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S i x - m e m b e r e d  r ings  with two p l ana r  groupings ,  which a r e  fo rmed  by double bonds or  by condensat ion 
with sma l l  f lat  r ings  in the 1,4 pos i t ions ,  can ex is t  only in the conformat ions  of a bathtub, which a r e  c h a r -  
ac t e r i zed  by a va r i ab le  angle of bending. When the po la r iza t ion  and an iso t ropy  of the po la r izab i l i ty  of such 
compounds a r e  studied a number  of impor tan t  p r o b l e m s ,  dealing with the i r  spat ia l  s t ruc tu re ,  is  touched 
upon. Thus ,  when d iscuss ing  the dipole m omen t s  (DM) for  the de r iva t ives  and analogs of t r a n s - t r i c y c t o -  
[5.1.0.0~,5]octane it was  assumed  that the cen t ra l  s i x - m e m b e r e d  r ing is p l ana r  [1, 2]. However ,  r e s o r t  
to the methods  of double r e f rac t ion  in an e l ec t r i ca l  field (Kerr  effect) and the Rayleigh sca t t e r ing  of light 
made  i t  poss ib le  to conclude that  the cyclohexane r ing exhibi ts  subs tant ia l  cu rva tu re  [3]. While studying 
some  de r iva t ives  of the c i s - s e r i e s  it was  unexpectedly found that  the syn - s y n  bathtub conformat ion  is  
s table  even in such a s t e r i ca l ly  over loaded molecule  as  A3-carene/3-oxide  [4-6]. A s i m i l a r  s t ruc tu re  was 
a lso  es tabl i shed for  the oxide of 4 -cyc lohexene- l ,2 - -d ica rboxyl ic  anhydride,  which has a c i s -conf igura t ion  
[7]. 

Wl{en the s tudies  w e r e  extended to o ther  compounds of analogous s t ruc tu re  it seemed of spec ia l  
i n t e re s t  to study p a i r s  of i s o m e r s  with a c i s -  and t r ans -o r i en t a t i on  of two identical  smal l  r ings  re la t ive  
to the s i x - m e m b e r e d  ring. We examined the po la r i ty  and po la r izab i l i ty  of the trans-{I)  and c is - ( I I )  ~/- 
te rp inene  dioxides [8]. 

o 

0 . P h  

(1) (ll) (ill) 

(Iv), (v) (vi), (vii) 

F o r  (I) it is  n e c e s s a r y  to find the degree  of cu rva tu re  of the cyclohexane ring. Such a poss ib i l i ty  
ensues  f rom a c o m p a r i s o n  of the expe r imen ta l  DM (in benzene 1.34 [8] and in CC14 0.99 D) and those ca l -  
culated for  var ious  spa t ia l  s t ruc tu res .  (An examinat ion  of the m o l e c u l a r  anisot ropy of the polar izabi l i ty  
is  made  difficult due to the poss ib le  rota t ion of the i r r e g u l a r  i sopropyl  group.) The main  p rob lem is i n t e r -  
p re t ing  the DM when m e a s u r e d  in solutions and the value of the a tomic  po la r iza t ion  [1, 3]. Following the 
cons idera t ions  given in [3], a c o m p a r i s o n  was  made  of the DM, K e r r  constants  (KC), and Rayleigh s c a t -  
t e r ing  of light. The m o l a r  KC of (I) is  equal  to 7.0- 10 -12, which co r r e sponds  to the sum of the anisot ropic  
and dipole t e r m s  01 + 02 = 1 .674.10 -35. The m o l e c u l a r  an iso t ropy ,  found f rom the degree  of depolar iza t ion  

0 6  --- 
o f  sca t t e red  light, 72 = 3.708 A , can be used d i rec t ly  to ca lcula te  01 (01 0.204" 10"~5). Consequently,  the 
KC is  de te rmined  main ly  by the dipole t e r m  02 = 1.470" 10 -35, which is  poss ib le  only when the group 
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Poss ib l e  conformat ions  of e i s -T - t e rp inene  dioxide. 

Poss ib l e  spat ia l  s t r u c t u r e s  of ffII): C and D) cis ;  E and F) t rans .  

m o m e n t s  of the epoxide r ings  a r e  noncol l inear ,  i .e . ,  when the cyclohexane r ing has  a subs tant ia l  nonco-  
p lanar i ty ,  as  in the case  of  t r a n s - l , 4 - c y c l o h e x a d i e n e  dioxide [3]. When using the p a r a m e t e r s  given in [3], 
the e x p e r i m e n t a l  DM of 0.99 D c o r r e s p o n d s  to a d ihedra l  angle of 150 ~ between the planes in which the 
a t o m s  of the s i x - m e m b e r e d  r ing lie,  which is c lose  to the r e su l t s  of 150-160 ~ for  the t r i cyc looc tanes  and 
cyclohexadiene dioxide [3]. 

Under  the condition of re ta ining the deg ree  of cu rva tu re  of the cen t ra l  r ing,  two s table  conformat ions ,  
syn - s y n  (A) and anti - a n t i  (B), can  be depicted for  (II) J(Fig. 1). The expe r imen ta l  DM (in benzene 4.37 
[8] and in CC14 4.26 D) i s  c lose  to the poss ib le  m a x i m u m  4.16 D, which is achieved when the planes  of the 
two t h r e e - m e m b e r e d  r ings  lie in para l le l .  This  is  poss ib le  only in conformat ion  A, where  the cyclohexane 
r ing has  a cu rva tu re  angle of  156 ~ 

As was  ment ioned above,  a cyclohexane r ing  that is  c i s - l , 4  condensed with an oxide and a d ime thy l -  
cyc lopropane  r ing [4-6], o r  an oxide and a f i v e - m e m b e r e d  anhydride r ing [7], has  a s i m i l a r  shape. S t ruc-  
tu res  of the l a t t e r  type a r e  fo rmed  as the r e su l t  of the s t e r eochemica l ly  r a r e  c i s -epoxida t ion  of 4 ,5 -d i -  
subst i tuted cyc lohexanes  [7, 9, 10]. The p redominan t  c i s -epox ida t ion  of cyclohexenedicarboxyl ic  acid N -  
phenyle thyl imide  [10] made  it  poss ib le  to expect  a c i s -conf igura t ion  for  (Ill). In any case ,  due to the non-  
identity of the f r a g m e n t s  condensed with the cen t r a l  r ing,  two conformat ions  of the molecule  a r e  poss ib le  
(Fig. 2). 

The DM of the imide  r ing  is equal to the expe r imen ta l  value of 1.69 D for  N-phenylsucc in imide  [11], 
and it  is or iented along the axis  of s y m m e t r y  of the imide r ing [12]. In s t r u c t u r e s  D -  D the angle between 
these  DM and the m o m e n t  of the oxide r ing,  with an angle of 120 ~ between the planes  of the imide r ing and 
the adjacent  bonds,  and the o ther  g e o m e t r i c  p a r a m e t e r s  the s ame  as  in [7], is equal to 102 ~ , while in 
s t r u c t u r e  C it  is 18 ~ The expe r imen ta l  value of 3.62 D co r r e sponds  to an angle of 15 ~ between the dipoles.  
As a resu l t ,  we obtain a c i s -conf igura t ion  and a s y n - s y n  conformat ion  for  bathtub (ill), the s ame  as  for  the 
co r respond ing  anhydr ides  [7]. 

In this connection it  is in te res t ing  to examine the conformat ion  of the s i x - m e m b e r e d  r ing in the 
imides  of 4 - -cyc lohexene- l ,2 -d ica rboxyl ic  acid. Based on the DM and KC, an equi l ibr ium of the syn and 
anti bathtub was  es tabl i shed for  the i r  anhydr ides ,  with a p redominance  of the f o r m e r  [7, 13]. The inser t ion  
of a chlor ine  a tom at  the double bond has  l i t t le  effect  on the posi t ion of the equi l ibr ium,  but it does p e r m i t  
using the DM method to de t e rmine  the s t ruc tu re .  The i r  de te rmina t ion  and the calcula t ions  by the addit ive 
v e c t o r  scheme w e r e  made  for  the N-phenyl-(IV) and N-p -ch lo ropheny l imides  (V) of 1 -ch lo rocyc lohexene-  
4 ,5 -d icarboxyl ic  acid. The group m o m e n t  of the N-p-ch lo ropheny l imide  r ing,  equal to the expe r imen ta l  DM 
value of 3.32 D for  the cor responding  succin imide  [11], was  used  for  (V). The calcula t ions  were  made for  
the syn and anti bathtub conformat ions ,  the s t ruc tu re  of which is  the s ame  as  in the analogous anhydr ides  
[13]. The calcula t ion r e su l t s ,  the expe r imen ta l  DM, and the amount  of the syn fo rm in each case ,  which 
was  calcula ted using Eq. (1), a r e  given in Table 1. 

~anti "nanti P{yn.n syn+ ~ ---~ Pexpt (1) 
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TABLE 1. Dipole Moments (D) 
of Imides of Chlorocyclohexene-  
dicarboxylic  Acid 

Com- 

pound 

(uI) 
(iv) 

Conforma- 
tion (calcu- 
lation / 
syn [anti 

t 
3,03 [ 1,36 
4,23 ] 0,85 

Experi- 
ment 

2,40 
3,30 

TABLE 2. Pola r i ty  and P o l a r i -  
zabili ty of Dihalobicycloheptenes 

Conforma- 1 
tion (calcu- ] 
~ti~ -i Experiment Compound syn [anti 

syn 

(vI) ~, D 
i n K . t O  TM 0,54 

0,59 (vi1) ~, ~ 
inK. t0 TM 

2,03 [ i,60 
21,0 35,0 
2,30 i,90 
38,0 65,0 

2,14 
23,0 
{,97 
38,0 

TABLE 3. Dipole Moments and K e r r  Constants 

Com- 
~r ~ ~: 8 ,~, D m K'tO'~ 

pound 

(I) 
(II) 

(III) 
(iv) 
(v) 

(vi) 
(vii) 

1,208 
21,i49 

2;47 
4,514 
5,78i 
3.615 

--0,450 
--0,449 

0,7t5 

0,044 
0,072 

0,~4 
0,525 
0,238 
0,303 

4,667 
--i96,72 

~,937 
19,944 

0,99 
4,26 
3,62 
2,40 
3,30 
2,t4 
i,97 

7,0 
--263,0 

23,0 
38,0 

The good agreement of nsy n for the two compounds (a chlorine atom in the p-position of the benzene 
ring does not affect the conformational equilibrium [14]) confirms the validity of the parameters used in 
the calcttlation. The free energies of the two conformers are nearly equal; only a very slight preference 
of the syn-bathtub can be noted. This preference is expressed more stongly for the corresponding more 
polar anhydride [13], although the steric conditions are the same. Evidently, the relative stability in the 
diaxial (syn) and diequatorial (anti) conformations is different for different rings that are condensed with 
the cyclohexane ring. If equilibrium is observed for polar five-membered planar rings, then the cyclo- 
propane fragment in 3-carene completely stabilizes the syn-bathtub [15, 16]. For comparison we examined 
the structure of the cyclohexane fragment in molecules that contain a three-membered ring with polar sub- 
stituents: 7,7-dichloro-(VI) and 7,7-dibromobicyclo [4,1,O]-3-heptene (VII). The DM and molar KC were 
calculated for two of the conformers. Here we used the geometry of the carbon skeleton that was deter- 
mined by electron diffraction for 3-earene [15], and the parameters of the gem-dihalo fragments taken 
from [17]. The calculation results and the experimental data are given in Table 2. 

We will mention that a difference in the orientation of a weakly polar unsaturated grouping does not 
create a difference in the DM that is sufficient to identify their structure. A greater difference was ob- 
served for the KC of two conformers, in which connection the values calculated for the syn-bathtub coin- 
cide with the experimental values. To obtain unequivocal results it is necessary to study compounds that 
contain polar substituents at the double bond. 

EXPERIMENTAL METHOD 

The trans-(1) and cis-(II) "y-terpinene dioxides were obtained by the epoxidation of 7-terpinene with 
peroxybenzimidic acid [8]. 4,5-Epoxycyclohexane-l,2-dicarboxylic acid N-phenylimide (Ill) was obtained 
in 80% yield by the oxidation of the corresponding unsaturated imide with peracetic acid, mp 220-222 ~ 
Found: C 68.75; H 5.70; N 6.00%. CI4Hi3NO 3. Calculated: C 69.12; H 5.38; N 5.75%. Adduets (IV) and (V) 
were synthesized by the diene condensation of chloroprene with the N-phenyl- and N-p-chlorophenyl- 
imides of maleic acid. The yield of (IV) was 60%, and mp 109 ~ Found: C 69.98; H 4.52; N 4.48; CI 10.82%. 
CItHI2NO2CL Calculated: C 71.10; H 4.77; N 4.14; CI 10.51%. The yield of (V) was 55%, and mp 162 ~ 
Found: C 64.40; H 3.57; N 4.08; CI 19.50%. CI4HIiNO2CI 2. Calculated: C 64.68; H 3.80; N 3.77; CI 19.3.2%. 
Compounds (VI) and (VII)were synthesized as described in [18, 19]. 

The DM and molar KC were determined in CCI 4 at 20 ~ the same as described in [3, 7]. The results 
of the measurements are given in Table 3. For (I) the molecular anisotropy from the data of Rayleigh 

2 scattering under the same conditions is: A = 0.023, D = -0.776, 500 = 1.327" 10 -~. 

CONCLUSIONS 

1. The cyclohexane ring,  1,4-condensed with two small  r ings ,  exis ts  in two fo rms :  inanonp lana r  form 
with a t r ans -o r ien ta t ion  of the r ings,  and in the conformat ion ofa  syn - synbathtub with a c i s -or ien ta t iom 



2. The N-phenyUmide of c is-4-cyclohexene-l ,2-dicarboxylic  acid is epoxidated in the cis-position. 

3. In solutions the imides of cyclohexenedicarboxylic acids are represented by equilibrium mixtures 
of the syn- and anti-bathtub conformations. 
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