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A cyclohexane ring that contains two planar  groupings in the 1,4 position exists  in the conformation 
of a bathtub. The fixing of three bonds of the ring in one plane can be accomplished by condensation with a 
t h r ee -membered  ring, a planar  f ive-membered  anhydride or  imide ring [1, 2], or  a bicyclic sys tem [3, 4]. 
The conformation of molecules  that contain th ree -membered  rings is affected by cer ta in  specific fac tors ,  
which are  related to the difference in the hybridizat ion of the carbon atoms that enter  into these rings from 
the sp 3 type. The spatial  s t ruc ture  of the 1,4-diplanar  s ix -membered  rings with an sp 3 hybridization of all 
of the atoms (cyclohexane ring) was discussed previously  in [5], where the conformation of a bathtub was 
established for a cyclohexane ring, condensed with a bicyclic sys tem and a f ive -membered  anhydride ring, 
and a select ion was made of one of the two possible s t ruc tures  on the basis  of an examination of the models.  

In o rde r  to obtain experimental  confirmation of this assumption we used the method of dipole m o -  
ments  (DM) to study the spatial s t ruc ture  of a number of te t racycl ic  and pentacycUc compounds,  which 
represented  the adducts of the diene synthesis  of hexachlorocyclopentadiene and its analogs with the an-  
hydrides  and imides of c is -4-cyclohexene- l ,2- -d icarboxyl ic  acids (I)-(D~), and also some of their  fur ther  
t ransformat ion  products  (X)-(XI) 
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(I), (VII) and (X): X = O, R = R' = H; 
(II), (Ill!, (VHI) and (XI): X -- O, R = CI~, R' = H; 

(IV),(V): X = 0, R ~ H, R' = CH3; 
(VI): X = NC6Hs, R = R' = H; (IX): X = NCnHs, R = CH~ I R' = H 

The configuration of the adducts of hexacMorocyclopentadiene and the corresponding ketones,  obtained 
f rom the adducts of 5,5--dimethoxytetrachlorocyclopentadiene,  is identical [5]. It is known that in (I) and 
(VII) the bicyclic sys tem and the anhydride ring have a t rans-or ien ta t ion ,  i .e. ,  they are  located on different 
sides of the cyclohexane fragment  [5]. In addition, analogous anhydrides and imides can be assigned to one 
conformation se r ies  [6]. As a resul t ,  for  the nonmethylated te t racycl ic  der ivat ives  {I), (VI), and (VII) the 
problem consis ts  in determining the conformation of the s ix -membered  ring. Since it has the shape of 
a bathtub with t rans-coupled f ragments ,  two spatial s t ruc tu res  are  possible,  in which the bonds of the b i -  
cycl ic  sys tem (Fig. 1A) o r  of the f ive-membered  ring (Fig. 1B) occupy an equatorial  position. In harmony 
with the orientation of the anhydride or  imide r ings relat ive to the bonds of the s ix -membered  ring, they 
can be designated as syn A and anti B, which differ  substantially in the mutual orientation of the polar  
bonds. 
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Fig. 1. Pos s ib l e  spa t ia l  s t r u c t u r e s  of t e t racyc l i e  
anhydr ides  and imides :  A, B) t rans ;  C, D) cis .  

Within the f r a m e w o r k  of the s imple  addit ive scheme ,  for  the methyla ted  de r iva t ives  the inser t ion  of 
alkyl  r ad ica l s  fai ls  to affect  the DM of the molecu le ,  in view of which i t  is imposs ib le  to de te rmine  the 
spa t ia l  pos i t ion  of the CH3 groups  on the bas i s  of the DM method.  Compounds (II) and (VIII) we re  obtained 
f r o m  the anhydride of 3 - m e t h y l - 4 - c y c l o h e x e n e - l , 2 - d i e a r b o x y l i c  acid,  in which the methy l  group has  a c i s -  
posi t ion re la t ive  to the C - C O  bonds; (III) r e p r e s e n t s  i s o m e r  {II) with a t r ans -o r i en ta t ion  of the methy l  
group and anhydride ring. The spat ia l  i s o m e r s  (IV) and (V) should r e p r e s e n t  the addition products  of the 
hexachlorocyclopentad iene  molecu le  f rom the/~-s ide  of  the s y n -  or  an t i -conformat ion  f o r m s  of the d i -  
enophile,  so that under  the condition of endo-or ien ta t ion ,  which is common  for  al l  of the known reac t ions  
of hexachlorocyclopentadiene ,  one of them has  a t rans -coupUng of the cyclic  f r agmen t s  A and B, and the 
o the r  has  the c i s -coupl ing  C and D. 

The DM were  calculated fo r  al l  of the poss ib le  spa t ia l  s t r uc tu r e s  of the te t racyc l ic  anhydr ides  and 
imides  and a c o m p a r i s o n  was  made  with the exper imen ta l ly  de te rmined  values.  In the calculat ions for  the 
hexachlorocyclopentad iene  adducts  we used the value and di rec t ion of the total momen t  of the hexach lo ro -  
cyclopentadiene s y s t e m  [7], taking into account  the dipoles of the C - H  bonds. F o r  compounds (VII)-{IX) 
we took the DM of the ca rbonyl  group as 2.83 D, which is equal  to the DM of acetone,  while the total  DM of 
the four  C - C1 bonds was  calcula ted as  the v e c t o r  d i f ference  of the DM of the hexachlorocyclopentene  s y s -  
tem and the d ich loromethylene  group (2.20 D equals  the DM of 2 ,2-dichloropropane) .  The DM of the an -  
hydr ide  r ing is 4.37 D (the expe r imen ta l  value for  the c lo ses t  s t ruc tu ra l  analog,  the anhydride of 1,2--di- 
me thy lcyc lohexene -4 ,5 -d ica rboxy l i c  acid) [1], which is devoid of contr ibut ions by po la r  groups except  C - H  
(the DM of the l a t t e r  w e r e  included in the employed group DM); the DM of the N-phenyl imide  ring is 1.69 D, 
with a d i rec t ion  along the axis  of s y m m e t r y  of the f i v e - m e m b e r e d  r ing [8]. In (X) and (XI) the DM of the 
dichlorovinylene br idge  was  a s sumed  to be equal to 2.43 D, the exper imenta l ly  de te rmined  DM of c i s - 2 , 3 -  
d ich lo ro -2-bu tene  [9]. The d ihedra l  angles  between the p lanes ,  in which the cop lanar  bonds lie,  was  taken 
as  120% The calcula ted and expe r imen ta l  DM values of {I)-(IX) a r e  given in Table  1. 

The configurat ion was  de te rmined  p rev ious ly  for  compounds (I) and (VII). The NMR spec t r a  c o r r e -  
spond to the exis tence  of only one conformat ion  of the molecu le  [5]. In calculat ing the DM of the molecu les  
that  contain a la rge  number  of s t rong dipoles it is  imposs ib le  to obtain absolute  a g r e e m e n t  with the ex -  
p e r i m e n t a l  r e s u l t s  in the absence  of accu ra t e  s t ruc tu ra l  data.  But within the l imi t s  of the accuracy  of the 
method it  is poss ib le  to choose in favor  of the syn-confo rma t ion  A in ha rmony  with the conclusion made  in 
[5]. The N-phenyl imide  der iva t ive  (VI) has  such a s t ruc tu re .  The inser t ion  of a c i s -CH 3 group in the 3 
pos i t ion  of the 4 -cyc lohexene- l ,2 - -d ica rboxyl ie  acid de r iva t ives  does not s t e r i ca l ly  affect  the t r a n s - a d d i -  
tion of the diene molecu le ,  so that compounds (II) and (VIII) should have the s ame  configurat ion as  the 
s ta r t ing  m e m b e r s  of the s e r i e s .  The DM show lit t le change when methy l  groups a r e  inse r ted ,  which indi-  
ca t e s  a re tent ion not only of the t r ans -conf igura t ion ,  but a l so  the syn-eonformat ion  of s i x - m e m b e r e d  r ings.  
I t  is obvious that (IX) has  such a spat ia l  s t ruc tu re .  In these c a s e s  the CH~ groups in the c i s -pos i t ions  to the 
C - CO bonds have  an equator ia l  or ienta t ion,  which can lead to addit ional s tabi l iza t ion of the syn -eon -  
f o r m e r s .  

An in te res t ing  ca se  is {iII), in which the CH 3 group and the anhydride r ings  a r e  t r ans -o r i en t ed  in 
such a m a n n e r  that both s ides  of  the double bond a r e  s t e r i ca l ly  shielded,  but to d i f ferent  degree ,  while the 
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TABLE 1. Dipole Moments ,  D, of Te t racyc l i c  Anhydrides and Imides  

�9 Compound 

O)-(v) 

(vI) 
(vH), (vHi) 

(ix) 

Calculated DM 
tram-coupling cis-coupling 

syn-A anti B 

5,03 2,54 

3,02 1,37 
5,56 2,02 

3,,52 1,44 

syn C anti D 

6,48 2,54 

4,08 t ,37 
6,55 2,02 

4,32 t ,44 

Experimental 

-'i,32 (~) 
4,41 (II) 
2,62 (iti) 
4.26 (IV) 
3,12 (V) 
2,94 (VI) 
5,00 (vii) 
4,95 (viii) 
2,92 (IX) 

DM 

molecu le  is being formed during the diene synthes is  of hexachlorocyclopentadiene  with the anhydride of 
t r a n s - 3 - m e t h y l - 4 - c y c l o h e x e n e - c i s - l , 2 - d i c a r b o x y l i c  acid. This  compound has  a sma l l  DM, which c o r r e -  
sponds to the ant i--conformation of the f r agmen t  of the cyclohexane r ing,  the f i v e - m e m b e r e d  r ing with e i ther  
a t r a n s - B  o r  a c i s - D  coupling of the r ings.  The t r ans -an t i  fo rm D is s t e r i ca l ly  hindered [5]; the CHa group 
in it should occupy an axial  posi t ion,  i .e . ,  it cannot a s s u r e  a s tabi l izat ion of the an t i -conformat ion  when 
c o m p a r e d  with (I) and (II). It m u s t  be concluded that (IH) is an i s o m e r  with a c i s - a r r a n g e m e n t  of the h e x a -  
chlorobicycloheptene s y s t em  and the anhydride r ing,  and ex i s t s  in the s t e r i ca l ly  unhindered conformat ion  
D with an equator ia l  or ienta t ion  of the methyl .  

When d i scuss ing  the p a i r s  of i s o m e r s  (IV) and (V), which have me thy l  groups on the ca rbon  a toms that 
a r e  found in the anhydride r ing,  i t  is n e c e s s a r y  to make  as s ignment  to the e i s -  and t r a n s - s e r i e s .  The DM 
of (IV) is c lose  to the DM of {I) and (II), which enables  ass igning it the t r a n s - s t r u c t u r e  with a s y n - c o n f o r -  
mar ion of the cyclohexane ring A. The equi l ibr ium of the two conformat ions  of the c i s - i s o m e r  C ~ D, an 
a l t e rna te  that sa t i s f i e s  expe r imen t  in this c a se ,  is hardly  p robable ,  s ince fo rm C is  s t e r i ca l ly  imposs ib le .  
In such case ,  (V) has  a c i s - s t r u c t u r e ,  and i ts  po la r i ty  can be in te rpre ted  by an t i - conformat ion  D, the s ame  
as  in the case  of the c i s - d e r i v a t i v e  (III). The fact  that the expe r imen ta l  DM value is 0.6 D g r e a t e r  than the 
ca lcula ted ,  and 0.5 D g r e a t e r  than the DM of (III), cannot be cons idered  to be an indication of the p r e sen ce  
of syn -confo rma t ion  C in view of i ts  s t e r ic  hindrance.  It  is poss ib le  that the addition of subsf i tuents  to the 
ca rbon  a tom of the anhydride r ing changes  the geome t ry  of the molecu le  somewhat .  

However ,  i t  should be mentioned that the DM of (V) does  not exclude s t r u c t u r e s  of the t r a n s - s y n  type, 
but with an exo-coupl ing of the bicycloheptene s y s t e m  and cyclohexane r ing (Pcatc = 2.54 D). To es tab l i sh  
the s t r u c t u r e s  we examined the s t e r i c  r e la t ions  of the i somer i c  1,2 ,3 ,4 , 11 ,11 -hexach lo ro -7 -me thy l t r i -  
cyc lo[6 .2 .1 .05d~ acids and the i r  anhydrides .  The reac t ion  of hexach lo ro -  
cyclopentadiene with the anhydride of 1 -me thy l -4 -cyc lohexene -c i s - l , 2 -< l i ca rboxy l i c  acid at t e m p e r a t u r e s  
below 160 ~ gives adduct (IV), while at h igher  t e m p e r a t u r e s  (V) is obtained in sma l l  amounts  [!0]. Based on 
the ep imer i za t ion  of the co r respond ing  c i s -d i ac ids  to var ious  t r a n s - i s o m e r s  and an examinat ion  of the 
s t e r e o c h e m i s t r y  of the anhydride of t rans- l ,2 ,3 ,4 ,11,11-hexachloro-7-methyl t r icyclo[6 .2 .1 .05,10]_2_un_ 
decene-7,8--diearboxyl ic  acid (XII) we ass igned the endo- t rans  s t ruc tu re  to adduct (IV), and the e x o - t r a n s  
s t r u c t u r e  to (V). The endo-or ien ta t ion  of the diene,  shown in [5], which co r r e sponds  to the known data on 
the s t ruc tu re  of the hexachlorocyclopentadiene  adducts,  p e r m i t s  a s suming  the endo - s t rue tu r e  for  (XH) when 
reac ted  f rom the unshielded side of the double bond. The in te rconvers ions  of the diacids  of this s e r i e s  and 
the i r  anhydr ides  can be depicted by the scheme shown in Fig. 2. 

Since it  is postulated that 1 ,2-diacids  i s o m e r i z e  via the enol f o r m s ,  the absence  of [n te rconvers ions  
between the c i s -d i ac ids  and the i s o m e r i c  t r a n s - d i a c i d s  with one carboxyl  group on a t e r t i a ry  ca rbon  a tom 
is  fully unders tandable  and should not s e rve  as  a r e a son  for  the d i f fe rences  in the configurat ion of the c a r -  
bon skeleton.  F r o m  Fig. 2 and the DM of (V) it follows that i t  should be ass igned the endo-c is  s t ruc tu re ,  
with an anti - a n t i  conformat ion  of the cen t r a l  r ing D. 

When d i scuss ing  the conformat ion  of the cyclohexane r ings  in the pentacyci ic  dianhydrides  (X) and 
(XI) it is  n e c e s s a r y  to cons ider  the spa t ia l  s t ruc tu re  of the s ta r t ing  products  and the s t e r i c  ru les  that lead 
to thei r  fo rmat ion  by the diene synthes is  reac t ion  of ma le ic  anhydride with the anhydr ides  of 1,2, 3 ,4-  
t e t r ach lo rob icyc lo [4 .4 .0 ] -2 ,4 -decad iene-8 ,9 -d ica rboxy l i c  acid and i ts  7 -me thy l  der iva t ive .  Since the l a t t e r  
a r e  fo rmed  by the decarbonyla t ion  of compounds (VII) and (VIII), the t r ans -o r i en t a t i on  of the anhydride and 
eyclohexadiene r ings  is re ta ined.  Taking into account  the endo-or ien ta t ion  of the addenda in the diene syn-  
thes i s ,  the poss ib i l i ty  of the ma le ic  anhydride molecu le  approaching  f rom e i the r  side of the diene -qystem 
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Fig. 2. Ster ic  re la t ions  in s e r i e s  of 1 ,2 ,3 ,4 ,11 ,11-hexachloro-7-  
methy l t r i cyc lo -2-undecene-7 ,8 - -d ica rboxyl ic  acids  and the i r  anhydrides.  

( t r ans -  f r o m  the unshielded s ide,  and c i s -  f r o m  the side of the C - C  bonds) and the poss ib i l i ty  of 
the eyclohexane r ing exis t ing  in two conformat ions ,  e i the r  syn -  or  an t i -  with r e spec t  to the anhy-  
dr ide r ing fo r  (X) and (XD, it follows that  four  poss ib le  s t r u c t u r e s  m u s t  be cons idered  (Fig. 3, R = H, 

CH3). 

The m o l e c u l a r  DM calcula ted on the bas i s  of the above given data have the following values:  E 3.80, 
F 6.80, G 6.80, and H 3.80 D. The expe r imen ta l ly  de te rmined  DM of (X) = 3.87, and (XI) = 4.19 D, c o r r e -  
spond to those calcula ted fo r  f o r m s  E and H, the choice between which is imposs ib le .  However ,  as  can be 
seen  f rom Fig. 3, the s t r u c t u r e s  with an an t i - confo rmat ion  of the s i x - m e m b e r e d  r ings  F and H a re  i m -  
pos s ib l e  due to the exceedingly c lose  approach  of the meth ine  g roups  of the anhydride r ing to the b r idges  of 
the b icyclooctene f ragment .  Consequently,  compounds (X) and (XI) mus t  be ass igned s t ruc tu re  E, which is  
fo rmed  as  the r e su l t  of  the ma le i c  anhydride molecu le  approaching f rom the unshielded side of the diene 
s y s t e m ,  and which has  the s a m e  syn -confo rma t ion  of the cyclohexane ring as  in the above desc r ibed  c o m -  
pounds. As a resu l t ,  a cyclohexane r ing that is  condensed with a t r a n s - a r r a n g e d  anhydride or  imide r ing 
and bicycl ic  s y s t e m  has  the conformat ion  o f  a bathtub, with an axial  syn-or ien ta t ion  of the f i v e - m e m b e r e d  
r ing.  

E X P E R I M E N T A L  M E T H O D  

The methods  used to synthes ize  compounds (I) and (VII) a r e  descr ibed  in [5], those for  (II)-(V) in 
[10], and those for  (VIII), (X), and (XI) in [11]. Compound (VI), which has  an N-phenyl imide  r ing,  was  
obtained by the acid hydro lys i s  of the N-phenyUmide  of 1 ,2 ,3 ,4 - t e t r ach lo ro -11 ,11 -d ime thoxy-6 -me thy l -  
t r icyclo[6 .2 .1 .05,1~ acid (XIII). The l a t t e r  was  synthesized by the imidat ion 
of the adduct of 5 ,5 -d imethoxyte t rach lorocyc lopentad iene  and the anhydride of c i s , c i s - 3 - m e t h y l - 4 - c y c l o -  
h e x e n e - l , 2 - d i c a r b o x y l i c  acid (X-IV) with aniline. Adduct (XIV) was  obtained by the condensat ion of the in-  
dicated addenda at  140 ~ for  16 h, using a 2 : 1 mole  ra t io  of diene to dienophile. The obtained c r y s t a l s  we re  
washed f i r s t  with hot heptane,  and then with MeOH. The yield of (XHI) was  90%, and mp 219 ~ Found: C 
33.20%. Ci4H15CI4Op Calculated:  CI 33.02%. 

TABLE 2. Dipole Moments  of Studied Compounds 

Compound ~E/~w~ ~n~/~w.~ p0, cm3 14, D 

(0 
(U) 

(III) 
(iV) 
(V) 

(VI) 
(VII) 

(VIII) 
(IX) 
(X) 

(X[) 

5,099 
5,t98 
1,887 
4,710 
2,575 
2,103 
7,694 
7,210 
2.273 
4,673 
5,239 

0,084 
0,t31 
0,141 
0,090 
0,100 
0,t86 
0,157 
0,097 
0,202 
0,283 
0,277 

387,333 
403,413 
142,880 
377,260 
202,870 
179,229 
520,965 
507,998 
177,129 
312,096 
365,017 

4,32 
4,41 
2,62 
4,26 
3,12 
2,94 
5,00 
4,95 
2,92 
3,07 
4,19 
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Fig. 3. Pos s ib l e  spat ia l  s t r u c t u r e s  of pentacycl ic  
dianhydrides:  E) t r a n s - s y n ;  F) t r ans -an t i ;  G) c i s -  
syn; H) c i s -an t i .  

Anhydrides (I) and (XIV) were  imidated by heating in DMF medium at 155 ~ with an equ imola r  amount  
of aniline for  3 h. The mix tu re  was  poured into a b e a k e r  containing ice ,  and the obtained prec ip i ta te  was 
f i l tered and r ec ry s t a l l i z ed  f rom ether .  The yield of (IV) was 92%, and mp 221-222 ~ Found: Cl 42.47; N 
2.68%. C19H13ClsO2N. Calculated: C1 42.60; N 2.80%. The yield of (XI'II) was  94%, and mp 189-191 ~ Found: 
C1 28.60; N 2.83%. C21H19C1404N. Calculated: C 28.11; N 2.77%. 

Ke~oimide (IX) was  obtained by the acid hydro lys i s  of N-phenyl imide  (XIII) with conc. H2SO 4 at  20 ~ 
for  3 h. The reac t ion  mix tu re  was diluted with ice wa te r ,  f i l te red ,  and the isola ted product  was r e c r y s t a l -  
l ized f rom ether .  The yield of (IX) was  93%, and mp 193-195 ~ (decomp.). Found: C1 30.00; N 2.97%. 
C20HIsC1403N. Calculated: C1 30.90; N 3.06%. 

The DM were  de te rmined  by the second Debye method in benzene at  20 ~ The coeff icients  of the 
calcula t ion equations [12] and the resul t ing values  a r e  given in Table  2. 

CONCLUSIONS 

I. When the eyelohexane ring is trans-condensed with a five-membered anhydride ring and a bi- 
cyclic system the C - C bonds of the bicyclic system occupy equatorial positions. 

2. The stereoehemistry of the diene synthesis of hexachlorocyclopentadiene with the anhydrides of 
cis- and trans-3-methyl-4-cyclohexene-l,2-dicarboxylic ~ acids is determined by the configuration of the 
methyl group. 

3. The addition of maleic anhydride to the diene system of the anhydride of 1,2,3,4-tetrachloro- 
bicyclo[4.4.0]decadiene-8,9-dicarboxylic acid goes in the trans-position to the bonds of the cyclohexane 
ring. 

2. 

3. 

4. 

5. 

6. 

7. 
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