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WE HAV~ examined [1, 2] the synthesis, stereoehemistry and mechanism 
of catalytic transformations in the presence of Muminium bromide of dimethyl- 
bicyclo[3.2.1]octanes of different types of substitution, namely: with two 
substituents in the six-membered ring, with substituents in the six-membered 
ring and in the top part of the bridge and with substituents in various rings. 

Continuing the investigations of di-substituted bicyclo[3.2.1]oetanes 
on the same level two further types of substitution were examined which had. 
not been studied previously: with two methyl groups in the cyclopentane: 
ring and with substitution in the top part of the bridge and in the cyclopentane 
ring. 

This study is concerned with the synthesis and thermodynamic and kinetic 
parameters of the reactivity of bicyclo[3.2.1]octane with two methyl groups 
in the cyclopentane ring, i.e. 6,7-dimethylbicyclo[3.2.1]octane, which had 
not been described previously in the literature. 

To explain general features and solve requisite problems of stereochemi~try 
and the isomerization mechanism of dimethylbicyclo[3.2.1Joctanes, it was 
interesting to synthesize repeatedly 6-methylbicyclo[3.2.1]octane previously 
described [1, 3, 4]; rates of isomerization of this preparation are not given 
in the literature. 

6,7-Dimethylbicyclo[3.2.1]octane was synthesized by the followiog system: 
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3,4-Dimethylcyclol~entanone (V) was obtained by  hydrogenation of 3,4- 
xylenol (I) under  hydrogen pressure in the presence of Raney Ni at  a temper- 
ature of 150 °, followed by oxidation of 3,4-dimethylcyclohexanol (II) (b.p. 
182-189 °, n~  1-4588) with chromic anhydride [5]. Dimethylcyclohexanone 
(III) thus obtained (b.p. 187 °, n~ ° 1.4496, yield 75%) was oxidized with nitric 
acid [6] and the dimethyladipic acid formed (m.p. 116-116.5°; yield 45%)  
was cyclized by  a method previously described [7]. The yield of 3,4-dimethyl- 
cyclopentanone (V) was 40%; b.p. 65-70113 ram, n~ 4 1-4345. 

1-N-Morpholine-3,4-dimethylcyclopent-l-ene (VI). A mixture of 0.45 mole 
ketone (V), 0.6 mole morpholine a n d  0-5 g p-toluenesulphoacid in toluene 
(100 ml) was heated at the boiling point of the reaction mass to separate 
a theoretical amount  of water in a Dyne-Stark  trap. Toluene was distilled, 
the residue redistilled and a fraction taken of b.p. 105-110/3 ram, n~ 1,4935; 
yield 71%. 

TABLE 1. E Q ~ L I B m ~  CONC~.~aTION ~ R~LATIVR ~ETE~TION Tm~S OF 6,7-DX- 
METHYLBmYCLO [3.2.1] OCTA~-E GEOM~aS 

Temperature 230°C; PT/brick 

S t e r e o i s o m e r s  

ondo, oxo 
endo, endo 
OXO, e x o  

Equilibrium concentra- 
tion, % wt. 

t h e o r e t i c a l  ] e x p e r i m e n t a l  

88 85 
2 4 

10 11 

Relative re- 
tention time 

178" 
188 
222 

* The retention time of 1,5-dimehtylbicyclo[3.2.1]octane was a ~ u m e d  to be 100. 

2-N-Morpholine-6,7-dimethylbicyclo[3.2.1Joctan-8-one (VII). 0-32 mole acro- 
lein was added to a solution of 0.32 mole (VI) in 250 ml benzene cooled to 
0-5°C. The solution was agitated at the same temperature for an hour and 
then the mixture heated to boiling point in 3 hr. During vacuum distillation 
a fraction of b.p. 160-170/3 ram, n~ ° 1.5020 was taken; yield was 64%. 

2-N-Morpholine-6,7-dimethylbicyclo[3.2.1]octane (VIII). A keto-group of 
compound VII  was reduced by the Kizhner-Wolf  method and a fraction 
takea of b.p. 114-126°/3 ram. Yield (VIII) was 46%; n~  1-4985. 

6,7-Dimethylbicyclo[3.2.1]octan-2-one (1X). A mixture of 0.09 mole (VIII), 
173 g (0.86 mole) mercury acetate and 450 ml 10% acetic acid solution was 
heated for 3 hr at  120 °. 76 mi concentrated HC1 was then added to the reaction 
mixture and the ketone formed was distilled with steam. Ketone yield was 
6 7 ~ o ;  b .p .  89°]3  ram,  n ~  ° 1.4800. 
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6,7-Dimethylbicyclo[3.2.1]octane (X). Hydrocarbon was obtained by the 
reduction of ketone IX according to Kizhner-Wolf. The yield of hydrocarbon 
purified with 93% H2S04 and chromatographic separation on silica gel was 
56% of theory; b.p. 173-173.5 ° (745 mm), n~ ° 1.4685. 

Analysis by GLC (stationary phase-squalane, copper column 60 m, 85 °, 
carrier gas--hydrogen) shows tha t  the hydrocarbon X obtained is represented 
by isomers in a 2 : 98 ratio in the order of elution. 

6-•ethylbicyclo[3.2.1] octane was obtained by a similar method from 3- 
methylcyclopentanone. A layout of synthesis and characteristics of inter- 
mediate products are given in a separate s tudy [1]. The yield of hydrocarbon 
40%, b.p. 158-160 °, n~ ° 1.4690. Analysis by GLC on adding bicyclic Cg hyd~o- 
carbons to a standard equilibrium mixture [8] shows tha t  the hydrocarbon 
obtained is represented by exo, endo-isomers in a 96 : 4 ratio. 

RESULTS 

To determine the three-dimensional orientation of substituents in 6,7- 
dimethylbicyc]o[3.2.1]octane isomers 

exo Pro 8//#o 
exo endo endo 

a method was used [1] involving the comparison of calculated and experimental 
equilibrium concentrations of 6, 7-dimethylbicyelo[3.2.1]octane isomers. Results 
and relative retention times of 6,7-dimethylbicyclo[3.2.1]octanes are given 
in Table 1. 

TABLE 2. EXP]~RIMENTAIJ AND CALCULATED CHEMICAL SHIFTS OF 18(~ NUCLEI FOR 
6,7-DIMETHYLBICYCLO [3.2.1] OCT~-~TE G~O~ERS 

Internal standard-- TMS 

Hydrocarbon Chemical shifts, ~.p.m. 
C(1) C(a) Cos ) C(7 ) C(s) 6-CH= 7-CHs 

6,7-exo, exo 
exper. 
calculation 

6.7-endo, exo 
exper. 
calculation 

45"4 
44.0 

46"6 
43"0 

42"8 
33"4 

27"2 
31"0 

2 0 . 1  

1 9 . 6  

1 3 . 4  

1 5 . 6  

C(4) C(5) C(e) 

32-8 45"4 39"2 
33.4 44 .0  39.0 

19.9 38 .5  41.0 
22.0 4 0 . 0  43.0 

39"2 
39"0 

43"4 
46"0 

34"4 
33'7 

32"7 
35.0 

17"2 
17"2 

17"1 
16"0 

17"2 
17"2 

22"4 
22"7 

* Calculation was made using results for hydrocarbons of  the bicyclo[3.2.1]octane series given in a previous 
study [9J. 
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Satisfactory confirmation of the accuracy of assigning isomers was obtained 
by  a s tudy of 6,7-dimethylbicyclo[3.2.1]octanes by 13C NMR. 

This method was used to describe the exo, exo-isomer and the exo endo- 
isomer obtained by  liquid-phase isomerization of the latter (Pt/C, 300 °, 
25 atm). Results (Table 2), as well as information concerning the three-dimen- 
sional orientation of substituents suggest that  the cyclohexane ring in 6,7-exo, 
endo and 6,7-endo, endo-isomers is in the 'bath'  conformation. This conclusion, 
although confirms our previous assumption about the bath-shaped confor- 
mation of the cyclohexane ring in dimethylsubsti tuted bicyclo[3.2.]] octanes 
with an endo-substituent in the cyclopentane ring [2] cannot, however, be 
regarded final since chemical shifts for endo-6-methylbicyclo[3.2.1]octane 
have not been determined up to the present time. 

T~L~ 3. COMPOSI~ON OF PRODUCTS AND RELATIVE RATE CONSTANTS OF ISOMERIC 

TRANSFORMATIONS OF 6 ,7 -DIMETHYLBICYCLO [3.2.1] OCTANv.S 

Temperature 20°C; A1Brs 

Initial hydro. 
carbon 

Degree of transfor- 
mation, ~o 

Composition of products of 
isomerization, % wt. 

standard 
ethyley- hydro- 

olopentaue carbon 

27 2 
20 4 

1,4-dimethylbicyclo- 
[3.2.1]octane 

1,3-dime- 
thylbiey- 
clo[2.2.1] 
octane endo-l,4 exo-l,4 

6,7-exo, exo 30 20 25 54-1 
6,7-6ndo, exo 45 20 36 164- 3 

A s tudy was made by selective isomerization [1, 2] of 6-methyl- and 6,7- 
dimethylbicyclo[3.2.1]octanes to observe the mechanism of isomeric transfor- 
mations and evaluate the reactivity of hydrocarbons with substitution in 
the cyclopentane ring. 

Products of isomerization were identified either by adding individual hydro- 
carbons to the isomerizates, or by the addition of standard mixture of C9 
and C10 hydrocarbons. 

Exo, exo- and endo, exo-isomers of 6,7-dimethylbicyclo[3.2.1]oetaae were 
used for isomerization, the first being the product of synthesis (98%) and the 
second (89~/o exo, endo; 11~/o exo, exo) being obtained by liquid-phase iso- 
merization in an autoclave of exo, exo-6,7-dimethylbicyclo[3.2.1]~ctaae. 

Tables 3 and 4 show compositions of products of isomerization of hydro- 
carbons in the initial stage of transformation. 

When examining results of isomerization of 6,7-dimethylbicyclo[3.2.1 oc- 
tane] first of all the general composition of isomerizates and secondly, the rela- 
tively low rates of transformation should be noted. The composition of iso- 
merizates is similar to hydrocarbon isomerizates of this series of another type 
of substitution [1, 2]. This once more confirms the unique mechanism of re- 
grouping for all dimethylbicyclo[3.2.1]octanes taking place via an intermediate 
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s t a t e - - a  cazbonium ion--which is mutual  for the structure of bicyclo[3.2.1]- 
octane and bicyclo[2.2.2]octane with subsequent  redistribution of methyl  
groups dictated b y  most favourable sterie and thermodynamic factors. 

T~BLE 4. COMPOSITION OY PRODUCTS AND REI~kTIv~.  RATE CONSTANTS OF ISOM~,RIC~ 

TRAI~SFORMATIONS OF 6-METHYLBICYCLO [3.2.1] o c T ~ r ~  

Temperature 20°C; A1Brs 

Initial hydro- 
carbon 

Degree of trans- 
formation, ~/o 

Composition of product of isomeri- 
zation, % wt. 

hydro- 
standard carbon 

86 4 
34 70 

methyl- 
bicyclo 
[3.3.1] 
octane 
exo-3 

2 -methyl- 
bieyelo 
[2.2.2] 
octane 

methylbicyclo 
[3.3.0]octane 

exo-2 exo.3 

l l  36 6-exo 17 36 lO-t- 3 
6-endo -- 100 3 0 0 ±  15 

As fat  as rates of isomerization are concerned, this low rate of transforma- 
tion is only typical of a given t y p e  of substitution. Judging by  the existence 
of  unfavourable interactions in this structure (v~s-vicinai interaction of methyl  
groups in an exo,exo-isomer and methyl groups with bonds of the cyclo- 
hexane ring in an endo, exo-isomer), this structure is very unstable. However,  
the  thermodynamic factor is not, apparently, here of decisive significance. 
A comparison of results with those of isomerization of endo- and cxo-6-methyl- 
bicyclo[3.2.1]octane (Table 4) indicates tha t  the addition of even one substi- 
tuen t  into the cyclopentane ring hinders ionization of hydrocarbon and pro- 
bably  slows down the stage of 1,3-hydride transfer and thus re-grouping. This 
fact is especially interesting as in the endo, exo-isomer the cyclohexane ring 
i s in the 'bath '  conformation. 

SUMMARY 

1. 6,7~Dimethylbicyclo[3.2.1]octane was synthesized, which had not been 
described previously in the literature. 

2. Ratios of geomers and their steric structure were determined by  con- 
figuratioin isomerization. 

3. K netics and mechanism of isomerization of 6,7-dimethylbicyclo[3.2.1J- 
octane were investigated in the presence of aluminium bromide. Low rates 
of  conversion due to steric hindrances of ionization are a distinctive feature 
of  isomerization of dimethylbicyclo[3.2.1]octanes. 
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SYNTHR~SIS OF p-XYLENE BY HYDRO-CRACKING 
OF DITOLYLMETHANE* 
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and M. D. S ~ A ~ t o  

Dnepropetrovsk Chemieo-Teehnological Institute 

(R~ived 3 February 1975) 

THs high heat stabili ty of many hydrocarbons of the diarylmethane series 
is well known and this enables some of them to be recommended as high 
temperature  heat-transfer agents  [1-3]. 

Destructive hydrogenation (hydro-cracking) resulting in the separation 
a t  the bond of C~om-C~lph to form aromatic hydrocarbons and dehydro- 
eyclization to form polycyclic aromatic hydrocarbons are typical of these 
hydrocarbons. 

B y  destructive hydrogenation of diphenylmethane and its nearest polymer- 
homologues under hydrogen pressure in the presence of catalysts [4, 5] benzene 
and toluene were obtained with high yields, while on carrying out  the reaction 
without  pressure, p-benzyltoluene and anthracene [6] were also obtained 

CeH6CHsC6Ht ~ H~ - ,  Cells ~ C6HsCH~ (1) 
I--* C6H~CH=C4H6 + CeH6CH3 (2) 

CeH6CH~C6I-hCHzCsH~ ~ 1  

(o, n) [~  C6HsCH~C~H4CH3 -~ C6H6 (3) 

* Neftekhimiy~ 15, No. 5, 682-686, 1975. 


