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In a number  of previous studies the configuration and conformation of molecules containing s i x - m e m -  
bered rings with planar groups of atoms,  including the adducts of diene synthesis of p-benzoquinone with 
cyclic dienes and their  oxides [1, 2], have been discussed.  The cyclohexenedione or  epoxycyclohexanedione 
ring in them is condensed with a bicyclic bridge sys tem and has a boat conformation.  The s te r ic  s t ruc ture  
of molecules containing condensed r ings,  each of which has a flat fragment,  was not investigated previously.  
Great s t ruc tura l  var iety is possible for them on account of the existence of rings in the form of a ha l f -chai r  
o r  boat, as well as c i s -  or  t rans-coupl ing of the rings.  One of the simple methods of producing such com-  
pounds is the diene synthesis of p-benzoquinone with acyclic dienes, leading to hydrogenated derivatives of 
naphthoquinone [mono-adducts (I)] or  anthraquinone [bis-adducts (II)] [3]. The epoxidation of derivatives of 

bu tad iene  {Ia) and (IIa) has also been descr ibed [4]; the resul ts  give a basis for believing that in the case of 
{Ia), oxidation proceeds at the unconjugated double bond, with the formation of (III) 
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The presence  of polar  carbonyl  groups in the adducts and their  oxides makes these compounds extremely 
convenient for investigation by the methods of dipole moments and the Kerr  effect. We have synthesized 
epoxides of mono-  and bis-adducts  of isoprene and dimethyibutadiene (iIlb, c) and (IVb, c). In attempts to 
produce monoxides of bis-adducts  using equimolar  amounts of peracet ic  acid, complex mixtures of prod-  
ucts ,  containing chiefly the dioxides (IV), were isolated, in contras t  to the reactions in which bis-adducts  
of cyclic dienes part icipate [2]. In this case,  the epoxidation of one double bond has no appreciable influ- 
ence on the react ivi ty of the second. 

TABLE 1. Calculated Dipole Moments and Ker r  
Constants of Mono-Adducts of Benzoquinone 
(Ia-c) 

I , ~ i Calculated 
~ parameter 

U 

Ia Lt, D 
mK'i01~ 

Ib ~t, D 
m K. i012 

Ic Lt, D 
m K. i01~ 

Conformation (see Fig. 1) 

0,45 
8,5 
0,4t 
8,4 
oi35 

t,62 
--t23 
1,72 
--132 
t,79 
--i32 

2,40 
--i42 

22 

i ,53 
--21 
i ,65 
--51 
i,79 
--39 

i ,38 
--56 
i,58 
--46 
i ,79 
--55 

The s t ruc ture  of the monoxides (III) is con-  
f i rmed by the IR spect ra .  The IR spec t ra  contain the 
bands of the valence vibrations of the carbonyl 1680 
cm -1, cha rac te r i s t i c  of conjugated ketones and qui- 
nones, as well as the bands v(C = C), displaced into 
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Fig. 1. Possible  conformations of molecules 
of the mono-adducts of benzoquinone (1). 
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TABLE 2. Calcula ted  Dipole Moments  and K e r r  Constants  
of Oxides of the Mono-Adduets  of Ouinone (III) 

1 
, .~ ]Config- 

I I Ia  c i s  

trans 

IIIb cis 

trans 

Calculated 
diameter 

~ , D  
inK" 10 TM 

~ , D  
raK" 10 TM 

~ , D  
inK. t0 TM 

Conformation (see Fig. 2) 

3,09 
105 

3~9 

3,52 
--555 
~i 89 
3,52 

--558 ~89 

2,96 
-- i l  
2,03 
--31 
2,96 
--30 
2,03 
--36 

2,63 
--i21 ~g78 
2,63 

--108 

1,63 
82 
3,37 

--378 
t,63 
9i 
3,37 

--369 

c i s  t ra i l s  
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Fig.  2. Pos s ib l e  
s t e r i c  s t r u c t u r e s  
of  oxides of the 
mono-adduc t s  (III). 

the reg ion  c h a r a c t e r i s t i c  of conjugated  olefins (1600-1605 c m  -I) [5]. Fo r  the 
p roduc t  of oxidat ion at the conjugated  double bond, we should have expec ted  the 
appea rance  of the band of the va lence  v ib ra t ions  of the C = C  bond at 1660 c m  -t  
( c i s - l , 2 - d i s u b s t i t u t e d  bond) and a s m a l l e r  shif t  of the band v(C =O)  f r o m  the 
f r equency  1715 c m  -1, c h a r a c t e r i s t i c  of s a tu r a t ed  ketones  [6]. The absorp t ion  
bands  of ca rbony l  1710-1719 c m  -i i n the  s p e c t r a  of dioxides  of the b i s - a d d u c t s  
(IV) a r e  s i tua ted  in this reg ion;  the ove r tones  3402-3048 c m  -i  a p p e a r  in all 
c a se s  [5]. The re  a re  a lso  ove r tones  in the s p e c t r a  of the monoxides  {III), but 
as a r e s u l t  of conjugat ion,  they a lso  have r educed  f r equenc ies  3350-3360 c m  -1. 
In the s p e c t r a  of the oxides obtained,  the re  a re  bands c h a r a c t e r i s t i c  of the 
epoxide r ing 834-847 and 1240-1250 c m  -1. 

Confo rma t ion  of Hydr ided  Der iva t ives  of Naphthoquinone.  The molecu les  
of the mono-adduc t s  (I), unde r  the condi t ion of c i s - c o u p l i n g  [3], can  exis t  in a 
c o n f o r m a t i o n  with two cyc lohexene  r ings  in the f o r m  of a h a l f - c h a i r  o r  boat;  
in the l a t t e r  c a se ,  the d i f fe ren t  o r ien ta t ion  of the olef in f r a g m e n t  is r e spons ib l e  
for  the poss ib i l i ty  of four  s t e r i e  s t r u c t u r e s  (Fig. 1). In the c o n f o r m a t i o n  1, the 
g e o m e t r y  of the r ings  was a s s u m e d  acco rd ing  to [7]; the ca rbony l  g roups  were  
c o n s i d e r e d  to lie in the plane of the Csp3 - Cs_2 and Csp2 - Csp2 bonds and to p 
be o r ien ted  along the b i s e c t r i x  of  the angle be tween  them.  The g e o m e t r y  of 
the cyc lohexene  and cyc lohexened ione  r ings  in the f o r m  of a boat  was c o n s i d e r e d  
e a r l i e r  [1, 8]. In the ca lcu la t ion  we used  the s c h e m e  of v e c t o r  addi t ivi ty  of the 
m o m e n t s  and t e n s o r  addi t ivi ty  of the axes of the e l l ipsoids  of po la r i zab i l i t y  of 
the bonds and g roups ,  c i ted in [1]. The molecu les  w e r e  o r ien ted  in the s y s t e m  

of c o o r d i n a t e s  as shown in Fig.  1. Summat ion  gives  the ca lcu la ted  m o m e n t s  and K e r r  cons tan t s  c i ted  in 
Table  1. 

The expe r imen ta l l y  d e t e r m i n e d  dipole momen t s  of the adducts  (Ia), (Ib), and (Ic) w e r e  equal to 0.40, 
0.33, and 0.76 D, the m o l a r  K e r r  cons tan t s  to 101, 130, and 1 2 8 . 1 0  -12, r e spec t i ve ly .  A c o m p a r i s o n  with the 
ca lcu la ted  momen t s  (see Table  1) def ini te ly  ind ica tes  that  in the molecu le s  of the m o n o - a d d u c t s ,  the s i x -  
m e m b e r e d  r ings  take  the f o r m  of a h a l f - c h a i r ,  jus t  as in the o the r  inves t iga ted  compounds  of the cyc lohexene  
s e r i e s .  Only the K e r r  cons tan t s  ca lcu la ted  fo r  this s t r u c t u r e ,  just  l ike the expe r imen ta l  va lues ,  have a 
pos i t ive  s ign;  however ,  the d i s c r e p a n c y  in absolute  value is subs tan t ia l .  

Confo rma t ion  of Oxides of Mono-Adducts  of Quinone. The s t e r e o c h e m i s t r y  of the oxidat ion of the ad -  
ducts  (I) was not  inves t iga ted  e a r l i e r ,  n o r  was the con fo rma t ion  of the molecu les  of the epoxides  (III) fo rmed .  
The only a t t empt  to d e t e r m i n e  the s t e r i c  s t r u c t u r e  of c e r t a i n  de r iva t ives  of quinones on the bas i s  of the 
PMR s p e c t r a  [6] was  u n s u c c e s s f u l ,  evident ly  as a r e su l t  of a lack  of cons ide ra t ion  of the eop lanar i ty  of the 
bonds in the r ings .  In the oxidat ion of the mono-adduc t s  (I), an oxygen a tom can be in t roduced  f r o m  the s ide 
of the ne ighbor ing  r ing  o r  f r o m  the opposi te  s ide,  f o r m i n g  c i s -  o r  t r a n s - o x i d e s  (III). We inves t iga ted  d e r i -  
va t ives  of divinyl  and i sop rene  (IIIa) and (IIIb). The dipole m o m e n t  and K e r r  cons tan t  of (IIIc) were  not m e a -  
su red  as a r e su l t  of the v e r y  low solubi l i ty  of the p roduc t  in CCI 4. The s a m e  pe r t a ins  to the dioxide (IVc). 
The b i cyc l i e  s y s t e m  in each  c a s e  can have the s a m e  c o n f o r m a t i o n s  as the molecu les  of the init ial  adducts ;  
the poss ib le  s t e r i c  s t r u c t u r e s  of  the oxides a r e  g iven in Fig.  2. In ca lcu la t ions  of the dipole momen t s  and 
K e r r  cons tan t s ,  it was a s s u m e d  that  the epoxide r ing  f o r m s  an angle of 102 ~ with the plane of the C - C  
bonds adjoining it, jus t  as  in cyc lohexene  oxide [9], and that  the g e o m e t r y  of the ske le ton  of  the molecu le  is 
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TABLE 3, Synthesized Epoxy Derivatives 

Compound 

2, 5- Dioxo- 8: 9- epoxy- 8- me thylbic yc lo- [4, 4, 0]- 3- decene 
(mb) ......... .......................... 

2,5- Dioxo-8:9-epoxy- 8,9-dimethylbicyclo-[4, 4, 0]-3- 
decene (IIIc) .............................. 

2,9-Dioxo-5:6, 12:13-diepoxy-5,12-dimethyltricyclo-[8, 4, 
0, 03"s]-tetradecane (Vb) . . . . . . . . . . . . . . . . . . . . . .  

2,9-Dioxo-5:6, 12:13-diepoxy-5, 6, 12, 13-tetramethyltricy- 
clo-[8, 4, 0, O3"8]-tetradecane (Vc) . . . . . . . . . . . . . . . .  

Yield,% 

65 

60 

46 

60 

Mp, ~ 

102 

145 

198 

225 

Found, % 

68.64 

69.63 

69.32 

71.22 

6.35 

6.92 

7.25 

8.02 

C alcuI ated, % 

C H 

68.73 6.29 

69.88 6.84 

69.54 7.30 

71.02 7.95 

TABLE 4. Dipole Moments and Molar Ker r  Con- 
stants of the Investigated Compounds 

Corn- I 
pound ~0 ~ ~ ~ y.. D 

Ia 0 ,76 t  0,705 0,134 82, i84 0,40 
Ib 0,558 0,i94 0,i4i 99,000 0,33 
Ic 0,9t2 0,tt6 0,073 90,750 0,76 

Ila 1 , i76  0,227 0 ,564  100,728 0,80 
IIb 0,875 0,305 0,628 74,934 0,53 
llc 0,597 0,333 0,077 7i,66t 0,69 

IIla t , 922  0,855 0,122 --66,3t0 1,51 
Illb 2,787 0,597 0,002 --105,32~ i,66 

Va 1,931 0,881 0,t07 13,485 1,78 
Vb i,t04 0,775 0,331 17,838 t,30 

mK.t01~ 

t0i 
i30 
t28 
t63 
t36 
i47 

--t39 
--237 

36 
74 

not changed significantly when the double bond is r e -  
placed by an oxide ring. The pa ramete r s  of po la r -  
izability of the epoxide ring and neighboring C - C  
bonds used in the calculations are  cited in [2]. The 
orientation of the sys tem of coordinates is shown in 
Fig. 2. Since the polari ty of ethylene oxide and its 
homologs is pract ical ly  constant,  the calculated di-  
pole moments of the epoxy-derivat ives  ([Ha) and 
{IIIb) are equal (Table 2). Data on the anisotropy of 
the polarizabil i ty of the conformers ,  obtained by 
tensor  summation of the ellipsoids of the bonds and 
groups,  are cited in Table 2. 

The experimental ly determined dipole moment of the derivative of butadiene {IIIa) is equal to 1.51 D, 
that of isoprene (IIIb) 1.66 D; the molar  Ker r  constants are  - 1 3 9  and -237  �9 10 -12. A compar ison of them 
with those calculated (Table 2) permi ts  us to conclude that ' the oxides have a t rans-conf igurat ion.  Actually, 
of the moments calculated for  the c i s - s t ruc tu re ,  only the moment of the conformation 5 agrees  with the ex- 
per iment  (all the others have considerably l a rge r  values),  but for this form the Kerr  constants are  positive, 
which contradicts  the experimental  data. 

A considerat ion of the theoret ical  pa ramete r s  of the t r a n s - s t r u c t u r e s  shows that the molecules cannot 
exist ent irely in form I ( ha l f - cha i r -ha l f - cha i r ) ,  s ince the Ker r  constants calculated for it are  posit ive.  
Only conformations 5 have negative constants of sufficient magnitude (below the experimental  values). Thus, 
a form possess ing  the following charac te r i s t i c  s t ruc tura l  features part icipates  in the equilibrium: the epoxy 
cyclohexane ring has a boat conformation,  as was previously found for  terpinolene oxide [10] and c i s -d i -  
cyanocyclohexene oxide [11]. Moreover ,  the Csp3 - Csp3 bonds have a syn-or ientat ion with respec t  to the 
epoxide ring; the double bond in the other ring also has a syn-or ienta t ion with respect  to the epoxided ring. 
Such a s t ruc ture  is analogous to that found for mono-adducts  of p-benzoquinone with cyclic dienes and their  
monoxides [1, 2]. An explanation for  its stability can be found in a considerat ion of the mutual ar rangement  
of the bonds. A calculation of the energy of orientation of the orbitals ,  corresponding to rotat ion around the 
bonds adjoining the oxide ring, considering the bending of the bonds of the la t ter  [12], gives 3.3 kca l /mole  
for the ha l f -cha i r  1, 0.1 kea l /mole  for the syn-boats  2 and 5, and 4.7 kca l /mole  for the anti-boats 3 and 4. 
In addition, the boat forms possess  an energy corresponding to the shielded conformation of the bond com-  
mon to the two rings (~2.9 kcal /mole) .  Thus, in epoxycyclohexanes a c is -boat  may be no less energet ical ly 
stable than a ha l f -chai r .  In the case under consideration,  the la t ter  should be somewhat destabi l izedon ac-  
count of the axial position of one of the carbonyl groups (see Fig. 2). At the same time, conformations 3 
and 4 (anti-boat) should possess  a supplementary energy of Van der  Waals repulsion of the atoms of the 
two s ix -membered  rings.  The moment and Ker r  constants,  calculated for  conformations 5, significantly ex-  
ceed the experimental  values.  Consequently, this form exists at equil ibrium with a less polar  form. Mo- 
ments lower than the experimental  values were calculated for the conformations 1 (ha l f -cha i r -ha l f -cha i r )  
and 2. It is impossible to select  between them; the possibil i ty remains  that a conformational  equilibrium is 
established among the three s te r ic  s t ruc tures .  The dipole moments correspond to a content of ~10-20% of 
fo rm 5 in both cases .  
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Conformation of Bis-Adducts  of p-Benzoquinone. The question of the conformation of bis-adduets  of 
p-benzoquinone with acyclic dienes (II) and their  epoxy-derivat ives  (V) is more complex. The central  ring 
in them has a 1,4-cyclohexanedione s t ructure ,  for  which a twis t - fo rm with noncolinear carbonyl groups 
was found (the angle between them is 152-156 ~ [13-15]. On the basis of the dipole moments,  the same con-  
formation has been proposed for substituted cyclohexanediones,  including perhydroanthraquinones,  s t r uc -  
turally s imi la r  to the investigated bis-adduets  [14]. A cer ta in  decrease  in the moments (to 1D) may be 
evidence of an approach to the undistorted twis t - form.  Unquestionably, the c loseness  of the dipole moments 
cannot be an unambiguous conf i rmat ion  of the s t ructure ;  for example, in perhydro-5:8-methanonaphtho~ 
quinone, the dione ring cannot exist in a twis t -conformation,  although its moment is close to the moment 
of cyclohexanedione (1.47 and 1.31 D [14]). The dipole moments of the bis-adducts  (IIIa-c) are  equal to 0.80, 
0.53, and 0.60 D, respect ively .  If we assume that the central  ring in them has the same conformation as 
1,4-eyclohexanedione, then with a value of the C =O dipoles of 3.15 D (from the data of [14]), the moments 
cor respond to an angle between them of 165-170 ~ . It is evident that the s t ruc tura l  changes even of fragments  
far  removed f rom the central  ring have an appreciable influence on its s ter ic  s t ructure .  

The introduction of two oxygen atoms (for an annular - t rans-eonf igura t ion  of the carbon skeleton) 
can lead to a c i s - c i s ,  t r a n s - t r a n s ,  or  t r a n s - c i s  s t ruc ture  

0 0 0 0 

i~ ~ ~ - - ~  O \  / 0  0 ~ 0  

0 0 0 0 

c i s  - c i s  t r a n s -  t r ans  t r a n s -  c i s  

The dipole moments were calculated using molecular  models,  on the assumption that the central  r ing has 
a dis tor ted twis t - form.  A molecule with a e i s - t r a n s  ar rangement  of the oxygen atoms can exist in two con-  
format ions.  In the calculation we used the total moments of the two carbonyl groups,  equal to the e x p e r i -  
mental dipole moments of the bis-adducts  (IIa) and (lib), and the group moment of the epoxide ring 2.08 D 
(the experimental  dipole moment of cyelohexene oxide [16]). Calculation shows that the e i s - c i s  and t rans  
- t r a n s  s t ruc tures  should have moments of ~2.0-2.5 D (selection between them is impossible) the t rans 
- c i s  s t ruc ture  should have a dipole moment of ~3.0 or  3.6 D. The experimental  dipole moments of the 
diepoxides (Va) and (Vb) are  lower than those calculated (1.30 and 1.78 D). Evidently the conformation of 
the molecule is changed when the double bond is replaced by an epoxide ring, and even the introduction of 
two methyl groups produces an appreciable distort ion of the s t ruc ture .  The Ker r  constants of bis-adduets  
of the quinone (II) and their  oxides (V) were not discussed as a resul t  of the great  indeterminacy of the 
s ter ic  a r rangement  of the atoms. 

EXPERIMENTAL 

Adduets of p-benzoquinone with butadiene, isoprene, dimethylbutadiene, and oxides of butadiene deri- 
vatives were produced according to the methods of [4, 17-21]. The adducts had the following melting points: 
(la) 56 ~ according to the data of [17]: 58~ (Ib) 82-83 ~ according to the data of [18]: 79~ (Ic) 116 ~ according 
to the data of [19]: 116~ (IIa) 151 ~ according to the data of [20]: 154-155~ (lib) 169-170 ~ according to the 
data of [21]: 170-171~ (IIc) 195 ~ according to the data of [17]: 194 ~ [22]: 202-203~ (IIIa) 94-95 ~ according 
to the data of [4]: 96-97~ (Va) 179 ~ according to the data of [4]: 185-186 ~ 

Epoxy derivatives of adducts of isoprene and dimethylbutadiene were synthesized analogously [4]. The 
yields of the reactions, melting points of the products, and data of the analyses are cited in Table 3. 

The dipole moments and molar Kerr constants were determined analogously [23]. The coefficients 
of the calculation equations and resultant data are cited in Table 4. The measurements for the adducts (1) 
and (II) were performed in CC14, and for the epoxides (Ill) and (V) in dioxane. 

CONCLUSIONS 

i. The dipole moments and molar Kerr constants of mono- and bis-adduets of p-benzoquinone with 
butadiene, isoprene, dimethylbutadiene, and some of their epoxy derivatives were determined. 

2. Epoxidation of the mono-adducts  gives t rans-oxides ;  the mono-adducts exist in a h a l f - c h a i r - h a l f -  
chai r  conformation; for  their  monoxides one of the stable conformations is the b o a t - b o a t  conformation.  
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