f  th e  f i e l d  in  which th e  e le c tro n  moves makes 

the  term  which i s  zero  in  th e  u n d is tu rb ed  f i e l d  d i f f e r e n t  

from zero  in  the f i r s t  o rd e r approxim ation ( in  th e  d is tu rb e d  

f i e l d ) .  I f  (a /p /b )  i s  equal to  zero  in  th e  u n d is tu rb ed  

f i e l d ,  i t  i s  sm all in  th e  f i r s t  o rd e r  approxim ation
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(o therw ise  th e re  i s  no j u s t i f i c a t i o n  fo r  u sin g  th e  p e r tu r ­

b a tio n  method) and th e  o p t ic a l ly  a c t iv e  band i s  weak ( th e  

ab so rp tio n  being  p ro p o rtio n a l to  / ( a / p / b ) /  ) .  I f  

(a /p /b )  /  0 ( in  th a t  case b /n /a  = 0 ) the band i s  s tro n g ; 

in  bo th  cases  R (a ,b ) i s  o f th e  same o rd er o f  m agnitude as i t  

i s  a p ro d u ct o f  a very  sm all term  and a term  comparable w ith 

u n ity . This f a c t  b ea rs  out the  e s ta b lis h e d  r u le  th a t  la rg e

an iso tro p y  f a c to r s  a re  to  be found only in  weak ab so rp tio n  

bands because ( 4 - eA) i s  o f th e  same o rd e r of m agnitude both  

in  weak and s tro n g  bands. R (a ,b ) i s  th e re fo re  in  g en e ra l 

<^.1. Between Kuhn*s a n iso tro p y  fa c to r  and the  " ro ta to ry

streng th" R th e re  e x is ts  th e  r e la t io n s h ip  R (a,b) = f.g.^~

The l e t t e r s  have th e  same meaning as above: a i s  the  rad iu s

o f the f i r s t  B o h r-o rb it o f the e le c tro n . ( f 'J

U n fo rtu n a te ly  a l l  th ese  th e o r ie s  do n o t enable the 

chem ist to  e s ta b l i s h  a system  of r e la t io n s h ip s  between 

chem ical c o n s t i tu t io n  and o p t ic a l  a c t iv i ty ';  they r a th e r  

suggest th a t  such ru le s  do n o t e x i s t  owing to  the s e n s i t i ­

v i ty  o f o p t ic a l  a c t iv i ty  to changes in  atom ic d is ta n c e s  and 

o r ie n ta t io n .  In  f a c t ,  i t  seems th a t  a l l  the sim ple ru le s  

found by chem ists reg a rd in g  r o ta to r y  power a re  only of very  

l im ite d  v a l id i ty .

A part from Guye!s theo ry  on th e  dependence o f th e  

r o ta t io n  on chem ical c o n s t i tu t io n  (see p .2 ) th e re  have been 

m ainly th re e  assum ptions as to  the c o n tr ib u tio n s  of the  

d i f f e r e n t  p a r ts  o f a m olecule to  the observed r o ta t io n .
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The p r in c ip le  o f o p t ic a l  su p e rp o s itio n . Van ft  Hoff 

b e liev e d  th a t  in  a m olecule c o n s is t in g  o f  s e v e ra l a c tiv e  

carbon atoms each o f them accounts fo r  a r o ta t io n  independen t 

o f  th e  c o n s t i tu t io n  a t  th e  o th e r  a c tiv e  C-atom s2 th e  t o t a l  

ro ta t io n  i s  thus a sum o f  th e  r o ta t io n s  of th e  s in g le  a c tiv e  

C-atoms. While many cases  were found where th i s  p r in c ip le  

ho lds f a i r l y  a c c u ra te ly  i t  i s  q u ite  u n tru e  in  o th e rs .

T sch u g aeff1s in tra m o le c u la r  and ex tram olecu la r 

su p e rp o s itio n . The f a c t  th a t  a c t iv e  compounds w ith  on ly  

one asymmetric C-atom u s u a lly  have a normal ro ta to ry  d i s ­

p e rs io n  in  th e  tra n sp a re n t re g io n s , whereas substances w ith  

more th an  one a c tiv e  C-atom o f te n  e x h ib it  an anomalous 

ro ta to ry  d isp e rs io n  o u ts id e  th e i r  ab so rp tio n  bands, le d  

T schugaeff(21 ) to  b e liev e  th a t  th i s  phenomenon was e s s e n t i ­

a l l y  connected w ith  the p resence o f more than  one a c tiv e  

c e n tre  in  th e  m olecule. I f  th e re  are  c o n tr ib u tio n s  o f 

o p p o site  s ig n  anom alies . of th i s  kind a re  caused. Tschugaeff 

assumed th a t  such c o n tr ib u tio n s  come e i th e r  from two o r  more 

d i f f e r e n t  a c tiv e  C-atoms in  th e  same o r  in  d i f f e r e n t  mole­

cu les  which by in tra m o le c u la r  o r  ex tram olecu la r su p e rp o si­

t io n  cause th e  anomalous ro ta to ry  d isp e rs io n . There a re , 

however, compounds where one s in g le  a c tiv e  C-atom causes an 

anomalous d is p e rs io n  o f th e  type d e sc rib e d  above (Kuhn(22)) 

the  reason  f o r  th i s  being th a t  even in  substances w ith  one
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a c tiv e  c e n tre  th e re  a re  c o n tr ib u tio n s  o f d i f f e r e n t  s ig n  by 

th e  d i f f e r e n t  ab so rp tio n  bands o f th e  m olecu le.

The V ic in a l Rule. The f a c t  th a t  chromophoric groups 

which them selves a re  n o t asymmetric show c i r c u la r  d i ­

chroism  i s  ex p la in e d  by the  assum ption th a t  the v ib ra t io n s  

o f th e  e le c tro n s  in  th i s  group a re  d is tu rb e d  asym m etrically  

by th e  o th e r  groups o f the m olecule. I t  i s  p la u s ib le  

th a t  th e  s u b s t i tu e n ts  nex t to  th e  abso rb ing  group should  

p re v a i l  in  th e  in f lu e n c e  ex e rted  on th e  e le c tro n ic  v ib ra ­

t io n s  o f  th e  absorb ing  group by th e  r e s t  o f  th e  m olecule.

Thus in  cases where the  r o ta t io n  in  th e  v is ib le  i s  m ainly
*

due to  the  c o n tr ib u t io n  of an a c tiv e  ab so rp tio n  band in  the  

b lu e  o r in  th e  n ea r  u l t r a - v i o l e t ,  th e  r o ta t io n  w i l l  be very  

s e n s i t iv e  to  chem ical changes n ea r the  ab so rp tio n  group 

b u t i t  w i l l  n o t be s tro n g ly  a f fe c te d  by changes o f c o n s t i ­

tu t io n  in  the  f u r th e r  d i s ta n t  p a r ts  o f  th e  m olecule. This 

q u a l i ta t iv e  ru le  has been d iscu ssed  by Kuhn(23) w ith  many 

examples and proved to  be very  u s e fu l.  I t ,  f o r  example, 

in c lu d e s  van ft  H off*s p r in c ip le  o f  o p t ic a l  su p e rp o s itio n  

as a .s p e c ia l  case . Van ?t  H o fffs ru le  was found to  ho ld  

fo r  substances where th e  two o r  more a c tiv e  C-atoms are  

s u f f i c ie n t ly  se p a ra ted  so as no t to be m utually  in f lu en ced  

by c o n s t i tu t io n a l  changes a t  one of them. The ru le  does 

n o t ho ld  f o r  substances where the  two a c t iv e  c e n tre s  a re  

c lo se  to  each o th e r a s ,  e .g . ,  in  t a r t a r i c  a c id . Another 

consequence o f  the v ic in a l  r u le  i s  th e  p o s s i b i l i t y  of
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p re d ic t in g  th e  change o f r o ta t io n  due to  the  exchange of 

two s u b s t i tu e n ts  from the change caused by th e  same exchange 

o f s u b s t i tu e n ts  in  a compound of s im ila r  chem ical s t r u c tu r e .

The v ic in a l  ru le  seems to  some e x te n t to  c o n tra d ic t  

Kuhn*s model: from Kuhnfs th eo ry  th e  d is ta n c e  between th e

two coupled v ib r a to r s  can be c a lc u la te d  by the  form ula d 

i f  th e  ab so rp tio n  band i s  caused by e le c tro n ic  t r a n s i t io n s  

( d ip o le -v ib r a t io n s ) .  These d is ta n c e s  very  o ften  amount to

6 - 1 0  and sometimes 60 -  80 Angstroems where th e re  can be

no q u es tio n  o f v ic in a l  in te r a c t io n  between th e  two o s c i l l a ­

to rs*  Kuhn t r i e d  to avoid  th is  d i f f i c u l t y  by assuming 

th a t  th e  s c a t te r in g  moments o f  weak ab so rp tio n  bands extend 

over la rg e  p a r ts  o f  the  m olecule and p o ss ib ly  even beyond 

th e  m olecule (23). In  th i s  case th e re  would be v ic in a l  

a c tio n  on th e  p a r t i c u la r  s c a t te r in g  moment even by d i s t a n t  

s u b s t i tu e n ts  and the  v ic in a l  ru le  could not h o ld  fo r  such 

cases* There i s ,  however, no confirm ation  f o r  the  r a th e r  

q u es tio n ab le  assum ption about th e  s p a c ia l ex ten s io n  o f  the  

v ib ra t in g  d ip o le s  o f weak ab so rp tio n  bands except the c a lc u ­

la t io n s  based on Kuhn*s model*

I t  I s  seen from the  above survey  th a t  th e re  i s  y e t a

wide gap between s t r i c t l y  th e o r e t ic a l  com putations o f r o ta ­

t io n s  which a re  p o s s ib le  only in  a few cases o f  very sim ple 

compounds and th e  q u a l i ta t iv e  ru le s  w ith  which th e  chem ists 

a re  working.
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Because o f th e  In h e re n t d i f f i c u l t i e s  o f the  problem 

the accum ulation o f  experim ental m a te r ia l  rem ains a main 

method in  th e  re s e a rc h  in  r e la t io n s h ip s  between o p t ic a l  

a c t i v i t y  and chem ical c o n s t i tu t io n . The p re se n t paper 

g ives an account o f  the r o ta to r y  power, c i r c u la r  d ichro ism  

and ab so rp tio n  s p e c tra  o f  some k e to - la c to n e s  which are  o f 

s p e c ia l  i n t e r e s t  s in ce  t h e i r  s p e c if ic  r o ta t io n  and c i r c u la r  

d ichro ism  exceed those  of any o th e r  substances measured in  

is o t ro p ic  s o lu t io n . The correspond ing  measurements were 

made fo r  ano ther k e to - la c to n e  where th e  v a lu es  are  by no 

means e x tra o rd in a ry  and th e  experim en ta l r e s u l t s  a re  d i s ­

cussed on th e  b a s is  o f the  th e o r ie s  o f  o p tic a l  a c t i v i t y  as 

f a r  as th i s  i s  p o s s ib le . The work a lso  in c lu d es  the 

measurement o f  th e  ab so rp tio n  curves of some sa n to n in s  

d e r iv a t iv e s .



EXPERIMENTAL

A)* D e sc rip tio n  o f th e  ap p ara tu s  u sed*

a ) .  The U ltra -V io le t  P o la r im e te r . { l b )

Method o f m easurem ent: Kuhn*s method o f m easuring th e

ang le  o f  r o ta t io n  in  the  u l t r a - v i o l e t  i s  e s s e n t i a l l y  th e  

same as th a t  o f  th e  o rd in a ry  p o la r im e te r; th e  main d i f f e r ­

ence i s  th a t  th e  u l t r a - v io le t - p o la r im e te r  m easures th e  

ro ta to ry  d isp e rs io n  of a medium by f ix in g  the an a ly se r a t  

c e r ta in  ang les w ith  r e s p e c t  to  th e  nz e ro - s e t t in g ” and f in d ­

ing  the  wave le n g th s  fo r  which the  angle o f  r o ta t io n  o f 

th e  medium is  ju s t  equal and o p p o site  to the ang le g iven  to  

th e  .an a ly se r;. ( in  th e  o rd in a ry  p o la rim e te r  th e  wave le n g th  

i s  f ix e d  by means o f a monochromator and the  angle o f  r o t a ­

t io n  i s  measured by f in d in g  a p o s i t io n  fo r  the a n a ly se r  

where the  half-shadow  f ie ld s  m atch).

Kuhnfs arrangem ent;

In  the above sk e tch  i s  th e  llg g it so u rce , s ,_3 are 

sc reen 5 / Lg, l ^ ,  L^, L g ,^co llecting  le n s e s ,  P th e  p o la r i s e r ,  

A th e  a n a ly se r , C the  c e l l  co n ta in in g  th e  medium, Pr a
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prism  and PI the  p la te  h o ld e r . The l i g h t  source c o n s is ts

of an i ro n  a rc  (two iro n  rods o f 0 .5  cm. d iam ete r) w ith  a

a rc  burn ing  s te a d i ly  th e  c u r re n t feed ing  i t  f i r s t  p asses 

th rough  the  c o i l  o f  a la rg e  e lec tro -m ag n e t. When long  ex­

posures a re  re q u ire d  th e  l i g h t  source must be c o n tro lle d  

d u rin g  th e  tim e o f  exposure: as th e  po le-ends bum  down

iro n  oxide i s  d ep o s ited  around them and the p o s it io n  o f th e  

l i g h t  source changes: th e  w idening of the  d is ta n c e  between

th e  p o les  causes the l i g h t  to f lu c tu a te  and sometimes even 

to  e x tin g u ish . I f ,  however, th e  p o s it io n  o f the a rc  i s  

re a d ju s te d  a t  in te rv a ls  o f  about f iv e  m inutes and i f  th e  

po le-ends a re  c le a red  from oxide powder as soon as the  

in te n s i ty  i s  reduced by i t ,  th is  l i g h t  source works s a t i s ­

f a c t o r i l y  even over p e rio d s  o f one hour o r  more. The

iro n  a rc  was chosen because i t  has th e  r ic h e s t  and most con­

tin u o u s l in e  spectrum  o f  a l l  the common m e ta ls . In  the  

u l t r a - v io l e t  i t s  l in e s  only become scarce  below 2400 8 .

c u r re n t o f  3 amps. The p o s i t io n  o f the  a rc  can be re g u la ­

te d  in  a l l  th re e  degrees o f freedom. In  o rd e r  to  keep th e

By means o f th e  q u a rtz  le n s  Lg th e  l i g h t  i s  focused 

on to  the  p in -h o le  o f the sc reen  S- .̂ Before e n te r in g  th e

p o la r is e r  i t  passes through ano ther q u a rtz  le n s  L3 .

The p o la r is e r .  The l i g h t  was p o la r is e d  by a Rochon- 

prism . The Rochon-prism i s  made o f two

* h a lv es o f d- o r 1 -q u a r tz  cu t d i f f e r e n t ly  

w ith  re sp e c t to  t h e i r  o p t ic a l  axes. In



th e  f i r s t  h a l f  th e  l i g h t  t r a v e ls  along th e  o p t ic a l  a x i s ,  

in  th e  second a t  r ig h t  angles to  i t .  As th e  angle o f  

in c id en ce  on th e  second h a l f  (on th e  r i g h t  hand s id e  of 

th e  sk e tch ) i s  o b liq u e , the  e x tra o rd in a ry  ray i s  d ev ia te d , 

whereas th e  o rd in a ry  (being a t  r i g h t  angles to  th e  o p t ic a l  

a x is )  i s  n o t. A h a l f  shadow a iran g an en t i s  p rovided  by 

cementing to g e th e r  two Rochon-prisms w ith  th e i r  o p t ic a l  

axes in c l in e d  to each o th e r  by 5°. This i s  done by 

c u t t in g  a wedge of 5° ou t o f a Rochon-prism and cementing 

the  two p a r ts  to g e th e r . Of the two l ig h t  beams p o la r ­

is e d  a t  r ig h t  angles w ith re s p e c t  to  each o th e r ,  on ly  

th e  o rd in a ry  e n te rs  the A nalyser ( a f te r  p ass in g  through 

the  c e l l  G which con ta in s the r o ta t in g  medium). The 

a n a ly se r  i s  a Rochon-prism which i s  so s i tu a te d  th a t  

th e  h a l f  w ith  i t s  o p t ic a l  a x is  a t  r i g h t  angles to th e  

d ire c t io n  o f th e  l i g h t  beam comes f i r s t .  The e x tra ­

o rd in ary  ray  i s  th en  again  d e v ia te d  by the  second h a l f  o f  

th e  prism  and does n o t e n te r  the  s l i t  of th e  sp e c tro ­

scope. Ii£ c o n s is ts  o f  two convex le n s e s ,  one of q u a r tz , 

th e  o th e r o f f lu o r - s p a r ,  focusing  the  l i g h t  on to  the  

s l i t  o f th e  sp ec tro sco p e . L. and L are c o l le c t in g4 ©
le n se s  in s id e  th e  sp ec tro g rap h  (made o f  q u a r tz  and p r  i s  

th e  d is p e rs in g  q u a rtz  prism . PI i s  th e  h o ld e r  f o r  the  

photographic p la te .
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A djustm ent. F i r s t  the  image o f th e  l i g h t  source 

i s  focused on th e  p in -h o le  o f  the sc reen  S. The l i g h t  

should  pass th rough  th e  c e n tre  o f th e  c o l le c t in g  le n s  Lg. 

This i s  o b ta in ed  by a l t e r in g  th e  h e ig h t and m utual d is ta n c e  

Of l ig h t - s o u r c e ,  p in -h o le  and le n s . The d is ta n c e  between 

p o la r i s e r  and a n a ly se r  i s  so chosen th a t  the  o rd in a ry  and 

th e  e x tra o rd in a ry  ra y  are  s u f f i c i e n t ly  sep a ra ted  so as to  

p rev en t th e  l a t t e r  from e n te r in g  the  an a ly se r  prism . The 

d is ta n c e s  between the a n a ly se r , th e  double len s  L^and be­

tween th e  double len s  and th e  s l i t  of the  spectro scope may 

a ls o  be a l te r e d  in  o rder to  focus th e  image on th e  s l i t .

To f in d  th e  z e ro -p o s it io n  . ( "crossed* p o s it io n  o f the  

two Rochon-prism s) the  p o la r i s e r  i s  h e ld  in  a f ix e d  p o s it io n  

and by r o ta t in g  th e  an a ly se r the  p o s i t io n  of minimum in ­

te n s i ty  o f  th e  emerging l i g h t  i s  found, v is u a l ly  a t  f i r s t .  

This may be done most co n v en ien tly  by p la c in g  a s l ip  of 

w hite  paper on th e  s l i t  o f th e  spectroscope and r o ta t in g  

the  a n a ly se r  u n t i l  the  upper and th e  low er se m ic irc le s  of 

th e  h a l f  shadow -fie ld  match ( a t  minimum in te n s i t y ) .  Having 

thus found the zero w ith in  2 -3 ° , the  e x a c t p o s it io n  i s  found 

p h o to g rap h ic a lly . To economise w ith  th e  photographic 

p la te s ,  each was cu t in to  4-5 s t r i p s ,  each s t r i p  be ing  f - l*  

in  w idth  and allow ing  4-5 photographs to  be taken  on each 

s t r i p .  F ind ing  the  zero to  1° ( ta k in g  exposures w ith  

a n a ly se r  s e t t in g s  d i f f e r in g  by 1°) then to  0 . 5° ,  0 . 1° and 

0 .0 5 ° , th e  l im i t  o f accuracy o f  th e  in strum en t i s  reached.



This l im i t  i s  determ ined  by th e  la rg e  half-shadow  angle of 

5°. The tim e o f exposure was 40 seconds f o r  I l f o r d ’s 

S p ec ia l Rapid F a s t p la te s  (700 H & D) and an a p e r tu re  of 

th e  sp ec tro sco p e  s l i t  o f 0 .3  mm. On the p la te  h o r iz o n ta l  

s t r i p s  a re  seen , d iv ided  by a h o r iz o n ta l  l i n e .  The s t r i p s  

re p re s e n t th e  spectrum  o f the  iro n  a rc  seen th rough the 

upper and th e  low er half-shadow  f i e ld .  At z e ro -p o s it io n  

the sp e c tra  above and below th e  d iv id in g  l in e  a re  of equal 

in t e n s i t y  th ro u g h o u t; f o r  th e  a c tu a l  measurements o f the  

ro ta to ry  d isperw ion , th e  c e l l  co n ta in in g  the  so lu t io n  o f th e  

a c t iv e  substance  i s  in s e r te d  between p o la r i s e r  and a n a ly se r ; 

the  l a t t e r  i s  then  moved out of th e  zero p o s i t io n  by a 

c e r ta in  angle and a photograph i s  taken . On th e  p la te  th e  

two half-shadow  f ie ld s  then  no lo n g er match; i f  e i th e r  o f 

them i s  d ark er , than  th e  o th e r  throughout i t s  whole le n g th , 

the ang le  g iven  to  the a n a ly se r  i s  g r e a te r  than  the r o ta ­

t io n  o f  th e  s o lu t io n  fo r  any w ave-length  in  th e  reg io n .

I f ,  however, th e re  i s  a change over from d a rk e r in  th e  top 

h a l f  to  d ark er in  th e  bottom h a l f ,  th e re  must be a sp o t on 

th e  s t r i p  where the two h a lv es  match. The w ave-length  

fo r  th i s  spo t i s  read  from a c a l ib ra te d  s c a le  (photographed 

on th e  p l a t e ) ; the  ro ta t io n  o f th e  so lu tio n  fo r  th i s  wave­

le n g th , i s  equal to  the  angle given to  th e  a n a ly se r . Giv­

ing  the  a n a ly se r  a s u i ta b le  s e t  o f p o s i t io n s ,  th e  ro ta to ry  

d isp e rs io n  can be measured in  th e  whole reg io n  o f the in s t r u ­

ment. In  p ra c t ic e  th e  reg ion  f o r  which measurements can



be taken  i s  l im ite d  by the  a b s o rp t iv i ty  o f  the substance  on 

the one hand and by the  s e n s i t i v i t y  o f the in s tru m en t on 

th e  o th e r . The s o lu t io n  o f th e  o p t ic a l ly  a c t iv e  su b stan ce  

| was con ta ined  In  a b ra s s  c e l l  o f 1 cm.

le n g th  w ith  ends of fu sed  s i l i c a .  As in  

some cases  of s tro n g ly  abso rb in g  su b stan ces , 

exposures up to  1 hour and more had to  be 

g iv en , i t  was n ecessa ry  to  p reven t the sub­

stan ce  in  th e  c e l l  from being  decomposed 

by th e  l i g h t  o f  th e  i ro n  a rc . This was 

done by u sin g  a c e l l  w ith  an i n l e t  and an 

o u t le t  tube through which the  so lu tio n  

could flow slow ly or which cou ld  be r e ­

f i l l e d  from tim e to  time w ith o u t i n t e r ­

ru p tin g  the  exposure. The s o lu t io n  was 

kep t in  a b u re t te  which was connected to 

the  i n l e t  tube o f the c e l l  by a p ie ce  of 

rubber tu b in g . S im ila r ly  th e  o u t le t  tube 

was connected w ith  a g la s s  tube le a d in g  to  a v e s se l where 

th e  exposed so lu tio n s  were c o lle c te d . The r a te  of flow  

could  be re g u la te d  w ith  a sc re w -c lip .

C irc u la r  D ichroism .

Method o f M easuring C irc u la r  Dichroism  in  th e  U ltra -V io le t .

Kuhn and Braun*s (13A) method o f m easuring c i r c u la r  

d ichro ism  i s  based on the com pensation of an e l l i p t i c i t y



produced a r t i f i c i a l l y  w ith  th e  eq u a l and o p p o s ite  e l l i p t i -  

c i t y  e x h ib ite d  by the d ic h r o ic  medium fo r  a c e r ta in  wave­

le n g th . The e l l i p t i c a l l y  p o la r is e d  l i g h t  i s  produced by 

th e  d ou b le  r e f l e c t i o n  o f  a F r e sn e l rhomb. I t  i s  g e n e r a l ly

known th a t  p lan e p o la r is e d  l i g h t ,  when t o t a l l y  r e f l e c t e d ,  

becomes e l l i p t i c a l l y  p o la r is e d  owing to  a d if fe r e n c e  in  

phase a r is in g  between th e  components o f  the l i g h t  wave v i ­

b r a t in g  p a r a l le l  and a t  r ig h t  a n g le s  to  the p lan e o f  i n c i ­

dence. The e x te n t o f  e l l i p t i c i t y  depends fo r  each  

m a ter ia l on th e  an g le  o f  in c id e n c e  and on th e  a n g le  be­

tween th e  p lan e o f  p o la r is a t io n  and th e  p lan e  o f  in c id e n c e .  

Plane p o la r is a t io n  and c ir c u la r  p o la r is a t io n  o f  the r e ­

f l e c t e d  l i g h t  are s p e c ia l  c a se s . (The d e f in i t io n  o f  

e l l i p t i c i t y  has been g iv e n  on p .4 ) .  In th e  F r e sn e l-  

rhomb th e  a n g le s  are such th a t  th e  l i g h t  w hich v ib r a te s  in  

a p lan e in  which a lso  the a x is  o f  th e  ihomb l i e s ,  rem ains 

p lan e  p o la r is e d  a f t e r  le a v in g  the ihomb and can be e x t in ­

gu ish ed  by th e  a n a ly se r . I f  th e  c ir c u la r ly  d ic h r o ic  

medium i s  in s e r t e d  in  th e  p ath  o f  th e  l i g h t ,  the beam 

f a l l i n g  on the a n a ly se r  w i l l  be e l l i p t i c a l l y  p o la r is e d  and 

i t  w i l l  n o t  be p o s s ib le  to  e x t in g u is h  i t  f o r  any p o s i t io n  o f  

the a n a ly ser  s in c e  th ere  w i l l  alw ays be a component o f  the
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e l l i p t i c a l  wave which can pass through th e  a n a ly s e r . By 

g iv in g  the p o la r is e r  a c e r ta in  a n g le  (k eep in g  th e  p o s i t io n  

o f  th e  F resnel-rhom b f ix e d )  an e l l i p t i c i t y  eq u a l and oppos­

i t e  to  th a t  caused by th e  medium can be o b ta in ed . In th is  

c a se  th e  e l l i p t i c i t y  o f  th e  su b stan ce  w i l l  can cel th e  

e l l i p t i c i t y  o f  th e  im p inging  l i g h t  and the beam le a v in g  the  

c e l l  I s  p la n e  p o la r is e d  a lth ou gh  i n  a d i f f e r e n t  p lan e  ( s in c e  

th e  a c t iv e  medium a ls o  r o ta te s  th e  axes o f  the e l l i p s e  r e ­

p r e se n t in g  th e  w ave*). As the l i g h t  e n te r in g  the a n a ly s ­

er i s  p lan e  p o la r is e d , I t  can be e x tin g u ish e d  by r o ta t in g  

th e  a n a ly se r  through a c e r ta in  angle* S in c e , how ever, the  

p o la r is e r  i s  f i t t e d  w ith  a h a lf-sh ad ow  arrangem ent, th e  

m atter  i s  s l i g h t l y  d i f f e r e n t .  The l i g h t  em erging from 

* th e  p o la r is e r  i s  n o t p la n e -p o la r is e d  but c o n s is t s  o f  two 

p lan e  p o la r is e d  beams in c lu d in g  equal but o p p o s ite  a n g le s  

w ith  the p lan e o f  th e  rhomb (a ) .  The l i g h t  a f t e r  le a v in g

th e  medium the axes o f  both  e l l i p s e s  w i l l  have been r o ta te d  

through th e  same a n g le ; a t  th e  same tim e th e  e l l i p t i c i t y  o f

th e  rhomb th e r e fo r e  c o n s is t s  o f  two beams w ith  equal but 

o p p o s ite  e l l i p t i c i t y  ( s e e  f i g .  b ) .  A fte r  p a ss in g  through

one beam w i l l  be in c r e a se d , th a t  o f  the|other d im in ish ed  by 

th e  same amount. Cc ).  The same e f f e c t  occu rs In  th e  l i g h t
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le a v in g  the P resnel-rhom b i f  the p o la r is e r  i s  r o ta te d  through  

a c e r ta in  a n g le , s in c e  in  t h i s  c a se  a l s o ,  two e l l i p s e s  w ith  

axes o f  d i f f e r e n t  le n g th  b u t o f  eq u a l d ir e c t io n  r e p r e se n t  

th e  two beams. C on seq u en tly , i t  i s  p o s s ib le  to f in d  a

p o s i t io n  fo r  th e  p o la r is e r  so th a t  th e  e l l i p t i c ! t i e s  o f  th e  

two beams le a v in g  th e  c e l l  w ith  th e  medium are equal but 

o p p o s ite  ( f i g .  d ) .  The components o f  th e se  two waves 

tr a n sm itte d  by th e  a n a ly s e r  are equal to  one another and 

th e  two h a lf-sh ad ow  f i e l d s  th e r e fo r e  are o f  the same in t e n ­

s i t y .

The Apparatus and i t s  adju stm ent. The arrangement 

i s  e x a c t ly  th e  same as in  the u l t r a - v io l e t  p o la r im eter  ex cep t  

fo r  th e  Fresnel-rhom b which i s  in s e r te d  between p o la r is e r  

and c e l l .  In  order to  keep the l i g h t  beam which le a v e s
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the rhomb on th e  l e v e l  o f  th e  a n a ly ser  and o f  th e  s l i t  o f  

th e  sp e c tr o sc o p e , i t  i s  n ecessa ry  to  r a is e  th e  l ig h t - s o u r c e ,  

le n s  L^, screen  S^, and th e  p o la r is e r .  (The Fresnel-rhom b  

was o f  fused* s i l i c a  w hich i s  p r e fe r a b le  to  th e  b rass trough  

w ith  windows o f  fu sed  s i l i c a  used  by Kuhn and Braun).

To f in d  th e  zero p o s i t io n  (where the l i g h t  le a v in g  

th e  rhomb i s  p lan e  p o la r is e d )  th e  p o la r is e r  i s  r o ta te d  u n t i l
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the two h a lf-sh ad ow  f i e l d s  match: t h i s  i s  done v i s u a l ly

as d e sc r ib e d  fo r  th e  p o la r im e te r . The p o s i t io n  h av in g  

been foun d , the a n a ly ser  i s  turned u n t i l  both h a lf-sh ad ow  

f i e l d s  have a minimum in t e n s i t y .  By t h i s  the accuracy  

o f  th e  in stru m en t i s  in c r e a se d  ( fo r  sm a ll i n t e n s i t i e s  

r e la t iv e  d i f f e r e n c e s  in  i l lu m in a t io n  are ob served  more 

e a s i l y ) ; a read ju stm ent o f  th e  p o s i t io n  o f  th e  p d a r ise r  i s  

n e c e ssa r y . The accu ra te  z e r o -p o s it io n  i s  o b ta in ed  photo­

g r a p h ic a lly  as in  th e  case  o f  th e  p o la r im e ter . To tak e  

m easurem ents, the c e l l  w ith  th e  s o lu t io n  i s  in s e r t e d  between  

th e  Fresnel-rhom b and th e  a n a ly se r  and photographs are  

taken fo r  v a r io u s s e t t in g s  o f  th e  p o la r is e r .  On the  

p la t e  th e  w a v e -len g th s  are found where th e  two h a lf-sh ad ow  

f i e l d s  a r e  o f  equal in t e n s i t y .  In order to  make f u l l  use  

o f  th e  accu racy  o f  th e  in stru m en t fo r  each s e t t in g  o f  the  

p o la r is e r  the a n a ly se r  should  be r o ta te d  through an equal 

a n g le . This ensures th a t  th e  minor a x is  o f  th e  e l l i p s e  

r e p r e se n tin g  th e  l ig h t-w a v e  w i l l  be tr a n sm itte d  and th a t  

the in t e n s i t y  o f  th e  l i g h t  e n ter in g  the sp ec tr o sc o p e  co h se -  

q u en tly  has a minimum. For sm all a n g le s ,  how ever, th is  

can be n e g le c te d . The tim es o f  exposure are th e  same as 

fo r  th e  measurements o f  r o ta t io n . The c ir c u la r  d ich ro ism  

i s  c a lc u la te d  from a n g le  o f  th e  p o la r is e r  by th e  form ula
If x  y  o c  •jp . .

— -ET2 ( se e  P*4 ) where «  i s  th e

an g le  in  d e g r ee s . Cc - , t^  IboLu#* %).



A bsorption  S p ectra-

a ) .  Method* The H ilg e r  R o ta tin g  S e c to r  S p ec tro ­

photom eter m easures th e  a b so rp tio n  o f  a medium by comparing 

th e  in t e n s i t y  o f  two equal l i g h t  beams, one o f  w hich p a sse s  

through th e  medium whereas th e  o t h e r fs in t e n s i t y  i s  d im in­

ish e d  na r t i f i c i a l l y M by a known amount. I f  th e se  two 

beams a f t e r  th a t are o f  equal in t e n s i t y  the a b so rp tio n  o f  

th e  medium must be equal to  th e  ’’a r t i f i c i a l "  d im in u tion  o f  

in t e n s i t y  in cu rred  by th e  o th er  beam. We than know th e  

r a t io  l / l 0  (where I 0  i s  th e  o r ig in a l  in t e n s i t y ,  I the in ­

t e n s i t y  a f t e r  p a ss in g  through the medium) which -a cco rd in g
_ £ C C t

to  Lambert’s law -  i s  equal to  e (where c i s  the

m olar c o n c e n tr a t io n , d th e  th ic k n e ss  o f  th e  la y e r  o f  th e  

medium and t  th e  m olecu lar  e x t in c t io n  c o e f f i c i e n t  w hich  

thus may be c a lc u la te d ) .

b ) .  Apparatus. The o p t ic a l  arrangem ent i s  shown 

in  th e  sk e tch  below. The l ig h t  from th e  l ig h t - s o u r c e  L 

p a sse s  through the two prism s p^ and p^ and through the  

r o ta t in g  w h eels s and s . The l a t t e r  are made o f  s o l id
* M

m eta l w ith  seG tor-shaped  a p ertu res o f  equal s e c t o r ia l

a n g le . The s e c t o r ia l  an g le  in  one o f  the w heels can be 

a lt e r e d . The r a t io  l / l 0  o f  th e  tim e-average  o f  th e  in ­

t e n s i t i e s  o f  the beams a f t e r  p a ss in g  through the r o ta t in g



3 0 .

w h eels i s  equal to  the r a t io  o f  th e  s e c t o r i a l  a n g le s  

o f  th e  a p ertu res in  the w h ee ls . The two beams then  p ass  

through two c e l l s f e ^ t h e  beam coming through th e  w heel w ith  

v a r ia b le  s e c t o r ia l  an g le  p a sse s  through a c e l l  c o n ta in in g  

a co m p lete ly  tra n sp a ren t l iq u id ,  the beam coming through  

the w heel w ith  f ix e d  s e c t o r ia l  an g le  p a sse s  through th e  

c e l l  c o n ta in in g  th e  ab sorb in g  medium. The c e l l  c o n ta in ­

in g  th e  n on -ab sorb in g  l iq u id  (u s u a l ly  the pure s o lv e n t  o f  

th e  ab sorb in g  su b stan ce whose s o lu t io n  i s  in  th e  o th e r  c e l l )  

i s  in s e r te d  in  order to  ex c lu d e  erro rs due to  p a r t ia l  r e ­

f l e c t i o n  a t  th e  quartz ends o f  th e  c e l l .  The beams 

le a v in g  the c e l l s  are  n ot p a r a l le l  but th ey  c r o ss  in  fr o n t  

o f  the b ip r ism  bp. w hich renders them p a r a l le l .  The b i ­

prism  i s  p la c e d  in  fr o n t  o f  th e  s l i t  o f  th e  sp ec tro sco p e .

As l ig h t - s o u r c e  a n ic k e l  spark run a t  1 0 ,0 0 0  v o l t s  was 

u sed . The w heel w ith  the v a r ia b le  apertu re  i s  provided  

w ith  a lo g a r ith m ic  s c a le  so  th a t  lo g  I / I 0  can be read  from  

th e  s c a le  fo r  each s e t t in g .  The c e l l s  are o f  b ra ss  ( in  

m ost c a se s  1 cm. lo n g , f i t t e d  w ith  qu artz  en d s). The 

sp ec tro sco p e  i s  the same as u sed  fo r  m easuring r o ta to r y  

d is p e r s io n s  in  th e  u l t r a - v i o l e t .  Measurements are taken  

by f in d in g  on the p la t e  w a v e-len g th s fo r  which the intensity 
o f  the two beams are eq u al. For t h is  w a v e -len g th  th e  

a b so rp tio n  c o e f f i c i e n t  can be c a lc u la te d  from th e  s c a le  

read in g  on th e  v a r ia b le  s e c to r  and th e  c o n c en tr a tio n  o f  th e  

s o lu t io n . In order to  measure the a b so rp tio n  c o e f f i c i e n t s
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fo r  th e  whole range o f  th e  in stru m en t i t  i s  u s u a l ly  n e c e s s ­

ary to  u se  s o lu t io n s  o f  d i f f e r e n t  c o n c e n tr a t io n s .

A djustm ent. In  z e r o -p o s i t io n  th e  two beams should  

be o f  eq u al in t e n s i t y  fo r  a l l  w a v e -le n g th s . T h is p o s i ­

t io n  i s  o f te n  r a th e r  d i f f i c u l t  to  f in d  s in c e  the in t e n s i t y  

shown on th e  p la te  i s  v ery  s e n s i t i v e  to  th e  l e v e l l i n g  o f  

th e  r o ta t in g  s e c t o r  w h e e ls , the p o s i t io n  o f  the l i g h t  sou rce
<Uft.au tLttL

and to  d u st suspended in  the l iq u id  or^on th e  ends o f  th e  

c e l l s .  The sy s te m a tic  overcom ing o f  a l l  th e se  d i f f i c u l ­

t i e s  has been d e scr ib ed  by Gordon(2 4 ) . Having found th e  

z e r o -p o s i t io n ,  r ea d in g s  are taken  a s d e sc r ib e d  above. I t  

i s  a d v isa b le  to  c o n tr o l the c o r r e c tn e ss  o f  th e  adjustm ent 

by ta k in g  a photograph w ith  s o lv e n t  in  b oth  c e l l s  on every  

p la te .

P rep aration  o f  th e  S u b sta n ces.

The S an ton in s (C i5 %Q°3 ) used was su p p lie d  by the  

B r it i s h  Drug H ouses. The m e lt in g  p o in t  was checked and 

found to  be equal to  th a t  g iv en  in  the l i t e r a t u r e  (1 7 0 ° ) .

S an ton ic  Acid (C^gHgo^) was prepared accord in g  to  

the method o f  Abkin and Medvedev(25) by prolonged  b o i l in g  

o f  sa n to n in e  w ith  a sa tu r a te d  s o lu t io n  o f  Ba(0 H)2 * The 

r e f lu x in g  was stopped  as soon as a l l  the b ar iu m -san ton in a te  

had gone in to  s o lu t io n ,  which u s u a lly  took  l e s s  than 1 2  

hours (th e  d u ra tio n  o f  r e f lu x in g  in d ic a te d  by the a u th o r s ) .  

M oreover, the d is s o lv in g  o f  the crude a c id  in  sodium ca r ­

bonate s o lu t io n  and e x tr a c t io n  o f  th e  s o lu t io n  w ith  e th er  

was om itted  s in c e  sa n to n ic  a c id  ob ta in ed  by rep eated



c r y s t a l l i s a t i o n  o f  the crude a c id  from aqueous a lc o h o l was 

found to  be purer than sam ples o b ta in ed  a f t e r  e x tr a c t io n  

w ith  e th er .

S an ton id e and P arasanton id e were prepared by 

C anizzarro and V a len te* s o r ig in a l  method (26)  y by r e f lu x ­

in g  sa n to n ic  a c id  f o r  s e v e r a l  hours w ith  g l a c i a l  a c e t i c  

a c id  and -  a f t e r  d i s t i l l i n g  o f f  the l a t t e r  -  h e a tin g  th e  

r e s id u e  to  180° in  the c a se  o f  sa n to n id e  and 260-300° in  

th e  ca se  o f  p a ra sa n to n id e . P arasanton id e a t  t h i s  tem­

p era tu re  d i s t i l s  over i f  th e  p ressu re  i s  reduced  ( i t  even  

d i s t i l s  p a r t ly  a t  b arom etric  p r e s su r e ) ;  i t  d id  n ot appear 

to  be n e c e ssa r y  to  co n tin u e  th e  h e a t in g  f o r  four hours as 

recommended by th e  auth ors s in c e  th is  d id  n ot improve th e  

y ie ld .  The whole procedure o f  h e a tin g  and d i s t i l l i n g  

can be f in i s h e d  w ith in  1-J- h ou rs. The v isc o u s  d i s t i l l a t e  

i s  t r e a te d  w ith  a d i lu t e  s o lu t io n  o f  sodium carbonate and 

e th e r . A fte r  rem oving the e x c e ss  o f e th e r  the su b sta n ce  

was r e c r y s t a l l i s e d  from eth er  plus petroleum  e th e r  and l a t e r  

from petroleum  e th e r  s in c e  the lo s s e s  o f  m a te r ia l are too  

g r e a t  I f  th e  su b stan ce i s  r e c r y s t a l l i s e d  from e th er  (as  

was done by th e  a u th o r s ) . To o b ta in  a sam ple m e ltin g  a t  

1 1 0 .5 °  a t  l e a s t  10 r e c r y s t a l l i s a t io n s  are req u ired  w hich  

d im in ish  th e  y ie ld  co n sid er a b ly .

P arasan ton id e-im id e was o b ta in ed  by the a c t io n  o f  

gaseous ammonia on an a lc o h o lic  s o lu t io n  o f  p arasan ton id e



33 .

as d e sc r ib e d  by F ran cescon i (2 7 ) . M.p. 2 1 6 -2 1 7 ° .

P arasan ton ic  a c id  i s  formed by th e  a c t io n  o f  con­

c e n tr a te d  h y d ro c h lo r ic  a c id  on p a ra sa n to n id e  and r e c r y s t a l ­

l i s a t i o n  from w ater (2 8 ) .  M.p. 170°.

H ydrosantonic a c id  i s  prepared by red u cin g  sa n to n ic  

a c id  w ith  sodium amalgam (29^ aup. below  170° ( d e c . ) ,  and 

H ydrosantonide by the a c t io n  o f  g l a c i a l  a c e t i c  

a c id  on h y d ro sa n to n ic  a c id  in  a s e a le d  tub e a t  1 4 0 -1 5 0 ° .

(3 0 ) . M.p. 1 5 5 -1 5 6 °.

1-D esm otroposantonine (31) i s  form ed when san ton ­

in s  i s  s t i r r e d  w ith  50# su lp h u r ic  a c id  a t  5 0 -6 0 ° . M.p.. 194°.



EXPERIMENTAL RESULTS

A ). A bsorption  S p ectra .

As a p r e lim in a ry  to  th e  s tu d y  o f  th e  C otton e f f e c t  

the ab sorp tion  curves w ere in v e s t ig a t e d  in  order to  f in d  

out whether the su b sta n ce  has an a b so rp tio n  band w ith  

which th e  C o t to n -e f fe c t  may be con n ected . The p resen ce  

o f  a b so rp tio n  bands was t e s te d  q u a l i t a t i v e l y  by means o f  

the B aly tu b e. Where bands were p r e s e n t , the e x t in c t io n  

curves were measured q u a n t i t a t iv e ly  w ith  th e  r o ta t in g  

s e c to r  sp ectrop hotom eter.

P arasantonide (Table I ,  F i g . I ) .

The a b so rp tio n  spectrum  o f  p a ra sa n to n id e  in  

a lc o h o l ic  s o lu t io n  has two d e f in i t e  and w e ll- s e p a r a te d  

ab so rp tio n  bands; one has i t s  maximum ( i  = 1170) a t  

A = 2980 8 ; the o th e r  has a maximum o f  I  = 5000 a t  

A = 2320 X .  The f i r s t  band diows a s l i g h t  b u lge  in  

the reg io n  between A = 3130 8  and A  = 3190 8  in d ic a t in g  

th e  p resen ce  o f a su b s id ia r y  band. The corresp ond en ce  

between th e se  a b so rp tio n  bands and th e  chrom ophoric groups 

in  the m olecu le  w i l l  be d isc u sse d  more f u l l y  l a t e r .  I t  

may be m entioned here th a t  th e  w ave-len g th  o f  the maximum 

o f  the f i r s t  band i s  the same as t h a t  o f  k e to n ic  bands in  

h e a v ie r  organ ic  m o le c u le s :  th e  i n t e n s i t y ,  how ever, ex ceed s

th e ord inary  k e to n ic  a b so r p tio n  c o n s id er a b ly . The second  

band may be due to  one o f  the r in g -sy stem s in  th e  m o lecu le .



TABLE I .

A bsorption  Spectrum o f  P arasanton ide In A lcohol*

3
S o lu t io n  a)* 0*03232 g . In  100 cm . a lc o h o l,  1 = 1  cm.

s e c to r  read in g
c 7 l

x A
S ecto r  read

l o g  l / i 0 ’  t X(A)
1

S ec to r  read.
lo g  V-x  xo

€

3241 0 .3 228 2832 1 . 0 761
3217 0 .4 305 2797 0 .9 685
3202 0 .5 381 2783 0 . 8 609
3192 0 . 6 457 2763 0 . 7 633
3187 0 .7 533 2754 0 .6 457
3177 0 . 8 609 2673 0 .5 381
3164 0 .9 685 2626 0 .5 381
3132 1 . 0 761 2621 0 . 6 457
3117 1 . 1 837 2609 0 .7 533
3092 1 . 2 913 2600 0 . 8 609
3083 1 .3 990 2588 0 .9 685
3060 1 .4 1067 2578 1 . 0 761
3035 1 .5 1141 2568 1 . 1 837
2945 1 .5 1141 2566 1 . 2 913
2920 1 .4 1067 2558 1 .3 990
2902 1 .3 990 2556 1 .4 1067
2882 1 . 2 913 2546 1 .5 1141
2850 1 . 1 837

S o lu tio n  b ) .  0 *0227 g. in  1 0 0  cm^. a lc o h o l.

o
(A) S e c to r  read in g  £

2543 1 . 1 1192
2540 1 . 2 1300
2537 1 .3 1410
2530 1 .4 1518
2522 1 .5 1627



TABLE I (Contd. )

S o lu t io n  c ) .  0 .0113  g. in  100 cm^. a lc o h o l.

X (A) S e c to r  read in g €

2505 0 . 8 1732
2500 0 .9 1950
2480 1 . 0 2164
2476 1 . 1 2380
2469 1 . 2 2600

S o lu tio n  d ) . 0 .0 0 5 7  g . in  100
3

cm • a lc o h o l.

X(A) S e c to r  read in g L

2467 0 .7 3028
2436 0 . 8 3480
2406 0 .9 3896
2339 1 . 0 4350
239S 1 . 1 4760
2258 1 . 1 4760
2251 1 . 0 4350
2205 0 .9 3896
2194 0 . 8 3480
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The f a c t  th a t  th e  hydroxy a c id  corresp on d in g  to  the  

la c to n e  p arasan ton id e  does n o t show t h is  second band (see  

b e lo w ) , s u g g e s ts  that i t  i s  cau sed  by the la c to n ^ -r in g .

In order to  make f u l l  use of th e  accu racy  o f  the in stru m en t, 

d i f f e r e n t  s o lu t io n s  have to  be u sed . As th e  read in gs fo r  

c o n c e n tr a tio n s  vary in g  betw een /  = 0 .3232  g/L  and 0 .0 5 7  g/L  

l i e  on a con tin u ou s c u r v e , th e  ab sorp tion  does n o t seem to  

vary ap p rec iab ly  w ith  the c o n c e n tr a tio n .

S anton ide (Table I I ,  F i g . I I ) .

I t  i s  se en  from th e  graph th a t  th e  e x t in c t io n  

curve o f  sa n to n id e  i s  v ery  s im ila r  to  th a t  o f  parasan ton­

id e :  the two bands have t h e ir  maxima a t  a lm ost the same

w a v e-len g th s as th e  bands o f  p arasan ton id e . The f i r s t  

band has a maximum o f  t  j u s t  over 1 0 0 0  a t  A s  2980 2; 

fo r  the second = 5600 a t  A = 2280 2 . The b u lge  

betw een A = 3120 2 and A = 3190 2 can be ob served  a l ­

though n o t as c l e a r l y  as in  p a ra sa n to n id e . S in ce  san­

to n id e  has very  probably a lm ost the same c o n s t i t u t io n  as  

p arasan ton id e , th e  same assum ptions may be made as to  the 

correspondence between th e  chem ical groups and the bands.

P arasan ton id e-lm ld e (Table I I I ,  F i g . I I I ) .

The ab sorp tion  spectrum o f  parasanton ide-dm ide  

shows two bands l ik e  th e  sp e c tr a  o f  the two prev iou s com­

pounds; both  bands are a t  longer w a v e -len g th s  and more 

in t e n s e .  The band nearer to  the v i s i b l e  h as i t s  maximum



TABLE I I .

A bsorption  Spectrum o f  Santon ide in  A lc o h o l. 

S o lu t io n  a ) .  0 .0 3 4 0 /io o  cm.  ̂ 1 = 1  cm.

A (A) S e c to r read . £ A (A) S ec to r read , i

3270 0 , 1 7 2 .4 2843 0 .9 651
3243 0 . 2 145 2823 0 . 8 579
3233 0 .3 217 2793 0 .7 507
3202 0 .4 289 2766 0 . 6 434
3187 0 .5 362 2730 0 .5 362
3173 0 . 6 434 2707 0 .4 289
3163 0 .7 507 2643 0 .4 289
3130 0 . 8 579 2633 0 .5 362
3102 0 .9 651 2617 0 . 6 434
3083 1 . 0 724 2606 0 .7 507
3078 1 . 1 796 2601 0 . 8 579
3060 1 . 2 8 6 8 2598 0 .9 651
3037 1 .3 941 2589 1 . 0 724
2941 1 .3 941 2582 1 . 1 796
2917 1 . 2 8 6 8 2577 1 . 2 8 6 8
2879 1 . 1 796 2562 1 .3 941
2858 1 . 0 724

S o lu tio n  b ) . 0 .0 0 6 9  g. in  1 0 0  cm3 .

2588 0 . 2 713 2445 1 . 0 3565
2528 0 .3 1JD70 2435 1 . 1 3922
2508 0 .4 1426 2419 1 . 2 4278
2497 0 .5 1783 2404 1 .3 4635
2494 0 . 6 2034 2375 1 .4 4991
2477 0 .7 2542 2337 1 .5 5348
2467 0 . 8 2852 2 2 2 0 1 .5 5348
2455 0 .9 3205 2172 1 .4 4991



2600  2 f o 0 2-6oo 23oo 22.003 /0 0



3 6 .

a t  A = 3065 2 ( t  = 2 9 0 0 ), th e  o th er  a t  A = 2520 2 

( € = 7 6 7 0 ). Prom th e s im ila r  e le c t r o n ic  s tr u c tu r e  o f  

th e  k e to n ic  and th e  C = NH group i t  may be in fe r r e d  th a t  

th e  band a t  lo n g e r  w a v e-len g th s i s  the C = NH band: the

o th e r  band sh o u ld  be  th e  la c t c n ic  band as i n  p arasan ton id e  

and san ton id e*

P arasan tcn ic  A cid (Table IV , Fig*IV)

There i s  o n ly  one a b so rp tio n  band w ith  i t s  maximum 

I  = 57 a t  A = 2940 2 . Towards the sh o r t  w a v e-len g th  

end o f  th e  spectrum  th e a b so rp tio n  in c r e a se s  rea ch in g  

i  « 2 2 1  a t  A = 2224 2  (not s e a l  on  the grap h ). The f i r s t  

band i s  a t  sh o r te r  w a v e-len g th s than th e  corresp ond ing  band 

o f  p a ra sa n to n id e , b u t o n ly  l / 2 0  o f  i t s  in t e n s i t y .

S an ton ic  Acid (Table V, F ig .V )

I t  i s  s e e n  from F ig .V  th a t th e  a b so rp tio n  band o f  

sa n to n ic  a c id  i s  s im ila r  to th a t o f  p a ra sa n to n ic  a c id .

A s u b s id ia r y  band i s  in d ic a te d  by th e  shape o f  th e  ex­

t in c t io n  curve between A = 3020 2  and A = 3190 2 . This 

may be due to  the f a c t  th a t sa n to n ic  a c id  has two k e to n ic  

grou p s, one o f  which i s  conjugated w ith  a double bond 

C ss G whereas th e  o th e r  one l i e s  3n a sa tu r a te d  r in g .

Hence th e y  sh ou ld  not be exp ected  to l i e  a t  th e  same w ave-
v o

le n g th s . The maximum o f  the band i s  at A  = 2920 A,



TABLE I I I .

A b sorption  Spectrum of P arasan ton id e- im ide in  A lco h o l.

S o lu t io n a) . 0 .0 0 9 3  g. in
3

1 0 0  cm • a lc o h o l. 1 = 1  cm.

A (A) S ector* read . £
Q)

A^)Sector read , i

3321 0 . 1 264 2910 0 .7 1843
3289 0 . 2 527 2883 0 . 6 1580
3270 0 .3 791 2842 0 .5 1319
3268 0 .4 1055 2802 0 .4 1055
3266 0 .5 1319 2773 0 .4 1055
3235 0 . 6 1580 2734 0 .5 1319
3226 0 .7 1843 2732 0 . 6 1580
3183 0 . 8 2105 2726 0 .7 1843
3169 0 .9 2370 2721 0 . 8 2105
3134 1 . 0 2635 2706 0 .9 2370
3076 1 . 1 2900 2702 1 . 0 2635
3054 1 . 1 2900 2700 1 . 1 2900
2988 1 . 0 2635 2697 1 . 2 3160
2958 0 .9 2370 2687 1 .3 3430
2936 0 . 8 2105 2683 1 .4 3690

S o lu t io n  b ) . 0 .0 0 4 7  g. in  1 0 0  cm^. a lc o h o l.

2689 0 . 8 4220 2560 1 .4  , 7390
2676 6 .9 4750 2483 1 .4 7390
2651 1 . 0 5270 2442 1 .3 6850
2640 1 . 1 5800 2359 1 . 1 5800
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TABLE IV.

A bsorption  Spectrum o f  P arasan ton ic  A cid in  A lco h o l.

S o lu t io n a ) . 1 .0 7 4  g . in  100
3

cm . 1 = 1  cm.

Q
A ( A )  S e c to r read .

©
A(/\) S ec to r  read .

3268 0 . 2 4 .9 2750 1 .3 3 2 .0
3238 0 .3 7 .4 2732 1 . 2 2 9 .6
3220 0 .4 9 .8 2712 1 . 1 2 7 .0
3199 0 .5 1 2 .3 2697 1 . 0 2 4 .6
3183 0 . 6 1 4 .8 2675 0 .9 2 2 . 2

3173 0 .7 1 7 .2 2657 0 . 8 1 9 .7
3163 0 . 8 1 9 .7 2627 0 .7 1 7 .2
3152 0 .9 2 2 . 2 2577 0 .7 1 7 .2
3135 1 . 0 2 4 .6 2530 0 . 8 19* 7
3134 1 . 1 2 7 .0 2509 0 .9 2 2 . 2
3117 1 . 2 2 9 .6 2487 1 . 0 2 4 .6
3107 1 .3 3 2 .0 2483 1 . 1 2 7 .0
3087 1 .4 3 4 .4 2473 1 . 2 2 9 .6
3060 1 .5 3 6 .9 2466 1 .3 3 2 .0
2783 1 .5 3 6 .9 2452 1 .4 34 .4
2766 • 1 .4 3 4 .4 2437 1 .5 3 6 .9

S o lu t io n  b ) . 0 .5 3 7  g . in  100 3cm •

3083 0 . 8 3 9 .4 2448 0 . 8 3 9 .4
3038 0 .9 4 4 .2 2426 0 .9 4 4 .2
3024 1 . 0 4 9 .2 2406 1 . 0 4 9 .3
3002 1 . 1 5 4 .1 2393 1 . 1 5 4 .1
2865 1 . 1 5 4 .1 2374 1 . 2 5 9 .0
2842 1 . 0 4 9 .3 2363 1 .3 6 4 .0
2796 0 .9 4 4 .2 2348 1 .4 6 8 .9
2760 0 . 8 3 9 .4



TABLE V.

A b sorption  Spectrum o f  S an ton ic  A cid  in  A lc o h o l. 

0  0 0 ^+* 1»» iOOcm

S e c to r
read in g  £

3303 0 .1  4 .4
3222 0 .2  8 .7
3192 0 .3  13.1
3134 0 .6  26.2
3097 0 .7  30.5
3022 0 .8  34.8
2968 0 .9  39 .2
2862 0 .9  39.2
2804 0 .8  34.2
2759 0 .7  30.5
2701 0 .6  26.2
2590 0.3- 13.1
2438 0 .3  13.1
2389 0 .6  26.2
2378 0 .7  30.5
2355 Q.8 34.2
2348 0 .9  39.5
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i  = 41* The su b s id ia ry  band seems t o  have i t s  maximum 

in  the neighbourhood o f  X = 3100 &. The m easurem ents, 

how ever, were not in  -this case  s u f f i c i e n t l y  accu ra te  so as 

to  a llow  o f  c o n c lu s io n s  based on d e t a i l s  in  the shape o f  

th e  a b so rp tio n  cu rv e: the cu rve  was o n ly  record ed  in  order

to  a s s e r t  th e  ord er  of m agnitude o f  th e  i n t e n s i t y  o f  the  

band.

Santonine (Table V I, P ig .V I)

Although th e  ab so rp tio n  spectrum  o f  sa n to n in e  

i t s e l f  has been measured by Gomez ( 3 2 ) ,  i t  was n e c essa ry  

to  measure i t  anew s in c e  th e  r e s u l t s  o f  th e  Spanish  

author were not a c c e s s ib le  and th e  e x t in c t io n  o f  san ton ­

in e  in  th e  u l t r a - v i o l e t  i s  v a lu a b le  fo r  th e  d is c u s s io n  o f  

th e  p r o p e r tie s  o f  th e  sa n to n in e  d e r iv a t iv e s .  In P ig .V I  

lo g  i  (n o t l  as i n  the o th er  graphs) i s  p lo t te d  a g a in s t  

the w a v e - le n g th s , so th a t  b o th  bands can be shown on th e  

same graph. As in  the ca se  o f  the iso m er ic  la c to n e s  

d escr ib ed  above, two bands are ob served : th e r e  a r e , how­

e v e r , co n sid er a b le  d i f f e r e n c e s .  The i n t e n s i t i e s  o f  th e  

two bands are  of d i f f e r e n t  ord er  o f  m agnitude; t h e ir  

maxima are s h if t e d  towards the v i s i b l e  r e g io n : both bands

are much more d i f fu s e  and con seq u en tly  l e s s  d i s t i n c t  from  

one a n o th er . I t  i s  seen  on F ig .V I th a t th e  band in  the  

near u l t r a - v io l e t  has n o t  even a d e f i n i t e  maximum but
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jo in s  on so c lo s e ly  to  th e  second, band th a t  th ere  i s  no 

minimum se p a r a tin g  them. The a b so rp tio n  s t a r t s  i n  th e  

v i s i b l e  (sa n to n in e  i s  decomposed by l i g h t  through the  

w a lls  o f  g la s s  v e s s e l s )  and r e a c h e s  l  = 6  a t  A = 3800 2 ,  

th en  th e  cu rve in c r e a s e s  alm ost l in e a r l y  up to  t  = 4 0 .1  

a t  A = 3328 2 . There i s  a t t h i s  p o in t  a m aiked f a l l  in  

th e  s lo p e  of the cu rv e: th e  ab sorp tion  remains a lm ost con-

stan d  down to  A » 3031 2 ,  I = 4 5 .9 .  This e f f e c t  must 

be c o n sid ered  a s caused  by th e  k e to n ic  ab sorp tion  band in  

t h i s  r e g io n . Below A = 3031 2  th e  a b so rp tio n  s tr o n g ly  

in c r e a s e s  up to  a maximum o f  t  = 9920 a t  A s  2370 2 .

The spreadin g  o f  the a b so rp tio n  towards the v i s i b l e  i s  

probably due to  th e  f a c t  th a t  in  sa n to n in e  the k e to n ic  

group i s  embedded in  t h e  conju gated  system  -CH=CH-CO-CH=CH-; 

i t  i s  known th a t  conju gated  double bonds te n d  to  s h i f t  th e  

ab so rp tio n  towards the lo n g  w aves. As to  the band w hich  

i s  assumed to  be the la c t o n ic  on e , i t  i s  n o t ic e d  th a t  i t  

too  spreads much fu r th e r  towards the v i s i b l e  than th e  

analogous bands o f  th e  two o th er  la c to n e s  and th a t i t  i s  

much more in te n s e . The f a c t  th a t  changes in  th e  concen­

t r a t io n  cause breaks in  th e  e x t in c t io n  curve (shown on the  

graph) in d ic a te s  th a t  in  th e  c a se  o f  sa n to n in e  th ere  i s  a 

dependence o f  th e  ab sorp tion  c o e f f i c i e n t  on th e  con cen tra­

t io n .



TABLE VI.

A b sorption  Spectrum o f  S an ton in e in  A lco h o l.

S o lu t io n  a ) . 0 .4294 g. in 1 0 0  cm^.

M b -
S e c to r
read in g I lo g  £ A ca) S e c to r

read in g £ lo g  t

3736 0 . 1 5 .7 3 0 .7 6 3019 0 .9 5 1 .5 1 .7 1
3556 0 . 2 1 1 .5 1 .0 6 2997 1 . 0 5 7 .3 1 .7 6
3501 0 .3 1 7 .2 1 .2 4 2995 1 . 1 6 3 .0 1 .8 0
3454 0 .4 2 2 .9 1 .3 6 2985 1 .3 6 8 . 8 1 .8 4
3380 0 .5 2 8 .7 1 .4 6 2976 1 .3 7 4 .5 1 .8 7
3355 0 . 6 3 4 .4 1 .5 4 2970 1 .4 8 0 .2 1 .9 0
3328 0 .7 4 0 .1 1*60 2967 1 .5 8 6 . 0 1 .9 3
3031 0 * 8 4 5 .9 1 . 6 6

S o lu t io n  b ) . 0 .1540 g. in  1 0 0 cm3 .

2957 0 .5 96 1 .9 8 2925 1 . 0 176 2 .2 5
2947 Q’m)6 1 1 2 2 .0 5 2919 1 . 1 192 2 .2 8
2944 0 .7 128 2 . 1 1 2918 1 . 2 208 2 .3 2
2934 0 . 8 144 2 .1 6 2916 1 .3 224 2 .3 5
2927 0 .9 160 2 . 2 0 2911 1 .4 239 2 .3 8

S o lu t io n  c ) . 0 .02976 g . in 1 0 0 0  cm3.

2558 0 .9 7450 3 .8 7 2360 1 . 2 9920 4 .0 0
2503 1 . 0 8270 3 .9 2 2319 1 . 1 9100 3 .9 6
2449 1 . 1 9100 3 .9 6 2305 1 . 0 8270 3 .9 2
2377 1 . 2 9920 4 .0 0 2283 ' 0 .9 7450 3 .8 7

2919 0 . 1 827 2 .9 2 2731 0 .5 4130 3 .6 2
2829 0 . 2 1650 3 .2 2 2689 0 . 6 4960 3 .7 0
2777 0 .3 2480 3 .3 9 2660 0 .7 5780 3 .7 6
2741 0 .4 3310 3 .5 2 2631 0 . 8 6610 3 .8 2
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TABLE V II .

A bsorption  Spectrum ofLD esm otroposantonine in  A lcohol*

S o lu t io n  a ) . 0 .0092
3

g . in  1 0 0  cm .

A  d ) S e c to r read . £ \ ( A ) S ec to r  read . £

3011 0 . 1 268 2737 0 .4 1070
3005 0 . 2 535 2718 0 .3 803
2995 0 .3 803 2670 0 . 2 535
2988 0 .4 1070 2621 0 . 1 268
2975 0 .5 1340 2417 0 . 1 268
2968 0 . 6 1605 2402 0 . 2 535
2963 0 .7 1870 2383 0 .3 803
2944 0 . 8 2140 2377 0 .4 1070
2923 0 .9 2410 2372 0 .5 1340
2809 0 .9 2410 2361 0 . 6 1605
2788 0 . 8 2140 2357 0 .7 1870
2774 0 .7 1870 2349 0 . 8 2140
2767 0 . 6 1605 2344 0 .9 2410
2749 0 .5 1340

S o lu t io n  b ) . 0 .0 0 4 6  g. i n  1 0 0  cm3 .

2998 0 . 2 1070 2341 0 . 6 3210
2964 0 .3 1605 2332 0 .7 3840
2946 0 .4 2140 2324 0 . 8 4280
2824 0 .4 2140 2314 0 .9 4810
2774 0 .3 1605 2312 1 . 0 5350
2715 0 . 2 1070 2304 1 . 1 5880
2400 0 . 2 1070 2298 1 . 2 6420
2378 0 .3 2605 2288 1 .3 6950
2362 0 .4 2140 2273 1 .4 7490
2350 0 .5 2675 2242 1 .5 8020
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1-D esm otroposantonine (Table V II , F ig*V II)

Only one com p ara tive ly  sharp and in te n s e  a b so rp tio n  

band was ob served  in  th e  a b so rp tio n  spectrum  o f .l -d e s m o -  

tro p o sa n to n in e . I t  has i t s  maximum L = 2500 a t  A  =

2865 8 . This band i s  sep a ra ted  by a v ery  low minimum 

from th e  r a p id  r i s e  o f  the e x t in c t io n  curve towards the  

far  u l t r a - v io le t *  The shape o f  the curve in d ic a t e s  th a t  

£ ss 8020 A  = 2241 8  i s  ju s t  below th e  maximum o f  a 

second a b so rp tio n  band corresp ond ing  to  the " la c to n ic"  

ab so rp tio n  band o f  th e  la c to n e s  d escr ib ed  above. The 

a b so rp tio n  band a t  2865 8 i s  n o t  a k e to n ic  a b so rp tio n
i

band fo r  th ere  i s  no -C=0 group in  the m o lec u le . I t  must 

be a t tr ib u te d  to  th e  p h e n o lic  r in g  which i s  p r e se n t:  both

i n t e n s i t y  and p o s i t io n  o f  the band seem to  confirm  t h is  

assum ption . The f a c t  th at th e  o th e r  band has moved t o ­

wards the s h o r t  w a v e-len g th s beyond the range o f  the  

spectrop hotom eter i s  exp la in ed  by  th e  p resen ce  o f  the  

arom atic r in g  w hich s t a b i l i s e s  th e  s tr u c tu r e  o f  the m ole­

cule*

B)* R otatory  D isp e r s io n s .

P arasantonlde (Table V III , P ig s .V I I I  & IX)

The r o ta to r y  d is p e r s io n  o f  p arasan ton id e  in  th e  

v i s i b l e  has been measured by N a sin i (3 3 ) . H is r e s u l t s  

are in c lu d e d  in  F ig * V III , in  th e  r e g io n  betw een A  = 6870 8



TABLE V I I I .

R otatory  D isp e r s io n  o f  P arasanton ide in the U ltra - V io le t

S o lu t io n a ) .

in  A lco h o l. 

0 .3 2 3 2  g . in  100 cm^. 1 = 1  cm.

U a ) ot M \CA) oc W

4063
4034
3920
3719

1 .3 0 °
1 .5 0
1 .7 0
2 .1 0

4 022°
4641
5260
6497

3647
3575
3521
3485

2 .3 0 °
2 .5 0
2 .7 0
3 .1 0

7116°
7734
8354
9592

S o lu t io n  h ) . 0 .0 4 5 3  g . in  100 cm3 .

\ C A ) oc [ « ] k d ) a t o

3350 0 .7 0 ° 15500 0 3193 1 .40° 31090°
3262 1 .1 0 24430 3178 1 .3 5 29980
3257 1 .3 0 28870 3172 1 .3 0 28870
3248 1 .3 5 29980 3117 1 .1 0 24436
3234 1 .4 0 31090 3059 0 .7 0 15550

S o lu tio n CK 0.0324  g. in  100 cm3 .

k CA) Oc 0 O A (A) oc

3042 0 .4 5 ° 13890° 2859 -1 .0 5 ° -32400°
2941 -0 .3 5 -10800 2846 -1 .1 0 -33950
2902 -0 .7 5 -23150 2699 -1 .1 0 -33950
2899 -0 .8 5 -26230 2631 -1 .0 5 -32400
2878 -0 .9 5 -29320 2575 -0 .9 5 -29320
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and 4226 2 . The d is p e r s io n  curve record ed  by N a s in i  

( in  CHClg s o lu t io n )  i s  seen  to  jo in  on sm oothly to  th e  

curve o b ta in ed  wi th  th e  u l t r a - v i o l e t  p o la r im eter  in  s o lu ­

t io n s  o f  th e  su b stan ce i n  a lc o h o l. F ig . IX shows th e  

r o ta to r y  d is p e r s io n  i n  th e  u l t r a - v i o l e t ;  the s lo p e  in ­

c re a se s  s t e a d i ly  and becomes alm ost v e r t i c a l  b efore  reach ­

in g  the maximum o f  [<*] «= 3 2 ,0 0 0 °  a t  A = /3 2 1 0  2 ; th ere

i s  a r e v e r s a l  o f  s ig n  o f  the r o ta t io n  ( [<*] = 0°) a t  =
o , o

2980 A and th e  r o ta t io n s  f a l l  to a minimum o f  L°0 = -3 5 ,0 0 0

a t A = 2750 2 . The read in gs could  n o t be extended beyond

this r eg io n  s in c e  the a b so rp tio n  o f  th e  second band i s  to o

stro n g  to  tra n sm it s u f f ic i e n t  l i g h t ;  even in  the reg io n

o f  th e  f i r s t  band exposures up to  one hour had to  be g iv en

owing to  the sm all transparency o f  the substance* I t

appears from Table V III th a t  th e  s p e c i f i c  r o ta t io n  does n o t

vary  a p p re c ia b ly  w ith  th e  s tr en g th  o f  th e  s o lu t io n ;  a l l

the s p e c i f i c  r o ta t io n s  measured in  d i f f e r e n t  s o lu t io n s  can
♦

be c o l l e c t e d  in to  a anootb curve. P arasantonide i s  

s lo w ly  decomposed by the l i g h t  o f  th e  ir o n -a r c  (th e  r o ta ­

t io n  o f  an a lc o h o l ic  s o lu t io n  d ecrea ses  in  th e  course o f  a 

few h o u rs );  i t  was, th e r e fo r e , n ecessary  to su p p ly  the  

c e l l  w ith  f r e s h  s o lu t io n s  during th e  exposure by means o f  

th e  arrangem ent d escrib ed  on p* •

The ro ta to ry  d is p e r s io n  o f  parasan ton ide in  th e  

U lt r a - v io le t  i s  a s t r ik in g  example o f  a C o tto n -e f fe c t



TABLE IX.

R otatory  D isp e r s io n  o f  Santon lde In  the U ltr a -V io le t

S o lu t io n  a ) .

in  A lco h o l. 

0 .4 0 3 0  g. in  100 3cm • 1 = 1 cm.

A ( A ) OC [ofj A ( 4 ) CX M

3924 1 .2 0 ° 2978° 3555 2 .8 0 ° 6949°
3776 1 .6 0 3970 3451 3 .6 0 8933
3660 2 .0 0 4963 3360 5 .2 0 12900

S o lu t io n  h ) . 0 .0 4 1 6  g . in  100 cm3 .

A ( A ) OC M \ ( 4 ) oc C « J  .
3307 0 .6 5 ° 15630° 3100 0 .8 5 ° 20430°
3292 0 .7 5 18030 3075 0 .7 5 18030
3274 0 .8 5 20430 3059 0 .6 5 15630
3263 0 .9 0 21630 3000 0 .0 5 1230
3262 0 .9 5 22830 2957 -0 .4 5 -10800
3248 1 .0 0 24040 2807 - 1 .2 0 -28850
3158 1 .0 0 24040 2782 - 1 .2 5 -30050
3148 0 .9 5 22820 2719 -1 .2 5 -30050
3126 0 .9 0 21630

S o lu t io n  c ) . 0 .0 3 4 0  g . in  100 cm3.

X  M ) « [°0 A t b a

2945 - 0 .4 0 ° -11770° 2864 -0 .8 0 ° -23540°
2895 -0 .7 0 -20590 2644 -0 .9 0 -26470
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4 1 .

i o
con n ected  w ith  th e  a b so rp tio n  band a t  A = 2980 A. The 

maxima and minima o f  the curve rep resen t th e  h ig h e s t  

s p e c i f i c  r o ta t io n s  measured i n  homogeneous s o lu t io n  up to  

now.

Santon ide (TAble IX, F ig s . V III <Sc X)

The r o ta to r y  d is p e r s io n  o f  sa n to n id e  resem b les  

c lo s e ly  the r o ta to r y  d is p e r s  ion  o f  p a ra sa n to n id e ; the  

v i s i b l e  p a r t (measured by N a s in i ( 3 3 )  i s  seen  on F ig .V I I I ) .  

The v a lu e s  measured w ith  the u l t r a - v io l e t  p o lar im eter  are 

in  good agreem ent w ith  th e  r e s u l t s  o f  N a sin i fo r  the  

neighb ourin g  r eg io n  in  the b lu e . P o s i t iv e  and n e g a tiv e  

maxima o f  th e  d isp e r s io n  curve as w e ll  as th e  r e v e r sa l  o f  

s ig n  a l l  o ccu r  at th e  same w ave-len gth s as In p arasan ton id e . 

The extrem a, how ever, are co n sid era b ly  low er: th e  maximum

t°o = 2 5 ,0 0 0 ° , the minimum M  = -3 ip 0 0 ° . The very  

s te e p  f a l l  from th e  p o s i t iv e  maximum to the lo n g e r  waves 

i s  a l s o  observed in  t h is  c a s e . The v a r ia t io n  o f  the  

s p e c i f i c  r o ta t io n  w ith  th e  c o n cen tra tio n  i s  n o t a p p re c ia b le . 

The r ea d in g s  taken f o r  the region  near th e  v i s i b l e  are  

recorded  in  F ig .V I I I .

P arasanton id e-im id e (T able X, F ig .X I)

The tran sp aren cy  o f  p arasan ton id e-im id e  b e in g  much 

sm a ller  .than the tran sp arency  o f  the two fo r e g o in g  sub­

s ta n c e s  (se e  p .3 5 ) ,  the ro ta to ry  d is p e r s io n  cou ld  n o t be



4 2 .

measured to  th e  same degree o f accu racy . The r e a d in g s ,  

how ever, a r e  s u f f i c i e n t l y  r e l i a b l e  to  a sc e r ta in  th a t  th e  

n e g a tiv e  maximum w ith  [o(] = 5 1 ,0 0 0 °  A = 2800 A s tr o n g ly  

exceed s th e  corresp on d in g  v a lu e  o f  p a ra sa n to n id e . The 

r e v e r s a l  o f  s ig n  i s  a tA * 3 !f)0  2 (th e  maximum o f  the ab­

so r p tio n  band o ccu rs a t A = 3065 2) and th e  p o s i t iv e

maximum L°0 3 4 ,0 0 0  a t  A* 3280 2. The f a l l  o f  the d i s ­

p e r s io n  curve towards the v i s i b l e  was n ot measured s in c e  

the su b sta n ce  i s  n ot e a s i ly  prepared  in  q u a n t it ie s  as r e ­

qu ired  to make up stron g  s o lu t io n s  (as would be n e c e ssa r y  

fo r  th e  r e g io n s  o f  sm a lle r  r o ta t io n )  and as i t  was thought 

-  by an alogy  w ith  th e  cu rves o f sa n to n id e  and p arasan ton ide  

th a t  th e s e  r e g io n s  would not be o f  any p a r t ic u la r  i n t e r e s t .  

The same a p p lie s  to  measurements in  th e  v i s i b l e  reg io n .

(La] = 1135° a t A = 5893 2 .)

S a n to n in e , P arasanton ic  A cid , San ton ic  A cid .

H ydrosantonide and 1-D esm otroposantonine.

A lthough the ab so rp tio n  in  the reg io n  about A = 

3000 2 in  th e  f i r s t  three compounds i s  much weaker than in  

th e  la c to n e s  d escr ib ed  above, th e  r o ta to r y  d isp e r s io n  cou ld  

n o t be record ed  in  th e  ab sorb ing  reg io n s s in c e  the r o ta t io n s  

are too  sm all to  be measured through th e  bands.

The r o ta to ry  d is p e r s io n  o f  hydro sa n to n id e  was 

measured in  th e  v is ib le  in  o rd er  t o  f in d  ou t whether t h i s



TABLE X.

R otatory  D isp e r s io n  o f P arasanton id e-Im ide In A lco h o l.

3
S o lu t io n  a ) .  0 .0 1 8 7  g. in  100 cm .

X c A ) ot w A OC w

3381 0 .5 5 ° 29400° 3212 0 .55° 29400°
2788 -0 .9 5 -50800 2807 -0 .9 5 -50800

S o lu t io n  b ) . 0 .0140  g. in  100 cm^.

A M ) OC A oc

3345 0 . 4JiP 32200° 3034 - 0 .2 ^ -17900°
3218 0 .4 5 32200 2740 -0 .6 5 -46500
2912 -0 .5 5 -39400



JJ' f O 3407? 3300 3 ZOO 3100 3C CO <-*o o Z7ec
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la c to n e  b e lon gs to  the s t r o n g ly  r o ta t in g  compounds o f  the  

sa n to n in e  group: t h i s  i s  n o t the ca se  as [oc] = 2 5 8 ° ,

= 290°. No attem pt was th e r e fo r e  made to  measure4(00/1
th e  r o ta to iy  d is p e r s io n  in  th e  u l t r a - v i o l e t .

The r o ta to r y  d isp e r s io n  o f  1 -desm otrop osan ton in e  

in c r e a se s  from ] = 1 0 1 .5 ° ,  A = 6800 A to  (orj = 2 0 1 .5 ° ,  

a t  A  = 5100 &. The ab sorp tion  i n  the u l t r a - v i o l e t  i s  

too  s tr o n g  to  a llo w  -ef th e  meas ir erne n t o f  th e  r o ta t io n .

C ircu lar  D ichroism .

P arasanton ide (Table XI ,  F ig .XII )

In s p i t e  o f  th e  stro n g  a b so r p tio n , the c ir c u la r  

dich ro ism  cou ld  be measured through the band: th e  e l l i p ­

t i c !  t y  rea d in g s amounted up to  <x = 1 .5 0 ° . This i s  due 

to  t h e  e x c e p t io n a lly  h ig h  m lu e s  o f the c ir c u la r  d ichroism  

= 3 6 .8  a t  A  = 3020 This i s  the h ig h e s t

v a lu e  measured in  is o t r o p ic  so lu t io n s  so  fa r . The

curve i s  not sym m etrical but ra th er  s te e p e r  towards the  

lo n g  w a v e-len g th  s id e .  I t  i s  in t e r e s t in g  to  note th a t  

h ere  th e  d if fe r e n c e  o f  th e  ab sorp tion  c o e f f i c i e n t s  fo r  

le f t -h a n d e d  and r igh t-h an d ed  c ir c u la r ly  p o la r is e d  l i g h t  i s  

o f  th e  same magnitude a s  the absorption  c o e f f i c i e n t  

( i =s ) o f  an ord inary  k e to n ic  band ( e . g . , a ceton e  or

camphor). The sn iso tr o p y  fa c to r  g = i s  recorded

in  th e  f i f t h  an^ column o f  Table XI: i t  i s  n o t  con­

s ta n t  throughout th e  band as i t  sh ou ld  be -  accord ing to



TABLE XI.

C ir c u la r  D ichroism  and A n isotrop y F actor  o f P arasanton ide

in  A lco h o l.

0 .0 3 2 3  g . in  100 cm3 .

A ( h

3257 0 .4 0 ° 9 .2

3234 0 .6 0 1 3 .9 280 0 .0 5 0

3205 0 .8 0 1 8 .5 410 0 .0 4 5

3175 1 .0 0 2 3 .1 610 0 .038

3148 1 .2 0 2 7 .7 735 0 .0 3 8

3100 1 .4 0 3 2 .3 885 0 .037

3091 1 .5 0 3 4 .6 935 0 .0 3 7

2941 1 .5 0 3 4 .6 1140 0 .0 3 0

2892 1 .4 0 3 2 .3 975 0 .0 3 3

2846 1 .2 0 27 . 7 820 0 .0 3 4

2762 1 .0 0 2 3 .1 560 0 .041

2706 0 .8 0 1 8 .5 439 0 .0 4 2

2642 0 .6 0 1 3 .9 382 0 .0 3 6
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Kuhnfs th eo ry  -  fo r  sim p le  a b so rp tio n  bands. W hile b e in g  

app roxim ately  co n sta n t in  the m iddle o f  th e  band, i t  i s  

ir r e g u la r  towards i t s  ed ges. The a n is o tr o p y -fa c to r  i s  

stro n g  though n o t  e x c e p t io n a lly  h ig h . J  * 0 .0 3 7 .

Santon ide (Table X II , F ig .X IIJ )

The c ir c u la r  d ich ro ism  curve o f  sa n to n id e  has a
V o

maximum ( £e - £ ) = 27 a t A = 3000 A . The band i s
•VM«UC

ra th er  narrow and th e  s te e p e r  s id e  l i e s  towards th e  fa r  

u l t r a - v i o l e t .  Owing to  i t s  narrowness th e  curve cannot 

e a s i l y  be approxim ated t o  by Gauss*s error  curve fre -O -  

= e  a lth ou gh  t h i s  form ula i s  a s a t i s f a c t o r y

approxim ation to  m ost measured c ir c u la r  d ich ro ism  cu rves.

The a n is o tr o p y -fa c to r  i s  f a i r l y  co n sta n t in  th e  m iddle o f  

th e  band but f a l l s  towards th e  sh ort w a v e-len g th s ^ = 0 .0 3 .

P arasan ton id e-im id e (Table X III , F ig .X I V )  

Although t h i s  was not tru e  fo r  th e  measurements 

o f  th e  r o ta to r y  d is p e r s io n , th e  c ir c u la r  d ich ro ism  o f  

p a ra sa n to n id e -im id e  could be measured w ith  th e  same accu racy  

as th a t  o f sa n to n id e  or para§anton ide. The read in gs  

amounted up to  1 .2 5 ° . The maximum = 58 fo r  A =

3040 I t  i s  ev en  h in d er  than the c ir c u la r  d ich ro ism

o f  p a rasan ton id e . The a n iso tro p y  fa c to r  i s  v ery  ir r e g u la r ,  

as can b e  seen  from Table X III .



TABLE X II.

C ir cu la r  D ichroism  and A n isotrop y  F a cto r  o f  San ton id e in

A lc o h o l.
0 .0416  g . in  100 cm3 .

X ( A )  <x ( t - e *  €

3222 0 .3 5 ° 6 .3 200 0 .0 3 2

3197 0 .5 5 9 .9 310 0 .0 3 2

3178 0 .8 5 1 5 .2 405 0 .0 3 8

3162 0*95 1 7 .0 472 0 .0 3 5

3134 1*05 1 8 .8 565 0 .0 3 3

3100 1 .2 5 2 2 ,4 670 0 .033

3083 1 .3 5 2 4 .2 755 0 .032

2912 1 .3 5 2 4 .2 861 0 .0 2 8

2874 1 .2 5 2 2 .4 760 0 .030

2859 1 .0 5 1 8 .8 705 0 .0 2 7

2852 0 .9 5 1 7 .0 680 0 .0 2 5

2846 0 .8 5 1 5 .2 660 0 .0 2 3

2826 0 .5 5 9 .9 590 0 .0 1 7



3 0
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TABLE X III.

C ir cu la r  D ichroism  and A n isotrop y F a cto r  o f  P arasanton id e

im ide in  A lco h o l.

0 .0 1 4 0  In 100 cm3 .

A (A) «  U-(a (■

3345 0 .2 5 ° 1 3 .2 5

3325 0 .4 5 2 3 .8 470 0 .0 5 1

3292 0 .6 5 3 5 .0 520 0 .0 6 7

3235 0 .8 5 4 5 .1 1620 0 .0 2 8

3100 1 .0 5 5 5 .7 2800 0 .0 2 0

2953. 1 .0 5 5 5 .7 2360 0 .0 2 5

2892 0 .8 5 4 5 .1 1630 0 .0 2 8

2828 0 .6 5 3 5 .0 1220 0 .029

2731 0 .4 5 2 3 .8 1380 0 .0 1 7
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The Chemistry o f  the Santonine Group.

In  o rd e r  to  he  able to  d isc u ss  th e  o p t i c a l  p ro ­

p e r t i e s  o f  san ton ine  and some of i t s  d e r iv a t iv e s ,  a 

sh o r t  summary o f  t h e i r  chemical p ro p e r t ie s  and c o n s t i ­

tu t i o n  -  as f a r  as i t  i s  known - w i l l  be u s e fu l .

Most of the work on th e  chem istry of san tonine 

and i t s  d e r iv a t iv e s  has been c a r r ie d  o u t  by Can**iszarro 

and h is  p u p ils  in  the second h a l f  of l a s t  century. Al­

though these  I t a l i a n  au th o rs  were n o t  ab le  to  e s t a b l i s h  

th e  c o r re c t  formula of santonine and san tonic  ac id , 

t h e i r  thorough resea rch  on th e  p roperties  and transmu­

ta t io n s  of the  many d e r iv a t iv e s  of san tonine was funda­

m ental f o r  the  l a t e r  in v e s t ig a t io n s  in  t h i s  f i e l d .

The d iscovery  of th e  unusually  e leva ted  r o ta t io n s  of some 

of the  compounds of th e  group i s  a lso  due to  them.

Various formulae have been suggested  f o r  santon­

in e  by Can»izzarro and Q-ucci (34), Francesconi (35), 

Wedekind (36) and o th e rs .  But i t  was on ly  in  1930 th a t  

Clemo, Haworth and Walton (37) and Clemo and Haworth (38) 

succeeded in  proving a formula agree ing  w ith  a l l  chemical 

p ro p e r t ie s  of san ton ine  ( I ) .  I t  i s  a k e to - la c to n e  de­

r iv ed  from te trahydronaph thalene . Santonine forms an 

oxime when t r e a t e d  w ith  hydroxylamine hyd roch lo ride . 

Action of a c id  transform s i t  in to  desmotroposantonine 

( I I ) :  th e re  i s  a tendency on the p a r t  of the
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Q.H=CH-CO-CH=CH to  change over to th e  en o lic  form which 

invo lves the  change to  th e  s ta b le  arom atic s t r u c tu r e  of 

the  u n sa tu ra te d  r in g .  Acted on by a lk a l i  san ton ine  

forms s a n to n in ic  acid  ( I I I ) ,  th e  hydroxy ac id  correspond­

ing to  the  la c to n e .  The acid i s  u n s ta b le  in  n e u t ra l  and 

ac id  so lu t io n s  where san tonine i s  formed spontaneously . 

Prolonged h ea t in g  w ith  a l k a l i  causes m igra tion  of the  

double bonds and g iv e s  r i s e  t o  th e  form ation  of san ton ic  

ac id  ( IV):  from th e  l a t t e r ,  san ton ine  cannot be recovered .

I t  i s  a d ik e to -c a rb o x y lic  a c id  and g iv es  - according to  

the  c o n d it io n s  -  a monoxime o r  a dioxime by the a c t io n  of 

concen tra ted  su lp h u r ic  a c id  - a la c to n e  - m etasantonide - 

i s  ob ta ined  to which formula (VI) was assigned  (39).

Proof f o r  i t  i s  the f a c t  t h a t  i t  can be  reduced (Zn + 

ac id )  to  th e  la c to n e  hydrosantonide which i s  id e n t i c a l  

w ith  th e  la c to n e  o b ta in ed  from hy iro  san ton ic  a c id  (which 

i s  formed by th e  red u c t io n  o f  santonic ac id  w ith  sodium 

amalgam.) When san ton ine  i s  reduced under th e  same con­

d i t io n s  as m etasan tonide , desmotroposantonous a c id  is  

formed (VIII)*- Metasantonide forms an oxime and - 

ac ted  on by a c e t i c  anhydride -  i t  g ives  an a c e ty l  d e r iv a ­

t iv e .  The hydroxy ac id  corresponding to m etasantonide 

i s  not san ton ic  ac id  bu t m etasantonic ac id  which i s  a 

stereoisom er: : e of the  former (V). Other ways to

prepare m etasantonic acid  are the oxydation o f  hydrosan- 

ton ide  w ith  AggO and opening the  la c to n e  r in g  on h ea tin g
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san to n ic  a c id  w ith  a c e t ic  a c id  to  260-300°. These f a c t s  

confirm the assumption o f  F rancesconi th a t  the only  d i f f e r ­

ence between san to n ic  and m etasantonic a c id  i s  th e  p o s i ­

t io n  o f  the s id e  chain  w i th  r e s p e c t  t o  th e  p lane  o f  th e  

r in g .  The mono- and dioximeas well as th e  mono- and

d ia c e ty l  d e r iv a t iv e s  o f  m etasantonic a c id  are known.

The monoacetyl compound i s  in so lub le  in  a l k a l i  carbonate 

s o lu t io n  and does n o t form an oxime: th i s  le d  Francesconi

(39) to sugges t f o r  i t  th e  form ula (IX). Analogous 

formulae were suggested f o r  the c h lo r id e  and th e  bromide 

of th e  acid  because o f  t h e i r  i n s o l u b i l i t y  in  a lk a l i  

carbcna te  so lu t io n s .

When san to n ic  a c id  i s  d is so lv ed  in  g la c ia l  a c e t i c  

a c id  and -  a f t e r  d i s t i l l i n g  o f f  th e  s o lv e n t  -  h ea ted  to  

180°, san ton ide i s  formed: the same procedure, when

a p p l ie d  to  m etasantonic ac id , g ives r i s e  to  th e  fo rm ation  

o f  p a rasan ton ide . In t h i s  case  th e  tem perature has to  

be h ig h e r .  Parasantonide i s  a l s o  ob ta ined  from san ton ic  

ac id  when the l a t t e r  i s  h ea ted  ( a f t e r  trea tm en t w ith 

CHgCOOH) to  260-300° owing to  th e  transfo rm ation  o f  sa n to n ic  

a c id  in to  m etasantonic ac id  a t  t h i s  tem perature . Both 

san ton ide  and parasan ton ide  a re  lac to n es  of very  s im i la r  

p ro p e r t ie s .  The hydroxy ac id s  corresponding to  them are  

n o t  th e  ac id s  from which th e y  are prepared  bu t iso san to n ic
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and p a ra san to n ic  a c id s :  they  a re  isomers o f  san to n ic  ac id .

They do n o t ,  however, form oximes or a c e ty l  d e r iv a t iv e s .  

A cetic  anhydride transform s them in to  the  la c to n e s  and does 

no t a c t  on t h e i r  e s t e r s .  The change from ac id  to  la c to n e  

and v ice  versfl does n o t take p lace  as r e a d i ly  as witja san­

to n in e  and sa n to n in ic  ac id .  While a c e t i c  anhydride i s  

n ecessary  to transfo rm  the  ac id  in to  the  la c to n e ,  warming 

w ith  co n cen tra ted  HC1 or a l k a l i  i s  req u ire d  f o r  th e  r e ­

v erse  r e a c t io n .  Treatment w ith  x inc and a c e t ic  ac id  

changes parasan ton ide  in to  pa rasan to n ic  ac id  in s te a d  of 

reducing i t  (see m etasan ton ide). From a l l  these  p ro­

p e r t i e s  i t  appears th a t  santonide and parasan ton ide  must 

have a c o n s t i tu t io n  d i f f e r e n t  from san ton ine  or meta­

san to n id e . The f a c t  th a t  n e i th e r  la c to n e  nor hydroxy 

a c id  forms an oxime w ith  hydroxylamine hydroch lo ride  (the 

la c to n e  adds 1 molecule NH OH) suggests th e  absence of 

th e  d i s t a n t  ke ton ic  CO group as p resen t in  san ton ine in  

p o s i t io n  8 . The chemical in e r tn e s s  o f  th e  o th e r  CO group 

p re se n t  in  san to n ic  ac id  can be explained  by s t e r i c  h indrance: 

the  f a c t  t h a t  no red u c tio n  i s  e f fe c te d  by nascen t hydrogen 

excludes f o r  the  la c to n e s  the  double bond between the C- 

atoms 1 and 2. The only a l t e r n a t iv e  i s  the  c lo su re  of 

th e  la c to n e  r in g  to  the  C-atom 8 a f t e r  the e n o l is a t io n  of  

th e  CO group. This e n o l is a t io n  may be made permanent 

by a m ig ra tion  of the double bond a t  the  h igh  tem perature.



of the re a c t io n  so th a t  the hydroxy ac id s  have no CO group 

which cou ld  foim an oxime. This does no t ag ree ,  however, 

w ith  F ra n c e sc o n ifs o b se rv a tio n  t h a t  a c e t i c  anhydride does 

no t r e a c t  w i th  th e  e s t e r s  o f  p a rasan to n ic  ac id . The l a t t e r  

f a c t  a ls o  excludes th e  p o s s i b i l i t y  of an arom atic  s t r u c t u r e  

l ik e  desm otroposantonine s in ce  in  th a t  case , th e  pheno lic , 

OH would g iv e  r i s e  to  th e  form ation of an a c e ty l  d e r iv a t iv e  

(such a d e r iv a t iv e  o f  desmotropo san tonine i s  known).

There i s ,  however, the p o s s i b i l i t y  o f  a m ig ra tion  of the  

double bond A  9-10 to  A 10-5 w ith  a simultaneous mi­

g ra t io n  of the methyl group from 5 to  6 which a l s o  ta k es  

p la ce  in  th e  santonine-desm otroposantonine rearrangem ent.

In t h i s  case the  f a c t  t h a t  an oxime i s  not formed could 

be ex p la in ed  by s t e r i c  h indrance o f  th e  CO in  8 . 

Parasan tonide r e a c ts  w ith  ammonia, s p l i t t i n g  o f f  1 mole­

cu le  Ho0. Parasantonide-im ide does n o t ,  however, show
M

the  p ro p e r t ie s  c h a r a c t e r i s t i c  f o r  k e to n e- im id es ; i t  i s

s ta b le  even to  concen tra ted  HC1 and to  a l k a l i  carbonates

in  the cold. When the NH i s  s p l i t  o f f  the  lac tone
3

r in g  i s  opened a t  the same time and p arasan ton ic  ac id  i s  

formed. The same i s  t r u e  fo r  the  s p l i t t i n g  o f f  of 

NHo0H in  the ad d i t io n  compound o f  parasan ton ide  and NH OH. 

S te r ic  h indrance of the  C=NH group seems to  o f f e r  the  

exp lana tion  f o r  th i s  behaviour.
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D iscussion .

A)• A bsorption Spectra .

The ab so rp tio n  sp e c tra  of san ton ide  and p a ra ­

san ton ide  d i f f e r  cons iderab ly  from those o f  san ton ine  

and th e  ac id s  of th e  group. In none o f  the  o th e r  com­

pounds was the  in te n se  absorp tion  band a t  about A = 3000 8 

observed except 1-desm otroposantonine, where an in te n s e  

band i s  found about th e  maximum a t  X = 2940 The

o th e r  su b s tan ces  show a weak ab so rp tio n  band near X =

3000 8 ,  which, by i t s  i n t e n s i t y  and i t s  wave-length, must 

be a t t r i b u t e d  to the  ketonic-CO? For th e  two s tro n g ly  

r o ta t i n g  la c to n e s  th e re  a re  fou r  a l t e r n a t i v e s :  1) the

band in  q u es tio n  i s  caused by a k e to n ic  group which under 

th e  in f luence  o f  neighbouring s u b s t i tu e n ts  i s  s t ro n g ly  

i n t e n s i f i e d  compared w ith  ord inary  k e to n ic  bands: 2) the

band i s  due to  some o th e r  group p re s e n t  i n  parasan ton ide 

and san ton ide  b u t absent in  the  o th e r  compounds. Aro­

m atic  s t r u c tu r e  which a t  f i r s t  s ig h t might seem to  o f f e r  

th e  exp lan a tio n  i s  u n l ik e ly  fo r  reaso n s  derived  from chemi­

c a l  evidence (p .4 9 ) .  A fu r th e r  f a c t  a g a in s t  t h i s  assump­

t io n  i s  1he disappearance of the s t ro n g  band when the 

la c to n e  i s  trsnsform ed in to  th e  hydroxy ac id : 3) the

ab so rp tio n  i s  a t t r ib u te d  to  the la c to n e  r in g :  o r  4) to  one

of the carbon sk e le to n s  i n  th e  molecule. Assumption 3)
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must be dropped fo r  measurements on sim p ler  la c to n e s  have 

shown th a t  th e  a b so rp tio n  o f  th e  la c to n e  group must be e x ­

p e c te d  to  l i e  a t th e  fa r  end o f  th e  u l t r a - v io l e t  reg ion  

( s e e  b elow , cam phonolactone and -bu tyro  and /- -v a le r o -  

la c t o n e ) .  Assumption 4) i s  improbable fo r  th e  band lo s e s  

a lm ost a l l  i t s  in t e n s i t y  when the la c to n e  r in g  i s  opened. 

Such a fundam ental change should  not be expected  to  take  

p la c e  in  th e  ab sorp tion  o f  G -sk e le to n s. Moreover th e  ab­

s o r p t io n  o f  carbon sk e le to n s  w ith  i s o la t e d  double bonds 

u s u a l ly  l i e s  a t  sh o r te r  w a v e-len g th s . I t  i s  thu s

n e c e ssa r y  t o  return  to the f i r s t  o f  th e  a l t e r n a t iv e s  and
\

c o n s id e r  th e  band a s  due to  a CO group. S im ila r  ca ses

where th e  a b so rp tio n  i s  s tr o n g ly  in c re a se d  owing to  th e
\

presen ce  o f  o ther absorbing groups n ear  a ^ 0  group have

been ob servgg: Qthu s d ioaphenol w ith  th e  chromophoric
i it 4  v o

group -C =s C -  C -  has a maximum o f  10 a t A = 2725 A

and a c e t y l  aceton e  has an absorption  o f  £, = 9450 a t  

A = 2730 2 (4 0 ) .

The second ab sorp tion  band common to  th e  la c to n e s  

o f  th e  san ton in e  group i s  due t o  the la c to n e  r in g  fo r  the  

reason s g iven  above. Measurements made on camphono­

la c t o n e ,  /3 -b u ty r o la c to n e  and /* -v a le r o la c to n e  showed th at  

th e  la c t o n ic  absorp tion  band in  th ese  compounds i s  o u ts id e  

the range o f the in stru m en t. This r e s u l t  does not d isa g r e e  

w ith  th e  above a t tr ib u t io n  o f  the band a t  2300 £ to  th e
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la c t o n ic  group s in c e  i t  i s  known th a t  bands s h i f t  towards
in c r e a s e s .

the lo n g  waves as th e  s iz e  o f  th e  m o le c u le / The wave­

le n g th  o f  th e  head o f  the band depends on th e  s tr u c tu r e  o f  

the w hole m o lecu le : i t  i s  d isp la ce d  towards th e  lo n g er

waves i n  sa n to n in e  owing to  th e  presen ce  o f  the somewhat 

u n sta b le  conjugated  system  o f  double bonds in  th e  m o lecu le .

In  desm otroposanton ine the maximum o f  th is  band i s  o u ts id e  

the ran ge o f  th e  instrum ent owing to  the s t a b i l i s i n g  e f f e c t  

o f  th e  arom atic s tr u c tu r e  w hich tends to  in c r e a se  the f r e ­

q u en c ie s  o f  th e  e le c t r o n ic  o s c i l l a t o r s  in  th e  m o lecu le .

Having e s ta b lis h e d  a correspondence betw een the  

a b so rp tio n  bands and chem ical groups in  the m o lecu le , the 

q u e s tio n  a r i s e s ,  what may be th e  rea so n  fo r  the in te n s e  

a b so rp tio n  o f  th e  k e to n ic  band in  p arasan ton id e and sa n to n id e . 

A ccording to  th e  c la s s i c a l  th eo ry , ab sorp tion  o f  l i g h t  i s  

due to  th e  f r i c t io n  in  th e  m otion o f  th e  e le c t r o n ic  o s c i l ­

la t o r s  moving under th e  in f lu e n c e  o f  the e l e c t r ic  f i e l d  o f  

th e  l i g h t  wave. The f r i c t io n  i s  caused by the tr a n s fe r  

o f  energy from  th e  v ib r a to r  to  o th er  p arts o f  the m olecu le  

( l i k e  in  th e  c a se  o f  coupled pendula: any p a r t ic u la r

pendulum s e t  in t o  m otion lo s e s  i t s  energy by  s e t t in g  the  

o th e r s  in to  m o tio n ). Or in  the language o f  quantum 

m ech an ics, th e re  i s  a f i n i t e  p r o b a b ili ty  th a t  th e  energy  

o f  an e le c tr o n  e x c ite d  by th e  l i g h t  wave w i l l  go to  o th er  

p a r ts  o f  th e  m olecu le  l i f t i n g  another e le c tr o n  in to  an
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e x c it e d  s t a t e  (tlie  ca se  o f  resonance em ission  where th ere  

i s  a b so rp tio n  w ith ou t tr a n s fe r  o f  energy to  o th er  p a r ts  o f  

th e  m o lecu le  can be d isregard ed  fo r  organ ic  m o le c u le s ) .  

A ccording to  both  th e o r ie s  the v ib r a to r s  which exchange 

t h e ir  energy  should  be near to  one another s in c e  the fu r th e r  

d is t a n t  p a r ts  o f  the m olecu le  h ard ly  a f f e c t  th e  m otion o f  a 

p a r t ic u la r  e le c tr o n . A pplying t h is  co n d itio n  to  th e  

p r e se n t  c a s e , one should  exp ect th a t in  the two la c to n e s  

w ith  the stro n g  k e to n ic  bands another chromophoric group 

w ould be in  the v i c i n i t y  o f  th e  k e to n ic  0 group. This 

a c tu a l ly  happens i f  i t  i s  assumed th a t the la c to n e  r in g  i s  

c lo s e d  to  th e  C-atom 8: the k e to n ic  and the la c to n ic  C0- 

groups may very  w e l l  in  th a t ca se  be so c lo s e  to  each  

o th e r  th a t  th ey  m u tu ally  d istu rb  th e ir  e le c tr o n ic  o s c i l l a ­

t o r s .  There i s  even the p o s s i b i l i t y  o f  a c o -v a le n c y  bond 

( o f  th e  n atu re  o f  a shared e le c tr o n ) between the two C0- 

groups. As regards the p o s s i b i l i t y  o f  th e  e n o l is a t io n  

o f  one o f  th e  06-groups owing to  the v i c i n i t y  o f  the o th e r ,  

th e  l a t t e r  e f f e c t  i s  observed in  d ik eto n es or <x -  or  p ~  

o x o c a rb o x y lic  a c id s . I t  may be noted th a t i t  i s  in  such  

c a se s  ( e . g . ,  a c e ty l  acetone and cd ionp henol, see  p .51) 

th a t  e x tr a o r d in a r ily  in te n se  ab sorp tion  bands have been  

record ed .
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B ). O p tica l A c t iv i t y .

The th ree  h ig h ly  r o ta t in g  compounds are remarkable 

n ot on ly  f o r  t h e i r  e le v a te d  v a lu e s  of c ir c u la r  d ich ro ism  

and o p t ic a l  r o ta t io n , but a ls o  fo r  th e  f a c t  th a t  th e r e  i s  

a C o t to n -e f f e e t  e x h ib ite d  by f a i r l y  strong absorp tion  

bands. Such ca ses have n ot been recorded in  th e  p a st  

s in c e  a b so rp tio n  bands o f  th e  in t e n s i t y  o f  €. = 10^ as a 

r u le  do n o t  have an a n iso tr o p y  fa c to r  o f  th e  same order  

o f  m agnitude a s  th e  weak bands ^~10"^). On the b a s is  o f  

t h i s  ex p er im en ta l f a c t  as w e ll  as on the ground o f  t h e o r e t i ­

c a l  c o n s id e r a t io n s , Kuhn (41) in fe r r e d  that la r g e  an iso tro p y

f a c t o r s  are un lik eL y  to  occu r in  bands where f  (th e  s tren g th
-3o f  th e  band) i s  g r e a te r  than 10 (the f - f a c t o r s  are c a l ­

c u la te d  from the form ula f  = Ifir f y ' * J €ĉ y was 

ev a lu a ted  by cou n tin g  the area under the cu rv e).

An attem pt was made to  ap p ly  Lowry & Hudson*s 

m o d if ic a t io n  o f  Kuhn*s equation  fo r  ro ta to ry  d is p e r s io n  

( s e e  pp. 9 ,1 0 ) to  parasanton ide and sa n to n id e . The Tables 

XV and XV Icontain the c a lc u la te d  r o ta t io n s . For para­

sa n to n id e  the c ir c u la r  d ic h io ism  curve was approxim ated to
fl-ygjv

by the eq u ation  U-t*  = 38. e (Tab. XIV). The value 38 fo r  the  

maximum o f  the curve i s  sligh tL y  h ig h e r  than the observed  

v a lu e  (3 6 .5 )  but th e  h ig h e r  value was taken in  o rd er  to  

o b ta in  a b e t t e r  f i t t i n g  o f  the c a lc u la te d  curve to  the  

observed  on e . The c a lc u la te d  curve fo r  th e  c ir c u la r

* f  = lalO"*^ £ o v  the a c t iv e  band o f  p arasan ton id e ,
f  = 2 .2 x 1 0  ” ,f 11 11 ** p a ra sa n to n id e -im id e .



Table XIV.

One Term Approxim ation to  the  

Curve o f  Santon ide.

C ircu lar D ichroism

_ f \ - 30oc

A CA) t

= 11  

A CA)

I /90 /xe

3000 31 2950 2 9 .4

3100 2 4 .4 2900 2 4 .4

3200 1 1 .9 2850 1 8 .1

3 1 5 0 1 8 .1 2800 1 1 .9

3050 2 9 .4 2750 5 .5

3250 5 .5 2700 1 .7

3300 1 .7

One Term Approxim ation to the C ircu lar Dichroism

Curve o f  P arasantonide. -('■

Xt A) A C A )

3000 38 2950 3 6 .5

3050 3 6 .5 2900 3 2 .3

3100 3 2 .3 2850 2 6 .0

3150 2 6 .0 2800 19 .4

3200 1 9 .4 2750 1 3 .3

3250 1 3 .3 2700 8 .4

3000 8 .4 2600 2 .9

3400 2 .9

-3*0 0
W  J



TABLE XV.

Two Term Approxim ation to  the C ircu lar  D i­

chroism  o f  S an ton id e.
* A _ > ^

x * 1 ,Tr
Curve A. <e- <4 « /i’Ai

(?e "f-t) *««*’» Z1 0  *MoA

A M ) &e ~ fn \ ( A )

3190 1 .1 0 2890 23 .79
3140 3 .5 8 2840 16 .98
3090 8 .7 5 2790 8 .7 5
3040 1 6 .9 8 2740 3 .5 8
2940 2 3 .7 9 2690 1 .1 0

Curve B. 0

r-
"k

 
1 «*

» i «V
»

it
.

1 f * u /S' \ o - 3 u o A 0  = 10C/\

\ C A ) te~U \  CA) *e-*A

3270 1 .6 9 3070 12 .46
3220 5 .8 9 3020 5 .8 9
3170 12 .46 2970 1 .6 9





TABLE XVI.

One Term Approxim ation to  the R otatory D isp ersio n  o f

P arasantonide.

0 = 244 / Ĉ€ — 38, A0= 3000 A e

\ ca) £ 0 M -

3781 3 .2 0 .1564 0.0180 0.1744 6321°
3684 2 .8 0 .1936 0.0183 0.2119 9651
3586 2 .4 0 .2353 0.0185 0 .2538 12210
3488 2 .0 0.3014 0 .0188 0.3202 15470
3391 1 .6 0 .4000 0 .0191 0.4191 21320
3342 1 .4 0 .4565 0 .0193 0 .4756 24490
3293 1 .2 0.5073 0.0194 0.5266 27550
3244 1 .0 0 .5381 0.0195 0 .5575 29610
3220 0 .9 0 .5407 0.0195 0.5602 29820
3195 0 .8 0 .5321 0.0196 0.5517 29790
3146 0 .6 0 .4748 0.0197 0.4945 27110
3073 0 .3 0 .2762 0.0201 0.2963 16630
3000 0 .0 0 .000 0.0203 0 .0203 1168
2928 - 0 .3 -0 .2 7 6 2 0.0206 -0 .2 5 5 6 -15050
2855 - 0 .6 -0 .4 7 4 8 -0 .0209 -0 .4 5 3 9 -27440
2806 - 0 .8 -0 .5 3 2 1 0.0211 -0 .5 1 1 0 -31420
2757 - 1 .0 -0 .5 3 8 1 0.0213 -0 .5 1 6 8 -32230
2660 - 1 .4 -0 .4 5 6 5 0 .0216 -0 .4 3 4 9 -28200
2542 - 1 .8 -0 .3 4 6 8 -0 .0220 -0 .3 2 4 8 -21870



TABLE XVII.

One Term Approxim ation to  the R otatory D isp ersio n  o f

Santonide.

II

3
> e ,  e = 190, IIIuf*I 31 , A0 = 3000 X

V 0
A <70 c e ye 0

a _
Z(A+h)

3950 5 0 .1000 0.0122 0.1122 3563°
3601 3 .1 6 2 0.1667 0.0144 0 .1811 6070
3532. 2 .8 0 .1936 0.0145 0.2081 8292
3494 2 .6 0 .2122 0.0146 0 .2268 9135
S418 2 .2 0 .2629 0.0148 0.2777 11440
3342 1 .8 0.3468 0.0150 0.3618 15240
3266 1 .4 0 .4565 0.0152 0 .4717 20320
3228 1 .2 0 .5073 0.0153 0.5226 22790
3190 1 .0 0 .5381 0.0154 0 .5535 24420
3171 0 .9 0 .5407 0.0154 0.5561 24680
3102 0 .6 0 .4748 0.0155 0 .4903 22230
3076 0 .4 0.3594 0.0156 0.3750 17160
3038 0 .2 0 .1947 0.0157 0.2105 9953
3019 0 .1 0.0990 0.0158 0.1048 6150
3000 0 .0 0.0000 0.0158 0.0158 741
2981 - 0 .1 -0 .0 9 9 0 0.0159 -0 .0 8 3 1 -3923
2962 - 0 .2 -0 .1 9 4 7 0.0159 -0 .1 7 8 8 -8494-
2924 -0 .4 -0 .3 5 9 4 0.0160 -0 .3434 -16530
2886 - 0 .6 -0 .4 7 4 8 0.0161 -0 .4 5 8 7 -22380
2848 - 0 .8 -0 .5 3 2 1 0.0162 -0 .5159 •*25500
2810 - 1 .0 -0 .5 3 8 1 0.0163 -0 .5 2 1 8 -26160
2772 - 1 .2 -0 .5 0 7 3 0.0164 -0 .4 9 0 9 -24890
2734 - 1 .4 -0 .4 5 6 5 0.0166 -0 .4 3 9 9 -22650
2696 - 1 . 6 -0 .4 0 0 0 0.0167 -0 .4 1 6 7 -21730
2658 - 1 . 8 -0 .3 4 6 8 0.0167 -0 .3301 -17490
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d ich ro ism  i s  shown in  F ig . XVa. The ro ta to ry  d isp e r s io n  

was c a lc u la te d  w ith  the c o n sta n ts  = 3 8  $  = 244 8

\ 0 = 3000 The agreement i s  not very s a t i s fa c t o r y .

The g r e a t e s t  d iscrep an cy  between the c a lc u la te d  and the ob­

serv ed  r o ta t io n s  i s  on th e  lo n g  w ave-len gth  approach to  the posi­

tive maximum where th e  observed  curve i s  very  s te e p .

For sa n to n id e  th e  agreement between observed and 

c a lc u la te d  v a lu e s  (s e e  Table XIV6, Fig.XJBb) i s  s l i g h t ly  

b e t t e r :  the v a lu e s  given i n  Table XVII have been c a lc u la te d

w ith  the param eters ( et~ W  ) = 31 , 9 = 190 8 ,  X0 = ̂ max 9 9o
3000 A.{5Xyib) Here ( h - U  )max chosen con sid erab ly

h ig h e r  than  th e  exp erim en ta l va lu e  o f  27 in  order to  g e t  

even a to le r a b ly  s a t i s f a c t o r y  agreement between th e  curve 

c a lc u la te d  by means o f  th e  approxim ation foim ula and the  

observed  c ir c u la r  d ichroism  curve owing to  the narrowness 

and s te e p n e ss  o f  the l a t t e r .  The main d e f ic ie n c y  o f  th e

c a lc u la te d  curve again l i e s  in  the reg io n  to  th e  l e f t  o f  

th e  p o s i t iv e  maximum and the same reasoning a s in  the case  

o f  p arasan ton id e  a ls o  a p p lie s  h ere .

A b e t t e r  approxim ation b oth  to  the observed c ir c u la r  

dich ro ism  and r o ta to r y  d isp e r s io n  curves could  be ob ta in ed  

when th e  c ir c u la r  d ichroism  band was con sid ered  a s com posite.

The b e s t  r e s u l t s  fo r  both curves were reached by assuming 

th e  p resen ce  o f  two su b s id ia r y  bands (curve A w ith  the  

maximum ( tt - u  ) = 27 , &= 140, /!.= 2940 2 , and curve B



TABLE XVIII.

Two Term Approxim ation to  the R otatory D isp ersio n  o f

Santonide.

Curve A. © = 140$
2 7 ' A* 2940, o II

A  CA) c - ‘ 7  *\e Jt dx & zCk £<*]

3800 5 .8 0.0863 0.0104 0.0967 3057
3660 4 .8 0 .1040 0 .0106 0.1146 3840
3510 3 .8 0 .1330 0.0109 0.1439 4923
3360 2 .8 0.1936 0.0111 0.2047 7314
3300 2 .4 0 .2353 0.0112 0.2465 9436
3240 2 .0 0 .3014 0.0113 0.3127 11590
3180 1 .6 0.4000 0.0114 0.4114 15630
3120 1 .2 0 .5073 0.0115 0.5189 19970
3075 0 .9 0 .5407 0.0116 0 .5523 21580
3030 0 .6 0 .4748 0.0117 0 .4863 19300
2985 0 .3 0 .2762 0.0118 0.2880 11570
2895 - 0 .3 -0 .2 7 6 2 0.0120 -0 .2642 •10950
2850 - 0 .6 -0 .4 7 4 8 0.0121 -0 .4 6 2 7  -19460
2805 - 0 .9 -0 .5 4 0 7 0.0122 -0 .5 2 8 5 •22630
2760 - 1 .2 -0 .5 0 7 3 0.0123 -0 .4 9 5 0 •21550
2700 - 1 .6 -0 .4 0 0 0 0.0124 -0 .3876 17240
2640 - 2 .0 -0 .3 0 1 4 0.0125 -0 .2 8 8 9 13130
2580 - 2 .4 -0 .2 3 5 3 0.0127 -0 .2 1 2 6 -9902

t



TABLE XVIII (C o n td .)

Two Tern Approxim ation to  the R otatory D isp ersion  o f  San ton id e. 

Curve B. © = 100 Cfe“ )̂max = 15. r - AQ

\(A ) c -C' /  Xje J t  dx 0 z f tX ) **fe Je dK+z(kiio) 
0

La l

3800 6 .8 0 .0735 0.0072 0.0807 948
3700 5 .8 0 .0862 0.0073 0.0935 1129
3600 4 .8 0.1004 0.0074 0 .1078 2073
3500 3 .8 0.1316 0.0075 0.1391 2815
3400 2 .8 0.1936 0 .0077 0.2013 4193
3320 2 .0 0 .3014 0.0078 0.3092 6598
3280 1 .6 0 .4000 0 .0078 0.4078 8808
3240 1 .2 0 .5073 0.0079 0.5152 11121
3210 0 .9 0 .5407 0.0079 0.5486 12110
3180 0 .6 0 .4748 0.0080 0.4828 10750
3150 0 .3 0 .2762 0.0080 0.2842 6390
3090 - 0 .3 -0 .2 7 6 2 0.0081 -0 .2681 -6145
3060 - 0 .6 -0 .4 7 4 8 0.0081 -0 .4 6 6 7 -10690
3030 - 0 .9 -0 .5 4 0 7 0.0082 -0 .5 3 2 5 -12320
3000 - 1 .2 -0 .5 0 7 3 0.0082 -0 .4991 -11790
2960 - 1 .6 -0 .4 0 0 0 0.0082 -0 .3 9 1 8 -9374
2920 - 2 .0 -0 .3 0 1 4 0.0083 -0 .2931 -7065
2840 - 2 .8 -0 .1 9 3 6 0.0084 •*0.1852 -4619
2720 - 4 .0 -0 .1 2 5 0 0.0086 -0 .1 2 6 7 -3292
2620 - 5 .0 -0 .1 0 0 0 0.0087 -0 .0913 -2460
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w ith  ) = 15", ■$ = 100/i, A0= 3120 2* A j u s t i f i c a t i o n«a*M
fo r  t h is  p roced ure can be se en  ftam the f a c t  th a t  b o th  th e  

e x t in c t io n  and the c ir c u la r  d ich ro ism  curve o f  sa n to n id e  

show a s l i g h t  b u lg e  in  th e  reg io n  near 3160 2 . Even the 

f a c t  th a t  a s i n g l e  term o f  G auss's e rr o r  d i s t r ib u t io n  

curv^  w hich r e p r e s e n ts  a f a i r l y  good approxim ation in  th e  

m a jo r ity  o f  c a s e s ,  i s  in ad eq u ate  in  th e  p r e se n t  c a se ,  

s u g g e s ts  th at the band may be com p osite . FigaXVb and XVII 

show th e  r e s u l t s  thus o b ta in e d . The agreem ent, how ever, 

i s  s t i l l  n o t p e r f e c t .  (  / MJK )

I t  w ould th e r e fo r e  seem th a t the C o t to n -e f fe c t  in  

san ton id e  i s  brought about by su p e r p o s it io n  o f  a t  l e a s t  

two bands. There i s ,  how ever, no p ro o f o f  t h i s  b e in g  so :  

i t  i s  q u ite  p o s s ib le  th a t the f a i lu r e  o f  the approxim ation  

by a s in g le  term  e r r o r -d is tr ib u t io n  curve t o  th e  c ir c u la r  

d ich ro ism  and the corresp ond ing  f a i lu r e  o f  th e  one term  

approxim ation to  the observed  r o ta to r y  d is p e r s io n  i s  due 

to  t h e o r e t ic a l  l im i t a t io n s  of th e  m athem atical a n a ly s is .

In  t h e  c a se  o f  p arasan ton id e  p re lim in a ry  a ttem p ts  

to  carry  o u t a tw o-term  approxim ation were n o t  very en­

courag in g: there are in d ic a t io n s  th at the curve o f  para­

sa n to n id e  i s  even more com plicated  than th a t  o f  sa n to n id e . 

The c a lc u la t io n s  b e in g  ra th er  te d io u s  and t h e ir  r e s u l t s  n o t  

b e in g  o f  g r e a t  im portance, th e se  a ttem p ts were abandoned.

D isc u ss in g  the q u estio n  w hether the observed  C otton-

e f f e c t s  are  s im p le  or  co m p o site , i t  should be noted  th a t  in
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a l l  th ree  c a s e s  th e  maxima o f a b so r p t io n , c ir c u la r  d ich ro ism  

cu rves and th e  r e v e r s a l  o f  s ig n  o f  the r o ta to r y  d is p e r s io n  

curve occur a t  p r a c t i c a l ly  th e  same wave le n g th  ( in  th e  

ca se  o f p a ra sa n to n id e -im id e  there i s  a s l i g h t  d i f f e r e n c e ) .  

T his f a c t  d oes n ot support the assum ption o f  a com p osite  

nature o f  th e  C o t to n -e f fe c t s  s in c e  i t  i s  n o t very l i k e l y  

th a t  two C o t to n -e f f e c t s  would b e  superim posed in  such a 

way th a t the c h a r a c t e r i s t i c s  o f  s im p le  C o t to n -e f fe c t  are  

e x h ib ite d  by th e  r e s u l t in g  cu rve . The q u e s t io n  must 

th e r e fo r e  remain e n t i r e ly  open.

Kuhn’s equation  was not a p p lie d  to  th e  r o ta to r y  

d is p e r s io n  o f  p a ra sa n to n id e -im id e  s in c e  i n  t h i s  case th e  

o b se r v a tio n s  were n o t accu ra te  enough to  draw any con­

c lu s io n s  from  a p o s s ib le  agreement or d isagreem en t w ith  

the c a lc u la te d  v a lu e s .

From th e  observed  a n iso tr o p y  fa c to r  Kuhn drew con­

c lu s io n s  about th e  d im en sion s o f th e  model o f  coupled  

v ib r a to r s :  he deduced th e  form ula ( l o c . c i t . ) where

g i s  th e  mean a n iso tr o p y  fa c to r  w ith in  the band and d the

d is ta n c e  betw een th e  two cou p led  v ib r a to r s . For para-
■\ -5  —  ̂ -2

sa n to n id e  ( A = 3*10 cm ., g = 3x10 ) the form ula g iv e s

d y  16 2 , vfoich i s  c e r ta in ly  im p o ssib le  a s  th e  diam eter

o f  th e  whole m olecule must be c o n s id e r a b ly  l e s s  than th a t .

Kuhn h im se lf  found many ca ses where d was g r e a te r  than

th e  atom ic d im ension s.
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S in ce , how ever, in  a l l  th e se  c a se s  where d was found

to  he o f  g r e a te r  order o f  m agnitude than th e  m olecu lar
-•5d iam eter , th e  a b so rp tio n  was weak ( f   ̂ 10”* ) .  Kuhn &

Bein (4/ ) m od ified  the form ula fo r  d , tak in g  in t o  account  

c o n tr ib u t io n s  by quadrupole a s  w e ll  as d ip o le  o s c i l l a t o r s .  

( I t  i s  in t e r e s t i n g  to  n o te  th a t  Condon, A lta r  and Eyring  

(20) s t a t e  th a t  quadrupole v ib r a t io n s  do not c o n tr ib u te  

towards c ir c u la r  d ic h r o ism ). Quadrupole moments can  

account on ly  f o r  v ery  w eak a b so rp tio n  ( f ~  10 ) and s in c e

th e  c ir c u la r  d ich ro ism  c e r t a in ly  cannot exceed  the

t o t a l  a b so r p tio n , i t  i s  seen th a t a quadrupole v ib r a t io n  

cou ld  n o t  s u b s t a n t ia l ly  c o n tr ib u te  to  th e  c ir c u la r  d i ­

chroism  in  e ith e r  p a r a sa n to n id e , sa n to n id e  or p a ra sa n to n id e -
— rz.

im ide where f  fo r  the (*«-«*)'band i s  o f  th e  ord er  10 -
A

10 • I t  i s  th e r e fo r e  n ecessa ry  to  use Kuhn's f i r s t

form ula f o r  the c a lc u la t io n  o f  d . The r e s u l t  d ^ 16 X 

is  even  more im probable in  the p resen t c a se  because accord ­

in g  to  Kuhn's th eo ry  a stro n g  cou p lin g  fo r c e  i s  n ecessa ry  

to  cause an a p p re c ia b le  a n iso tr o p y  fa c to r  in  a s tr o n g  band. 

I t  i s  q u it e  im p o ss ib le  to assume th a t  an e le c t r o n ic  

o s c i l l a t o r  i s  in f lu e n c e d  by another o s c i l l a t o r  from w hich  

i t  i s  sep ara ted  by a d is ta n ce  o f  16 £,much l e s s  can a 

str o n g  co u p lin g  fo r c e  be supposed to  e x i s t  betw een the two# 

A ll  th e se  f a c t s  show th a t  Kuhn's model i s  n o t  s u ite d  to  

e x p la in  the o p t ic a l  a c t i v i t y  o f the h ig h -r o ta t in g  la c to n e s  

o f  th e  san ton in e  group.
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Most modem t h e o r ie s  are n o t  s u i t a b le  f o r  th e  

d is c u s s io n  o f  th e  o p t ic a l  a c t i v i t y  o f  co m p lica ted  m ole­

c u le s  (se e  I n tr o d u c t io n ) . Condon, A lta r  and E y r in g 's  (20) 

th eory  makes an e x c e p t io n . I t  su g g e s ts  th a t  v ic in a l

a c t io n  b y  other s u b s t itu e n t s  causes o p t ic a l  a c t i v i t y  in  

an e le c t r o n ic  o s c i l l a t o r .  I f ,  th e r e fo r e , compounds o f  

o th erw ise  s im ila r  s tr u c tu r e  d i f f e r  in  th e ir  o p t ic a l  a c t i v ­

i t y ,  i t  must be assumed th a t  th e  s tr u c tu r e  n ea r  th e  ab­

so rb in g  group which c o n tr o ls  th e  o p t ic a l  a c t i v i t y  in  th e  

v i s i b l e  r e g io n  i s  d i f f e r e n t .  O ptica l a c t i v i t y  o f  a 

chromophoric group w i l l  in c r e a se  w ith  the asym m etric d i s ­

turbance ex er ted  on i t  by th e  e l e c t r i c  f i e l d  o f  the  

neigh b ou rin g  s u b s t itu e n t s .  (T his r e s u lt  o f  th e  th eo ry  i s

th e  ex p la n a tio n  o f  Kuhn’s ra th er  em p ir ica l v i c in a l  r u le ) .

The p r e v io u s  d is c u s s io n  has shown th a t th e r e  i s ,  in  f a c t ,  

a s tr o n g  d is tu r b in g  in f lu e n c e  on th e  e le c t r o n ic  s tr u c tu r e  

o f  th e  k e to n ic  GO-group caused by th e  p rox im ity  o f  th e  

la c to n e  group. The r o ta to r y  s tr e n g th  R can be c a lc u la te d  

(se e  pp.33,14). I t  i s  o f  th e  order o f  u n ity  in  c o n tr a d ic t io n  

to  th e  r e s u l t  d e r iv e d  by th e  theory th a t  R 1 in  g e n e r a l.

I t  thus appears th a t n e ith e r  (a /p /b )  nor ("b/m/o.) can be 

sm all compared w ith  u n ity  in  th e  p r e se n t  c a se , so th a t  the  

c o n d it io n s  under which a f i r s t  order approxim ation in  th e  

p e r tu rb a tio n  th eo ry  can be a p p lied  do n ot e x i s t  in  th e  

p r e sen t c a se . R = t $ T n '  ^  = /jf/<r* * ,0~X* zrL * ]_

fo r  p a ra sa n to n id e . R = *'Zx/D * j j f x ^ s- /  p

fo r  p a ra sa n to n id e -im id e .
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In d is c u s s in g  th e  C o t to n -e f fe c t  o f  some k e to n es  

Lowry, Simpson and A llso p p  (42) su g g es ted  th a t  i t  i s  caused  

by th e  m otion o f one o f  the two ”lon e  p a ir ” e le c tr o n s  o f  

th e  0-atom . This assum ption was b a sed  on an a n a ly s is  

by M ulliken  o f  th e  ab sorp tion  spectrum  o f  form aldehyde  

(43),■(*»>) -The a t t r ib u t io n  o f th e  o p t ic a l  a c t i v i t y  in  

p a ra sa n to n id e , sa n to n id e  and p a ra sa n to n id e-im id e  to  th e  

m otion o f  an e le c t r o n , in  a s tr o n g ly  asym m etric f i e l d  in  

w hich i t  m oves, i s  p la u s ib le  s in c e  b o th  ch em ica l and 

o p t ic a l  p r o p e r t ie s  (pp^,#) su g g es t  th a t n eighb ourin g  groups 

are  d e c i s iv e ly  in f lu o ic in g  the s tr u c tu r e  o f  th e  k e to n ic  

CO-group. (In  the case  o f  th e  im ide th e  group in  which 

th e  asym m etric e le c tr o n  moves i s  o f  course th e  C = NH, 

which has an e le c t r o n ic  s tr u c tu r e  s im ila r  to  t h a t  o f  the  

-CO- group: both  have 10  e le c tr o n s  in  th e  o u ter  s h e l l ) .
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PART I I .

A bsorption  Spectrum, C ircu la r  D lchrolsm  and 

R otatory  D isp e r s io n  of Camphonolactone in  

the U ltr a -V io le t .

In order to  ex ten d  th e  in v e s t ig a t io n  on the  

o p t ic a l  p r o p e r tie s  o f  k e to - la c to n e s , th e  C o tto n -e f fe c t

o f  cam phonolactone was m easured. This substance was

chosen because i t  i s  one o f  the

few com p arative ly  sim ple compounds

o f  th a t  type where th e  CO and th e  

la c to n e  r in g  are  c lo s e  enough to  

in f lu e n c e  one an oth er .

P rep a ra tio n  o f  th e  su b stan ce.

a ) ,  ctot' -d ib ro  mo camphor was prepared accord ing  to  

Lowry (48) by th e  a c t io n  o f  bromine on camphor a t  100°,

m .p. 6 0 ° . l«J_ = 60°.

b ) .  Dibromocampholide was ob ta in ed  by o x id is in g

<x*' -dibromocamphor w ith  fuming n i t r i c  a c id  (F o rster  ( 4 9 ) ) ,  

m .p. 152 .

c ) .  Camphonolactone (49) was prepared by hydro-
o

ly s in g  dibromocampholide w ith a lc o h o l ic  p o ta sh , m.p. 194 , 

U 0 D = -1 1 7 .3 ° .

CO
c H 3

/
\

o c
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A bsorption  Spectrum (Table I ,  F ig , I ) .

The a b so rp tio n  o f  cam phonolactone was measured in  

a lc o h o l and in  w ater. In a lc o h o l a band is  observed
i 0w ith  th e  maximum £ = 2 2 ,9  a t \  = 2970 A. In w ater

I = 2 9 ,5  a t  A = 2880 X. There i s  thus a co n sid er a b le  max
d if f e r e n c e  betw een th e  e x t in c t io n  curves in  th e  two s o l ­

v e n t s ,  w ater havin g  the e f f e c t  o f  s h i f t in g  th e  a b so rp tio n  

band towards th e  sh o rt waves. T his r e s u l t  i s  in  a g ree ­

ment w ith  the in v e s t ig a t io n s  made (44) on th e  s o lv e n t  

a c t io n  on th e  k e to n ic  a b so rp tio n . I t  was found th a t  

w ater w ith  i t s  la r g e  d ip o le  moment s tr o n g ly  p o la r is e s  th e  

-CO-group u n le s s  the l a t t e r  i s  p r o te c te d  a g a in s t  the  

approach o f  th e  so lv e n t  m olecu les by n eighb ourin g  sub­

s t i t u e n t s .  Below = 2590 X in  a lc o h o l and A = 2430 X 

in  w ater  the a b so rp tio n  in c r e a se s  s t e e p ly  towards the  

u l t r a - v i o l e t  end of the r eg io n : the h ig h e s t  v a lu e  was

measured fo r  A = 2184 X (£  = 221) where th e  maximum i s  

n o t y e t  reached. According to  a l l  p r o b a b ility  t h i s  ab­

s o r p t io n  i s  p art o f  the la c  to n ic  ab sorp tion  band which i s  

beyond th e  range o f  th e  in stru m en t. Comparing the e x ­

t in c t io n  curve w ith  th e  e x t in c t io n  curves o f  p arasan ton id e  

and sa n to n id e , i t  i s  noted  th a t th e  two bands in  the  

spectrum  o f  cam phonolactone are s h if te d  towards the sh o rt  

wave le n g th s  because th e  m olecu le  i s  sm aller  and more 

sa tu r a te d .
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A ). A b sorption  Spectrum o f  Camphonolactone In  Water. 

S o lu t io n  a ) .  0 .3 4 6 0  g. In  100 cm^.

A  ( A ) S e c to r
read in g £ A ca ) S e c to r

read in g £

3207 0 .1 4 .9 2404 0 .5 2 4 .6
3160 0 .2 9 .8 2377 0 .6 2 9 .5
3098 0 .3 1 4 .7 2366 0 .7 3 4 .4
3931 0 .4 1 9 .7 2350 0 .8 3 9 .3
2968 0 .5 2 4 .6 2339 0 .9 4 4 .2
2877 0 .6 2 9 .5 2323 1 .0 4 9 .1
2793 0 .5 2 4 .6 2315 1 .1 5 4 .1
2724 0 .4 1 9 .7 2308 1 .2 5 9 .0
2563 0 .3 1 9 .7 2299 1 .3 6 3 .9
2448 0 .3 1 4 .7 2297 1 .4 6 8 .8
2425 0 .4 1 9 .7 2293 1 .5 7 3 .7

S o lu t io n  b ) . 0 .0692  g. in  100 cm3 .

2343 0 .1 2 4 .6 2252 0 .6 1 4 7 .4
2303 0 .3 7 3 .7 2230 0 .7 1 7 2 .0
2291 0 .4 9 8 .9 2206 0 .8 1 9 6 .5
2277 0 .5 1 2 2 .8 2184 0 .9 2 2 1 .0

B ). A bsorption  Spectrum o f  Camphonolactone in  A lco h o l.

0 .9 6 7 0  in 100 cm3.

3359 0 .1 1 .9 2887 1 .1 2 1 .0
3293 0 .2 3 .8 2847 1 .0 1 9 .2
3236 0 .3 5 .7 2808 0 .9 1 7 .1
3211 0 .4 7 .6 2776 0 .8 1 5 .2
3193 0 .5 9 .5 2747 0 .7 1 3 .3
3168 0 .6 1 1 .4 2698 0 .6 1 1 .4
3156 0 .7 1 3 .3 2655 0 .5 9 .5
3121 0 .8 1 5 .2 2616 0 .4 7 .6
3096 0 .9 1 7 .1 2566 0 .3 5 .7
3070 1 .0 1 9 .2 2516 0 .3 5 .7
3031 1 .1 2 1 .0 2471 0 .4 7 .6
2985 1 .2 2 2 .8 2410 0 .8 1 5 .2
2968 1 .2 2 2 .8 2405 1 .2 2 2 .8
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R o ta to ry  D isp er s io n  (T able I I  , F i g . n ) .

Camphonolactone e x h ib i t s  a C o t to n -e f f e c t  in  th e  

r eg io n  o f  i t s  k e to n ic  a b so rp tio n  band. There i s  a nega­

t iv e  maximum o f  th e  r o ta t io n s  a t  A = 3230 2 o f  [ocj = _  

1550 .... The r e v e r s a l o f s ig n  occurs a t  A = 3030 2  

and does n o t  c o in c id e  w ith  the maximum o f  the a b so rp tio n  

band in  e i th e r  w ater o r  a lc o h o l  ( i t  i s  A = 2970 2 in  

a lc o h o l) .  I t  i s  seen from th e  graph th a t  a p o s i t i v e  

maximum o f  th e  d is p e r s io n  curve i s  n o t reached  a lth o u g h  i t  

i s  c le a r ly  in d ic a te d  by th e  shape o f  th e  cu rve. The 

s lo p e  o f  the cu rve  betw een A * 2860 2 and A = 2580 A 

i s  much sm a lle r  than i n  th e  neighbouring r e g io n s ;  t h i s  

f a c t  must be a t tr ib u te d  to  the f a l l  o f the r o ta t io n  con­

tr ib u te d  by the k e to n ic  band to th e  r ig h t  o f  th e  p o s i t iv e  

maximum. The f a c t  th a t  the p o s it iv e  r o ta t io n s  in  th a t  

r e g io n  a re  much sm a ller  than the n eg a tiv e  maximum su g g e s ts  

th a t  there m ust be  a su b s id ia r y  n e g a t iv e  c o n tr ib u tio n  to  

th e  r o ta t io n s  in  th a t  r eg io n . The sharp r i s e  o f  th e  

d is p e r s io n  curve below A = 2600 2, on th e  o th er  hand, 

p roves th e  p resen ce  o f  a p o s i t iv e  c o n tr ib u tio n  -  probably  

from th e o p t ic a l ly  a c t iv e  la c tc n e  band. This change o f  

s ig n  o f  the su b s id ia r y  r o ta t io n  between 2750 and 2600 2 
may be due e i th e r  t o  a C o tto n -e f fe c t  e x h ib ite d  by a sub­

s id ia r y  band in  th a t  reg io n  or to th e  su p erp o sitio n  o f  

th e  p o s i t iv e  c o n tr ib u tio n  o f  th e  la c to n ic  band and the
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R ota tory  D isp e r s io n  o f  Camphonolactone in  A lco h o l.

1 . V is ib le  Spectrum.
c =  1 . 7 4 2 4  g . in  1 0 0  c m ^ .  1  = 1 0  c m .

\ C A ) (X M A  ( A ) PC 0 3

6 8 0 0 - 1 . 6 4 ° - 9 3 . 9 ° 5 1 0 0 - 2 . 8 0 ° - 1 5 7 . 1 °

6 3 5 0 - 1 . 8 4 - 1 0 0 . 6 4 9 0 0 - 3 .  0 7 - 1 7 2 . 8

5 8 9 5 - 2 . 0 0 - 1 1 4 . 8 4 7 5 0 - 3 . 6 3 - 2 0 8 . 4

5 4 6 0 - 2 . 3 1 - 1 3 2 . 6 4 6 0 0 - 3 . 7 8 - 2 1 7 . 0

5 2 5 0 - 2 . 5 9 - 1 4 8 . 7

2 .  U lt r a - v io le t  R egion .

S o lu t io n  a ) . c =  1 . 7 4 2 4 g* in  1 0 0 cm3 . 1 =  1 0  cm.

A (A) <K M A ( A ) o ( M

4 0 3 9 - 5 . 2 ° - 2 9 8 . 5 ° 3 4 2 0 - 8 . 2 ° - 9 4 1 . 3 °

3 7 9 6 - 7 . 2  . - 4 1 3 . 2 3 4 1 0 - 1 5 . 2 - 8 7 2 . 7

3 7 4 8 - 8 . 2 - 4 7 0 . 7 3 4 0 5 - 1 6 . 2 - 9 2 9 . 8

3 6 7 8 - 9 . 2 - 5 2 8 . 0 3 3 9 4 - 9 . 2 - 1 0 5 6

3 6 1 0 - 1 0 . 2 - 5 8 5 . 5 3 3 9 1 - 9 . 7 - 1 1 1 4

3 5 4 8 - 1 1 . 2 - 6 4 2 . 8 3 3 8 0 - 1 0 . 2 - 1 1 7 0

3 5 2 0 - 1 2 . 2 - 7 0 0 . 3 3 3 7 7 - 1 0 . 7 - 1 2 2 8

3 4 7 7 - 1 3 . 2 - 7 5 7 . 7 3 3 5 0 - 1 1 . 2 - 1 2 8 5

3 4 4 0 - 1 4 . 2 - 8 1 5 . 1

S o lu t io n  b ) .  c =  1 . 3 0 7 0 g- in  1 0 0
_ _ 3  cm .

4 2 0 5 - o . * o ° - 3 0 6 ° 3 1 4 3 - 1 . 9 0 ° - 1 4 5 4 °

4 0 3 9 - 0 . 5 0 - 3 8 3 3 0 9 8 - 1 . 8 0 - 1 3 7 8

3 8 0 4 - 0 . 6 0 - 4 1 9 3 0 9 0 - 1 . 4 0 - 1 0 7 1

3 6 5 4 - 0 . 7 0 - 5 3 5 3 0 6 9 - 0 . 5 0 - 3 8 3

3 5 1 2 - 0 . 8 0 - 6 1 3 2 9 6 8 0 . 5 0 3 8 3

3 4 2 0 - 0 . 8 0 - 6 1 3 2 8 5 7 1 . 0 0 7 6 5

3 3 7 3 - 1 . 0 0 - 7 6 5 2 5 7 9 1 . 4 0 1 0 7 1

3 3 4 3 - 1 . 4 0 - 1 0 7 1 2 5 3 6 1 . 8 0 1 3 7 8

3 3 1 2 - 1 . 8 0 - 1 3 7 8 2 5 1 9 2 . 1 0 1 6 0 7

3 2 9 2 - 1 . 9 0 - 1 4 5 4 2 4 8 5 2 . 2 0 1 6 8 3

3 2 6 7 - 2 . 0 0 - 1 5 3 0
2 4 7 5 2 . 3 0 1 7 6 0

3 1 8 7 - 2 . 0 0 - 1 5 3 0 2 4 6 1 2 . 4 0 1 8 3 7 .
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n e g a t iv e  su b s id ia ry  r o ta t io n  caused  by the a b so rp t io n  bands 

in  the fa r  u l t r a - v i o l e t .  The l a t t e r  i s  more l i k e l y ,  as

the a b sorp tion  spectrum does n o t  show any s ig n  o f  a sub­

s id ia r y  band in  the  r e g io n  between 2750 and 2600 2. The 

change o f  s ig n  o f  the su b s id ia r y  curve e x p la in s  i t s e l f  by 

th e  p la u s ib le  assum ption th a t  t h e  c o n tr ib u t io n  o f  the  ab­

s o r p t io n  bands i n  th e  f a r  u l t r a - v i o l e t  i s  o n ly  sm all and 

alm ost co n sta n t  over the  range o f  th e  p o la r im e te r ,  whereas 

th e  c o n tr ib u t io n  o f  th e  l a c t o n ic  band in  th e  n earer  u l t r a ­

v i o l e t  A ^  2000 2 determ ines the s i g n  i n  the r eg io n  up

to  A~ 2600 2 ,  but does n o t  c o n tr ib u te  a p p r e c ia b ly  to  the
\ o

su b s id ia r y  curve for  A t* 2900 A. I t  would have been  

d e s ir a b le  to  attem pt a m athem atical a n a ly s is  w ith  the a id  

o f  Kuhn^ form u la , b u t the accu racy  o f  the  measurements 

was n o t  s u f f i c i a i t  to  j u s t i f y  th e  r e s o lu t io n  o f  the  ob­

serv ed  curves in to  t h e i r  components. (See a l s o  c ir c u la r  

d ich ro ism  b e lo w ).

C ircu la r  Dichroism  (Table I I I ,  P ig .  I I I ) .

The c i r c u la r  dichroism  curve o f  1he k e to n ic  band 

o f  camphonolactone has i t s  maximum a t  A = 3030 2. In  

accordance w ith  N atanson‘s r u l e ,  i t  i s  n e g a t iv e  s in c e  the  

r o ta t io n s  a t  th e  lo n g  wave le n g th  s id e  o f  the band a re  

n e g a t iv e .  ( j e - £ * )  = - 1 .1 7 .  The maximum c o in c id e sZIl£l3£
w ith  the r e v e r sa l  o f  s ig n  o f  the r o ta to r y  d is p e r s io n  curve



TABLE I I I .

C ir cu la r  Dichroism  and A n isotrop y  F acto r  o f  Camphono­

la c to n e  in  A lco h o l.

0 .130 7  g. in  10 cm3 a lc o h o l .  1 = 1  cm.

\ ( A ) — ex « (ft'**)

3312 0 .5 5 0 .2 34 2 .8 5 0 .0 82
3275 0 .9 5 0 .4 0 2 5 .2 5 0 .076
3209 1 .3 5 0 .5 7 1 7 .4 0 .0 7 7
3160 1 .7 5 0 .741 1 2 .0 0 .06 2
3132 2 .2 5 0 .95 2 1 4 .8 0 .06 4
3120 2 .3 5 0 .9 9 5 1 5 .7 0 .0 63
3116 2 .4 5 1 .066 1 5 .9 0 .0 6 7
3097 2 .5 5 1 .07 9 1 7 .0 0 .06 4
3087 2 .6 5 1 .12 1 1 7 .7 0 .0 6 3
2954 2 .6 5 1 .12 1 2 2 .7 0 .0 4 9
2931 2 .5 5 1 .079 2 2 .1 0 .0 49
2928 2 .4 5 1 .066 2 2 .0 5 0 .0 4 8
2927 2 .3 5 0 .9 9 5 2 2 .0 0 .0 4 5
2922 2 .2 5 0 .9 5 2 2 1 .9 0 .0 43
2885 2 .2 0 0 .927 2 0 .9 0 .044
2824 1 .7 0 0 .7 1 7 1 8 .4 0 .0 3 9
2766 1 .5 0 0 .633 1 4 .7 0 .043
2715 1 .1 0 0 .4 6 4 1 2 .0 0 .0 3 9
2670 0 .7 0 0 .2 8 8 1 0 .0 0 .029
2590 0 .4 0 0 .1 6 9 6 .7 0 .0 2 5
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but not w i t h  th e  maximum o f  the ab sorp tion  curve. This  

i s  in  agreement w ith  Lowry1 s (50) o b s e r v a t io n  t h a t  i n  

k e to n ic  bands the  r o t a t i o n  and c i r c u l a r  di chro ism curves  

are  s h i f t e d  towards th e  lo n g e r  wave le n g th s  compared w ith  

the a b so rp t io n  curve o f  th e  band.

The curve i s  s t e e p e r  on th e  s id e  o f  th e  v i s i b l e  

r eg io n  and can in  th i s  p a r t  be approximatedto by Gauss fs 

error  d i s t r i b u t i o n  curve w ith  th e  f o l lo w in g  c o n s ta n ts :

The disagreem ent between th e  

c a lc u la t e d  and the measured curve on th e  sh o r t  wave 

l e n g th s  s id e  may a r i s e  b ecau se  o f  a su b s id ia r y  c i r c u la r  

d ich ro ism  curve. The shape o f  the curve seems to  

su g g e s t  t h i s .  The i r r e g u l a r i t i e s  i n  th e  measurements 

(th e  b u lge  a t  h  = 2760 2 ) ,  however, l i e  w ith in  th e  ex ­

perim enta l e rr o rs  o f  th e  in stru m en t and the mere f a c t  

th a t  the sim ple approxim ation formula i s  not s u i t a b l e  fo r  

th e  whole band does n o t  e n t i t l e  t o  any d e f i n i t e  c o n c lu s io n s .

D isc u ss io n .

The C o t t o n - e f f e c t  o f  camphonolactone i s  not sim ple  

but i t  i s  -  as fa r  as magnitude i s  concerned -  c e r t a i n ly  

n o t e x tra o rd in a ry . The i n t e n s i t y  o f  th e  k e to n ic  ab­

s o r p t io n  i s  q u ite  normal and the f a c t  th a t  there  i s  a con­

s id e r a b le  d i f f e r e n c e  between the absorption  in  a lco h o l  and 

in  w ater  shows t h a t  the^CO group i s  u n p rotected  a g a in s t  

th e  p o la r is in g  i n f l u e n c e  o f  th e  s o lv e n t  m olecu les  as i t



would be i f  o th e r  s u b s t i t u e n t s  were n ea r  t o  i t .  This  

f a c t  as w e l l  as th e  chemical formula (from which i t  appears  

th a t  th e  k e to n ic  and th e  lactonic^C O  groups are  not near  

to  one another) show th a t  none o f  the ca u ses  which were  

su g g es ted  t o  account f o r  th e  abnormal o p t i c a l  a c t i v i t y  in  

the  sa n to n in e  d e r iv a t iv e s  are  p r e s e n t  i n  t h i s  c a se .

The sharp in c r e a s e  o f  th e  r o t a t io n  towards the sh o r t  waves 

s u g g e s t s  a C o t t o n - e f f e c t  o f  o p p o s i te  s ig n  to  th a t  o f  the  

ketone  band in  th e  la c to n e  band. The a n iso tr o p y

f a c to r  (se e  Table HI ) i s  n o t  c o n sta n t  but d ecrea ses  t o ­

wards th e  sh o r t  w a v e - le n g th s .  This again i s  in  a g r e e ­

ment w ith  Lowry1s r u le  fo r  th e  o p t i c a l  a c t i v i t y  o f  k e to n ic  

bands ( s e e  p. 6 6 ) .  An a d d i t io n a l  reason  f o r  the  sharp  

f a l l  o f  the a b s o lu te  v a lu e  o f  th e  a n iso tr o p y  f a c t o r  t o ­

wards th e  sh o rt  waves may be the s u p e r p o s i t io n  o f  a 

p o s i t i v e  c o n tr ib u t io n  from th e  l a c t o n i c  band to  the  nega­

t i v e  a n iso tr o p y  fa c to r  o f  th e  f i r s t  band.

A bsorption  Sp ectra  of /3 -B u ty ro la c to n e  and 

j* -V a ler o la c to n e  i n  th e  U l t r a - V io le t .

As no e x t i n c t i o n  curves o f  sim ple la c to n e s  seem 

to  have been recorded  in  the l i t e r a t u r e ,  i t  was n e c e s s a r y  

to  carry out some measurements on such compounds in  order  

to  se e  whether th e se  are com patible w ith  the a t t r ib u t io n  

o f  the  sh o r t  w ave-len gth  ab sorp tion  bands in  th e  san ton in e  

group to  th e  la c to n e  r in g .
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P reparation  o f  the S u b s ta n c es .

1 ) .  f t  -B u ty r o la c to n e .

a ) ,  f t  -brom obutyric a c id  was prepared by th e  

a c t io n  o f  HBr on c r o to n ic  a c id  (4 5 ) .  The a c id  was d i s ­

t i l l e d  i n  vacuo (13 mm.).

b ) .  f t  -b u ty r o la c to n e  (4 6 ) .  f t  -brom obutyric a c id  

was n e u t r a l i s e d  w ith  NagCOg s o lu t io n  and h e a te d  to  4 0 -4 5 °  

fo r  s e v e r a l  hours during * h ich  p e r io d  th e  s o l u t i o n  was 

r e p e a te d ly  e x tr a c te d  w ith  e th e r .  A fte r  dry ing  the  

e x tr a c t  w ith  CaClg and removing t h e  e th e r ,  the la c t o n e  was 

r e p e a te d ly  d i s t i l l e d  i n  vacuo ( 7 2 -7 3 ° ,  29 mm.) in  order

to  o b ta in  an o p t i c a l l y  pure sam ple.

2 ) .  f  -V a le r o la c to n e .

The la c to n e  was prepared by reducing  l a e v u l i n i c  

a c id  with Na i n  a l c o h o l (47) and subsequent a c i d i f i c a t i o n .  

The la c to n e  was e x tr a c te d  w ith  eth er  and r e p e a te d ly  

r e c t i f i e d  i n  vacuo.

Measurements (T ables A, B). (P ig . A).

I t  i s  seen  from the  graphs th a t  no a b sorp tion  

bands were observed  i n  both  l a c t o n e s ,  but m erely  an i n ­

cre a se  o f  th e  ab so rp tio n  towards the u l t r a - v i o l e t  end 

o f  th e  spectrum. Bearing in  mind th a t  even th e  much 

h e a v ie r  m olecu le  o f  camphonolactone and even t h a t  o f

1-desm otroposantonine showed no maximum o f  th e  l a c t o n ic  

a b so rp tio n  in  t h e  r eg io n  a c c e s s i b l e  to  measurements, 

t h i s  r e s u l t  i s  what sh o u ld  be ex p ected .



TABLE A.

A bsorption  o f  £  -V a le r o la c to n e  in  Hexane.

0 .0 8 5 6  g.
5

in  10 cm •

U h S e c t io n
read in g E A d )

S e c t io n
read in g £

2507 0 .1 1 .1 7 2365 0 .9 1 0 .5
2483 0 .2 2 .3 4 2362 1 .0 1 1 .7
2460 0 .3 3 .5 1 2351 1 .1 1 2 .9
2450 0 .4 4 .6 7 2330 1 .2 1 4 .0
2434 0 .5 5 .8 4 2318 1 .3 1 5 .2
2423 0 .6 7 .0 1 2296 1 .4 1 6 .4
2404 0 .7 8 .1 8 2284 1 .5 1 7 .5
2387 0 .8 9 .3 7

TABLE B.

A bsorption o f  -B u ty r o la c to n e  in A lc o h o l .

0 .0881 g. in  10 cm^.

A (A) S e c t io n
read ing i A ( A) S e c t io n

read in g £

2435 0 .3 2 .9 2321 1 .0 9 .7 6
2376 0 .4 3 .9 0 2315 1 .1 1 0 .74
2355 0 .5 4 .8 9 2308 1 .2 1 1 .7 1
2340 0 .6 5 .8 6 2302 1 .3 1 2 .6 9
2338 0 .7 6 .8 3 2300 1 .4 1 3 .6 6
2331
2326

0 .8
0 .9

7 .8 1
8 .7 7

2281 1 .5 1 4 .64
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The d i f f e r e n c e  o f  th e  shape o f  th e  two curves i s  

e x p la in ed  by th e  f a c t  th a t  f o r  f t  -bu tyro  la c to n e  oxicL 

a lc o h o l i c  s o l u t i o n  was u se d , whereas th e  r e a d in g s  f o r  

f 0 - v a le r o la c t o n e  were taken  in  hexane. Measurements 

on f t  -b u ty r o la c to n e  i n  hexane (not recorded i n  th e  

graph) showed t h a t  the  ab sorp tion  in  t h i s  medium i s  con­

s id e r a b ly  s h i f t e d  towards th e  sh o r t  waves -  even beyond  

the a b sorp tio n  o f  the v a le r o la c to n e .  The e x t i n c t i o n  

in  a lc o h o l  may be  in f lu e n c e d  n o t  on ly  by the p o la r i s in g  

e f f e c t  o f  t h i s  so lv e n t  but a lso  by a p a r t i a l  a l c o h o ly s i s  

o f  th e  somewhat u n sta b le  f t  - l a c t o n e .



70 .

S U M M A R  Y.

As a p re lim in a ry  to  i n v e s t i g a t i n g  the o p t i c a l  

a c t i v i t y  o f  some h ig h  r o t a t in g  compounds o f  the sa n to n in e  

group, th e  u l t r a - v i o l e t  a b sorp tion  sp e c tr a  o f  p a r a sa n to n id e ,  

s a n to n id e ,  p a r a sa n to n id e - im id e ,  p a ra sa n to n ic  a c id ,  sa n to n ic  

a c id ,  sa n to n in e  and 1-desm otroposanton ine were s tu d ie d  

( Part I , a ) .

The r o ta to r y  d is p e r s io n  and c i r c u la r  d ichroism  o f  

th e  f i r s t  th ree  compounds were then examined. They show 

a very  s tr o n g  C o t t o n - e f f e c t  connected  w ith  an in t e n s e  ab­

so r p t io n  band near A = 3000 S. (P arts lb  and Ic :  See a lso

M itc h e l l  <2c Schwarzwald, J .G .S . , 1939, 8 8 9 ) .  The extreme  

v a lu e s  f o r  the  s p e c i f i c  r o ta t io n s  l y in g  between / [* j) = 

2 5 ,0 0 0 °  and I M l  = 50 ,0 00°  and the maxima o f  c i r c u la r

d ichro ism  ly in g  between ( ) = 2 7  and (*«-<« ) =°  max max
5 8 , are much h ig h er  than th e  corresponding v a lu e s  o f  any 

o th e r  su b stan ce  in  homogeneous s o lu t io n  measured up to  

now. The a n iso tr o p y  f a c t o r  i s  o f  the .usual order

o f  3.10*“̂ * observed  in  w e a k (o p t ic a l ly  a c t iv e )  ab so rp tio n  

bands. The o p t i c a l  a c t i v i t y  o f  the o th e r  sa n to n in e  

d e r iv a t iv e s  cou ld  not be in v e s t ig a t e d  in  th e  absorb ing  

r eg io n s  because  o f  the  sm a ll  a n iso tro p y  fa c to r s  o f  t h e i r  

bands.



7 1 .

A fte r  a b r i e f  account of th e  chem istry  o f  the com­

pounds (P art Id) the a b so rp tio n  s p e c tr a  o f  p a ra sa n to n id e ,  

sa n to n id e  and p a ra sa n to n id e -im id e  are d is c u s s e d  in  the  

f i r s t  s e c t i o n  o f  Part I e .  By ex c lu d in g  a l l  a l t e r n a t i v e s  

on grounds o f  chem ical ev id en ce  and com parative study o f  

the a b so r p t io n  sp e c tr a  o f  r e la t e d  su b s ta n c e s ,  the a b so rp t io n  

band near A = 3000 2 i s  in  san ton id e  and p a ra san ton id e  

a t t r ib u t e d  to a k e to n ic  ĈO group whose i n t e n s i t y  i s  in c r e a se d  

because o f  v i c i n a l  a c t io n  o f  o th er  s u b s t i t u e n t s .  Examples 

are c i t e d  where a s im i la r  in c r e a s e  in  the k e to n ic  a b so rp t io n  

has been observed . In p a ra sa n to n id e - im id e  the correspond­

in g  band i s  caused by the  ketim in o-grou p . The more 

in te n s e  second band shown by the  th r e e  su b sta n ces  i s  due to  

the  a b so rp t io n  o f  th e  la c to n e  group. This a ga in  i s  proved  

by comparing th e  a b sorp tio n  o f  the la c to n e s  and th ose  o f  the  

corresponding  h y d ro x y -a c id s .  R eference  i s  a l s o  made to

the a b so rp t io n  o f  sim ple  l a c t o n e s ,  which i s  com patib le  w ith  

the assum ption made.

The d i s c u s s io n  o f  the  o p t i c a l  a c t i v i t y  ( Id ,  second  

s e c t io n )  in c lu d e s  a t to n p ts  to  app ly  Lowry and Hudsonfs 

m o d if ic a t io n  o f  Kuhntfs formula to  parasanton ide  and sa n ton ­

i d e .  In n e i th e r  c a ses  can the  c ir c u la r  d ich ro ism  curve  

be r ep resen ted  s a t i s f a c t o r i l y  by one term o f  Gauss*s error  

d i s t r i b u t io n  curve ~tA * ,e • The agreement

between observed and c a lc u la te d  r o ta t io n s  i s  n o t much
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"better. B e t te r  r e s u l t s  were o b ta in ed  fo r  sa n to n id e  by  

s p l i t t i n g  the  observed  c ir c u la r  d ichroism  curve in t o  two 

components which are in d ic a te d  by the  shape o f  both  ab­

so r p t io n  and c ir c u la r  d ich ro ism  c u r v e s ,  a p p ly in g  the  

approxim ation form ula to each o f  them and adding the  r o ta ­

t i o n s .  The q u e s t io n  whether the C o t t o n - e f f e c t  in  sa n to n id e  

i s  com posite cou ld  n o t  be decided  because  the near  

c o in c id e n c e  o f  th e  wave le n g th s  o f  maximum a b so r p t io n ,  

c ir c u la r  d ichro ism  and o f  the  r e v e r s a l  o f  s ig n  o f  the  

ro ta tion sd oes  n o t  support the assumption o f  a com posite  

e f f e c t ,  w h ile  the  m athem atical a n a ly s i s  seems to  su g g es t  

i t .  A p p l ic a t io n  o f  Kuhnf s th eory  lea d s  to  a

d i s ta n c e  between th e  two coupled o s c i l l a t o r s  which ex­

ceeds the  d iam eter  o f  the  m o lec u le .  Another c o n tr a d ic t io n

to  Kuhn!s th eory  i s  the f a c t  th a t  an a n is o tr o p y - f a c t o r
- 2of  the order o f  10 i s  e x h ib i t e d  by a s tro n g  a b sorp tio n  

band o f  10“^.

Condon, A lta r  and E y r in g ’ s theory seems more s u i t ­

a b le  fo r  th e  q u a l i t a t i v e  ex p la n a t io n  o f  the  e f f e c t s  ob­

served  as i t  p o s t u la t e s  th e  presen ce  o f  some c o n d it io n s  

which in  th e  p r e se n t  c a se  were assumed because o f  ev id en ce  

d e r iv e d  from chem ical p r o p e r t ie s  and a b so rp tio n  sp e c tr a .

The extrem ely  h ig h  o p t i c a l  a c t i v i t y  should th e r e fo r e  be  

a t t r ib u t e d  to  a very  s tro n g  asymmetric d is tu rb an ce  ex er te d



on the m otion o f  the  e le c tr o n s  o f  the k e to n ic  CO-group by 

a ne igh b ou rin g  s u b s t i t u e n t  -  probably  the la c to n e  group.

Part I I  g iv e s  an account o f  the a b so rp tio n  spectrum  

(measured in  water and a l c o h o l ) ,  r o ta to r y  d i s p e r s io n  and 

c ir c u la r  d ich ro ism  o f  camphonolactone, a s im p ler  k e to la c to n e  

where th e  ketone and la c to n e  group are near to  one another .  

The substance shows an ord inary  k e to n ic  a b so rp t io n  band 

connected  w ith  a C o t t o n - e f f e c t .  The r o ta to r y  d i s p e r s io n

in d ic a t e s  th e  p resen ce  o f  s e v e r a l  c o n tr ib u t io n s  o f  p a r t ly  

o p p o s ite  s ig n  to  the observed r o t a t io n s .  N e ith e r  r o ta ­

t io n s  nor c ir c u la r  d ich ro ism  are u n u su a lly  h ig h . The 

D isc u ss io n  shows th a t  th e  c o n d it io n s  supposed to account  

fo r  th e  phenomena observed  in  the sa n to n in e  d e r iv a t iv e s  

are n o t  p r e se n t  in  camphonolactone.

F i n a l l y ,  th e  ab so rp tio n  o f  f t  -b u ty r o la c to n e  and 

j*- - v a le r o la c t o n e  i s  record ed  in  order to confirm  the  

assum ptions made regard in g  th e  a b so rp tio n  sp e c tr a  o f  th e  

sa n to n in e  d e r iv a t i v e s .
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THE PHOTOLYSIS OF 1 - 4 .  DIPHENYL-2- 

CHLORO-2-NITROSOBUTANE.



The P hotodecom position  of 1 ,4  ,D ip h en y l-2 -
\
c h lo r o -2 -n itr o s o b u ta n e .

The p h otoch em istry  o f  c h lo r o n itr o so  compounds 

has been  s t u d ie d  by some authors ( l )  p a r t ly  a s  a problem  

o f  c o n s id er a b le  i n t e r e s t  i n  i t s e l f ,  p a r t ly  w ith  a v iew  

to  f in d  su b stan ces  which a r e  s u i t a b le  fo r  asymmetric de­

co m p o sit io n , i . e . ,  th e  p a r t i a l  r e s o lu t io n  in t o  i t s  o p t i ­

c a l l y  a c t i v e  components o f  a racemate by the  a c t io n  o f  

c i r c u l a r l y  p o la r i s e d  l i g h t .  The p r e se n t  i n v e s t i g a t io n  

on th e  a c t io n  o f  l i g h t  on d iphenyl c h lo ro n itr o so b u ta n e  

was c a r r ie d  out with th e  l a t t e r  aim i n  v iew . Like  

o th e r  a l i p h a t i c  c h lo r o n itr o s o  hydrocarbons, i t  f u l f i l s  

the f o l lo w in g  p r e lim in a iy  c o n d it io n s :  th e  absorbing group

i s  a t ta c h e d  to  an asymmetric carbon atom: i t  i s  f a i r l y

tra n sp a ren t  i n  th e  s p e c tr a l  r e g io n  o f  the a b sorp tion  band, 

so t h a t  i t  might b e  hoped th a t  sm all r o ta t io n s  caused  by  

th e  a c t io n  o f  l i g h t  c o u ld  be d e te c te d  and -  by analogy  

w ith  the o th e r  compounds o f  t h i s  type -  i t  was expected  

to  have a quantum y i e l d  o f  th e  o rd er  o f  u n i t y .  An ad­

vantage  o f  d ip h e n y l-c h lo r o n itr o so b u ta n e  compared w i t h  

o th e r  c h lo r o n itr o s o  compounds i s  i t s  r ea d in ess  to  c r y s t a l ­

l i s e ,  t itttL , i t s  s t a b i l i t y ,  w h ich  makes i t s  p rep ara tion  and 

p u r i f i c a t i o n  very easy .



2.

A) • P rep aration  o f  th e  Substance .

1 , 4 , d ip h e n y l - 2 - c h lo r o - 2 - n i t r o  sobutane was f i r s t  

prepared by  S. M itc h e l l  a cco rd in g  t o  P i l o t y ’s method by 

p a s s in g  a stream of dry c h lo r in e  through a c o o le d  e t h e r ­

e a l  s o l u t i o n  o f  l ,4 ,d ip h e n y l-b u ta n o n e o x im e  ( 2 ) .  Soon 

a f t e r  the c h lo r in e  s t a r t s  p a s s in g  through th e  s o l u t i o n  

the l a t t e r  turns b lu e  and a t  th e  same tim e a voluminous  

p r e c i p i t a t e  o f  th e  ox im e-h yd roch lor id e  i s  formed owing 

to  th e  l ib e r a t io n  o f  h y d ro c h lo r i  c a c id  in  t h e  cou rse  o f  

the  r e a c t io n .  The p r e c i p i t a t e  g r a d u a l ly  d isa p p ea r s  and 

soon a f t e r  i t  has van ished  e n t i r e l y  th e  r e a c t io n  i s  f i n i s h e d .  

The e th e r  i s  evaporated  and the in te n se ijb lu e  o i l  th a t  i s

l e f t  c r y s t a l l i s e s  from m eth y l-  o r  e t h y l - a l c o h o l .  A fte r
\

2 - 3  fu r th e r  c r y s t a l l i s a t i o n s  i t s  m e lt in g  p o in t  remains 

co n sta n t  a t  4 9 ° :  micro combustion g ave  the fo l lo w in g

r e s u l t s ; -

Found' C a lcu la ted

c 70* 22$ 7 0 .2 4 $

H 5 .5 5 5 .8 5

N 5 .4 3 5 .12

Cl 13 .1 2 1 2 .9 6  (Stepanow!s

The y i e l d  i s  alm ost t h e o r e t i c a l .  C ooling i s  n o t  n e c e ss a r y .

1 , 4 , d lphanyl-butanone-oxim e was o b ta in ed  i n  the  

usual manner by b o i l i n g  the ketone w ith  th e  equ iva len t  

amount o f  NHpOH.HCl and sodium carbonate w ith  a lc o h o l  and



w ater f o r  h a l f  an hour. I t  can be r e c r y s t a l l i s e d ,  from  

a lc o h o l  or  petroleum  e th e r :  b e in g  a m ixture of th e  two

s t e r e o  iso m e r s ,  I t  has no sharp m e lt in g  p o in t  but r a th e r  

m elts  over a range from 106 -  115 ° . The two forms can 

be sep a ra ted  by r e p e a te d  re  c r y s t a l l i s a t i o n s ,  b u t  t h i s  

in v o lv e s  g r e a t  l o s s e s  and was n ot n e c e ssa r y  f o r  th e  

p r e se n t  purposeCS).

l ,4 ,d ip h e n y lb u ta n o n e  was prepared by o x id a t io n  

o f  1 ,4 -d ip h e n y l  bu tan o l w ith  chromic anhydride i n  a c e t i c  

a c id  ( 2 ) .

B ). The A ction  o f  L ight on l , 4 ,d l p h e n y l - 2 -  

c h lo r o -2 - n i t r o  sob utan e .

S o lu t io n s  o f  th e  compound were exposed t o  o rd in ary  

e l e c t r i c  l i g h t  in  s e a le d  tub es  w h ich  were a lm ost  com plete­

l y  f u l l  ( t o  r e s t r i c t  p h o to -o x id a t io n  as fa r  as p o s s i b l e ) .

The fo l lo w in g  airangem ent provided  a 

s u f f i c i e n t l y  h igh  I n t e n s i t y  o f  th e  

i l lu m in a t io n  so as to com plete the  de­

com position  o f  a 5^ s o lu t io n  i n  12-14  

hou rs. The diagram r e p r e se n ts  the  

arrangement seen from above. The inner  

c i r c l e  i s  a la r g e  c y l i n d r i c a l  g la s s  v e s s e l  through  which 

w ater  i s  c i r c u la t e d  and i n  w hich the s e a le d  tubes are  su s ­

pended v e r t i c a l l y :  th e  small c i r c l e s  r ep r e se n t  6 60-w att

lamps and the  la r g e  o u te r  c i r c l e  i s  a la r g e  c y l i n d r i c a l



4.

cover  o f  t i n  r e f l e c t i n g  most o f  th e  r a d ia t io n  in to  the  

g la s s  v e s se l*

D ecom position P rod u cts .

The decom p osit ion  i s  marked by the d isap p earan ce  o f  

the b lu e  c o lo u r  o f  th e  c h lo r o - n i t r o s o  compound. In  

m ethyl a lc o h o l  as s o l v e n t ,  th e  f i n a l  co lou r  i s  very  f a i n t l y  

g r e e n is h  -  a lm ost c o lo u r le s s #  In benzene or carbon-  

t e t r a c h lo r id e  th e re  i s  a change o f  c o lo u r  to  y e l lo w .  

I n v e s t ig a t io n s  were c o n f in e d  to th e  d eco m p osit ion  in  

m ethyl a lc o h o l .  H ydroch loric  a c id  i s  formed during the  

decom p osit ion . T i t r a t io n  w ith  NH^CNS and AgNO  ̂ showed 

th a t  the y i e l d  o f  HC1 was 9 9 .6 $  per decomposed m oles .

In o th e r  c h lo r o n itr o s o  compounds the amount o f  HC1 -  

though always over 90$ -  was s m a l le r ,  perhaps owing to  th e  

g r e a te r  im p u r i t ie s  o f  th e se  su b stan ces  which are  m o st ly  

l iq u i d s  ( 3 ) .

l/Vhen th e  s o lv e n t  a f t e r  completed decom p osition  i s  

eva p orated , a g r e e n ish  o i l  mixed w ith  w h ite  c r y s t a l s  i s  

l e f t .  The s o lv e n t  was removed under reduced p r e s s u r e ,  

th e  tem perature always b e in g  k ep t below th a t  o f  the room.

As the  o i l  i s  much more s o lu b le  in  m ethyl a lc o h o l  than the  

c r y s t a l s ,  t h i s  s o lv e n t  was used d i r e c t l y  f o r  th e  p u r i f i ­

c a t io n  o f  the  c r y s t a l s .  They have no sharp m e lt in g  

p o in t  but m elt  over a range (1 1 5 -1 2 7 ° ) .  By analogy  w ith  

the  decom position  observed  in  o th er  c h lo r o n itr o s o  compounds,

i t  was f i r s t  thought t h a t  t h i s  product m ight he the oxime
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h y d ro ch lo r id e-  A sample o f  th e  l a t t e r  su b stan ce  was con­

se q u e n t ly  prepared by p a s s in g  a stream  o f  dry HC1 through  

an e th e r e a l  s o l u t i o n  o f  the oxime. The voluminous p re­

c i p i t a t e  which r e a d i ly  forms c o n s i s t s  o f  f in e  c r y s t a l s  

m e lt in g  between 123°  and 130° ( d e c . ) .  Mixed w ith  th e  

c r y s t a l s  o f  the  c r y s t a l l i n e  d ecom p osit ion  p rod u ct, a d e f i n ­

i t e  lo w er in g  in  th e  m e lt in g  range o f  the former was observed .  

When mixed w ith  th e  d ip h en y l-b u tan on e  oxime, no lo w er in g  o f  

the  m e lt in g  range o f  the l a t t e r  was observed . Com- j
V,

b u s t io n  gave the f o l lo w in g  r e s u l t s : -  C 80.55£ H 7 .1 9 ,

N 6 .2 2 .  The t h e o r e t i c a l  v a lu e s  f o r  the oxime a r e : -  C 8 0 .3 3 ,  

H 7 .1 1 ,  N 5*84. A fu r th e r  i d e n t i f i c a t i o n  was n e c e ss a r y  

p a r t i c u la r ly  in  view  o f  the  d isagreem ent in  the v a lu e  found  

f o r  N. The m o lecu lar  w eight was measured by means o f  

M en zies1' d i f f e r e n t i a l  thermometer (M = 236, th eo r . 2 3 9 ) .

The c r y s t a l l i n e  decom position  product was sub­

m it te d  to  steam d i s t i l l a t i o n  in  th e  p resen ce  o f  d i l u t e  

HgSO^. An o i l  was o b ta in ed  which soon c r y s t a l l i s e d  in  

the condenser and in  the  r e c e iv e r .  A fte r  two c r y s t a l l i ­

s a t io n s  from petro leum  e th e r  i t  m elted  a t  4 # ° ,  which i s  

a l s o  the m e lt in g  p o in t  o f  d ip h en y l-b u tan on e . Combustion

gave C 8 5 .2 2 ,  H 6 .9 1 ,  th e  t h e o r e t i c a l  v a lu e s  f o r  d ip h e n y l-  ;

butanone b e in g  C 8 5 .7 ,  H 7 .1 4 .  The mixed m e lt in g  p o in t  

w ith  a sample o f  ketone  ob ta in ed  by vapour d i s t i l l a t i o n  o f
I

th e  oxime in  th e  p resen ce  o f  a c id  was equal to  the m e lt in g  

p o in t  o f  the  two pure su b s ta n c e s .  The f a c t  th a t  the  !
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c r y s t a l l i n e  decom position  product i s  d ip h e n y l  butanone  

oxime i s  th e r e fo r e  e s t a b l i s h e d  beyond doubt.

The d eco m p o sit ion  y ie ld e d  40 -  50^ oxime {% o f  

the t h e o r e t i c a l  amount o f  ox im e). For th e  form ation  o f  

th e  oxime two atoms o f  hydrogen are  req u ired  w hich  are  

su p p lie d  e i t h e r  by a second decom p osition  product or by 

th e  s o l v e n t .

I f  m ethyl a lc o h o l  a c t s  a s  a donator o f  hydrogen ,  

formaldehyde should  b e  found among the decom p osit ion  pro­

d u c ts .  Search fo r  formaldehyde has been u n s u c c e s s fu l  in  

the  ph otod ecom p osit ion  o f  c h lo r o -n it r o s o -b u ta n e  ( 3  ) .

To t e s t  f o r  CHgO in  th e  p r e s e n t  c a se  the s o l u t i o n  co n ta in ed  

in  th e  s e a l e d  tube was subm itted t o  steam  d i s t i l l a t i o n .

The f i r s t  p a r t s  o f  the d i s t i l l a t e  were d i lu t e d  w ith  w ater  

and added to  a s o l u t i o n  o f  d im e th y l-d ih y d r o r e so r c in o l  

(di'medone) in  w ater. A c r y s t a l l i n e  p r e c i p i t a t e  was 

formed a f t e r  s ta n d in g  fo r  some hou rs . A fte r  r e c r y s t a l ­

l i s a t i o n  from a lc o h o l  i t  m e lted  a t  1 8 8 -1 8 9 ° . The m e lt in g  

p o in t  g iv en  in  l i t e r a t u r e  f o r  the p r e c i p i t a t e  formed by
odime done and formaldehyde in  aqueous s o lu t io n  i s  187-188 • 

The p resen ce  o f  formaldehyde was thus proved. The 

q u a n t i t a t iv e  determ in ation  o f  th e  formaldehyde formed dur­

in g  th e  d ecom p osit ion  was c a r r ie d  out as f o l l o w s : -  a f t e r  

com plete p h otodecom p osit ion  th e  s o l u t i o n  was s u b je c te d  to  

steam d i s t i l l a t i o n  which was stopped as  soon  as i t  became



h e ter o g en eo u s .  The condenser was connected  to the  i c e -  

co o led  r e c e iv e r  (which con ta in ed  w a ter )  by means of an 

ad ap ter . To the d i s t i l l a t e  2 g. NH Cl and an e x c e ss  o f  

. 5  normal sodium carbonate  s o l u t i o n  were added. The 

s o lu t io n  was t i t r a t e d  on th e  f o l lo w in g  day w ith  . 5  normal 

HgSO  ̂ a g a in s t  methyl orange. Only 1 .3 $  moles CHgO per  

m oles o f  decomposed su b s ta n c e  had been formed. This 

f a c t  does n o t ,  o f  c o u r se ,  ex c lu d e  the p o s s i b i l i t y  th a t  

CHgO i s  formed in  la r g e r  q u a n t i t i e s  s in c e  i t  i s  p o s s i b l e  

t h a t  m ost o f  i t  d isap p ears  again  because o f  p o ly m e r isa t io n  

o r  other secondary  r e a c t io n s  w i th  th e  r e a c t iv e  r a d ic a l s  

or  m o le c u le s  w hich no cfoifct are formed in  the i n i t i a l  s t a g e s  

o f  t h e  d ecom p osit ion  r e a c t io n .

At any r a te  o ther  d ecom p osit ion  products  had to  

be found. They were a t  f i r s t  looked f o r  in  the  green  

o i l  w hich i s  l e f t  a long with the c r y s t a l s  a f t e r  th e  r e ­

moval o f  th e  s o lv e n t .  As i t  was found th a t  on a d d it io n  

o f  e th er  to  th e  r es id u e  t h e  amount o f  c r y s t a l l i n e  su b stan ce  

in c r e a s e d ,  i t  was hoped to  se p a r a te  the o i l  from th e  oxime 

by i t s  g r e a t e r  s o l u b i l i t y  in  e th er . No com plete  sep a ra ­

t i o n  cou ld  be o b ta in ed  i n  th is  way. Out o f  the  green  o i l

e x tr a c te d  w ith  e th er  fu r t h e r  amounts o f  oxime c r y s t a l l i s e d  

a f t e r  some d ays . The b u lk  o f  th e  o i l ,  how ever, d id  n o t  

c r y s t a l l i s e  from any o f  th e  common o rgan ic  s o lv e n t s .  

S ep ara tion  co u ld  be a c h iev e d  by p r e c i p i t a t in g  th e  oxime as 

h yd ro ch lo r id e  out o f  the e th e r  s o l u t i o n ,  but th e  o i l  d id



n o t  c r y s t a l l i s e .

When the  g reen  o i l  was b o i l e d  w ith  hydroxylam ine-  

hydro c h lo r id e ,  sodium carbonate  and aqueous a lc o h o l  

c r y s t a l s  were formed: th ese  were i d e n t i f i e d  as d ip h e n y l-

butanone oxim e. I t  t h e r e f o r e  seems th a t  the  o i l  c o n ta in s  

some di phenylbutanone.

Attempts to  i s o l a t e  a second  product in  t h i s  way 

havin g  been u n s u c c e s s f u l ,  the f o l lo w in g  experiment was 

c a r r ie d  c u t : -  t o  th e  r e s id u e  a f t e r  th e  removal o f  m ethyl  

a lc o h o l ,  e th er  and sodium carbonate s o l u t i o n  were added. 

Under th ese  c o n d it io n s  the  oxime g oes  q u a n t i t a t iv e ly  in t o  

th e  e th er  la y e r  (as  p rev iou s t e s t s  showed). From th e  

aqueous la y e r  a w h ite  s o l i d  I s  p r e c ip i t a t e d  by d i l u t e  

a c id s .  I t s  p u r i f i c a t i o n  o f f e r e d  c o n s id e r a b le  d i f f i c u l t i e s  

which could  n o t  be overcome e n t i r e l y .  I t  cannot be r e ­

c r y s t a l l i s e d  from the common s o l v e n t s ,  be ing  very  s o lu b le  

in  some of them (benzene, MeOH, EtOH, e th e r ,  e s t e r s ,  

d ioxan , e t c . ) ,  in s o lu b le  in  o th e r s  (petroleum  e th e r ) .  

C r y sta ls  were e v e n tu a l ly  obta ined  by d i s s o lv in g  th e  s o l i d

in  a lc o h o l  and adding water g r a d u a lly .  The c r y s t a l s  de- 
ocomposed a t  160 a f t e r  s o f t e i i n g .  In the course o f  some 

d a y s , however, the decom position  p o in t  was c o n s id er a b ly  

low ered although the appearance o f  the su b stan ce  remained  

u n a lte r e d .  The su b sta n ce  th en  no lo n g er  d i s s o lv e d  com­

p l e t e l y  in  benzene or a lc o h o l  but l e f t  a brownish v isc o u s  

r e s id u e .  These co m p lica t ion s  together with the f a c t  t h a t
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t h i s  produ ct i s  o b ta in e d  w i t h  a y i e l d  o f  o n ly  10$ o f  

o r ig i n a l  b lue  compound and f u r th e r  l o s s e s  in c u r re d  by 

r e c r y s t a l l i s a t i o n , make the i d e n t i f i c a t i o n  o f  t h i s  pro­

duct a ' d i f f i c u l t  problem w hich i s  beyond t h e  scop e  o f  the  

p r e se n t  p h ysicoch em ica l r e se a r c h .

Comparing th e  decom position  o f  d ip h e n y l-c h lo r o ­

n itr o so b u ta n e  w ith  th a t  o f  ch lo ro n itr o so b u ta n e  and o th e r  

a l i p h a t i c  c h lo r o n itr o so -h y d r o c a r b o n s , the f o l lo w in g  

d i f f e r e n c e s  are n o t e d : -  1) th ere  i s  no ev id en ce  f o r  the  

form ation  o f  a double m o lec u le  as the  main d ecom p osit ion  

product in  the absence o f  w ater(4). A double  m olecu le  (A) 

was formed w ith  a y i e l d  o f  44$ in  the case o f  c h lo r o ­

n itr o so b u ta n e :  o n ly  on a d d it io n  o f  a l k a l i  was th e  l a t t e r

s p l i t  in t o  two p rodu cts  (3) and (C) in  th e  p r e se n t  case  

the oxime (corresp ond ing  to  decom position product (B) in  

the case  o f  c h lo r o n itr o so b u ta n e )  seems to be formed p r i ­

m a r ily  s i n c e  i t  c r y s t a l l i s e s  from th e  r e s id u e  a f t e r  r e ­

moval o f  the s o l v e n t .  The assum ption th a t  a double  

m olecu le  o f  th e  type (A) i s  formed f i r s t  but d i s s o c i a t e s  

again  because o f  i n s t a b i l i t y ,  i s  u n l ik e ly  fo r  i t  i s  hard  

to  see  how such double m olecu le  could  s p l i t  up g iv in g  r i s e  

to th e  form ation  o f  the oxime i n  absence of w ater .  

(Commercial m ethyl a lc o h o l  was dried  by rep ea ted  treatm ent  

w ith  sodium to  exclude the  p o s s i b i l i t y  o f  th e  sm all amount 

o f  w ater contained  i n  i t  p la y in g  a d e c i s iv e  r b le ;b u t  t h i s
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d id  n o t make any n o ta b le  d i f f e r e n c e  in  th e  d e c o m p o sit io n ).

2) Formaldehyde i s  found among th e d ecom p osition  p rod u cts  

a lth ou gh  in  sm a ll amounts. T his f a c t  can be in te r p r e te d  

in  se v e r a l w ays. a) The form ation  may be a s id e  r e a c t io n  

in v o lv in g  o n ly  1 .3 $  o f th e  m olecu les decomposed w ith ou t  

in f lu e n c e  on th e  main decom position  r e a c t io n . b) The 

m ethyl a lc o h o l  may p la y  a major p a r t in  th e  p rocess by 

su p p ly in g  h a l f  o f th e  v e r y  u n s ta b le  m o lecu les  formed 

a f t e r  th e  s p l i t t i n g  o f f  o f  HC1 owing to  th e  a b so rp tio n  o f  

l i g h t  (se e  the mechanism su g g ested  by Cameron) g iv in g  r i s e  

to  th e  form ation  o f  CH 0 w hich , in  tu rn , may r e a c t  in  some 

way or o th e r  w ith  th e  o th e r  h a l f  o f  th e  a c t iv e  m o lec u le s . 

T his mechanism would ex p la in  th e  f a c t  th a t th e  y ie ld  o f  

diphonylbutanone oxime does n o t  exceed  50^ and th e  sm all 

y ie ld  o f  form aldehyde l e f t  a f t e r  the d e c o m p o sit io n ;in  

t h i s  ca se  f o r  two m o lecu les  o f  decomposed b lu e  compound,

1 m o lecu le  o f  MeOH i s  used up . There i s  f i n a l l y  th e  

p o s s i b i l i t y  th a t  each decomposing m o lecu le  r e a c ts  w ith  one 

m o lecu le  o f  MeOH and th a t  part o f  th e  d ip h en y l but anone 

oxime thus formed q u a n t i t a t iv e ly  d isap p ears because o f  a 

secondary dark r e a c tio n  w ith  CH^O. The p o s s i b i l i t y  th a t  

th e  form aldehyde ca u ses a dark d ecom p osition  o f  th e  b lu e  

compound may be d isca r d e d  s in c e  in  t h i s  c a se  the quantum 

y ie ld  should  be  d e f i n i t e l y  h ig h er  than in  th e  ca se  o f  

compounds whose decom position  d oes n o t  g iv e  r i s e  to  th e  

form ation  o f  CHgO. The r e v e r se  i s  tru e .



The exp erim en ta l ev id en ce  g a in ed  does n o t a llo w  

any ch o ice  between th e  p o s s i b i l i t i e s  m entioned above.

There i s  m erely  an in d ic a t io n  th a t  a t  l e a s t  p a rt o f  th e  

hydrogen req u ired  t o  form th e  oxime comes from decom posi­

t io n  produ cts r a th e r  than  from the s o lv e n t .  A n a ly s is  

o f  th e  second c r y s t a l l in e  d ecom p osition  produ ct d e scr ib ed  

above shows th a t i t  c o n ta in s  l e s s  hydrogen than th e  oxime 

or th a n ’any compound which may be form ed by con d en sation  

w ith  or a d d it io n  o f  CĤ O in  w hich case the v a lu e  fo r  H 

f&uhd by a n a ly s is  would be h ig h e r .

Measurement o f th e  Quantum Y ie ld .

The quantum y ie ld  o f  d ip h e n y l-c h lo r o n itr o so b u ta n e  

was measured by th e  method d eve lop ed  by M itc h e ll  and Camer­

on w ith  th e  m o d if ic a t io n s  in tro d u ced  by M itc h e ll and Simp­

son (6  ) .  As the method has been d e scr ib ed  in  f u l l  d e t a i l  

elsew h ere  ( 7 ) ,  o n ly  a b r ie f  o u t l in e  w i l l  be g iv en  h ere .

The diagram below  shows th e  o p t ic a l  arrangem ent. The 

l i g h t  sou rce  (L) i s  an autom atic carbon a rc . I t  i s  run

■L • l-ljAf- j - - -4
T  S

from the D. C. mains w ith  7 .5  amps. i s  a le n s  and W a

w ater f i l t e r  (ab sorb in g  most o f  th e  in fr a -r e d  r a d ia t io n ) ,  

g i s  an ord in ary  red g la s s  f i l t e r .  The th erm ostat T i s



so  p la c ed  th a t  th e  le n s  fo c u se s  th e  image o f  the arc on 

i t s  f r o n t  w a l l .  The le n s  Lg, im m ed iate ly  in  fr o n t o f  the  

w a ll  o f  th e  th e r m o sta t, fo c u se s  th e  l i g h t  on th e  su r fa c e  o f  

th e  c e l l  c o n ta in in g  the s o lu t io n  o f  th e  su b sta n ce  under 

in v e s t ig a t io n .  I n s id e  the th erm osta t th e r e  i s  th e  

C h r is t ia n se n  f i l t e r  (a  trough c o n ta in in g  a m ixture o f  powder­

ed Crown g la s s  and m ethyl b en zoa te) which tra n sm its  o n ly  a 

narrow s p e c t r a l  r e g io n  o f  l i g h t  which v a r ie s  w ith  the tempera 

tu r e  o f  th e  th erm o sta t. S i s  an ord in ary  sh u tte r  by means 

o f  w hich th e  i l lu m in a t io n  i s  c o n tr o l le d . S t i s  a c ir c u la r  

s to p  c u t t in g  o u t most o f  th e  impure l i g h t .  s i  i s  a th in  

g la s s  s la b  through which most o f  th e  l i g h t  p a sse s  to  the  

su r fa c e  o f  th e  c e l l  c ,  where i t  i s  c o m p le te ly  absorbed . A 

sm a ll f r a c t io n  i s  r e f l e c t e d  to  the su r fa ce  o f  the W eston- 

p h o tro n ic  c e l l  P.

Method.

The quantum y ie ld  i s  the r a t io  o f  the number o f  

m o lecu les  decomposed to  the number o f  lig h t-q u a n ta  h y  

absorbed . I t  I s  th e r e fo r e  n e c e ssa r y  to  m easure, (a ) the  

amount decomposed, and (b) the energy absorbed by th e  

s o lu t io n .  ( a ) .  The amount o f  d ecom p osition  i s  measured

c o lo r im e t r ic a l ly .  For t h i s  purpose a Weston p h o tro n ic  c e l l  

i s  p la c ed  c lo s e  behind th e  c e l l  c . The p h o to c e l l  i s  

con n ected  w ith  a s e n s i t iv e  m irror galvanom eter. The carbon
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arc i s  r e p la c e d  by a 12 v o l t  f i la m e n t  lamp run from accumu­

l a t o r s ,  and th e  d e f l e c t io n  o f  the galvanom eter i s  m easured. 

R eadings are  taken fo r  a number o f s o lu t io n s  o f  known 

s tr e n g th . From a graph where th e  lo g  o f  th e  d e f le c t io n  

i s  p lo t t e d  a g a in s t  th e  c o n c e n tr a tio n  th e  unknown con cen tra ­

t io n  can be d eterm ined . Owing to th e  a b so rp tio n  o f  the  

b lu e  compound th e  unknown s o lu t io n  must be d i lu t e d  th r ee  

tim es fo r  th e  measurement.

(b) The amount o f  energy absorbed eq u a ls th e  amount o f  

energy r a d ia te d  in to  th e  c e l l ,  the a b so rp tio n  b e in g  com p lete . 

The amount o f  energy r a d ia te d  in to  th e  c e l l  eq u a ls average  

in te n s i t y * ( t im e  o f  i l lu m in a t io n ) .  The average in t e n s i t y  

o f  th e  l i g h t  i s  record ed  w ith  th e  h e lp  o f  the p h o to c e l l  P 

w hich i s  con n ected  w ith  a m irror galvanom eter whose de­

f l e c t i o n  i s  record ed  p h o to g r a p h ic a lly  on a r o ta t in g  drum.

As th e  d e f le c t io n  i s  p r o p o r tio n a l to  th e  in t e n s i t y  o f  th e  

l i g h t  r a d ia te d  in to  the c e l l ,  th e  fa c to r  by which the de­

f l e c t i o n  i s  to  be m u lt ip l ie d  in  order to  o b ta in  the in te n ­

s i t y  o f  th e  l i g h t  must be foun d . This i s  done by r e p la c ­

in g  th e  c e l l  c by a c a lib r a te d  therm opile  connected  w ith  a 

m irror ga lvanom eter. By a s e r i e s  o f  i l lu m in a t io n s  w ith  

l i g h t  o f  the w a v e -len g th  req u ired  fo r  th e  d ecom p osition , 

th e  r a t io  o f  th e  d e f l e c t io n  o f  th e  galvanom eter connected  

w ith  th e  th erm op ile  to  th a t o f  the galvanom eter o f  th e  

p h o to c e l l  i s  found (ag)* The in t e n s i t y  o f  the i llu m in a -  I

t io n  du rin g  th e  d ecom p osition  = d e f le c t io n  o f  the galvanom eter, i
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con n ected  w ith  th e  p h o to c e l l  x  r a t io  x

c a l ib r a t io n  fa c to r  o f  the th erm o p ile .

P re lim in ary  Measurements and A djustm ents.

The tem perature o f  th e  th erm osta t i s  so chosen th a t  

th e  C h r is t ia n se n  f i l t e r  tra n sm its  the wave le n g th  f o r  which  

th e  a b so rp tio n  o f  the s o lu t io n  has i t s  maximum. Cameron 

( 8 )  has record ed  the c a l ib r a t io n  graph fo r  th e  f i l t e r  

g iv in g  th e  wave le n g th  o f maximum tr a n sm iss io n  as a fu n c tio n  

o f  the tem p eratu re. The c o r r e c tn e ss  o f  the graph has been  

checked fo r  th e  req u ired  wave le n g th  o f  6580 X by means o f  

a sp e c tr o sc o p e .

The th erm op ile  was c a lib r a te d  w ith  a standard  

H efner ca n d le  burning a t  1 m. d is ta n c e  from the su r fa c e  o f  

th e  th erm o p ile . The arrangem ent has been d e sc r ib ed  by

Cameron ( 9 ) .  By a s e r ie s  o f  i l lu m in a t io n s  and dark 

p e r io d s  o f  equal d u ra tio n  th e  average d e f le c t io n  i s  found.

I t  corresp ond s to  th e  in t e n s i t y  o f  2 .2 5  x 10"® x s u r fa c e oyeyf^  

o f  the th erm op ile  (G erlach

C a lc u la t io n  o f  th e  quantum y i e l d :
* % *  &•  r  a f J iv  <x(,i 0 Y (,9<L

x  28470. The energy absorbed during  
energy abs. <*L A

th e  experim ent i s  equal to  tim e ( in  s e c . )  xa-^x a^ x 1 .0 5

(aver, d e f le c t io n  on th e  reco rd in g  drum )cal. The f a c t o r

1 .0 5  i s  a c o r r e c t io n  fo r  th e  l o s s  o f  l i g h t  through r e ­

f l e c t i o n  on the g la s s  w hich p r o te c ts  the therm opile  a g a in s t  

h e a t r a d ia t io n . The eq u a tio n , o f c o u r se , h o ld s o n ly  i f

th e  exposed  su r fa ce  area o f  the therm opile i s  equal to  th e
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I llu m in a te d  su r fa c e  o f  th e  c e l l  c c o n ta in in g  th e  so lu tio n *  

As the wave le n g th  o f  maximum a b so rp tio n  as w e l l  

as th e  e x t in c t io n  c o e f f i c i e n t  fo r  th a t  wave le n g th  are  

req u ired  in  ord er to  o b ta in  a s o lu t io n  w hich absorbs th e  

l i g h t  co m p le te ly  (n o t more than 1% o f  the ir r a d ia te d  l i g h t  

sh ou ld  be tr a n s m it te d ) , the e x t in c t io n  curve o f  the sub­

s ta n c e  ibiustc b.C'. m easured.

A bsorption  Spectrum (T able J- F ig .! - )

The a b so r p tio n  curve o f  1 ,4  d ip h e n y l- 2 - c h lo r o -  

2 -n itr o so b u ta n e  was record ed  by means o f  a Spekker s p e c tr o ­

photom eter (A « H ilg er). Table 1 g iv e s  th e  read in gs and

F i g . l  shows th e  curve. The maximum o f  the a b so rp tio n

band l i e s  a t A = 6580 $ and i t  amounts to  t  = 2 4 .8 .

The shape o f  th e  curve on the sh o rt wave le n g th  s id e  in d i ­

c a te s  th e  p resen ce  o f  a su b s id ia r y  band s im ila r  to  th a t  

ob served  by M itc h e ll  and Simpson (10) and Simpson ( 1 ‘ ) in  

some c h lo r o n itr o so  compounds. The maximum e x t in c t io n  i s  

a l i t t l e  h ig h er  than t&Sfc in  th e  ca se  o f  m ost o th e r  c h lo r o ­

n it r o s o  compounds in v e s t ig a te d  and i t  l i e s  a t  lo n ger  wave 

le n g th s  b ecau se  o f  the s i z e  o f  the m olecu le  and th e  i n ­

f lu e n c e  o f  th e  phenyl groups ( 1 2 ) .

R e su lts  o f  th e  Measurement o f  the Quantum Y ie ld .

The tem perature o f  the therm ostat co n ta in in g  the  

fdirtv was kept a t  15*2° corresp ond ing  to  a maximum 

tr a n sm iss io n  fo r  A = 6580 &*A 6 .5 $  s o lu t io n  o f th e  compound
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In dry m ethyl a lc o h o l was u sed . The s o lv e n t  was fr e e d  

from the b u lk  o f  oxygen d is s o lv e d  in  i t  by p a ss in g  n itr o g e n  

through i t .  The d ecom p osition  was a llow ed  to  reach  10$  

becau se  the erro r  caused  by tr a n sm iss io n  o f  a s o lu t io n  

weaker than 5 .8 $  in  a 1 cm. c e l l  i s  a p p r e c ia b le . H igher  

i n i t i a l  c o n c e n tr a tio n s  cou ld  n ot be u sed  b ecau se  o f  th e  

sm a ll s o l u b i l i t y  o f  th e  su b stan ce  in  m ethyl a lc o h o l.

The r e s u l t s  o f  two t y p ic a l  experim ents are g iv en  

in  T ables 2 and 3 . In one c a se  th e  quantum y ie ld  = 0 .8 0 :  

in  th e  o th e r  0 .8 &

D is c u s s io n .

The r e s u l t  o b ta in ed  i s  somewhat s u r p r is in g :  a l l

c h lo r o n itr o so  compounds ( in c lu d in g  c h lo r o n itr o so  hydrocarbons 

(12) and c h lo r o n itr o s o  a c id s  and - a c id - e s t e r s  (1 3 ))  had a 

quantum y ie ld  g r e a te r  than 1 . I t  was th e r e fo r e  a t  f i r s t

thought th a t  th e  r e s u l t  o b ta in ed  In th e  p r e se n t c a se  was

due to  some f a u l t  in  the exp erim en ta l arrangem ent. The 

l a t t e r  was checked by m easuring the quantum y ie ld  fo r  th e  

decom p osition  o f  m e th y l-c h lo r o n itr o so b u ty r a te  by l i g h t  o f  

X  = 6350 £ in  a c e to n e . The r e s u l t  ob ta in ed  was = 1 .2 3  

in  good agreement w ith  the v a lu e  o f  y- = 1 .1 9  found by

Simpson (1 4 ) . M oreover, fo r  d ip h en y l ch lo ro n itr o so b u ta n e

Jf**<l in  a l l  the m easurem ents.

I t  would th e r e fo r e  appear th a t  th ere  i s  a d i f f e r e n c e  

in  th e  d ecom p osition  r e a c t io n s  o f  the d ip h e n y l-c h lo r o n itr o ­

sobutane on th e  one hknd and th a t o f  the o th e r  c h lo r o -



A b sorption  Spectrum o f  1 .4  D1 p h en y l-2  - c h lo r o -2  -n itr o so b u ta n e .

0 ’S 'O f'ij f 1* ou^ a.£co£to

* ( A ) I k b * 9 % . £

7450 0 .1 1 .3 3 6450 1 .6 2 1 .5 2
7115 0 .3 4 .0 3 6415 1 .5 20 .14
6960 0 .6 8 .0 1 6380 1 .4 1 8 .7 9
6875 0 .7 9 .4 0 6355 1 .3 17.4-e
6840 0 .8 1 0 .7 4 6333 1 .2 1 6 .1 2
6820 0 .9 1 2 .0 9 6300 1 .1 1 4 .7 7
6800 1 .0 1 3 .4 3 6250 1 .0 1 3 .4 3
6775 1 .1 1 4 .7 7 6100 0 .9 1 2 .0 9
6760 1 .2 1 6 .1 2 6005 0 .8 1 0 .7 4
6750 1 .3 1 7 .4 8 5950 0 .7 9 .4 0
6740 1 .4 1 8 .7 9 5900 0 .6 8 .0 1
6720 1 .5 2 0 .1 4 5840 o ;5 6 .7 1
6700 1 .6 2 1 .5 2 5690 0 .4 5 .3 7
6650 1 .7 2 2 .8 5 5580 0 .3 4 .0 3
6500 1 .7 2 2 .8 5





/ .  Quantum Y ie ld  fo r  th e  D eoom position  o f

1 ,4  D iphenyl 2 ch lo ro  2 n l t r o s o  butane by l i g h t

o f  A = 6580 ft.

Dry M ethyl A lcoh o l fr e e d  from Oxygen
3Volume o f  th e  c e l l  = 4*00 cm . M = 2 7 3 .5

I n i t i a l  C on cen tra tion  . .  6 .5 2 5 $

F in a l C on cen tra tion  . •  5 .9 2 6 $

Cm. m ol. decomp. =4X-* -—  ̂-Z £ •..%?£ -  0.876x10*"^
2 7 3 .5  x  100

Recorded average d e f l e c t io n  = 1 2 .3  cm.

Average r a t io  ag = 3 .8  

I llu m in a te d  area  = 2 .5 4 6  cm^.

D e f le c t io n  w ith  H efner Candle = 6 .6 6  cm.

C a lib r a t io n  f a c to r  (a-,) = 2 ?.25 X. 10~5 = 8>g0
6.66

Time o f  i l lu m in a t io n  = 10 ,5 0 0  s e c .
-5Energy Absorbed = 1 .0 5  x  8.60X10 x 1 2 .3  x  10 ,5 0 0  x 3

4 .4 3  c a l .

u ,= 018 7 6 X 1 0 ^ X 2 8 ,4 7 0  = 0#87g#
9 4 .4 3  658



u y & ) .  Quantum Y ie ld  fo r  th e  D ecom p osition  o f

1 ,4  D ip h en y l-2 -ch lo ro -2 -n ifero 8 o b u ta n e  by l i g h t  o f

A = 6580 i .
Dry M ethyl A lcoh o l fr e e d  from  Oxygen

3Volume o f  th e  c e l l  = 4 .0 0  cm . M = 2 7 3 .5 .
—

I n i t i a l  C on cen tra tion  = 6 .524  gm/lOO cm •

F in a l C on cen tra tion  = 5 .904  gm/lOO cm®.

G-m. m ol. decomp. = ' 4 x  0 .6 2 0  -  0.834x10"^
100 x 2 7 3 .5

Recorded average d e f l e c t io n  = 1 2 .9  cm.

Average r a t io  ag ~ 3 .4 2  cm .«
o

I llu m in a te d  area  = 2 .5 4 6  cm .

D e f le c t io n  w ith  H efner Candle = 6 .6 6  cm.

C a lib r a t io n  f a c t o r  ( a , )  = 8.60x10"® <a<*/
/sen.

Time o f  i l lu m in a t io n  = 11 ,040  s e c .

Energy Absrobed = 1 .0 5  x 8.60X10"® x  12 .9X 3.42X 11,040

= 4 .4 0  c a l .

K=M5iK»x SMZ2 = 0.819.
4 .4 0  658
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nitroso compounds on the other. The f a c t  that^-C 1 must 
be e x p la in ed  by p a r t ia l  d e a c t iv a t io n  o f  th e  molecules which  

have absorbed a quantum o f  l i g h t  b e fo re  th ey  decom pose. 

D e a c t iv a t io n  can occu r in  th r e e  w ays: a) by in tr a m o le cu la r

d e a c t iv a t io n ,  i.e., th e  d is s ip a t io n  o f  th e  absorbed energy  

to  o th er  p a r ts  o f  th e  m o le c u le , b) by c o l l i s i o n ,  and c ) by  

th e  in f lu e n c e  o f  a dark r e a c t io n  on th e  quantum y ie ld .

a ) .  The d i s s ip a t io n  o f  en ergy  i s  more l i k e l y  in  a 

la r g e  m o lecu le  th an  i n  a sm all one s in c e ,  accord in g  to  th e  

e q u i- p a r t i t io n  o f  en erg y , th e  c o n c e n tr a tio n  o f  i t  in  one 

p a r t o f  th e  m o lecu le  i s  much more u n sta b le  thermodynami­

c a l l y  -  and th e r e fo r e  has a sh o r te r  l i f e t im e  -  in  la r g e  

m o lecu les  than in  sm a ll o n es . There may, m oreover, in

th e  p r e se n t  c a s e , be a more d ir e c t  in f lu e n c e  on th e  e le c t r o n ic  

s tr u c tu r e  o f  th e  N=0 group , w hich makes p o s s ib le  th e  

e le c t r o n ic  t r a n s i t io n s  le a d in g  to  th e  tr a n s fe r  o f  energy  

w hich are 11 fo rb id d en ” in  th e  ca se  o f s im p ler  m o lecu les .

b ) .  D fcactiva tion  by c o l l i s i o n  i s  l e s s  l i k e l y  in  th e  

p r e se n t  c a se  than i n  th e  c a se  o f  s im p ler  compounds because  

th e  s t e r i c  f a c to r  o f  the c o l l i s i o n  w ith  th e  a c t iv a te d  p art  

o f  th e  m o lecu le  must b e  sm a lle r  in  d ip h en yl c h lo r o n itr o so -  

butane because o f  th e  s h ie ld in g  e f f e c t  o f  th e  la r g e  phenyl 

groups a g a in s t  approaching m o lec u le s .

c ) .  There i s ,  how ever, another p o s s i b i l i t y  by w hich  

th e  s h ie ld in g  in f lu e n c e  o f  th e  phenyl r a d ic a ls  may cause a 

lo w er in g  o f  th e  quantum y ie ld .  T his would happen i f  th e
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r e a c t io n  le a d in g  to  d ecom p osition  i s  b im o le c u la r , i * e . ,  i f  

the a c t iv a te d  m o lecu le  decomposes o n ly  a f t e r  c o l l i s i o n  w ith  

an oth er  m o lec u le . Such a mechanism i s  com p atib le  w ith  a 

quantum y ie ld  o f  p** 1 i f  th e  b im o lecu la r  r e a c t io n  i s  f a s t  

compared w ith  th e  prim ary p r o c e ss  o f  a b so r p tio n . In  t h i s  

c a se  th e  r a te  o f  d ecom p osition  i s  determ ined by th e  r a te  o f  

th e  prim ary p r o c e ss  and independent o f  th e  c o n c e n tr a tio n  o f  

the s o lu t io n .  (Cameron (15) found th a t  th e  c o n c e n tr a tio n  

does n o t  in f lu e n c e  the quantum y ie ld )*  I f  th e  s t e r i c  

f a c to r  f o r  th e  b im o lec u la r  r e a c t io n  f o r  th e  d ip h e n y l com­

pound i s  sm a ll compared w ith  th a t  o f  o th e r  c h lo r o n itr o s o  

compounds, i t  i s  p o s s ib le  th a t  fo r  th e  form er th e  r a te  o f  

th e  b im o lecu la r  dark r e a c t io n  i s  no lo n g e r  la r g e  compared 

w ith  the r a te  o f  the prim ary p r o c ess  so  th a t  th e  average  

tim e which e la p s e s  b e fo re  th e  a c t iv a te d  m o lecu le  i s  decom­

posed by c o l l i s i o n  i s  g r e a te r ;  hence th e  chances fo r  

d e a c t iv a t io n  are in creased*

U n fo rtu n a te ly  th e  exp er im en ta l ev id en ce  does n o t  

d e c id e  betw een th e  p o s s i b i l i t i e s  a) and c ) .  I f  the  

mechanism i s  in f lu e n c e d  by the b im o lecu la r  dark r e a c t io n ,  

v a r ia t io n  o f  th e  quantum y ie ld  w ith  th e  c o n c e n tr a tio n  sh ou ld  

be ob served . T his cou ld  n o t  be done s in c e  the co n c en tr a ­

t io n  cou ld  n o t  be v a r ie d  owing to  th e  sm all s o l u b i l i t y  o f  

th e  compound in  MeOH on th e  one s id e  and th e  n e c e s s i t y  f o r  

t o t a l  a b so rp tio n  on th e  other* U sing th ic k e r  la y e r s  would
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overcome the l a t t e r  d i f f i c u l t y ,  bu t th a t  n e c e s s i t a t e s  o th e r  

in c o n v e n ien ce s  such  as a lo n g e r  tim e o f  exp osu re , e t c .  I t  

i s  n o t u n l ik e ly  th a t  b oth  a) and c ) p la y  a p art in  th e  

mechanism o f  th e  r e a c t io n .

As th e  y i e ld  o f  th e  HC1 formed d u rin g  th e  decom­

p o s i t io n  in  a l l  c h lo r o n itr o so  compounds i s  betw een 90-100$  

in d ep en d en tly  o f  th e  o th e r  d ecom p osition  p r o d u cts , th e  

s p l i t t i n g  o f f  o f  HC1 was assumed to  be th e  p ro cess  fo l lo w ­

in g  a b so rp tio n . Cameron has su g g ested  th a t  th e  energy o f  

the l i g h t  quantum was p a ssed  on to  th e  n e igh b ou rin g  C-atom  

where a hydrogen n u c leu s was s p l i t  o f f ,  but t h i s  assum ption  

i s  n o t in  agreem ent w ith  the energy in v o lv e d . The absorbed  

l i g h t  p ro v id es  an energy o f  40 -45  C a l / j ^ *  th e  rupture o f  

a C-H bond r e q u ir e s  97 i^ C a l/Mol (1 7 ) .  The energy  

n e c e ssa r y  to  s p l i t  o f f iC l  does n o t , how ever, ex ceed  th e  

absorbed en ergy . B r e a r le y , K istiakow sky & S ta u f fe r  (18) 

found t h a t  th e  energy o f  a c t iv a t io n  fo r  th e  r e a c t io n  

t e r t ia r y  b u ty l c h lo r id e  HC1 + iso b u ty le n e  a 4 5 ,0 0 0  -  

1900 c a l / j ^ ,  and th a t  fo r  th e  analogous r e a c t io n  o f  t e r ­

t ia r y  amyl c h lo r id e  4 6 ,0 0 0  -  700 c a l .  I t  may th e r e fo r e  

be assumed th a t  th e  s p l i t t i n g  o f f  o f  HC1 does n o t c o n s i s t  

in  th e  sep a ra te  rupture o f  th e  C-H and o f  th e  C-Cl bonds 

( fo r  which ~  170 c a l  would be r eq u ired ) but th a t  b e fo re  

d ecom p osition  some kind o f  l in k  i s  formed betw een th e  H and 

th e  Cl w ith  sim u ltan eou s weakening o f  th e  C-H and the  

C-Cl bonds. While th e  Cl atom in  c h lo r o n itr o so  compounds



i s  n o t  a tta c h e d  to  t e r t ia r y  carbon atom s, i t  i s  probab ly

bound more lo o s e ly  owing to  th e  p resen ce  o f  th e  n e g a t iv e

s u b s t itu e n t  N=0 a t  th e  same carbon atom. (The la r g e

d ip o le  moment o f  the-N=0 1 .9  x  10"^® (19) w i l l  reduce th e

moment o f  th e  C-Cl bond by in d u cin g  a d ip o le  moment o f  
i. ” 4.  —

o p p o s ite  s ig n  C l-t-N * 0  and thus weaken th e  C-Cl b o n d .)

The a c t iv a t io n  energy f o r  th e  form ation  o f  HC1 which i s

l a r g e ly  determ ined by th e  s t a b i l i t y  o f  th e  C-Cl and the

C-H l in k s  sh ou ld  be equal to  or  sm a ller  th an  th a t  ob served

f o r  th e  d ecom p osition  o f  the t e r t ia r y  a lk y l c h lo r id e s .  In

th is  case the energy o f  the l ig h t  (o f A s  6580) =

4 2 ,8 0 0  Cal/flfo^ to g e th e r  w ith  the therm al energy a t  room

tem perature i s  s u f f i c i e n t  to  s p l i t  o f f  HC1. I t  seems

th a t  t h i s  p r o c ess  has the quantum y ie ld  o f  th e  order o f  1 ,

whereas th e  secon dary  r e a c t io n s  o f  the r a d ic a l  
HO--.
i; . ;R  ̂ -  C C -  Rg w hich i s  l e f t ,  depend on the natu re o f  

Rn and R • In  some c a se s  th e s e  r a d ic a ls  d im er ise  (6 ) :
•L 6

In  o th e r s  ( in c lu d in g  th e  p r e se n t one) th ey  dehydrogenate  

o th e r  m o lecu les  w ith  form ation  o f  oxim e.
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S U M M A R Y .

The p rep a ra tio n  i s  d e sc r ib ed  o f  1 ,4  d ip h e n y l-  

c h lo r o n itr o so b u ta n e . The d ecom p osition  products are  

in v e s t ig a t e d ,  HC1 (9 9 .6 $ ) ,  d iphenylbutanone oxime (50$) 

and CHo0 (a sm a ll amount) are found. The a b so rp tio n  

spectrum  i s  recorded  and th e  quantum y ie ld  measured fo r  

th e  d ecom p osition  by l i g h t  o f  th e  wave le n g th  o f  m axi­

mum a b so rp tio n . y*= 0 .8 5 ,  which i s  l e s s  than the

v a lu e s  p r e v io u s ly  found fo r  o th e r  c h lo r o n itr o so  compounds 

(w hich were s l i g h t l y  ^  1 in  a l l  c a s e s ) .  The r e s u l t  

i s  d is c u sse d  and i t  i s  shown th a t  th e  energy o f  the  

absorbed l i g h t  i s  s u f f i c i e n t  to  s p l i t  o f f  h y d ro c h lo r ic  

a c id . The secondary dark r e a c t io n s  o f  th e  prim ary  

decom p osition  p rodu cts do n o t in f lu e n c e  th e  quantum 

y ie ld .
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