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S T U D I O R U M  P R O G R E S S U S  

T he  Labile  S t e r e o c h e m i s t r y  of Conjugated  
S y s t e m s  1 

By E. A. BRAUDE, London 2 

Classical conjugated systems, i.e. those containing 
a l ternat ing single and multiple bonds, have long oc- 
cupied a prominent  place in Organic Chemistry, both 
for their factual importance and their theoretical interest. 
Although the stereochemistry of such systems has been 
extensively studied, it  is only ill the case of simple 
benzenoid compounds, however, tha t  the disposition of 
the atoms in spXce may be claimed to have been fully 
elucidated. The quant i ta t ive  solution of this problem 
was achieved by the methods of X-ray and electron 
diffraction, and of ul traviolet  and infrared spectroscopy, 
and was greatly facilitated by the flatness, symmet ry  
and r ig id i tyof the  benzene molecule and many  of its deri- 
vatives. 

Other conjugated systems present considerably 
greater difficulties to precise analysis for several reasons. 
The most impor tan t  of these is that ,  whereas benzenoid 
systems approach in varying degrees the state of "per- 
fect" conjugat ion which exists in benzene itself and in 
which all the conjugated bonds posses the same amount  
of double-bond character, electronic interact ion in other 
types of conjugated systems is usually far less complete, 
so tha t  we must  distinguish between bonds essentially 
single and essentially double (or triple) in character, 
The stereochemistry of par t ly  benzenoid and non-ben-  
zenoid conjugated systems therefore consists of two 
separate, though inter-related parts, tha t  of the single 
and tha t  of the multiple bonds. Much progress has re- 
cently been made with both these aspects, bu t  this 
article will be concerned mainly  with the f i rs t- the 
stereoehemistry of the convent ional  single bonds. 

Diphenyl. The spatial a r rangement  of groups about  
single bonds (conformation) is generally much more 
labile than  about  double bonds (configuration) and the 
restrictions to free rotat ion arise from quite different 
causes. In  the case of double bonds, they arise mainly  
from at t ract ional  forces between the unsa tura t ion  
electrons which normally provide energy barriers exceed- 
ing 20 kcal/mol and result in stable geometrical iso- 
mers. In  the case of "pure"  single bonds, on the other 
hand, the restrictions are due to repulsional forces be- 
tween non-bonded atoms which normal ly  amoun t  to less 
than 10 kcal/mol, so tha t  the different conformations are 
readily interconvertible a t  ordinary temperatures and 
cannot  be studied by methods requiring their chemical 
isolation. In  the hybrid bonds present in conjugated 
systems, both factors may  come into play. This is the 
case, for example, in diphenyl  (I); n electronic forces 
will tend to render the molecule uniplanar  in order to 
permit  max imum contr ibut ions from dipolar resonance 
structures such as (II) and max imum overlap of the 
orbitals, whereas repulsion forces between ttle o-hydrogen 
atoms will tend to make the molecule non-planar.  

1 Summary of a lecture delivered at the EidgenSssische Tcch- 
nische Hochschule, Ziirich, on January 24, 1955. 

2 Department of Chemistry, Imperial College of Science and 
Technology, South Kensington, London, SAV. 7. 
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The conformation of min imum potential  energy will 
therefore have an interplanar  angle 6) somewhere be- 
tween 0 ° and 90 °, bu t  we "cannot accurately predict i ts ,  
value because we have no precise data  for either the 
max imum resonance energy or the maximum repulsion 
energy, and we know even less about the variation of 
these quanti t ies  with O. However, in this particular case, 
we might expect tha t  the resonance energy (ca, 5 
kcal/mol) will exceed the repulsion energy between the 
rather  small hydrogen atoms, and therefore tha t  6) will 
be nearer 0 ° t han  90 °, The actual  angle has been 
reported to be about  0 ° in the crystalline state 1 (where 
additional,  intermolecular forces come into play), bu t  
45 ° in the vapour phase ~. Some doubts have been ex- 
pressed about  both these values, bu t  it is reasonable to 
assume that  diphenyl is near-planar  (O <2 20 °) in solution 
at ordinary temperatures.  

The replacement of o-hydrogen atoms by larger 
groups will increase the repulsion forces and  therefore O, 
but,  as is well-known, two or more o-subst i tuents  are 
usually required, unless they are of exceptional size, to 
restrict rotat ion sufficiently for the existence of resolv- 
able, optically active isomers of reasonable life-time in 
an asymmetric  diphenyI 3. Thus, the classical chemical 
method of optical resolution provides a test  of the energy 
barrier to rotation, rather than  of the extent  of non- 
p lanar i ty  in the stable conformations, and represents a 
relatively crude weapon in invest igat ing the stereo- 
chemistry about  single bonds. For further progress we 
must  tu rn  to physical methods, most  of which yield in- 
formation about molecular structure in its equil ibr ium 
state. Unfortunately,  the most precise methods, such as 
X-ray  and  electron diffraction are, at  present, largely 
restricted to the solid and  gas phase, respectively, and  
are inapplicable to the s tudy of molecules in solution-i .e.  
to conditions of part icular  interest  to the chemist. An 
analyt ical ly less precise bu t  experimental ly simpler 
method, which is not  subject  to this l imitation,  is ab- 
sorption spectroscopy. Electronic spectra, in particular,  
afford a very sensitive index of steric effects in con- 
jugated systems, and make it possible to obta in  at least 
semi-quant i ta t ive information concerning in terp lanar  
angles. 

Ortho-Substituted Diphenyls. One reason why ultra- 
violet and visible spectral properties are especially 
sensitive to steric effects is tha t  they are condi t ioned by  
differences between the ground state and electronically 
excited states, and tha t  the steric requirements  of the 
lat ter  are often considerably more exacting t han  those 
of the ground state. This is true for example of the 
2510A-band (K-band) of diphenyl,  which may be 
regarded as due to a t ransi t ion from a ground state in 
which dipolar structures such as (II) make relat ively 
small contributions,  to an excited state in which such 
structures make relatively large contributions.  The 
introductions of 0-substituents,  which cause severe 

1 j.  DH.~v:, Proc. Nat. Inst. Sci. India 15, 11 [1949). 
O. 13ASTIANSEn, Acta Chem. Stand. 3, 408 (1949). 

3 See R. ADAMS and H. C. Y,A~, Chem. Reviews 12, '26I (1938), 
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hindrance  and p r e v e n t  nn ip lana r i ty ,  will  obv ious ly  
affect  the  exc i ted  s ta te  more  t h a n  the  g r o u n d  s ta te  and  
will raise the  ene rgy  level  of t he  fo rmer  w i t h  respect  to 
the  l a t t e r ;  i.e. the  t r ans i t i on  ene rgy  increases  and  the  
K-band  is d i sp laced  to  shor te r  wave - l eng th .  I f  t he  s ter ic  
repulsion is suf f ic ient ly  grea t  and  equa l s  or  exceeds  the  
resonance s tabi l i sa t ion ,  t he  i n t e r p l a n a r  angle  in t he  
g round  s ta te  will  a p p r o a c h  90 ° and  the  two  benzene  
rings will become  e lec t ron icMly  i n d e p e n d e n t ;  i.e. the  
absorp t ion  of t h e  s y s t e m  will  r e v e r t  to  t h a t  of t h e  two  
separa te  ch romophores .  Such p h e n o m e n a  were first  
observed  wi th  the  o - m e t h y l d i p h e n y l s L  The  K - B a n d  is 
shi f ted  to 2350 A in 2 -me thy ld ipheny l ,  and  to ca. 
2150 A in 2: 2" -d imethy ld iphenyl ,  and  d isappears  com-- 
p le te ly  in 2: 2 ' :  6 : 6 ' - t e t r a m e t h y l d i p h e n y l .  F r o m  the  
spec t ra l  da ta ,  i t  is possible to  cons t ruc t  an ene rgy  level  
d i ag ram (Fig. 1). The  resonance  s tab i l i sa t ion  in the  
g round  s ta te  of  d ipheny l  is known  f rom the rmo-chenf icM 
d a t a  to be ca. 5 kca l /mo l  r e l a t ive  to  benzene,  and the  
resonance  ene rgy  (RE) of t he  exc i t ed  s t a t e  can  be de- 
duced  to  be 34 kcal /moI .  Since even  one o -me thy l  
subs t i t uen t  will  cause s ter ie  repuls ion  exceed ing  10 
kca l /mol ,  the  R E ' s  for g round  s ta tes  of t he  mono- ,  di- 
and t e t r a - m e t h y l  de r iva t ives  will  be a l m o s t  nil, whi le  
the  R E ' s  of t he  exc i t ed  s ta tes  will  be r educed  to  ca.  21, 
10, and 0 kca l /mol ,  respec t ive ly .  A l t h o u g h  t h e  exac t  
func t ion  which  connec t s  R E  w i t h  t he  i n t e r p l a n a r  angle 
is not  known,  we can  m a k e  a rough  e s t i m a t e  of O by  
using the  s imples t  func t ion  which  passes t h r o u g h  the  
f ixed po in t s  0 = 0 ( m a x i m u m  R E )  and  O = 90 ° (mini-  
m u m  RE) ,  n a m e l y  

RE  = k c o s  ~O (1) 

The  va lues  of O o b t a i n e d  in th is  w a y  are  ca. 40 ° for 
mono-,  60 * for di-, and  90 ° for t e t r a - o - m e t h y l d i p h e n y l .  

O - 0 ': 40 ° 60 ~ 90 ° 

RE - 34 21 10 0 
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Fig. 1.-Electronic transitions between non-planar grounds states arid 
non-planar excited states. (Energy level diagram for diphenyl and 

ortho-methyldiphen yls. ) 

O r t h o - B r i d g e d  D i p h e n y l s .  A di f ferent  k ind  of s i tua t ion  
can arise if s ter ic  h indrance  to  un ip l ana r i t y  is r e l a t ive ly  
small ,  e i ther  because  the  repuls ion  forces are w e a k  or  
because t h e y  are compensa t ed  by  bond ing  forces which 

1 L. W. PICKETT, G. F. Wm.r~:R, and H. FRANCE, J. Amer. Chem. 
Soe. ~8, 2296 (1936). - See E. A. BRAUDE and E. S. WAIGHT in 
"Progress in Stereochemistry" (W. KLYNE, Ed.), Vol. l., Chapter 4 
(Butterworths, London 1954), for a summary of data and literature 
references. - E. A. BRAUDE, F. ,~ONDHEIMER, and W. F. FORBES, 
Nature 173, 117 (t954), and forthcoming papers in J. Chem. Soc. 

t end  to  keep  the  s y s t e m  planar .  A good e x a m p l e  of  the  
l a t t e r  t y p e  is p r o v i d e d  by  o r t h o - b r i d g e d  d ipheny l s  such  
as 9 : 10 -d ihydrophenan th rene ,  d i h y d r o d i b e n z o x e p i n a n d  
d i h y d r o d i b e n z a z e p i n i u m  der iva t ives .  The  u l t r av io l e t  
spec t ra  of these  c o m p o u n d s  are  qu i te  d i f fe ren t  f rom those  
of o : o ' - d i s u b s t i t u t e d  d ipheny l s ;  t h e  " d i p h e n y l " - b a n d s  
show the  usual  ba thoch romie ,  ins tead  of hypsochromic ,  
d i sp l acemen t s  and on ly  the  in tens i t ies  are decreased  as 
c o m p a r e d  w i t h  d ipheny l  ( table I). The  absence  of a n y  
unusua l  A shif ts  ( < 50 A) means  t h a t  t he  t r ans i t i on  
energy,  and  the re fo re  the  ene rgy  levels  of t he  g round  
and  exc i t ed  s ta tes ,  are Mmost  unchanged  ( < 3 kcal) by  
a n y  s ter ic  effects,  bu t  t he  decrease  in e shows t h a t  t he  
t r ans i t ion  p r o b a b i l i t y  is reduced .  Accord ing  to  classical 
theory ,  t r an s i t i on  ene rgy  and p robab i l i t y  are no rma l ly  
i n t e rdependen t ,  and a change  in e w i t h o u t  change  in Z 
mus t  the re fore  be due to  a s te r ica l ly  cond i t i oned  change  
in se lect ion ru les :  t he  t r ans i t i on  has  e v i d e n t l y  become  
pa r t l y  " f o r b i d d e n " .  We  can in t e rp re t  th is  in t he  fol low- 
ing w a y L  L e t  us call  t h e  m e a n  i n t e rp l ana r  angle  O 1 in 
the  g round  s ta te ,  and  O2 in t he  exc i t ed  s ta te .  S ince  the  
a m o u n t  of double  bond  c h a r a c t e r  of t he  single bond  
jo in ing  the  two  c o n j u g a t e d  groups,  and  the  resonance  
energy  are increased  in the  exc i ted  s ta te  (see above) ,  02 
will  be r a the r  smal le r  t h a n  O v Now it  is a f u n d a m e n t a l  
principle,  f o rmu la t ed  by  FRANCK and  CONDON, t h a t  since 
the  mo t ion  of e lec t rons  is v e r y  m u c h  fas ter  t h a n  t h a t  of 
a tomic  nuclei ,  i n t e r a t o m i c  d is tances  (and therefore ,  
i n t e rp l ana r  angles) canno t  change  dur ing  an  e lec t ron ic  
t r ans i t i on ;  in o the r  words,  t r ans i t ions  can  on ly  occur  
a long ve r t i ca l  l ines in t he  po ten t i a l  ene rgy  d i a g r a m  
(Fig. 2). Hence  a molecule  w i t h  O = 01 c a n n o t  pass  di- 
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Fig.2.-Electronic transitions between non-planar ground states and 
near-planar excited states (potential energy curves). 

r ec t ly  in to  the  equ i l i b r i um c o n f o r m a t i o n  of t he  exc i t ed  
s ta te  w i th  O = O z. T rans i t ions  will, however ,  be possible 
be tween  h igher  v ib r a t i ona l  sub- levels  for which  O is 
i n t e r m e d i a t e  be tween  O1 and  02 . Now,  t h e  spacings  of  
the  to r s iona l  v ib r a t i ona l  s ta tes  of a p o l y a t o m i c  molecule  

1 E.  A.  BRAUDE, F, SO.nDHEIUER, and W. F. FORBES, Nature t73, 
117 (1954), and forthcolning papers in J. Chem. Soc. 
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Table /.-Ultraviolet 
Angles of ortho-Bridged DiphenylQ. 

2m~x. A e 

Spectra (Diphenyl Bands) and Interplanar 
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2,600 19,000 1-00 

2,640 17,000 0.90 

2.600 12,600 0.66 
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2,530 8,700 0'46 

2,480 15,000 0-79 

2,375 11,50(1 0.61 
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1 Unless otherwise stated, the data in this and the following tables 
are taken from E. A. BRAUD~: and E. S. WAmHT, "Progress in Ste- 
reoehemistry" (~,¥. KI.VNE, Ed.), Vol. t., Chapter 4 (Butterworths, 
London, 1954), and E. A. BRAV~E, F. SoNnt~EL'aER, and V¢. F. 
FORBES, Nature 17.~;, 117 (1954), and forthcoming papers in J. 
Chem. Soc. 

are cons ide rab ly  closer  t h a n  3 kcal and  the  h igher  (i.e. 
non-equ i l ib r ium)  s t a t e s  will be a p p r e c i a b l y  p o p u l a t e d  a t  
o r d i n a r y  t e m p e r a t u r e s ,  so t h a t  a f rac t ion  (r) of t h e  
molecules  will h a v e  i n t e r p l a n a r  angles  smal l e r  t h a n  @1 
a n d  suf f ic ien t ly  close to  02 to  be able  to  r each  the  e x c i t e d  
s t a t e .  As a f i rs t  a p p r o x i m a t i o n ,  r will be g iven b y  e/e 0, 
where  eo is t he  value for t h e  u n s u b s t i t u t e d ,  p l a n a r  p a r e n t  
c o m p o u n d  and  t h e  s imp les t  f u n c t i o n  c o n n e c t i n g  th i s  
w i th  O~ and  O~ is 

r = e,'eo - cos 2 (O:O.2) (2) 

If  we m a k e  the  add i t iona l  a s s u m p t i o n  (which will be 
jus t i f ied  later)  t h a t  Oz is a lmos t  zero, i.e. t h a t  t h e  ex c i t ed  
s t a t e  is nea r -p lanar ,  th i s  s impl i f ies  to t 

elL: o = cos~ 01. (3) 

The  values  for o r t h o - b r i d g e d  d i p h e n y l s  o b t a i n ed  in t h i s  
way  (using f luorene  as re ference  c o m p o u n d )  are given 
in t ab l e  I. In  t h e  case of 9: 1 0 - d i h y d r o p h e n a n t h r e n e  and  
d i h y d r o d i b e n z o x e p i n ,  t he  n o n - p l a n a r i t y  of t he  p h e n y l  
r ings  is n o t  due  to  n o n - b o n d e d  a t o m  repuls ions ,  b u t  to  
t h e  fair ly  rigid t w o -o r  t h r e e - a t o m  br idge,  a n d  t h e  angles  
d e d u c e d  spec t roscop ica l ly  are  in good a g r e e m e n t  w i t h  
t hose  i nd i ca t ed  by  molecu la r  models  (Fig. 3). Fo r  t h e  
0 - s u b s t i t u t e d  de r iva t ives ,  no rel iable va lues  can  be 
o b t a i n e d  f rom s ta t i c  models  s ince these  do no t  ind ica te  
n o n - b o n d e d  repuls ion  forces,  b u t  t he  spec t r a l  d a t a  s h o w  
t h a t  the  increases  in O, are r e la t ive ly  small ,  as m i g h t  be 
e x p e c t e d  since the  c o n f o r m a t i o n  will sti l l  be d e t e r m i n e d  
ma in ly  by  the  o r t h o - b r i d g e .  By con t r a s t ,  p h e n y l d i h y d r o -  
t h e b a i n e  wh ich  c o n t a i n s  a f i ve - a tom o r t h o - b r i d g e ,  shows  
l i t t le  d i p h e n y l - t y p e  a b s o r p t i o n ;  th is  is no t  su rp r i s ing  
s ince in th i s  case b o t h  the  b r idge  a n d  the  o t h e r  or tho -  
s u b s t i t u e n t  will  f a v o u r  a h igh ly  n o n c o p l a n a r  a r r an g e -  
m e n t  of t he  b e n z e n e  r ings.  The  l o n g - w a v e l e n g t h  b a n d s  
wh ich  are  also s h o w n  b y  o r t h o - b r i d g e  d i p h e n y l s  can  be 
a sc r ibed  to  h y p e r c o n j u g a t i v e  i n t e r a c t i o n  of  t h e  p h e n y l  
g roups  t h r o u g h  the  b r idge  a n d  to  the  usual  a u x o c h r o m i c  
e f fec t s  of s u b s t i t n e n t s  such  as m e t h o x y l .  I t  shou ld  be 
m e n t i o n e d ,  however ,  t h a t  a d i f f e r en t  i n t e r p r e t a t i o n  has  
been  p u t  fo rward  by  TURNER and  his  col leagues  2, to  
w h o m  we owe m a n y  of the  spec t r a l  d a t a  jus t  d i scussed .  

Fig. :L- Molecular models of (a) 9: lo-dihydropheuanthrene 
and (b) dihenzodihydroxepin. 

We m a y  t h u s  d i s t ingu i sh  b e t w e e n  two  d i f f e ren t  t y p e s  
of spec t r a l  s ter ic  effects  3. The  first ,  wh ich  resu l t s  in 

l E, A, I~RAIrDb: arid E. S. WAIGHT, " P r o g r e s s  in S t e r e o c h e m i s t r y "  
{W. KLVNE, Ed.). Vol. 1., Chapter I (Butterworths, London 1954), 
and E. A. BRAUDE, F. SONDHEIMER, and W. F. FORBES, Nature 173, 
117 (1'~,54) used a cos O flmetion. The cos 20  function is more satis- 
factory because it has the value 1 for6) =- 0 and 1800, as  well as front 
other theoretical consideratinns. 

Z G. H. BEAVEN, 1). M. HAt.L, M. S. l.v:bslAv:, and E. E. TURNER, 
J .  Chem.  Soc. 1952, 854. - G. H. BEAVEN, D. M. HALL, i .  S. LESSH~:, 
E.  E.  TURNER, a n d  G.  R.  BtRrO, J .  C h e m . . q o c .  195 , ,  1.31. -- D.  M 
HALL, S. RItOC, WELL, a n d  E. E. TURNER, J .  Chem.  Soe. l~.~S~t, ~498. 

3 E .  A. BRAUDE, F.  SONDHEIMER, a n d  YV. F, 1;ORBES, N a t u r e  17.~, 
117 (1954), and farthcoming papers in J. Chem. Soc. 
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h y p s o c h r o m i c  shi f t s ,  i n v o l v e s  t r a n s i t i o n s  b e t w e e n  n o n -  
p l a n a r  g r o u n d  s t a t e s  a n d  n o n - p l a n a r  e x c i t e d  s t a t e s .  T h e  
second ,  w h i c h  r e s u l t s  in  n o  u n u s u a l  w a v e l e n g t h s  sh i f t s  
b u t  o n l y  in  dec rease  in , of t h e  K - b a n d ,  i n v o l v e s  
p a r t l y  f o r b i d d e n  t r a n s i t i o n s  b e t w e e n  n o n - p l a n a r  g r o u n d  
s t a t e s  a n d  n e a r - p l a n a r  exc i t ed  s t a t e s .  O n l y  t h e  l a t t e r  
t y p e  of e f fec t  a l lows  us, a t  p r e s e n t ,  t o  d e d u c e  q u a n t i -  
t a t i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  s t e r e o c h e m i s t r y  of t h e  
c o n j u g a t e d  s y s t e m .  A l t h o u g h  t h i s  t y p e  of e f fec t  ha s  o n l y  
b e e n  r e c o g n i z e d  qu i t e  r ecen t l y ,  i t  is a l r e a d y  c lea r  t h a t  i t  
occurs  v e r y  wide ly  a n d  t h e  r e m a i n d e r  of t h e  a r t i c l e  wil l  
be d e v o t e d  to  a d i scuss ion  of s o m e  o t h e r  i n t e r e s t i n g  
e x a m p l e s .  

Table l l . -Ster ie  Effects 
in ortho-Substituted Benzaldeh zdes and Acetophenones 

Benzaldehyde 
4-Methyl-Benzaldehyde . . , 
2-Methyl-Benzaldehyde . . . 
2 :6-Dimethyl-Benzaldehyde . 
2 : 4:6-Trimethyl-Benzaldehyde 

Acetophenone 
4-Methyi-Acetophenone . . , 
2-Methyl-Acetophenone . . . 
2:4-Dimethyl-Acetophenone . 
2:5-Dimethyl-Acetophenone . 
2:6-Dimethyl-Acetophenone . 
2:4:6-Trimethyl-Acetophenone 

~max.~ h e ~J*'0 (90 

2,420 
2.510 
2,510 
2,510 
2,640 

2,420 
2,520 
2,420 
2,510 
2,450 
2,510 
2,420 

14,000 1.00 
15,000 1.00 
13,000 0.87 
12,500 0.78 
14,500 0.85 

13,000 1.00 
15,000 1-00 
8,500 0-58 

13,000 0.76 
10,000 0.59 

5,000 0.29 
3,500 0.18 

0 
0 

21 
28 
22 

0 
0 

40 
29 
39 
57 
64 

A r o m a t i c  ke tones .  A s y s t e m  w h i c h  a l lows t h e  c o m p a r i s o n  
of i n t e r p l a n a r  ang les  d e d u c e d  f r o m  e l ec t ron i c  s p e c t r a  
w i t h  t h o s e  g i v e n  b y  a n o t h e r  p h y s i c a l  m e t h o d  are  t h e  
0 - a lky l a t ed  b e n z a l d e h y d e s  a n d  a c e t o p h e n o n e s  f i r s t  
s t u d i e d  b y  RODEBUSH 1. T he  d a t a  in  t a b l e  I I  show 
t h a t  t h e  K - b a n d s ,  w h i c h  are a s c r i b e d  t o  a t r a n s i t i o n  
P h - C - - O  -->- + P h  = C-O- ,  show o n l y  n o r m a l  b a t b o c h r o m i c  
sh i f t s  w i t h  a l k y l a t i o n ,  b u t  t h a t  o - m e t h y l  g r o u p s  p r o d u c e  
a s m a l l  decrease  in e in  t h e  a l d e h y d e s  a n d  a la rge  de-  

Ca) (b) 

(c) 

Fig. 4.-Planar projections of (a) '2:6-methyldiphenyl, (b) 2:6-di- 
methylbenzaldehyde, (c) ~:6-dimethylacetophenone. 

I M. T. O'SnAuGnNESS'Z and W. H. RODEBUSK, J. Amer. Chem, 
Soc. a2, 2006 (1940). 

c rease  in e in  t h e  ke tones .  ( In  t h e  a l d e h y d e s ,  t h e  ef fec t  
o n l y  b e c o m e s  a p p a r e n t  w h e n  t h e  fac t  t h a t  m e t h y l  
s u b s t i t u e n t s  n o r m a l l y  p r o d u c e  a s m a l l  i nc rease  in  e is 
t a k e n  i n t o  accoun t . )  1 T h e  r e d u c t i o n s  in  i n t e n s i t y  
e v i d e n t l y  ar i se  f r o m  t h e  n o n - p l a n a r i t y  of t h e  e q u i l i b r i u m  
c o n f o r m a t i o n  in  t h e  g r o u n d  s t a t e ,  due  to  i n t e r f e r e n c e  
b e t w e e n  t h e  o - m e t h y l  a n d  t h e  f o r m y I  or  a c e t y l  g roups ,  
a n d  t h e  va lues  of O1 c a l c u l a t e d  b y  e q u a t i o n  (3) are 
20-30  ° for  t h e  a l d e h y d e s  a n d  30-60  ° for  t h e  ke tones .  
Th i s  is in  a g r e e m e n t  w i t h  s c a l e - d i a g r a m s  (Fig. 4), w h i c h  
i n d i c a t e  t h a t  s t e r i c  o v e r l a p  in  t h e  u n i p l a n a r  c o n f o r m a t i o n  
is neg l ig ib le  for  t h e  f o r m y l - h y d r o g e n  a t o m ,  s l i gh t  for  t h e  
fo rmyl -  or  a c e t y l - o x y g e n  a t o m ,  b u t  c o n s i d e r a b l e  for  t h e  
a c e t y l - m e t h y l  g roup .  I t  is also in a g r e e m e n t  w i t h  t h e  
d ipole  m o m e n t  m e a s u r e m e n t s  of SUTTON a n d  h is  co- 

(a) (b) 

(c) 

Fig. 5.-Planar projections of (a) phenyl ethyl ketone, (b) phenyl iso- 
propyl ketone, (c) phenyl ter~.-btltyl ketone. 

worke r s  ~ w h i c h  s h o w  t h a t  t h e  m e s o m e f i c  i n t e r a c t i o n  
b e t w e e n  t h e  p h e n y l  a n d  c a r b o n y l  g roups  is s t r o n g l y  
r e d u c e d  b y  o - m e t h y l  s u b s t i t u e n t s .  Now, d ipole  m o m e n t s  
are  a p r o p e r t y  of t h e  e l e c t r o n i c  g r o u n d  s t a t e s  a lone  a n d  
one  c a n  d e d u c e  (9 f rom t h e  o b s e r v e d  m o m e n t  a n d  t h e  
c a l c u l a t e d  m o m e n t s  for  O 1 = 0 a n d  90 °, r e spec t ive ly .  
T h e  va lues  of 01 o b t a i n e d  in t h i s  w a y  are c lose ly  s im i l a r  
to,  b u t  s l i gh t ly  s m a l l e r  t h a n ,  t h o s e  c a l c u l a t e d  f r o m  e; 
t h e  d i f f e rences  are  a l m o s t  c e r t a i n l y  due  t o  t h e  f ac t  t h a t  
t h e  " s p e c t r o s c o p i c "  ang les  r ea l ly  r e p r e s e n t  ((gx-O,) 
( e q u a t i o n  2) i n s t e a d  of (91 ( e q u a t i o n  3). B y  s u b s t r a c t i n g  

1 E.A. BRAUDE, F. 8ONDltE1MER, and W. F. FORBES, Nature 173, 
117 (1954), and forthcoming papers in J. Chem. Soc. 

2 j .  B, BENTLEY, K. B. EVERARD, R. J. B. MARSDFN, and L.E. 
SUTTON, J. Chem. Soc. 1949, 2957. 
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t h e  " d i p o l e "  a n g l e s  f r o m  t h e  " s p e c t r o s c o p i c "  a n g l e s ,  we  
t h u s  g e t  O~; t h e  v a l u e s  a r e  q u i t e  s m a l l  ( 1 0 - 1 5  °) a n d  
t h e r e f o r e  s u p p o r t  o u r  e a r l i e r  c o n c l u s i o n  t h a t  s t e r i c  
e f f e c t s  o f  t h i s  t y p e  i n v o l v e  n e a r - p l a n a r  e x c i t e d  s t a t e s .  

Table l l I . - S t e r i c  Effects in Phenyl  Alkyl Ketones 
and Cyclic Aromatic I(etones 

PhCOMe . . . . . . . .  
P h C O E t  . . . . . . . .  
PhCOCsH11 ~ . . . . . . .  
PhCOCM%b, e . . . . . .  
P h C O C M % E t  'l . . . . . .  
PhCOCMeEt2d . . . . . .  
l _ I n d a n o n e  b, e . . . . . .  
1 -Te t rMone  b,e . . . . . .  
B e n z c y c l o h e p t a n - l - o n e  e . . 
B e n z c y c l o o c t a n - l - o n e e  . . 

2420 
2420 
2380 
2420 
2390 
2380 
2430 
2480 
2460 
2470 

8 

13200 
13500 
12000 

9100 
8300 
7100 

12300 
11600 

8100 
6500 

1.0 0 
t . 0  0 
0-89 19 
0-68 34 
0.62 38 
0.53 43 
0.91 17 
0-86 22 
0-60 39 
0"48 46 

a E. A. BRAUDE and W. I". FORBES, J. Chem. Soc. 1951, 1755. 
b p. RAMART-LucAs, j .  HOCH, and Mine VIAL, Bull. Soe. Chim. 

France 195"2, ~.20. 
c G. D. HEDI)V.'S and W. G. BROWN, J. Amer. Chem. Soc. 75, 

a744 (1953). 
d D. J. CRAM and J. D. KNIGHT, J. Amer. Chem. Soc. 74, 5g;~9 

(195"2), 
e R. HUISGES and W. RApV, Ber. dtsch, chem. Gcs. 8,~, g36 (195'2). 

I t  wi l l  b e  n o t e d  t h a t  a l t h o u g h  t h e  a p p a r e n t  e x t e n t  o t  
s t e r i c  o v e r l a p  is  a l m o s t  t h e  s a m e  in  o - m e t h y l d i p h e n y l  
a n d  o - m e t h y l a c e t o p h e n o n e  (Fig .  4), t h e  s p e c t r a l  c o n s e -  
q u e n c e s  a r e  q u i t e  d i f f e r e n t  in  t h e  t w o  s y s t e m s .  H i n d r a n c e  
t o  u n i p l a n a r i t y  is  e v i d e n t l y  m u c h  l e s s  s e v e r e  in  t h e  
a c e t o p h e n o n e s ,  b e c a u s e  t h e  a e e t y l  g r o u p  is m u c h  m o r e  
f l e x i b l e  t h a n  a p h e n y t  g r o u p ,  so  t h a t  t h e  r e p u l s i o n  
f o r c e s  a r e  m u c h  s m a l l e r .  S t e r i c  e f f e c t s  s i m i l a r  t o  t h o s e  
s h o w n  b y  t h e  a c e t o p h e n o n e s  a r e  o b s e r v e d ,  e v e n  in  t h e  
a b s e n c e  o f  o r t / m - s u b s t i t u e n t s ,  in  p h e n y l  t e r t . - a l k y l  k e t o n e s  
a n d  in  b i c y c l i c  k e t o n e s ,  s u c h  a s  t e t r a l o n e  ( T a b l e  I I I ) .  
W h e r e a s  a p r i m a r y  o r  s e c o n d a r y  a l k y l  g r o u p  c a n  a d o p t  
c o n f o r m a t i o n s  i n v o l v i n g  l i t t l e  o v e r l a p  w i t h  t h e  o - h y d r o -  
g e n  a t o m s  of  t h e  p h e n y l  r i n g ,  c o n s i d e r a b l e  i n t e r f e r e n c e  

is u n a v o i d a b l e  in  t h e  c a s e  o f  a t e r t i a r y  a l k y l  g r o u p  
(Fig .  5), r e s u l t i n g  in  i n t e r p l a n a r  a n g l e s  o f  ca .  30 °. I n  
b i c y c l i e  k e t o n e s ,  o n  t h e  o t h e r  h a n d ,  n o n - p l a n a r i t y  is 
m a i n l y  d u e  n o t  t o  i n t e r f e r e n c e  w i t h  t h e  p h e n y l  r i n g ,  b u t  
t o  r e p u l s i o n s  b e t w e e n  t h e  h y d r o g e n  a t o m s  of  t h e  m e t h y l -  
e n e  g r o u p s ,  i .e.  t o  t h e  p r e f e r r e d  p s e u d o - c h a i r  c o n f o r m a -  
t i o n  of  t h e  a l i c v c l i c  r i n g  (F ig .  6). 

Fig. 6.-Molecular models of (a) 0~-tetralone, (b)benzcycloheptan-1-one. 

S t y r e n e s .  S i n c e  t i l e  v a l e n c y  a n g l e s  a t  a d o u b l e - b o n d e d  
c a r b o n  a t o m  t e n d  t o  be  t h e  s a m e  (120 ° ) w h a t e v e r  t i l e  
o t h e r  l i g a n d s ,  o r t h o - s u b s t i t u t e d  s t y r e n e s  m i g h t  be  e x -  
p e c t e d  t o  e x h i b i t  s t e r i c  e f f e c t s  s i m i l a r  t o  t h o s e  s h o w n  b y  
a c e t o p h e n o n e s  (Fig .  7). T h e  d a t a  in  t a b l e  I V s h o w  t h a t  
t h i s  is  i n d e e d  t h e  c a s e .  I n  f l - s u b s t i t u t e d  s t y r e n e s ,  t h e  
i n t e r - p l a n a r  a n g l e s  s h o w  s o m e  d e p e n d e n c e  o n  t h e  f l - s u b -  
s t i t u e n t  ; t h i s  is  p r e s u m a b l y  b e c a u s e  a c o n j u g a t i n g  g r o u p  
wi l l  a f f e c t  t h e  e l e c t r o n i c  f o r c e s  w h i c h  o p p o s e  n o n -  
p l a n a r i t y  t h r o u g h o u t  t h e  s y s t e m ,  e v e n  t h o u g h  t h e  g r o u p  
m a y  n o t  be  d i r e c t l y  i n v o l v e d  in  s t e r i c  o v e r l a p .  

Fig. 7 . -Planar  projection of '2:6-dimethylstyrene derivative. 

TaJ~le I V .  - Steric Effects in or tho-Subs t i tu ted  Styretms 

X = H CFI = CH 2 CHMe. OH COMe CMe .... 
N. NHCONH 

P h C H  = C H X  . . . . . . .  { 

2-MeCoH4CH = C H X  . . . .  / 

/ 

! 

2:6-M%CoHa-CH = C H X .  . . 

2 : 4 : 6 -MeaCoH2CH~ C H X . .  

/ ~ ' l m s . x .  A , . . 

E . . . . . .  

~ m ~ , , . h -  . . 

8 . . . . . .  

e!% . . . . .  
OO, . . . . .  

) ~ m x .  A . . . 

e/eo . . . . .  
O o  . . . . .  

X . . . .  A . . .  

~/~o . . . . .  
O o  . . . . .  

2,440 a 
14,000 

2,450 a 
12,600 

0.78 
28 

2,450 b 
7,000 

0-35 
54 

2,800 e 
28,300 

2,810 e 
25,000 

0-83 
24 

2,510e 
19,500 

2,550 e 
16,000 

0.74 
30 

2,860 
22,200 

2,900 
17,000 

0.71 
33 

2,910 
10,500 

0.40 
50 

2,510 d 2,930 d 
7,500 14,000 

0-29 0.50 
57 44 

3,050 
38,600 

3,040 
32,500 

0.84 
23 

2,820 
23,300 

0.60 
39 

a p. RAMART-LUcAS and J. HOCH, Bull. Soc. chim. France 1935, 3"27. 
b K. C. BRYANT, G, T. KENN~.DV, and E. M, TANNER, J. Chem. Soc. 1949, 2389. 
c E .A .  BRAVD~, E. R. H. JONES, and E, S. STERN, J. Chem. Soc. 19~7, 1087. 
d K. R. BHARUCHA and B. C. L. WEEDON, J. Chem, Soc. 1953, 1571. 
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I n  9 - v i n y l a n t h r a c e n e  d e r i v a t i v e s ,  s t e r ic  h i n d r a n c e  is 
m u c h  more  severe  t h a n  in  2 : 6 - d i m e t h y l s t y r e n e  d e r i v a -  
t i ve s  a n d  h a r d l y  a n y  c o n j u g a t i o n  b e t w e e n  t h e  a r y l  
nuc leus  a n d  t h e  s i d e - c h a i n  is a p p a r e n t k  T h e  d i f fe rence  
u n d o u b t e d l y  ar ises  f r o m  t h e  g r e a t e r  r i g i d i t y  in  t h e  
polycycl ie  a r o m a t i c  s y s t e m  of t h e  l : 8 - h y d r o g e n  a t o m s  
which  are  f i r m l y  he ld  in a n  i n - p l a n e  p o s i t i o n  (Fig. 8). 

X 

i) 
Fig. 8.-Planar projection of 9-vinylanthraeene derivative. 

Aromat ic  amines.  All t h e  e x a m p l e s  d i s cus sed  so far  
re fe r  t o  c lass ica l  or  ~-~. c o n j u g a t e d  s y s t e m s .  S t r o n g  
i n t e r a c t i o n  w h i c h  m a y  be  t e r m e d  g - p - c o n j u g a t i o n ,  a lso  
occurs  b e t w e e n  m u t t i p l e  b o n d s  a n d  g r o u p s  c a r r y i n g  
u n s h a r e d  (p-) e l e c t r o n  pa i rs .  T h e  s t e r i c  r e q u i r e m e n t s  for  
m a x i m u m  ~ t -p -con juga t ion  are  t h a t  t h e  ~r e l ec t ron  o r b i t -  
t a l s  a n d  p - e l e c t r o n  o r b i t a l s  s h o u l d  be  para l le l ,  i.e. t h a t  

Fig. 9.-Planar projection of ortho-substituted N-dimethylaniline. 

Table V.-Sterlc Effects. in ortho-Substituted N-Dimethylanilines* 

Substituent 

None 
2-Ftuoro . . . 
2-Chloro . . . 
2-Bromo . . . 
2-Methyl , . , 
2 4ert.- Butyl  , , 
2: 5-Dimethyl , 
2 :6-Dimethyl  , 

Zm~., A 

2,500 
2,500 
2,560 
2,560 
2,470 

2,500 
2,600 

14,000 
11,500 

7,500 
6,000 
6,500 

< 1,000 
6,000 
2,500 

1 "00 
0"82 
0"53 
0"43 
0"46 

< 0 " 1  
0"43 
0"18 

oo 

r 
0 

25 
43 
49 
47 

> 7 0  
49 
64 

* Experimental data taken 
Chem. Soc. 67, 1838 (1945); 
Pays-Bas 72, 66~ (1953). 

from W. R. REMINGTON, J. Amer. 
B. M. WEPSTER, Rec. Trav. Chim. 

in  a n  a r o m a t i c  a m i n e  A r N R ~  t h e  t w o  g r o u p s  R s h o u l d  lie 
in  a p l a n e  pa ra l l e l  t o  t h a t  of  t h e  r ing .  J u s t  as  in  ace to -  
p h e n o n e s  a n d  s ty renes ,  o - s u b s t i t u e n t s  wil l  c ause  in t e r -  
ference in t h e  e l e c t ron i ca l l y  o p t i m u m  c o n f o r m a t i o n  
(Fig. 9), a n d  re su l t  in  r o t a t i o n  a b o u t  t h e  A r - N  b o n d .  T h e  
in t ens i t i e s  of t h e  K - b a n d s ,  w h i c h  are a s c r i b a b l e  to  t h e  
t r a n s i t i o n  A r - N R 2 - ~ - A r =  NR+, ,  t h e r e f o r e  decrease  *; t h e  

x E. A. BRAUDE, J. S. FAWCETT, and D. D. E. NEWMAN, J. Chem. 
Soc. 1950, 793. 

2 W. R. ReMXNGXON, J. Amer. Chem. Soc. 67, 1838 (1945). - H. 
B. KLEVENS and J. R. PLATT, J, Amer. Chem. Soc. 71, 1714 (1949). 

i n t e r p l a n a r  ang les  c a l c u l a t e d  f r o m  t h e  s p e c t r a l  d a t a  are  
s imi l a r  to  t h o s e  d e d u c e d  for  c o m p a r a b l e  ~-~t c o n j u g a t e d  
s y s t e m s  ( t ab le  V). I n  t h e  b ieyc l ic  c o m p o u n d ,  TR6GER'S 
base  ( I I I ) ,  t h e  ang le  b e t w e e n  t h e  p l a n e s  of t h e  p h e n y l  
r ings  a n d  of t h e  - N R  2 g r o u p s  is f a i r ly  r ig id ly  f ixed1;  t h e  
v a l u e  s h o w n  b y  m o d e l s  ( ~  45 °) is in  e x c e l l e n t  a g r e e m e n t  
w i t h  t h a t  (43 ° ) d e d u c e d  f r o m  t h e  u l t r a v i o l e t  s p e c t r a  
(;tmax.2500 A, e 8600). A n  e x t r e m e  case  of s t e r i c  i nh ib i -  
t i on  in a n  a r o m a t i c  a m i n e  is p r e s e n t e d  b y  b e n z q u i n u -  
c l id ine  (IV) ; he re  t h e  p l a n e s  of t h e  b e n z e n e  r i n g  a n d  t h e  
- N R ,  g r o u p s  a re  fo rced  i n t o  a l m o s t  p e r p e n d i c u l a r  
p o s i t i o n s  a n d  n o - K - b a n d  is o b s e r v e d  *. 

(III) (IV) 

cycloHexene Derivatives. T h e  s t e r e o c h e m i s t r y  of n o n -  
b e n z e n o i d  c o n j u g a t e d  s y s t e m s  p r e s e n t s  some  a d d i t i o n a l  
p r o b l e m s .  T h e  K - b a n d s  a n d  t h e  g e o m e t r i e s  of t h e  con-  
j u g a t e d  s y s t e m s  in  cyclohexene d e r i v a t i v e s ,  s u c h  as 
1-acetylcyclohexene a n d  1-vinylcyclohexene,  r e s e m b l e  
t h o s e  of t h e i r  b e n z e n o i d  ana logues ,  a c e t o p h e n o n e  a n d  
s t y r e n e ,  b u t  un l ike  in t h e  l a t t e r ,  t h e  2- a n d  6 -pos i t ions  
are  n o  l o n g e r  e q u i v a l e n t  a n d  two  d i f f e r en t  u n i p l a n a r  
c o n f o r m a t i o n s ,  s-cis a n d  s- tram,  are  poss ib le  3 (Fig. 10). 

/~6"'. 

(a) (b) 

Fig. 10.-Planar projections of (a) s-vis acetyleyclohexene 
and (b) s-tram acetylcydohexcne. 

T h e  p l a n a r  s-trans c o n f o r m a t i o n  is e l e c t r o n i c a l l y  s t a b l e r  
b y  ca. 2 -3  kca l  t h a n  t h e  s-cis, a n d  in  acety lcyclohexene a 
s u b s t i t u e n t  wil l  h a v e  a l a rge r  e f fec t  in  t h e  2- t h a n  in  t h e  
6 -pos i t ion .  T h i s  is b o r n e  o u t  b y  t h e  s p e c t r a l  d a t a  
( t ab le  VI ) ,  b u t  t h e  dec rease  in  e in  1 - a c e t y l - 2 - m e t h y l -  
cyclohexene c o u l d  b e  due* e i t h e r  t o  a n o n - p l a n a r  s4rans  
c o n f o r m a t i o n  or  t o  a n e a r - p l a n a r  s-cis c o n f o r m a t i o n ,  
s ince  e t h y l e n i c  k e t o n e s  w i t h  a n  e n f o r c e d  cisoid c o n f i g u r a -  
t i o n  s h o w  a s i m i l a r  decrease ,  w h i c h  is a s c r i b a b l e  to  t h e  
r e d u c e d  o v e r a l l  l e n g t h  of t h e  c h r o m o p h o r e  a n d  t h e  
s m a l l e r  t r a n s i t i o n  m o m e n t .  W h i c h  c o n f o r m a t i o n  is 
f a v o u r e d  will  o b v i o u s l y  d e p e n d  o n  t h e  r e l a t i v e  p o t e n t i o n a l  
energ ies .  S ince  t h e  a b s e n c e  of h y p s o c h r o m i c  sh i f t s  

1 V. PRELOG and P. WIELAND, Helv. Chim. Acta 27, 1127 (1944), 
2 B. M. WEPSTER, Ree. Tray. Chim. Pays-Bas 72, 662 (1953). 
a E. A. BRAUDE, E. R. H. JONES, H. P. KOCH, R. W. RICHARD- 

SON, F. SONDHEIMER, andB. J. TOOGOOD, J. Chem. Soc. 1949, 1890. 
4 R. B. TURNER and D.M. VOITLE, J. Amer. Chem. Soe. 73, 1408 

(1951). 
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Table VI.-Ultraviolet Spectra ("K-bands"), Infrared Spectra 
(C = O stretching frequencies) and Interplanar Angles of Substi- 

tuted 1-Acetylcyclohexenes 

/ ,~ /COMe 
, !! 
N /  

Me 

M e . M e  
~ C O M e  

/x/come 
i i[ 
\ / \M~ 
/ ~  COCM% 

\ ~ M e  
M e ,  / M e  

\ ~ M e  

~max.~ 
A ~ ~le° 

2,320 12,500 1.0 

2,340 12,000 a 0-96 11 

2,320 12,000 0"96 11 

2,450 6,500 0"52 44 

2,390 1,300 L 0.10 71 

2,430 1,400 ] 0-I1 71 

O1° cm-1 

0 1,665 42 

1,678 29 

1,684 17 

1,693 14 

A V, 
cm-1 

a E. A. BRAUDE and O. H. WHEELER, J. Chem. Soc, 1955, 329, 
b Unpublished experiments by Dr. C. J. TIMMONS. 

implies  t h a t  s teric h indrance  a m o u n t s  to  no t  more t h a n  
1 kcal, i.e. less t h a n  the  e x t r a  resonance  s t ab i l i s a t ion  in 
the  s- trans  confo rma t ion ,  i t  seems probab le  in t h e  p resen t  
case t h a t  a non -p l ana r  s- trans  c o n f o r m a t i o n  (01 = 45 °) 
will  be pre fe r red  to  a n e a r - p l a n a r  s - c i s - c o n f o r m a t i o n  
((91 ~- 180°). Th is  is borne  o u t  by  the  para l le l i sm be tween  
the  effects  of o - m e t h y l  s u b s t i t u e n t s  in t h e  a l icycl ic  and  
benzeno id  ke tones ,  no t  o n l y  wi th  r ega rd  to  t h e  u l t ra -  
v io le t  b u t  also to  t h e  in f ra red  or  R a m a n  spec t ra l  pro-  
per t ies .  Thus ,  the  c a r b o n y l  s t r e t ch ing  f requencies  show 
a progress ive  decrease wi th  increas ing  h i n d r a n c e  
and  app roach  the  va lue  for u n c o n j u g a t e d  ke tones ;  an  

0 
C'os 8 

Fig. 11.-Plot of interplanar angle against relative earbonyl stretching 
frequency shifts for alieyelie and benzenoid ketones. 

Table VIL-Sterie  Effects in 1-Vinylcyelohexene Deriv: 

j .CH = CHCOMe 

M e , M e  
( I1N~/cH=CHCOMe 

"x/ 
M e ~ / / M e  

/ ~ / [ C H  = CH]2COMe 

M e v b i e  
/~/[CH=CHhCOMe 

A 

2,810 20,800 

2,810 13,000 

2,960 10,700 

3,200 37,500 

3,260 15,500 

e/e 0 

1-0 

0"65 

0 "46 

1"0 

0"41 

fives 

o~ 

36 

47 

50 

a p p r o x i m a t e l y  l inear  r e l a t ionsh ip  exis ts  be tween  O x and  
t h e  ra t io  A v/A v o of t h e  f r equency  shif ts  in t h e  non -p l ana r  
and  p lana r  c o m p o u n d s  (Fig. 11). I t  wil l  be n o t e d  t h a t  
t he  consequence  of n o n - p l a n a r i t y  in v i b r a t i o n a l  spect ra ,  
un l ike  in e lec t ronic  spect ra ,  is a change  in f r e q u e n c y  
(i.e. wave leng th) ,  ind ica t ing  t h a t  t he  mechan i ca l  cou-  
pl ing which  governs  t he  fo rmer  is a m u c h  more  sens i t ive  
func t ion  of i n t e rp l ana r  angle  t h a n  e lec t ron ic  coupl ing ,  
which  governs  t he  la t te r .  

- = - X 

(a) (b) 
Fig. 12.-Planar projection of (a) s-cis vinylcyclohexene 

and (b) s-transvinylcyclohexene derivatives. 

In  1-v iny lcyc lohexenes ,  t he  r e l a t ive  effects  of 2- and  
6-subs t i tuen t s  will  be  reversed ,  t h e  l a t t e r  be ing  s te r ica l ly  
more  ef fec t ive  in t he  s- trans  c o n f o r m a t i o n  (Fig. 12). Th i s  
is well  i l lus t ra ted  b y  d a t a  for t h e  d ienones  of  t he  fl-ionone 
t y p e  1 (table vii). The  fac t  t h a t  t h e  non -p l ana r  s- trans  
c o n f o r m a t i o n  is p re fe r red  in such  sys tems ,  even  t h o u g h  

1 E.A. BRAUDE, E. R. H. JONES, H. P. KOCH, R .W.  RICHARDSON, 
F. SONDHEIMER, and J. B. TOOGOOD, J. Chem. See. I9#9, 1890. - 
E. A. BRAUDE and E. R. H. JONES, J. Amer. Chem. Soc. 72, 1041 
(i950). 
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i t m a y  i n v o l v e  g r e a t e r  s t e r i c  h i n d r a n c e  t o  p l a n a r i t y  t h a n  
t h e  s-cis, is b o r n e  o u t  b y  t h e  X - r a y  d i f f r ac t i on  w o r k  of 
MACGILLAVRY a n d  he r  c o l l a b o r a t o r s  o n  f l - ionyl idenecro-  
t o n i c  ac id  x. A n o t h e r  e f fec t  s h o w n  b y  t h e  d i e n o n e s  is t h e  
e m e r g e n c e  of a b a n d  due  t o  a p a r t i M  (enone)  c h r o m o -  
16bore; as  t h e  i n t e r a c t i o n  b e t w e e n  t h e  r i n g - d o u b l e  b o n d  
a n d  t h e  s i d e - c h a i n  b e c o m e s  s t e r i ca l ly  more  a n d  more  
i n h i b i t e d ,  t h e  p r o b a b i l i t y  of t h e  i n d e p e n d e n t  t r a n s i t i o n  
of t h e  e n o n e  g r o u p  g i v i n g  r ise to  a b a n d  n e a r  2300 A, 
p r o g r e s s i v e l y  inc reases  ~. 

Table V f f f . -S ter ic  Effects in Substituted Butadienes 

CH 2 = C H - C H = C H  2 . . 
MeCH= C H - C H =  CH~, . 
MeCH = CH-CH = CHMe 
Me2C= CH-CMe=  CH 2 . 
Me2C = CH-CC1 = C H ~ . .  
Me,zC = CH-CH = CMe 2 . 
ClzC= CCI-CCI = CCI, : . . .  

X 

2,170 
2,230 
2,270 
2,320 
2,330 
2,410 

<2,100 

21,000 
23,000 
24,000 

8,500 
8,100 

24,000 

e[eo 

1-0 
1-0 
1-0 
0-35 
0-34 
1.0 

I <0"1 

o0 

0 
0 
0 

53 
55 

0 
>70  

A cyclic and  Homocyc l ic  dienes. T h e  s t e r e o c h e m i s t r y  of 
t h e  c e n t r a l  b o n d  in  b u t a d i e n e  was  f i r s t  e x p l i c i t l y  cons id -  
e r ed  in  1939 b y  MULLIKEN a, w h o  d e d u c e d  a p l a n a r  
s- trans  c o n f o r m a t i o n  o n  t h e o r e t i c a l  g rounds .  T h i s  was  
l a t e r  c o n f i r m e d  e x p e r i m e n t a l l y  b y  ASTON a n d  cow or k -  
ers  4 b y  t h e r m o d y n a m i c  m e a s u r e m e n t s ,  a n d  is also in 
a g r e e m e n t  w i t h  e l e c t r o n  d i f f r ac t i on  s a n d  R a m a n  spec t ro -  
scop ic  s s tud ies .  S imi l a r  conc lus ions  h a v e  b e e n  r e a c h e d  

Fig. 13.-Planar projection of substituted butadienes. 

for  b u t a d i e n e s  c o n t a i n i n g  e i t h e r  one  or t w o  m e t h y l  or-  
c h l o r o - s u b s t i t u e n t s T ;  s c M e - d i a g r a m s  i n d i c a t e  t h a t ,  in-  
d e p e n d e n t l y  of t h e  p o s i t i o n s  of t w o  s u b s t i t u e n t s  (e.g. 
1 : 1-, 1 : 2-, 2: 3-, or  1 : 4-) t h e  p l a n a r  s- trans  c o n f o r m a -  
t i o n s  of s u c h  d ienes  are  u n h i n d e r e d ,  a n d  t h e  u l t r a v i o l e t  
s p e c t r a  are  " n o r m a l "  ( t ab le  V I I I ) .  U n i p l a n a r i t y  is a lso 
u n o p p o s e d  b y  t h r e e  or  e v e n  four  s u b s t i t u e n t s  in  t h e  
t e r m i n a l  (1 : 4) pos i t i ons ,  b u t  n o t  in  1 : 1 : 3 - t r i s u b s t i t u t e d  
b u t a d i e n e s  (Fig. 13) ; t h e  l a t t e r  e x h i b i t  m a r k e d  b y  lower  
e va lues  f r o m  w h i c h  c a n  b e  c a l c u l a t e d  i n t e r p l a n a r  ang les  
of ca. 50 °. I n  p e n t a -  a n d  h e x a - s u b s t i t u t e d  b u t a d i e n e s ,  
h i n d r a n c e  is so la rge  t h a t  t h e  K - b a n d s  d i s a p p e a r  a l to -  
g e t h e r L  

1 C. H. MACGILLAVRY, A. KREUGER, and E. h EICHItORN, Proc. 
Acad. Sci. Amst. B54, 449 (1951), and private communication from 
Professor l~IAC GILLAVRY. 

2 E. A. BRAUD~ et al., loc: cir. 
a R. S. MULLIKES, J. Chem. Physics 7, 121 (1939). 

J. G. AsTos, G. SzAsz, H. W. ~rOOLEY, and F. G. BRmKWXDDE, 
J. Chem. Physics 14, 67 (1946). 

V. ScnoMAKER and L. PAVLING, J. Amer. Chem. Soc. 61, 1769 
(1939). 

6 K. BRADACS and L. KAHOVEC, Z. physikal. Chem. B d8, 635 
(1940). 

7 G. J. szAsz and N. Sn~eFaRx), Trans. Faraday Soe. 49, 358 
(195a). 

Table IX.  
Ultraviolet Spectra and Conformations of l:3-Cycloalkadienes 1 

2re_ix" e 

2,385 3,400 
2,560 [ 8,000 
2,480 [ 7,400 
2,2801 5,600 
2,1951 2,500 
2,230 5,000 
2,250 6,200 

Favoured Conformation a 

Near-planar  cis-s-cis-cis 
Near-planar  cis-s-cis-cis 
Near-planar  cis-s-cis-cis 
Non-planar  cis-s-cis-cis 
Non-planar  cis-s-~is-trans 
Non-planar  cis-s-trans-trans 
Non-planar  cis-s-trans-trans 

Oi  a 

~.~0 o 

0 ° 

0 ° 

,,.45 o 

,..60 o 

~.,60 ° 

~60 ° 

Ol b 

41°~ 
60 ° 
600 

56 ° 

Deduced from models, b Calculated from e. 

I n  h o m o c y c l i c  d ienes ,  t h e  c o n f o r m a t i o n  of t h e  con-  
j u g a t e d  s y s t e m  is c lose ly  d e p e n d e n t  on  t h e  r i n g  size 1. I n  
t h e  s m a l l  r i ngs  (C5-C7), t h e  d i ene  s y s t e m s  m u s t  all  be  
a p p r o x i m a t e l y  p l a n a r  a n d  cis-s-cis-cis o r i e n t e d .  T h e  
d i f fe rences  in  s p e c t r a l  p r o p e r t i e s  r e l a t i v e  t o  acyc l i c  
d i enes  o b s e r v e d  in  t h e s e  cases  ( t ab l e  I X )  a p p e a r  t o  be  
p r i m a r i l y  e l ec t ron i c  in  or ig in  a n d  to  be  a s s o c i a t e d  w i t h  
h y p e r c o n j u g a t i o n  i n v o l v i n g  t h e  s a t u r a t e d  c a r b o n  a t o m s ,  
a n d  w i t h  t r a n s a n n u l a r  c o n j u g a t i o n  of t h e  d o u b l e  b o n d s .  

(a) (b) 

~ C  

(c) 

Fig. 14.-Conformations of (a) cyctoocta-1:3-dicnc, 
(b) cyclonona-1:3-diene, and (c) cyclodeca-1:3-diene. 

I n  t h e  m e d i u m - s i z e  r i ngs  (C8-C12), mode l s  i n d i c a t e  t h a t  
t h e  d i ene  s y s t e m  wil l  be  n o n - p l a n a r  a n d  t h a t  t h e  con ,  
f o r m a t i o n s  s h o w n  in F i g u r e  14 wil l  be  f a v o u r e d ;  t h e  
ang le s  d e d u c e d  f r o m  t h e  s p e c t r a l  d a t a  a re  in  e x c e l l e n t  
a g r e e m e n t .  T h e  smal l ,  b u t  s i g n i f i c a n t  d i f fe rences  in  
2max. i n d i c a t e  t h a t  a l t h o u g h  t h e  exc i t ed  s t a t e s  a re  n e a r -  
p l a n a r ,  t h e  s t e r i c  ef fec ts  are  la rge  e n o u g h  to  a f fec t  t h e  
e n e r g y  leve l s  b y  u p  t o  a b o u t  5 k c a l / m o l .  

Z u s a m m e n / a s s u n g  

Die  F a k t o r e n ,  we lche  die l ab i le  S t e r e o c h e m i e  y o n  
k o n j u g i e r t e n  S y s t e m e n  bee in f lu s sen ,  w e r d e n  d i s k u t i e r t .  
Das  S t u d i u m  der  E l e k t r o n e n s p e k t r e n  so lche r  S y s t e m e  
zeigt ,  da s s  in  v i e l e n  F ~ l l e n  Moleki i le ,  we lche  in  vor -  
w i e g e n d  u n e b e n e n  ( n i c h t p l a n a r e n )  G r u n d z u s t A n d e n  
ex i s t i e r en ,  in  v o r w i e g e n d  e b e n e  (p l ana re )  e r r eg t e  Zu-  
s t ~ n d e  f ibe rgehen .  Die  G l e i c h g e w i c h t s k o n s t e l l a t i o n e n  
w e r d e n  a b g e t e i t e t  ft ir  B i p h e n y l d e r i v a t e ,  A r y l k e t o n e ,  
S ty ro l e ,  A r y l a m i n e ,  C y c l o h e x e n d e r i v a t e  u n d  cyc l i sche  
u n d  aeyc l i s che  Diene .  

1 E. A. BRAUDE, Chem. and Industry 1954, 1557. - In a recent 
paper, A. T. BLOMQUIST and A. GOLDSTEIN [J. Anler. Chem. Soc. 77, 
998 (1955)] have described the cis-cis-isonler of cycIodeca-1:3-diene 
which shows no band in the 2150-2300/k region, indicating that  the 
diene system in this isomer is highly non-planar. 


