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57. The Structure of Polyiso'prenes. P art I V . Double Bond Interaction in  
Certain Carhalkoxy-suhstituted 1 : 5-Dienes,

B y  L . Bateman a n d  G . A . Jeffrey.
A p ecu liar lack  of olefinic reac tiv ity , com bined w ith  a  facility  for cyclisation of m eth y l a n d  e th y l • ®-hexa- 

diene-1 : 1 ; 3 : 3 : 4 : 4 : 6 ;  6 'o c taca rb o x y la tes , has been  a ttr ib u te d  b y  Ingold , P arekh , a n d  Shoppee to  ring- 
chain  m esom erism . A  re in v estigation  of these  and  re la ted  com pounds h as now  been m ade b y  using X -ra y  ^
m ethods, and  i t  is show n th a t  th e  c ry sta l s tru c tu re  of th e  m ethy l este r is incom patib le  w ith  th e  e*s-configuration 
requ ired  for such  in te rsp a tla l double-bond sa tu ra tio n . A rad ical d isru p tio n  of a  m esom eric sy s tem  by  crystall- 
isa tion  from  solution  is im probab le  and , an  earlier form ulation  inco rpora ting  a  bicyclohuta.ne nucleus being 
re jected  on chem ical grounds, i t  is necessary  to  seek a  new  in te rp re ta tio n  of th e  anom alous reac tiv ity . < W e .. ,
suggest t h a t  th e  d e te rm in a tiv e  condition  is hypercon jugation  th ro u g h o u t th e  carbon  fram ew ork of th e  molecule, 
and  discuss th is  in  re la tio n 'to  1 : 5-dienes generally.

V **•When u n s a tu r a te d  g ro u p s  a re  c o m p o n e n ts  o f  a  c o n ju g a te d  sy s te m  i t  is  w e ll k n o w n  t h a t  th e i r  in d iv id u a l  pro- 
p e r tie s  a re  m o d ifie d . Q u a n tu m  m e c h a n ic s  n o w  p ro v id e s  a  s o u n d  th e o re t ic a l  b a s is  fo r  th e  e x te n s iv e  f a c tu a l  -  ’
k n o w le d g e  a n d  e v e n  p e r m i ts  s e m i- q u a n t i ta t iv e  t r e a tm e n t  o f  th e  s im p le r  e x a m p le s  (L e n n a rd -J o n e s  a n d  C ou lson ,
Trans. Faraday Soc., 1939, 85 , 811). M u c h  less  u n d e rs to o d  a n d  w e ll d e fin ed  a re  e le c tro n ic  in te r a c t io n s  o f  m o re  
w id e ly  s e p a ra te d  u n s a tu r a te d  c e n tr e s  a n d  th o s e  in  w h ic h  fo rm a lly  s a tu r a t e d  a to m s  o r  g ro u p s  p a r t ic ip a te .

T h e  l a t t e r  t y p e  h a s  f e a tu re d  p ro m in e n t ly  in  t h e  d e v e lo p m e n t o f  o rg a n ic  th e o r y  a n d  is  id e n tif ie d  w i th  tw o  
m o d es  o f  e le c tro n ic  p o la r is a t io n , viz., t h e  in d u c t iv e  e ffec t, h a v in g  i f s  o r ig in  in  e le c t ro s ta t ic  fo rces, a n d  th e  
ta u to m e r ic  e ffec t, r e s u l tin g  f ro m  a  te n d e n c y  t o  c o v a le n c y  c h a n g e . A s d a t a  h a v e  a c c u m u la te d ,  so  t h e  co m ­
p le x i ty  o f  e le c tro n  re sp o n se  t o  e n v iro n m e n ta l  d e m a n d  h a s  b eco m e  in c re a s in g ly  e v id e n t ,  a n d  th is  is  ex em p lif ied  
in  th e  re c o g n itio n  o f  h y p e rc o n ju g a t io n . F o r  so m e  y e a rs  th e  c o -ex is ten c e  o f  th e  tw o  e ffec ts  a c t in g  o p p o s ite ly

h a s  b e en  a s su m e d  [e.g., t h e  — /  -f- T  c h a r a c te r  o f  th e  h a lo g e n s  ^ C l ;  In g o ld , Chem. Reviews, 1934, 15, 226) 
a n d  a  s im ila r  c o n c e p t  h a s  r e c e n tly  b e e n  e x te n d e d  to  th e  ty p ic a l ly  s a tu r a te d  a lk y l  g ro u p s  (B a k e r  a n d  N a th a n ,
J . ,  1935, 1 8 4 4 ; H u g h e s , In g o ld , a n d  T a h e r ,  J . ,  1940, 9 4 9 ; H u g h e s  a n d  In g o ld , Trans. Faraday Soc., 1941, 37,
6 5 7 ;  B a k e r  a n d  H e m m in g , J . ,  1942, 191). H e re , in  a d d it io n  to  th e  c o m m o n ly  d isp la y e d  in d u c t iv e  re sp o n se , 
a  ta u to m e r ic  e le c tro n  re le a se  is  a s s ig n e d  to  C - H  b o n d s  a n d  th is  c o n ju g a tio n  o f  u n s a tu r a te d  c e n tr e s  w i th  
s a tu r a t e d  b o n d  e le c tro n s— h y p e rc o n ju g a t io n  (M u llik en , R iec k e , a n d  B r o w n , / .  Amer. Chem. Soc., 1941, 63 , 41)
— is th o u g h t  t o  b e  o f  w id e  g e n e ra li ty .  F u n d a m e n ta l ly ,  t h e  re a so n  fo r  th e  p re se n c e  o f d if fe re n t  p o la r is a t io n s  in  
a n y  o n e  g ro u p  re m a in s  e n ig m a tic a l ,  a l th o u g h  th e  re sp e c t iv e  o p e ra t iv e  c o n d it io n s  c a n  o f te n  b e  w e ll d e fin ed  
(H u g h e s  a n d  In g o ld , loc. cii.).

T h e  r e la te d  p ro b le m  o f  d o u b le -b o n d  in te r a c t io n  in  n o n -c o n ju g a te d  d ien es , w h ic h  is  th e  th e m e  o f  th is  a n d  
th e  fo llo w in g  p a p e r , h a s  e v o k e d  re la t iv e ly  n e g lig ib le  in te re s t .

M u ller {Ber., 1921, 54-, 1466) p o s tu la te d  n e u tr a l te a t io n  o f e th y le n ic  a c t iv i ty  a c ro ss  sp a c e  t o  a c c o u n t fo r  h is
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o b s e rv a t io n , w h ic h  S a v a rd  {Bull. 5oc? chim., 1929, 45, 398) c la im s  to  h a v e  co n firm ed , t h a t  g e ra n io l is  m o re  
t r a n s p a r e n t  t o  u l tr a -v io le t  l ig h t  t h a n  th e  c o rre sp o n d in g  m o n o -o le fin , c itro n e llo l.  T h is  e v id e n ce  m u s t  b e  
a c c e p te d  w i th  re se rv e , h o w e v e r, in  v iew  o f th e  w e ll-k n o w n  d iff ic u lty  in  o b ta in in g  p u r e  h o m o g en e o u s  te rp e n e s  
a n d  th e i r  s u s c e p t ib i l i ty  t o  o x id a tio n . A  s im ila r  c o n d it io n  h a s  b e en  e n v isa g e d  in  c e r ta in  a lly lic  k e to n e s  sh o w in g  
a b n o rm a l s p e c tr a  (R a m a r t-L u c a s ,  G r ig n a rd ’s “  T r a i t s  d e  C h im ie  O rg a n iq u e ,”  1936, I I ,  p . 8 6 ) a n d  in  s u p p o r t  
is  q u o te d  lo ss o f  k e to n ic  fu n c tio n  o n  o x im e  fo rm a tio n — a  d o u b tfu l  c r ite r io n , s in c e  th is  re a c tio n  is  k n o w n  to  be  
s e n s i t iv e  t o  le s s  spec ific  s t r u c tu r a l  c h an g e s . T h e  a b se n ce  o f  c o r re la t io n  w ith  m o re  g e n e ra l th e o re t ic a l  p r in c ip le s  
o b v ia te s  f u r th e r  c o n s id e ra tio n  o f  th e s e  id ea s , b u t  i t  is  o f  in te r e s t  t o  n o te  t h e  p re su m e d  d ia g n o s tic  v a lu e  o f 
a b s o rp t io n  s p e c tr a  fo r  m u tu a l  d o u b le  b o n d  s a tu r a t io n  (cf. t h is  v o l.,  p . 216).

M u c h  m o re  s ig n if ic a n t is  th e  w o rk  o f  In g o ld  a n d  S h o p p e e  w h o  g e n e ra lise d  th e i r  co n c lu s io n s  in  th e  th e o r y  
o f r in g -c h a in  m eso m e rism . T h e  a t t e n t io n  o f th e s e  a u th o r s  (J . ,  1928, 366) w a s  a t t r a c t e d  b y  th e  p ro n o u n c e d  
c h a n g e  in  p h y s ic a l a n d  c h em ica l p ro p e r t ie s  in  th e  se rie s  p h o ro n e , d ib ro m o p h o ro n e , b ro m o h y d ro x y p h o ro n e  
(I, X  =  y  =  H ;  X  =  Y  =  B r ;  X  =  B r, Y  =  O H , re sp e c tiv e ly ) . C o lour, r e f r a c t iv i ty ,  a n d  p a r a c h o r  a ll 
d e c re a se  m a rk e d ly ,  a n d  c h em ica l r e a c t iv i ty  p a ra l le ls  th e  in c re a s in g  s a tu r a t io n  th u s  re v e a le d . A  c o m p re h en s iv e
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in v e s tig a tio n  in d ic a te d  t h a t ,  w h ile  b ro m o h y d ro x y p h o ro n e  is  th e  s a tu r a te d  d icy c lic  c o m p o u n d  ( I I I ) ,  d ib ro m o ­
p h o ro n e  possesses h y b r id  c h a r a c te r  a n d  c a n n o t  b e  fo rm u la te d  s im p ly . T h e  s t a te  w a s  re p re s e n te d  b y  (I I ) ,  
w h e re  tw o  e le c tro n s  fro m  e a c h  d o u b le  b o n d  a re  s h a re d  o v e r  th e  d o t te d  t r a c k s  a n d  th e r e b y  e ffe c t a  d eg ree  o f 
b o n d in g  a c ro ss  sp a c e . I n  s p i te  o f c o n s is te n t  in te r - re la tio n sh ip s ,  su c h  a s  th e  c o r re la t io n  o f  t h e  e le c tro n ic  
n a tu r e  o f  X  a n d  Y  w i th  th e  p o s i t io n  o f t h e  d e r iv a tiv e  a lo n g  th e  (I)-> -(III) sca le , In g o ld  a n d  S h o p p e e  a p p re ­
c ia te d  th e  l im ita t io n s  o f co n c lu s io n s  d e r iv e d  fro m  th e s e  h ig h ly  ta u to m e r ic  sy s te m s .

T h e  p ro b le m  w a s  th e re fo re  p u rs u e d  w i th  a  se rie s  o f c o m p o u n d s  f ir s t  iso la te d  b y  G u th z e i t  a n d  H a r tm a n n  
( / .  pr. Chem., 1910, 81 , 329). R e a c tio n  o f  so d io -d ic a rb e th o x y g lu ta c o n ic  e s te r  w i th  io d in e , a n d  s im ila r  
c o n d e n s a t io n s  g a v e  a  c ry s ta l l in e  so lid  w h o se  a n a ly s is  a n d  p r e p a r a t io n  w e re  c o n s is te n t  w i th  th e  e x p e c te d  
p r o d u c t  (IV , R  =  E t ) , H o w e v e r , th e  c o m p o u n d  w a s  r e m a rk a b ly  r e s i s ta n t  t o  th e  u su a l  o lefin ic  r e a g e n ts  a n d  
G u th z e i t  a n d  H a r tm a n n  c o n c lu d e d  t h a t  th e y  h a d  a c tu a l ly  s y n th e s is e d  th e  6 icyc?o b u tan e  d e r iv a t iv e  (V). S u p ­
p o r t  fo r  t h is  d e c is io n  w a s  o b ta in e d  fro m  h y d ro ly s is , h a lo g e n a tio n , a n d  a lk y la t io n  e x p e r im e n ts  w h ic h  in d ic a te d

(CO,R)X—CH=C(COi,R)a (COaEt)aCH—C-C(COaEt)a

(COjR),C—CH=C(C03R), (C O aE t),C ^ —CH(C03Et)a

t h a t  tw o  - C H (C O tE t )2 g ro u p s , e a c h  w i th  re p la c e a b le  h y d ro g e n , w e re  a t ta c h e d  to  th e  d icy c lic  n u c le u s . F u r th e r ­
m o re , i t  w a s  d isc o v e re d  t h a t  s u b s t i tu t io n  a t  th e  e x tr a -n u c le a r  c a rb o n  a to m s , a s  in  (V I) a n d  (V II) , l e f t  th e  
s a tu r a te d  c h a r a c te r  u n im p a ire d , w h e rea s  p ro d u c ts  w i th  n u c le a r  h y d ro g e n  r e s u l tin g  fro m  d e c a rb o x y la t in g

alkali C O jH v
(V .) --------------- ^  y H - C - C ( C O , E t ) .

then add». C O . E t /  ] \ 1  / C O j E t  (V I.)
( C O ,E t ) , C - C — C H <

C O ,H * C H -C -C H ,* C O jH  aq. NaOH ( C 0 jE t ) ,C - C - C H 8 - C 0 jH

h y d ro ly s is  re a d i ly  re d u c e d  p e rm a n g a n a te — th e  in fe re n c e  b e in g  t h a t  su c h  re p la c e m e n t a ffo rd e d  th e  m e a n s  fo r  
d is ru p t iv e  n u c le a r  a t ta c k .

I n  th e i r  re - in v e s t ig a t io n , w h ic h  in c lu d e d  th e  c o rre sp o n d in g  m e th y l  a n a lo g u e s , In g o ld , P a re k h , a n d  S h o p p e e  
(J . ,  1936, 142) c o n firm ed  t h a t  th e  o c ta -e s te rs  h a d  a l l  th e  r e p u te d  s ta b i l i ty  to w a rd s  p e rm a n g a n a te  b u t  fo u n d  
e q u a l  re s is ta n c e  t o  h a lo g e n a tio n  a n d  a lk y la tio n . H y d ro ly t ic  d e g ra d a tio n  p ro c e e d e d  in  t h e  s ta g e s  d e sc rib e d , 
b u t  th e  d e c a rb o x y la te d  d e r iv a tiv e s  a ll  c o n ta in e d  a  c o m b in e d  m o le c u le  o f  w a te r  a d d it io n a l  to  th e  re p o r te d  
c o m p o s itio n , a n d  th e  a lle g ed  u n s a tu r a t io n  of c e r ta in  a c id s , e.g., t h a t  fo rm u la te d  a s  (V II I ) ,  p ro v e d  to  b e  f ic ti tio u s . 
B e ca u se  o f  th e s e  d isc re p a n c ie s  a n d  to  e x p la in  ozo n o iy ses , re a lis e d  w i th  d iff ic u lty , in  w h ich  th e  o c ta -e s te rs  
u n d e rw e n t  sc issio n  in  a g re e m e n t w i th  fo rm u la  (IV ), th e  b icy c lic  fo rm u la  (V) w a s  re je c te d  in  f a v o u r  o f (IX ) 
w ith  re so n a n c e  in te r a c t io n  o f  th e  d o u b le  b o n d s , p re c ise ly  a s  in  d ib ro m o p h o ro n e .*  T h e  h e x a -e s te r  d iac id

♦ T he only  o th e r com pounds based on th e  bicyclohMt&nQ ring  system  are  described b y  Beesley a n d  Thorpe, J . ,  1920, 
X17, 691.



{ex V I)  w a s  re fo rm u la te d  a s  (X , R  =  E t)  w i th  s im ila r  m eso m e rism , b u t  th e  a c id s  s u p p o s e d ly  (V II)  a n d  (V III)  
c o rre sp o n d  to  t h e  c^^c/opentane d e r iv a tiv e s  (X I) a n d  ( X I I ) .  S lig h t, b u t  s ig n if ic a n t d iffe ren ces  a p p e a re d  in  th e

(IX.)

(XI.)

(COaR),C—CH;7:C(COaR)j 
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V o , R  (X.)

(CO,R),C-CH

CO,H*CH—CH (OH)—CH-COgH

COaHCH—CH-CH,*COjH

(X II.)

(X III.)
(COjMe) ,C—CH X—C(COj,Me),

(XIV.)

m e th y l  se ries . D is so lu tio n  o f  th e  o c ta m e th y l  e s te r  in  c o ld  d i lu te  m e th y l-a lc o h o lic  so d iu m  m e th o x id e  a n d  
s u b s e q u e n t  a c id if ic a tio n  g a v e , n o t  th e  h e x a -e s te r  d ia c id  (X , R  =  M e) ^  in  th e  e th y l  se ries , b u t  a  c o m p o u n d  o f 
th e  e s te r  a n d  m e th y l  a lc o h o l ( X I I I ,  X  =  OM e, Y  =  H ) . T h is  d is t il le d  w i th o u t  d e c o m p o s itio n , in  c o m m o n  
w i th  t h e  o th e r  n e u tr a l  e s te r s  c o n ta in in g  c o m b in e d  w a te r  [e.g., e s te r s  o f  (X I) a n d  (X II ) ]  b u t  in  c o n tr a s t  t o  
t h e  p a r e n t  e s te r . F in a lly ,  e le c tro ly tic  re d u c t io n  g a v e  a  fu l ly  s a tu r a te d  d ih y d ro -d e r iv a t iv e ,  w h ic h  a lso  d is til le d  
u n c h a n g e d  a n d  w h o se  fo rm u la t io n  a s  ( X I I I ,  X  =  Y  =  H ) w a s  f u r th e r  s u p p o r te d  b y  r e la t in g  i t s  c o m p le te  
h y d r o ly tic  d e g ra d a tio n  p r o d u c t  t o  th e  a c id  (X II ) .

T h e  r e a c t iv i ty  o f  t h e  o c ta -e s te r s  is  c le a r ly  p a ra d o x ic a l .  O n  th e  o n e  h a n d , th e  e th y le n ic  b o n d s  re v e a le d  b y  
o zo n o ljrs is  a re  h ig h ly  r e s is ta n t  t o  th e  u su a l  a d d e n d a ; o n  th e  o th e r ,  one m o le c u le  o f a  n o rm a lly  less  a c t iv e  
r e a g e n t  c o m b in e s  e a s ily  u n d e r  a c id  o r  a lk a l in e  c o n d it io n s  w i th  c o n c o m ita n t  c y c lis a t io n . T h e  d o u b le  b o n d s  
a p p e a r  t o  b e  in te rc o n n e c te d  in  so m e  w a y , a n d  In g o ld , P a re k h ,  a n d  S h o p p e e  id e n tif ie d  th is  w i th  th e  re so n a n c e  
e le c tro n  e x c h a n g e  d e p ic te d  in  (IX ).

T h e  p o s s ib i l i ty  o f  a n  a l te rn a t iv e  e x p la n a t io n  w a s  su g g e s te d  b y  a  c o m p le te  X - r a y  s t r u c tu r e  a n a ly s is  o f  th e  
ty p ic a l  s t r a ig h t  c h a in  p o ly iso p re n e  d e r iv a tiv e ,  g e ra n y la m in e  h y d ro c h lo r id e  (Je ffrey , Proc. Roy. Sac., in  th e  
p re s s ;  see  B a te m a n  a n d  J e ffre y , Nature. 1943, 152, 446), in  w h ic h  th e  c e n tr a l  C -C  b o n d  o f  t h e  1 : 6 -d ien e  
s y s te m  fo rm e d  b y  im « s - lin k e d  iso p re n e  u n i ts  w as fo u n d  to  b e  a b n o rm a lly  s h o r t .  T h is  fe a tu re  is  c o m m o n ly  
a s so c ia te d  w i th  s in g le  b o n d s  b o u n d e d  b y  c o n ju g a te d  u n s a tu r a te d  c e n tre s , a n d  a l th o u g h  i t  is  n o t  e n ti re ly  
u n e x p e c te d  th e o re t ic a l ly  (B a te m a n , Trans. Faraday Soc., 1942, 38, 367) y e t  th e  re a so n  fo r  i t s  e x is te n c e  in  a
I  : 5 -d ien e  re m a in s  o b sc u re . A  t e n ta t iv e  e x p la n a tio A  (B a te m a n  a n d  Je ffrey , loc. cit.) in  t e rm s  o f  h y p e rc o n ju g ­
a t io n  h a s  y e t  t o  re ce iv e  e x p e r im e n ta l  s u p p o r t  a n d  in  s im p le  s y s te m s  th is  p re se n ts  so m e  d ifficu lty .

N o w  th e  d o u b le  b o n d s  in  th e  o c ta -e s te r s  a re  a lso  1 : 6 -sp a ce d , a n d  i t  is  r e a so n a b le  t o  e n q u ire  w h e th e r  th e i r  
p e c u lia r  p ro p e r t ie s  o r ig in a te  in  s im ila r  b u t  m o re  e x te n s iv e  c h a in  h y p e rc o n ju g a tio n . S u p e rfic ia l re sem b lan c e s  
a r e  a t  o n ce  a p p a r e n t ;  c y c l is a t io n  fo llo w in g  th e  a d d it io n  o f  o n e  m o le c u le  o f re a g e n t  is  c o m m o n  to  t h e  a c id  
h y d r a t io n  a n d  o th e r  re a c tio n s  (B loom fie ld , J . ,  1943, 2 8 9 ; 1 9 4 4 , 114) o f  o p e n -c h a in  te rp e n e s , a n d  th e  re la t iv e ly  
e a s y  th e rm a l  b re a k d o w n  a t  th e  c e n tr a l  C -C  b o n d  (In g o ld  a n d  S h o p p ee , J . ,  1930, I 6 I 9 ;  In g o ld , P a re k h ,  a n d  
S h o p p e e , loc. cit.) su g g e s ts  fa c i l i ta t io n  b y  a lly lic  re so n a n c e  e n e rg y  (H u c k e l, Z . Elekirochem., 1937, 43, 841).

W h e n  th e  o c ta -e s te r  is  w r i t te n  a s  (X IV ) th e  m o le c u le  i s  se e n  t o  p o ssess  h ig h  l a t e n t  c o n ju g a tio n  w h o se  
d e v e lo p m e n t is  a  fu n c tio n  o f  t h e  e le c tro n -c o n d u c tin g  c a p a c i ty  o f  th e  c e n t r a l  C -C  b o n d . F u l l  c o n ju g a tio n  w ill 
c r e a te  a  sy s te m  o f  m u c h  lo w e r e n e rg y , a n d  th e  te n d e n c y  t o  a p p ro a c h  th is  s t a te  w ill b e  a  d r iv in g  fo rce  o ffse ttin g  
th e  b a r r ie r s  im p o sed  b y  s in g le -b o n d  in s u la t io n  a n d  b y  n o rm a l o rb i ta l  h y b r id is a t io n , a s  is t r u e  in d e e d  o f  a n y  
m eso m e ric  sy s te m . A lth o u g h  th e  o c ta -e s te r s  d iffe r f ro m  r e le v a n t  h y d ro c a rb o n s  b y  th e  a b se n c e  o f  h y d ro g e n  
a t  c a rb o n  a to m s  3 a n d  4 (X IV ), y e t  H u g h e s  a n d  In g o ld  [loc. c it. ; H u g h e s , In g o ld , M a s te rm a n , a n d  M c N u lty , 
J . ,  1940, 899) h a v e  s tre s s e d  t h a t  a ll  q u a s i-u n s a tu ra te d  g ro u p s  h a v e  h y p e rc o n ju g a t iv e  p o w e rs  a n d  th is  w ill 
c e r ta in ly  b e  t r u e  o f t h e  h ig h ly  p o la r is a b le  c a rb a lk o x y l g ro u p s . I t  m a y  b e  n o te d  t h a t  th e  c a rb o n  a to m s  fo rm in g  
th e  c e n t r a l  b o n d  a re  f la n k e d  b y  a to m s  c o n tr ib u t in g  sp* b o n d in g  o rb i ta ls .  H e n c e  s y m m e tr ic a l  sp^ h y b r id is a t io n  
a t  t h e  fo rm e r  m a y  n o t  b e  e n e rg e tic a l ly  fa v o u re d , b u t  in s te a d  a  c h a ra c te r is tic  h y b r id is a t io n  in  w h ic h  th e  h y b r id  
b o n d  h a s  a n  a d d e d  m e a su re  o f  e le c tro n ic  tra n s m is s io n  o v e r  t h a t  o f a  n o rm a l sin g le  b o n d  (p o ss ib ly  lo w e r sjp  r a t i o ) . 
I n  th i s  sen se , a  n o rm a l d o u b le  b o n d  is  s im u la te d ,  b u t  th e  a b se n c e  o f  n  e le c tro n s  in  th e  h y b r id  b o n d  lim its  f u r th e r  
s im ila r i ty  {e.g., la c k  o f a d d it iv e  fu n c tio n  a n d  u l tr a -v io le t  a b s o rp t io n  d iffe ren ces— B a te m a n  a n d  K o c h , J . ,  
1944, 600). ■ I t  is  p e rh a p s  s ig n if ic a n t t h a t  th e  o c ta -e s te rs  a r e  la b ile  u n d e r  c o n d it io n s  o f  e le c tr ic a l a s y m m e try  
w h e re  t ra n s m is s iv e  p o w e rs  w ill  b e  in v o k e d  to  th e  fu ll.

T h e  c o n se q u en c e  o f  c h a in  h y p e rc o n ju g a t io n  to  m o le c u la r  s t r u c tu r e  c a n n o t  b e  d e f in ite ly  p re d ic te d .  I n  
n o rm a l c o n ju g a tio n , a  irans--p\a.na.r c o n f ig u ra tio n  is u su a l  o w in g  to  e n h a n c e m e n t o f  th e  re so n a n c e  p ro cess , a n d



a  s im ila r  o r ie n ta t io n  a b o u t  t h e  h y b r id  b o n d , in  g e ra n y la m in e  h y d ro c h lo r id e , m ig h t  w e ll b e  in
th e  o c ta -e s te rs . R in g -c h a in  m eso m e rism . o n  th e  o th e r  h a n d , n e c e ssa r ily  re q u ire s  a
d is c r im in a tio n  b e tw e e n  th e s e  th e o r ie s  b e co m es  p o ss ib le  th e re fo re  b y  c o n f ig u ra tio n  a n a ly s is , a n d  w e  h
u n d e r ta k e n  th is  b y  X - r a y  m e th o d s .  i a x i

I n  g e n e ra l,  in tr a m o le c u la r  s jn n m e tr y  is  n o t  re v e a le d  b y  X - r a y s  w i th o u t  re c o u rse  t o  a  c o m p le te  c r y s ta l  
s t r u c tu r e  a n a ly s is , b u t  w h e n  i t  is  u se d  in  s y m m e try  o p e ra t io n s  e ffec tin g  t r a n s la t io n s  m  th e  ci;> ^tal la t t ic e ,  
s y s te m a t ic  e x tin c t io n s  o c c u r  in  t h e  d if f ra c tio n  p a t t e r n  t h a t  p e rm it  re c o g n itio n  fro m  re a d i ly  acc ess ib le  d a ta .  A  
c e n t r e  o f  s y m m e tr y  c a n  b e  u n e q u iv o c a lly  id e n tif ie d  p ro v id in g  t h a t  th e  c o m p o u n d  c ry s ta l l is e  in  a  p a r t ic u la r  
la t t ic e  a r ra n g e m e n t  a n d  t h a t  i t s  m o le c u la r  c o m p le x ity  b e  k n o w n  fro m  a n  in d e p e n d e n t  so u rc e . I n  p ra c t ic e ,  th e  
l a t t e r  c o n d it io n  c a n  n e a r ly  a lw a y s  b e  m e t , a n d  th e  success o f  th e  m e th o d  e s se n tia l ly  d e p e n d s  o n  N a tu r e  p ro v id in g  
th e  fo rm er.

T h e  o c ta e th y l  e s te r  w a s  e x a m in e d  f ir s t  fo r  s y m m e try  c h a r a c te r  a n d  p ro v e d  to  b e  a n  e x a m p le  fro m  w h ic h  
no  c e r ta in  c o n c lu s io n  c a n  b e  d ra w n . T h e  c ry s ta ls  a r e  tr ic l in ic  w i th  o n e  m o le c u le  in  th e  u n i t  c ell, a n d  X - r a y  
d if f ra c tio n  m a k e s  n o  d is t in c t io n  b e tw e e n  th e  sp ace  g ro u p  P \ ,  w i th  a n  a s y m m e tr ic  m o lecu le , a n d  P i,  w i th  a  
c e n tro s y m m e tr ic  m o lecu le . T h e  a b se n c e  o f d e te c ta b le  p y ro e le c tr ic  e ffec t in d ic a te s  t h e  l a t t e r  b u t  d o e s  n o t  
p ro v id e  t h e  d e c is iv e  e v id e n c e  re q u ire d .

T h e  c o rre sp o n d in g  o c ta m e th y l  e s te r , h o w e v e r , sh o w ed  th e  p re sen c e  o f  a  c e n tre  o f  s y m m e tr y  u n a m b ig u o u s ly . 
T h e  c r y s ta l  s y s te m  is  m o n o c lin ic , a n d  v e r y  c a re fu l  in d e x in g  o f  o sc illa tio n  p h o to g ra p h s  re v e a le d  t h e  s y s te m a tic  
f x t in c t io n s  o f t h e  sp a c e -g ro u p  P 2 ja .  T h e  c o m b in a tio n  o f tw o -fo ld  sc rew  a x is  a n d  g lid e  p la n e  re q u ire s  fo u r  
a s y m m e tr ic  s t r u c tu r e s  p e r  u n i t  cell, b u t  t h e  o b se rv e d  d e n s i ty  l im its  t h e  n u m b e r  o f  m o lecu le s  t o  tw o , a n d  
h e n c e  e a c h  m o le c u le  m u s t  p ro v id e  tw o  c e n tro s y m m e tr ic a lly  re la te d  u n i ts .  A  c is -c o n fig u ra tio n  is  im p o ss ib le , 
a n d  r in g -c h a in  m e so m e rism  m u s t  b e  re je c te d  a s  a  s t r u c tu r a l  f e a tu re  of th e  c ry s ta l l in e  s ta te .

I n  a d d it io n  to  t h is  a p p ro a c h , th e  u n i t  ce lls  o f  so m e  d e r iv a t iv e s  a n d  re la te d  c o m p o u n d s  w ere  m e a su re d  in  th e  
h o p e  t h a t  d e c is io n s  b e tw e e n  cis-, irans-, a n d  c y c lic  s t r u c tu r e s  m ig h t  b e  m a d e  fro m  a  s tu d y  o f in te rm o le c u la r  
p a c k in g . N o  s y s te m a t ic  v a r ia t io n s  in  m o le c u la r  d im e n s io n s  c o u ld  b e  t r a c e d , a n d  in sp e c t io n  o f  S tu a r t  m o d e ls  
m a k e s  i t  p la in  t h a t  t h e  p re se n c e  o f  s e v e ra l c a rb a lk o x y l g ro u p s , e a c h  w ith  so m e  f re e d o m  o f  o r ie n ta t io n , sw am p s  
th e  s l ig h t  d iffe re n ce s  in t ro d u c e d  b y  re a r r a n g e m e n t  o f th e  c e n tr a l  c a rb o n  fra m e w o rk . F o r  e x a m p le , th e  s y m ­
m e tr ic a l  Irans-forms o f  th e  u n c y c lise d  e s te r s  f i t te d  th e  u n i t  ce lls  e x c e lle n tly , b u t  th e  cis~ a n d  d icy c lic  fo rm s w ere  
n o t  su ff ic ie n tly  d if fe re n t  t o  m a k e  th e m  in a d m iss ib le . A t  th e  sa m e  t im e , In g o ld , P a re k h ,  a n d  S h o p p e e 's  e x p e r i­
m e n ta l  re c o rd , w h e re  r e p e a te d ,  w a s  c o n firm ed  in  a ll  e s se n tia l  re sp e c ts , b o th  c h e m ic a lly  a n d  b y  X - ra y  m o le c u la r-  
w e ig h t d e te rm in a tio n s .  W e  a lso  id e n tif ie d  th r e e  fo rm s  o f  t h e  h e x a m e th y l  e s te r  d ia c id  (X , R  =  M e), o n e  
c o n ta in in g  a c e to n e  o f  c ry s ta l l is a t io n ,  a n d  tw o  fo rm s  o f t h e  a c id  e s te r s  (X I ,  R  =  M e a n d  E t ,  re sp e c tiv e ly ) , o n e  
h y d r a te d  in  e a c h  c ase . X - R a y  d a t a  a r e  g iv e n  fo r  c ry s ta l l in e  m e th y l  a y -d ic a rb o m e th o x y g lu ta c o n a te ,  fo r  i t s
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fyc/<?butane dimer (X V I, R  =  M e), w h ic h  p ro v e d  to  b e  c e n tro sy in m e tr ic ,  a n d  fo r  th e  tw o  s te reo iso m erie  dimers 
(X V I, R  =  E t)  o f  e th y l  a y - d ic a rb e th o x y g lu ta c o n a te .  T h e  c o n fig u ra tio n s  a d d u c e d  fo r  th e  l a t t e r  on  c h em ica l 
g ro u n d s  (In g o ld , P e r re n , a n d  T h o rp e , J . ,  1922, 1765) a re  s u p p o r te d  b u t  n o t  c o n c lu s iv e ly  p ro v e d .

T h e  n o n -e x is te n c e  o f  r in g -c h a in  m eso m e rism  in  th e  c r y s ta l  ra is e s  th e  q u e s t io n  w h e th e r  th is  is  a lso  t r u e  in  th e  
l iq u id  p h a se  w h e re  t h e  a n o m a lo u s  r e a c t iv i ty  is  o b se rv ed . In t r a m o le c u la r  a s so c ia t io n  o f  th e  d o u b le  b o n d s  is 
c o n s id e re d  to  in d u c e  a  s t a t e  o f  lo w e r e n e rg y  o w in g  to  th e  g r e a te r  fre e d o m  o f  t h e  e le c tro n s  t h a n  w h e n  c o n fin ed  
to  n o rm a l b o n d s . I f  su c h  a  p re fe r re d  s t a te  d o es e x is t  in  s o lu t io n , a  c o n f ig u ra tio n a l  c h a n g e  t o  th e  (raK s-s tru c tu re  
o n  c ry s ta l l is a t io n  is p o ss ib le  o n ly  if  a c c o m p a n ie d  b y  s im ila r  b u t  in te rm o le c u la r  m eso m e rism  a n d  b y  im p ro v e d  
c r y s ta l  p a c k in g . W e  see  n o  re^Lson to  e x p e c t  sp e c ia l  c r y s ta l  fo rce s  a n d , in  f a c t ,  t h e  s im p le  u n i t  c e lls  o f t h e  
o c t a - ^ t e r s ,  in  c o n tr a s t  t o  t h e  a c id  e s te r s  (X I , R  =  M e o r  E t ) ,  a n d  p a r t ic u la r ly  th e i r  h y d r a te s ,  w h e re  h y d ro g e n  
b o n d in g  is  a  s t r u c tu r a l  c o n d it io n , a r e  in d ic a tiv e  o f n o th in g  m o re  th a n  o rd in a r y  v a n  d e r  W a a ls  a t t r a c t io n s .  T h e  
d i r e c t  e x a m in a t io n  o f t h e  m o le c u la r  s t a te  in  so lu t io n  d e sc rib e d  in  th e  a c c o m p a n y in g  p a p e r  s u p p o r ts  th is  
re a so n in g .

T h e  X - r a y  d a ta  a re  o n ly  c o n n p a tib le  w i th  fo rm u la  (V) if  th e  c a rb o n  n u c le u s  is  a s su m e d  to  b e  p la n a r .  T h is  is  
h ig h ly  im p ro b a b le  s te re o c h e m ic a lly , a n d  th e  re je c t io n  o f  th e  bicyclo-structuTe o n  c h em ica l a n d  s p e c tra l  e v id e n ce  
( th is  v o l., p . 217) is  th e re fo re  co n firm ed .

T h e re  is  th e n  n o  a l t e rn a t iv e  b u t  t o  a c c e p t  th e  o p e n -c h a in  fo rm u la  a n d  to  se e k  a n o th e r  e x p la n a t io n  o f  th e  
u n u s u a l  c h e m is try . D e p re s s io n  o f  d o u b le -b o n d  a c t iv i ty  m a y  b e  d u e  to  th e  d e a c tiv a t in g  c a rb a lk o x y l s u b ­
s t i tu e n t s  o r  t o  s te r ic  h in d ra n c e . E th y l  a y -d ic a rb e th o x y -a -e th y lg lu ta c o n a te  (X V ). w h e re  th e  d o u b le  b o n d  h a s  
t h e  s a m e  g ro u p  e n v iro n m e n t,  is  a lso  r e s i s ta n t  t o  a d d it iv e  re a g e n ts . C o m p a ra t iv e  e x p e r im e n ts  sh o w  t h a t  i t  
re d u c e s  p o ta s s iu m  p e rm a n g a n a te  in  a c e to n e  so lu t io n  ro u g h ly  15 t im e s  a s  r a p id ly  a s  th e  o c ta e th y l  e s te r  a t  th e  
s a m e  m o la r  c o n c e n tra t io n . A lth o u g h  th is  r a te  d iffe ren ce , w h ic h  is  h a lf  th e  t r u e  c o m p a ra t iv e  v a lu e  if  th e  d o u b le  
b o n d  IS th e  s e a t  o f  o x id a t iv e  a t t a c k  a n d  if  th e  r a te  is  d i re c tly  p ro p o r t io n a l  t o  o lefin  c o n c e n tra t io n , m ig h t  b e  
a t t r i b u te d  to  th e  h e a v ie r  s id e -c h a in  s u b s t i tu t io n  in  th e  o c ta -e s te r , p r e s e n t  k n o w le d g e  in d ic a te s  t h a t  th is  i n te r ­
p r e ta t io n  IS p r o b a b ly  in a d e q u a te .  A lth o u g h  o th e r  s u b s t i tu te d  g lu ta c o n ic  a c id s  sh o w  n o rm a l, if  g r e a t ly  re d u c e d

J -  ccay -trim ethy l-, B la ise . Compi.
Z t l  H I  t  J -  P a re k h , a n d  S h o p p e e  (loc. cit.) h a v e
iso la te d  th e  h e x a -e s te r  d ia c id  fro m  th e  a c t io n  o f p e rm a n g a n a te  o n  th e  o c ta m e th y l  e s te r , a  r e s u l t  w h ich  re ca lls



tetraethylethane towards the same
more nrnfniinH ^ be shown, contrary to  these indications of

ore profound reactivity difference, th a t the measured oxidation is initiated a t the double bond in both cases
rate comparison has httle  value. Nevertheless, we think that the common substitutional influences m ust be 
reckoned w ith in assessing additive function in these systems.

Of greater significance is the cyclisation propensity. This is characterised by simultaneous addition of a 
molecule A -B  such th a t A adds to  one olefinic centre, B to  the other—a feature clearly similar to  1 : 4-addition 
to  butadiene except tl^at valency redistribution occurs through internal bonding instead of by double-bond 
shift. As Ingold ei al, argued, acceptance of partial double-bond interaction seems inevitable, and we suggest 
th a t this has now to be identified with chain hyperconjugation. In effect, this result generalises a principle 
familiar in the aromatic series {e.g., the benzenoid character of pyrrole, furan, and thiophen and perhaps of 
cjyc/ohexadiene, cf. Bateman and Koch, loc. cit. ; and the ionicity of the CHj group in the series c^'cZopentadiene, 
indene, fluorene), viz., th a t the intervention of a saturated group does not entirely thw art the development of 
full molecular conjugation.

Experimental.
N o original p rep ara tio n s  w ere un d ertak en , b u t  certa in  differences w ere found from  th e  m . p. d a ta  of Ingold, P a rek h , 

a n d  Shoppee, whose values a re  therefore  given in  paren theses for com parison. T he den sity  u n its  are g./c.c.
Methyl aydicatbomethoxyglutaconate. M. p . 50— 61® (43°; cf. th is  vol.. p . 221). L arge triclin ic cnrstals tab u la r  on 

(100) w ith  cell dim ensions a =  12-26, b =  8-79, c =  8-30 a ., a  =  115°, j3 =  115®, y =  113°; V =  666 a.«. H ence, w ith
2 m olecules in th e  cell, th e  observed d en sity  of 1-38 gives M, 277 {Calc.: 274).

Octameihyl ester. M. p. 141* (139°) (Found : C. 48-35; H . 4-85; M, b y  vapour-pressure  equ ilib ration  of a  benzene 
so lu tion  ag a in st oUve oil, 540 ±  30; cryoscopically in  benzene. 530 ±  30. Calc, for C „ H „ O ie : C. 48-35; H . 4-8% ; 
M, 546). C rystallises from  ace tone  and  a  little  Ught petro leum  (b. p. 60— 80®) in m onoclinic p rism s w ith  form s {010}, 
{001}, 110}. Cell dim ensions ; a ~  10-39, b =  14-60, c =  8-37 a .. /3 =  103-5®; V = 1234 a,^. V ery careful index ing  
of osci la tion  p h o to g rap h s revealed  system atic  ex tinctions of (OAO) ab sen t for k odd. a n d  (^0/) ab sen t fo r h odd w ith  
no exceptions. T h e  space-group is therefore  P2^|a, requ iring  4 asym m etric  s tru c tu re  un its . T he observed den sity  is
1-48 and  th a t  ca lcu la ted  for 2 cen trosym m etric  m olecules in  th e  cell is 1-47.

Ociaeihyl esier. M. p. 86° (Found ; C. 54-7; H , 6-45. Calc, fo r C jo H ^ O i,; C, 64-7; H . 6-45% ). Triclinic c rysta ls
w ith  {100}, {102}, {001}, {010}, com m only developed, also occasionally {011} and  (101}. Cell dim ensions : a ~  12-24,
b =  8-72, c =  8-72 A., a =  97-5®, j3 =  104-5°, y =  107-5°; V =  855 a.®. Absence of pyroelectric  effect ind icates a  
space group P i  w ith  one cen trosym m etric  m olecule. d(obs.) =  1-275, w hence M  =  657 (C alc .; 658).

Comparative Reducing Power of the Octaethyl Ester and Ethyl ay-Dicarbethoxy-a-ethylglutaconate towards Permanganate. 
— A ttem p ts  to  m easure th e  reduction  in  acetone so lu tion  q u a n tita tiv e ly  b y  an  ab so rp tio n m ete r were abandoned , p a rtly  
ow ing to  th e  developm ent of a  brow nish tinge as th e  p in k  colour faded, w ith  subsequent coagulation  of th e  m anganese 
dioxide, and  p a r tly  because th e  o c ta -este r inv ariab ly  gave an  opaque solution as reac tion  proceeded. In stead , a  deficit 
o f p e rm an g an a te  w as used  and  th e  tim e  for com plete d isappearance of colour m easured. A trace  o f acid w as added  to  
e lim inate  ad v en titio u s v a ria tio n s due to  possible sensitiv ity  to  p H  conditions {e.g., induction  period). In  th e  absence of 
th e rm o sta tic  tem p era tu re  con tro l (2° range) th e  solutions were m ain ta in ed  u n der th e  sam e conditions th ro u g h o u t the  
w hole of th e  reaction . A ty p ica l ex p erim en t was : Solution  A : octa-ester. 0 - 0 2 1 3 M ; KMnO*. 0 -0 0 0 5 2 m  ; HCl, 0 -0 0 0 0 3 n . 
Solution B  : e th y la te d  te tra -e s te r  (p. 2 1 4 ) ,  0 - 0 2 1 5 m ; I ^ n O ^  and  HCl as in  A. Solution  C ; K M n0 4  and  HCl as in  A. 
A w as decolourised in  6 2  hours, B  in  4  hours, and C h ad  faded  sligh tly  in  5 2  hours. T hree  sim ilar experim ents gave
a  m ean  red u ctio n  tim e ra tio  for A /B  of 1 5 ± 4 .

Hexamethyl Ester Diacid (X. R  =  Me), 
and  c rysta llisa tion  behav iour w as capricious 
were iso lated  from  acetone : an  anhydrous 
in  a ir. T he form er w as usua lly  ob tained , th e  la t te r  rare ly , a n d  th e  conditions favouring  th e  fo rm ation  of e ither c rystals 
w ere n o t discovered. Fo rm  ( l ) 'h a d  m. p. 225— 226® (decomp.) (218°) (Found : C, 46-3; H. 4-6. Calc, fo r C ,o H j,O i, : 
C. 46-3; H , 4 -3% ); m onoclinic p la tes  w ith  a -  18-4, 6 =  8-56, c =  14-3 a .. =  92°; V =  2248 a.®. T he space-group
is C2/c w ith  4 cen trosym m etric  m olecules, or C cw ith  8 asym m etric  m olecules; i(obs.) =  1-55, w hence M  =  523 (Calc. : 
618). Fo rm  (2) h ad  th e  sam e m. p . a fte r  loss of so lv en t; on standing, th e  c rysta ls becam e opaque and  th is  change w as 
reflected in  th e  an a ly tica l figures (Found : a f te r  ca. 7 dajrs. C. 48-7; H . 515; after ca. 10 days. C. 48-3; H . 6-0; a fte r  
24 weeks. C, 46-25; H , 4-35; equiv., b y  t itra tio n , 263. CaoHa20ja.2C8H80 requires C. 49-2; H . 6-36% ; M, 634); 
cell dim ensions : a =  23-00, 6 =  8-05. c =  16-76 a . . =  93°, 7  = 3 1 0 0  a.**. Space-group also C2/c o r Cc ; d(obs.) = 1 -3 5 , 
w hence M  =  629. T he acid w as sUghtly soluble in h o t w a ter, th e  cooled solution depositing  a  th ird  c rystalline  form  (3) 
a s v e ry  sm all tric lin ic  p rism s o f th e  sam e m . p . (Found : C, 46-05; H . 4 -4% ); cell dim ensions : a =  10-01, b — 8-24, 
c =  8-20 A., a  =  118°. ^  =  109°, y =  108°; V =  566 A.»; «  =  1; d(obs.) =  1-57, w hence M  =  524.

Hexaeihyl Ester Diacid {X, R  E t) .— M .p . 191— 193® (193°). T riclinic p rism s w ith  a =  11-07. 6 =  8 -92  c =  8-65 a .;
o =  119°, |3 =  106°, y =  94°; 7  =  715 a.*. d(obs.) =  1-385, w hence M  =  596 (C alc .; 620). Absence of pyroelectric  
effect in d ica tes one cen trosym m etric  m olecule in  th e  cell. , «

Hexaeihyl Ester Diacid Chloride.— U. p . 66-5— 67° (65—66°). M onoclinic p rism s w ith  a =  27-86. b =  8-73. c =  
12-96 A., fi =  98-5°; V =  3117 a.»; w =  4 ; d{6 bs.) =  1-355. w hence M  =  635 (Calc. : 639). Space group P2Ja.

Dihydro-octamethyl Ester (X II I ,  X  =  Y  =  H ).— M. p. 156®, w ith  p rev ious softening C149°) (Found ; C, 48-25; H , 
5-2. Calc, for C a jH ^ O i, : C, 48-2; H . 5-16% ). M onoclinic p rism s w ith  a =  19-63. b =  12-19. c =  11-51 a ., ^  =  109 , 
V =  2603 A .» ; n  =  4 ; d{ohs.) =  1-40, w hence M  =  548 (C alc .; 548). Space-group C2/c. . , .

Methyl cycloPentane Hydroxy-acid Ester (X I, R  =  Me).— A nhydrous (1) a n d  h y d ra te d  (2) form s were iso lated  on 
c ry sta llisa tio n  from w ater. Fo rm  (1) had  m. p. 248— 250°, w ith  prev ious softening (245 ) ( F o u n d  ; c .  4 o -8 ; H . 4-8&. 
Calc, for C ,.H joO i8 ; C, 45-7; H . 4-8% ). O rthorhom bic  b ipy ram ids w ith  a =  26-62, b =  18-65, c =  16-34 a .  , v -  

7616 A .» ; n  =  16; d(obs.) =  1-47. w hence M  =  421 (Calc. : 420). F o rm  (2) a f f o r d e d  orthorhom bic  needles w ith  a  =  
62-7, b =  26-66. c =  12-15 a . ; F  =  20310 A.*; n  =  32 +  256HaO; ii(obs.) =  1-47. w hence M  =  562 (CjjHjoOia.SHaO
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b =  15-61. c =  8 - 8 0 A.. )3 =  112*; V =  2 4 3 0 a.» ; n  =  4 ; ti(ob3 .) =  1-32. w hence M  =  483 (Calc. : 494). Space- 
g roup  P2Ja. G u th ze it an d ;H artm a n n  rep o rted  a  tr ih y d ra te , C j< ,H ,,0 i„3H 80, i.e., C,oHjgOi3,2 H jO . b u t. in agreem ent 
w ith  Ingold, P arekh , a n d  Shoppee, we failed to  iso late th is. T he m onohydrate  now  described is new.

Dimer o f Methyl ay-Dicarbomethoxyglutaconate (X V I, R  =  Me).— M. p. 222" (Found : C, 48-45; H , 5-25. C jjH agO n 
requires C, 48-2; H , 6 -15% ); m onoclinic p rism s w ith  a =  11-00, b =  14*18, c — 8-13 a . ,  ^  =  99-6®; V =  1260 a . * ;  
n  =  2 ; d(obs.) =  1-44, w hence M  =  642 (Calc. : 548). E x tin c tio n s correspond to  th e  space-group P 2jn . T he m ole­
cules m u st therefore  possess a  cen tre  of sym m etry  and th e ir  configuration is pro b ab ly  analogous to  t h a t  of th e  correspond­
ing  e th y l dim er, m. p . 103®, as proposed b y  Ingold , Perren , and  T horpe {loc. cit.).

Dimers of Ethyl ay-Dicarbethoxyglutaconate (X V I, R  =  E t) .— (1 ) M. p. 1 0 3 *  (Found : C, 54-4; H , 6 -7 . C80H 44OU 
requ ires C, 64-5; H , 6 - 7 % ) ; ta b u la r  tric lin ic  c rystals w ith  a =  1 1 -8 1 , b =  9 -4 9 , c =  9 -3 7  a . , . a  =  111®, B = 111®, y =
1 1 2 - 6 ° ;  F  =  8 7 6 a .> ; n = l ;  d(obs.) =  1 -2 5 , w hence iW =  6 5 8  (Calc. ; 6 6 0 ) .  Space-group p ro b ab ly  i^ l, w ith  centro-
sym m etric  m olecule. (2 ) M. p. 86— 87® (Found ; C, 54-35; H , 6 - 8 % ) ; sh o rt m onoclinic needles w ith  a =  2 6 - 2 8 , b =
1 2 -4 9 , c =a 2 1 - 4 2  A ., /S =  10 1 -5 ® ; V — 6 8 9 0  a . * ;  w =  8 ; d(obs.) =  1 -2 7 , w hence M  =  6 6 0 . Space group A2/a.

O ur th an k s  a re  due to  D r. W . T . C ham bers and Miss H . R hodes for th e  m icro-analyses and  to  D r. G. Gee for the  
isopiestic m olecular-w eight de term ination .
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