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Abstract

Derivatives of bicyclo(2.2.1)lheptane in the invention
have a high traction coefficient under high temperature
and an excellent viscosity characteristic under low
temperature and are useful for the fluid for a traction
drive, and a method in the invention produces such

derivatives economically and efficiently.
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DERIVATIVE OF BICYCLO({2.2.1}HEPTANE, METHOD FOR ITS

PRODUCTION, AND FLUID FOR TRACTION DRIVE

Technical Field of the Invention

The present invention relates to a derivative of bicyclo
(2. 2. 1] heptane with a speciél structure, and
particularly to a derivative of bicyclo [2. 2. 1] heptane
with a special structure having a high traction
coefficient under high temperature and an excellent
viscosity characteristic under low temperature and
therefore useful for fluid for a traction drive, and a
method for production of such the useful derivative of
bicyclo (2. 2. 1] heptane with a special structure
economically and efficiently.

In addition, the invention relates to fluid for a
traction drive, and particularly fluid for a traction
drive having a high traction coefficient under high

temperature and an excellent viscosity characteristic
under low temperature.

Related Art

Fluid for a traction drive is used in such machine for
tractiondrive as a continuously variable transmission for
automobiles and a continuously variable transm”is.sion for
industry as a lubricating oil to drive them.

A traction coefficient required for the fluid for

traction drive 1s generally known as depending on the size
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of the traction drive. The fluid for traction drive with
a higher traction coefficient is required for developing
a small and light traction drive machine.

For example, 1n CVT (continuously variable
transmission) of traction type that is developed as a
continuously variable transmission for automobiles, the
fluid for traction drive used for CVT requires to have
enough high traction coefficient under high temperature
to reach, for example, the lowest within a range of applied
temperature than a designed temperature for CVT in order
to”meke size of the CVT small and increase the capacity
of 1ts torgue transmission. '

Besides, the fluid for traction drive requires various

performances other than the higher traction coefficient.

A low viscosity, for example, 150 Pa s or lower 1is

required, for example, in -40C to keep excellent starting

performance 1n a cold region.
On the other hand, it 1s required to'suppress
volatilization of base 01l and keep enough thickness of

an o1l layer for use under high temperature.

Among them, 1ncreasing the traction coefficient under

the high -temperature does not support decreasing the

-viscosityLnuﬂm:theihmvtemperature. Developlng traction

0il to realize both these performances was very difficult.

Against such background, the inventors of the invention

enthusiastically studied and discovered a group of
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compounds excellent in the traction coefficient under the
high temperature (the publication of unexamined

applications, Koukai Publication 1991-0395295). However,
those compounds showed 1nsufficient characteristics of

viscosity under the low temperature.

SUMMARY OF THE INVENTION

The invention was achieved in the view aforementioned
and for the purpose 0of providing a derivative of bicyclo
[2. 2. 1] heptane with a high traction coefficient under
high temperature and an excellent viscosity
characteristic under low temperature and useful for the
fluid for a traction drive and also providing a method for
producing such derivative economically and efficiently.

Besides, the invention was achieved for the purpose of
providing the fluid for traction drive, having a high
traction coefficient under high temperature and an
excel;ent viscoslity characteristic under low temperature.

As a result of a research series of the inventors, who
discovered that derivative of bicyclo (2.2.1) heptane with
a speclal structure having a special structure shows
particularly excellent performances as the fluid for
traction drive and that the derivative of bicyclo [2.2.1)
heptane can be economically and efficiently prepared by
dimerization of a special olefinic alicyclic ring compound

as a material under a special reaction condition and then
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by hydrogenation.

In addition, the 1nventors found as a result of a series
of research that a synthetic oil with a speclal property
shows excellent performances as the fluid for traction
drive.

The 1nvention has been'completed based on these
findings.

The followings are the abstract of the invention.
(L) At least one of aﬁy compounds of cyclo[2.2.1]heptane,
exo-2-methyl-exo-3-methyl—-endo-2-[ (endo-2-methyvyl
bicyclo[2.2.1]hept-exo-3-yl)methyl]lbicyclo(2.2.1]
Eheptane, exo-2-methyl-exo-3-methyl-endo~2-{ (endo-3-
methylbicyclo[2.2.1]hept-exo~-2-yl)methyl]bicyclo
{2.2.llhepuumyf endo~2—methyl~exo—3~méthyl—exo-2-

[ (exo-2-methylbilicyclo[2.2.1l]hept-exo~3-yl)methyl]
bicyclo[2.2.1]heptane, endo-2-methyl-exo-3-methl-exo-
2—[(exo—B-methylbicyclo[Z.Z.l}hept—exo—z-yl)methyl]
bicyclo[2.2.l]héptane, endo~-2-methyl-exo-3-methyl-exo-
2-[ (endo-3-methylbicyclo{2.2.1]lhept-endo-2~-vl)methyl]
bicyclo{2.2.1l]heptane, or endo-2-methyl-exo-3-methyl-
exo-2-[ (endo-2-methylbicyclo[2.2.1)hept-endo-3-yl)
methyl]bicyclo{2.2.1]heptane, particularly the mixture
of exo-2-methyl-exo-3-methyl-endo-2-[ (endo~-3-methyl
bicyclo[2.2.1]lhept-exo-2-yl)methyl]lbicyclo[2.2.1]
heptane and exo-2-methyl-exo-3-methyl-endo-2-[ (endo-2-

methylbicyclo[Z.2.1]hept-exo—3-yl)methyl]bicyclo

4.
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(2.2.1]heptane, the mixture of endo-2-methyl-exo-3-
methyl-exo-2-[(exo~-3-methylbicyclo(2.2.1)hept-exo-2-
vl)methyl]bicyclo(2.2.1]lheptane and endo-2-methyl-exo-.
3-methyl—exo—2—[(exo-2—methylbicyclo[2.2.1]hept¥exo-
3—yl)methyl]bicyclo[2.2.l]heptane, or the mixture of
endo~2-methyl-exo-3-methyl-exo-2-[ (endo-3-methyl
bicyclo[(2.2.1l]lhept-endo-2-yl)methyl]bicyclo(2.2.1]
heptane and endo-2-methyl-exo-3-methyl-exo-2~((endo-2-
methylbicyclo[(2.2.1l]hept-endo-3~-yl)methyl]bicyclo
(2.2.1]heptane. '

(2) A method for producing derivative of bicyclo [2. 2.

1] heptane represented by the following formula (VII)

(CHa)m/@"CHz‘@\(CHa)n (VII)

(In the formula, m represents 2 or 3 and n represents 1

or 2)

characterized by dimerizing a bicyclo[2.2.1l]heptane
ring compound such as 2-methylene-3-methylbicyclo [2.2.1]
heptane, 3-methylene-2-methyl bicyclo(2.2.1l]heptane,
etc., of which methylene group and methyl group are
substituted and/ or a bicyclo(2.2. ln] heptene ring compc\und

such as 2, 3- dimethylbicyclo{(2.2.1l]hept-2-ene, etc., of

which methyl group is substituted, in the presence of

an acid catalyst, preferably a Lewis acid, at 60 C or lower

temperature and hydrogenating the produced dimer in the



CA 02277592 1999-06-30

presence of a catalyst for hydrogenation preferably a
nickel catalyst at 200 - 300 °C.
(3) Fluid for a traction drive, characterized by

consisting of a synthetic 0il having physical properties

described the following (a) to (f).

(a) molecular weight: 210 or larger.

(b) kinematic viscosity at 40 C: 10 - 25 mm?/s

(c) viscosity 1index: 60 or higher

(d) pour point: -40 C or lowér

(e) density at 20 C: 0.93 g/cm’® or higher

(f£) traction coefficient at 140 C: 90% or higher of the
coefficient of 2,4-dicyclohexyl-2-methylpentane

(4) Fluid for a traction drive according to (3), wherein
a synthetic o1l 1s hydrogenated dimer of at least one
alicyclic compound selected from bicyclo[2.2.1l]heptane
ring cémpounds, bicyclo(3.2.1lJoctane ring compounds,
bicyclo[3.3.0]Joctane ring compounds, and bicyclo[2.2.2]
octane ring compounds.

(S) Fluid for a traction drive according to (3), whérein

a synthetic oil is a compound represented by the following

general formula (VIII).

(In the formula, both R' and R? represent hydrogen atoms

or alkyl groups with carbon numbers of 1 - 3, R’ represents
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a methylene group, an ethylene group, or a trimethylene
group that may be substituted by a methyl group or an ethyl
group 1n a side chain, r represents 0 or 1, and both p and
q represent integral numbers of 1 - 3).

(6) Fiuid for a traction drive consisted of a derivative

of bicyclo{2.2.1)heptane represented by the following

formula (VII).

(CHa)m/@-CHZ—@\(CHg)n (VII)

(In the formula, m represents 2 or 3 and n represents 1
or 2).

(7) Fluid for a traction drive consisted of at least one
compound selected from the group of compounds according
to (1).
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1. A mass chromatogram of component A.
Fig. 2. 'H-NMR spectrogram of component A.
Fig. 3. YC-NMR spectrogram of component A.
Fig. 4. YCc-'’C two-dimensional NMR spectrogram of
component A.
Fig. 5. !'H-'’C two-dimensional NMR spectrogram of
component A.
Fig. 6. A mass chromatogram of component B.
Fig. 7. 'H-NMR spectrogram of component B.

Fig. 8. 'C-NMR spectrogram of component B.
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Fig. 9. '°C-*’C two-dimensional NMR spectrogram of

component B.

Fig. 10. 'H-'C two-dimensional NMR spectrogram of
component B.

Fig. 11. A mass chromatogram of component C.

Fig. 12. 'H-NMR spectrogram of component C.

Fig. 13. 'Y"C-NMR spectrogram of component C.

Fig. 14. YC-'»C two-dimensional NMR spectrogram of
component C.

Fig. 15. 'H-'’C two-dimensional NMR spectrogram of
component C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Below will be fully described the invention.

1. A derivative of bicyclo(2.2.1l]lheptane

The present invention is a derivative of bicyclof2.2.1]
heptane with a special structure; exemplified by
bicyclo[2.2.1l]lheptane, exo-2-methyl-exo-3-methyl-endo-
2-[ (endo-2-methylbicyclo[(2.2.1]lhept-ex0o-3-yl)methyl]
bicyclo([2.2.1l]heptane, exo-2-methyl—-exo-3-methyl-endo-
2-[ (endo-3-methylbicyclo[2.2.1lhept-exo-2-yl)methyl]
bicyclo{2.2.1]heptane, endo-2-methyl~exo”B*methyl—exo“
2-[ (exo-3-methylbicyclo-{2.2.1]hept-ex0o-2-yl)methyl]

bicyclo[2.2.1]lheptane, endo-2-methyl-exo-3-metyl-exo-

2-{ (exo-2-methyl bicyclo[2.2.1]hept-exo-3-yl)methyl]

bicyclo{2.2.1]heptane, endo—2—methyl—exo¥3—methyl—exo-

2-{ (endo-3-methylbicyclo[2.2.1l]hept-endo-2~-yl)methyl]

8
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bicyclo[Z2.2.1]heptane, or endo-2-methyl-exo-3-methyl-
exo-2- [ (endo-Z2-methylbicyclo[2.2.1]lhept-endo-3-y1)
methyl]bicyclo(2.2.1]heptane.

These compounds are separately represented by one of

the following chemical structural formula (I) to the

formula (VI).

(I1)

(III)

(LV)
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(VI)

These bicyclo([2.2.1l]lheptane derivatives have
particularly high traction coefficient under high
temperature and an excellent characteristic of viscosity
under low temperature to allow preferably to use as a CVT
01l for a tractiondrive in the world from cold and tropical
regions and 1in addition, is a compound having very high
value for use for the purpose of decreasing the CVT for
the traction drive.

These compounds are included in bicyclo[2.2.1']heptane
derivatives represented by the formula (VII) and prepared
by the same method as production method of bicyclo[2.2.1]

heptane derivatives represented by the following

described formula (VII)

using amaterial compound suitably selected. The chemical
structure of these compounds is determined by analysis of
each spectrogram of mass chromatogram, 'H-NMR, !)C-NMR,

'*C-*’C-NMR, and ‘'H-!)C-NMR.

10
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2. A method for producing bicyclo{2.2.1l)lheptane
derivatives

The invention is a method for producling bicyclo{2.2.1]
heptane derivatives represented by the formula (VII) by
dimerization of materials that are methylene group and
bicyclo[2.2.1]heptane ring compounds with a substituted
methyl group and/or bicyclo{2.2.1)heptene ring compounds

with a substituted methyl group under 60 °C in the presence

of acid catalyst and hydrogenating the produced dimer

under 200 - 300 C in the presence of hydrogenating

catalyst.

In the formula, the methylene group and
"bicyclo{2.2.1l]lheptane ring compounds, substituted
methylene group and with methyl group, are exemplified by
2-methylene-3-methylbicyclo{2.2.1}Jheptane, 3-
methylene-2-methylbicyclo(2.2.1]heptane, 2-methylene-
7-methylbicyclo[2.2.1l)heptane, 3-methylene-7-methyl
bicyclo(2.2.1]heptane, 2-methylene-5-methylbicyclo(2.2.
l1lheptane, 3-methylene-5-methylbicyclo[2.2.1l]heptane,
2—methylene~6—methylbicyclo[2.2.l]heptane, 3-
methylene-6-methylbicyclo[2.2.1]lheptane, 2-methylene-
l-methylbicyclo[2.2.1)Jheptane, 3-methylene-l-methyl
bicyclo(2.2.1l)lheptane, 2-methylene-4-methylbicyclo
(2.2.1)heptane, 3-methylene-4-methylbicyclo[2.2.1]
heptane, 2-methylene-3, 7-dimethylbicyclo(2.2.1]lheptane,

3-methylene-2,7-dimethylbicyclo(2.2.1]heptane, 2-

11
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methylene-3, 6-dimethylbicyclo[2.2.1]lheptane, 3-
methylene-Z,S—dimethylbicyclo[2.2.l]heptane, 2=
methylene-3, 3-dimethylbicyclo{2.2.1]lheptane, 3-
methylene-2,2-dimethylbicyclo[2.2.1lheptane.

Among them, 2—methylene—3~methylbicyclo[2.2.1]

heptane ls preferable 1n the presence of exo-3~methyl-
2fmethylenebicyclo[2.2.l]heptane and endo-3-methyl-2-
methyleneblcyclof[2.2.1]Jheptane and 3-methylene-2-methyl
bicyclol(2.2.1]heptane 1in the préseﬁce of exo-Z2-methyl-
3—-methylenebicyclo{2.2.1l]heptane and endo~2—methyl—3—
methylenebicyclotZ.2.1]heptan§.

On the other hand, the bicyclon.Z.l]heptene ring
compounds with substituted methyl group are exemplified
by 2,3-dimethylbicyclo(2.2.1]lhept-2-ene, 2,7—dimeth§l
bicyclo[2.2.1lhept-2-ene, 2,S—dimethylbicyle[Z.Z.1]‘
hept-2-ene, 2,6-dimethylbicyclo(2.2.1]hept-2-ene,
l,2—dimeth?lbicyclot2.2.1]hept#2~ene, 2,4~dimethyl
bicyclo(2.2.1]hept-2-ene, 2,3,7—trimethylbicyclo

[2.2.1]hept-2-ene, 2,3,6-trimethylbicyclo [2.2.1]

hept-2-ene, etc.

Among them, 2,B—dimethylbicyclo[2.2;1]hept~2~ene-is

preferable.

For the purpose of producing bicyclo[2.2.l]heptahe

derivatives having the stereochemical structure

represented by said formulae from (I) to (VI), the mixture

of 2-methylene-3-methylbicyclo(2.2.1]heptane, 3-

12
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methylene-2-methylbicyclo[2.2.1)heptane, and 2, 3-
dimethylbicyclo[2.2.1]lhept-2-ene is preferably used as
material olefin.

In the invention, the material olefin is first

dimerized 1n the presence of acid catalyst. A compound,

either 1norganic acid or organic acid, showing acid

property can be used as the acid catalyst. Besides,
concerning the form of the acid catalyst, either liqgquid
or solid can be used. Preferable acid catalySt 1S
exemplified by hydrofluoric acid, minerél aclds such as
polyphosphoric acids, organic acids such as triflic acid,
lewis aclds such as aluminium c‘:hlo:c"ide,. ferric chloride,
- tin tetrachloride, titanium tétrachloride, boron
trifluoride, a complex of boron trifluoride, boron
tribromide, aluminium bfoﬁide, gallium chloride, and
galliUﬂlbromide, and organic aluminium compounds such as
triethyl aluminium, diethyl aluminium chloride, and
diethyl aluminium dichloride, etc.

Among these acid catalysts, such Lewis acids as boron

trifluoride, a complex of boron trifluoride, tin

tetrachloride, titanium tetrachloride, and aluminium

chloride. Among them, such complexes of boron trifluoride

as diethyl ether complex of boron trifluoride, water

complex of b‘oron trifluoride, and alcohol complex of boron

trifluoride are further preferable in the point of

possible dimerization under lower temperature.

13
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The production of bicyclo(2.2.1l)heptane derivatives
having a stereochemical structure represented by said
formulae from (I) to (VI) can be preferably carried out
by using diethyl ether complex of boron trifluoride as
catalyst for dimerization.

Concerning amounts used for these catalysts, there 1is
no special restriction, however, usually, 0.1 - 100 weight
percent 1in proportion to material olefin, preferably
around 0.5 - 20 welght percent.

In the dimerization reaction, the solvent is not always
used for, however, the solvent may be used for handling
of material olefin at reaction time or regulating the
progress of the reaction. Preferable catalysts are
exemplified by saturated hydrocarbons such as wvarious
pentanes, varlious hexanes, various octanes, various
nonanes, varlous decanes, etc., alicyclic hydrocarbons
such as cyclopentane, cyclohexane, methylcyclosane,
decalin, etc., ether compounds such as diethyl ether,

tetrahydrofuran, etc., compounds containing halogens such
as methylene chloride, dichloroethane, etc., and nitro

compounds such as nitromethane, nitrobenzene, etc.

The dimerization reaction is usually carried out at a

reaction temperature of 60 C or lower, preferably 40 C

or lower. A reaction temperature over 60 C allows

isomerization of the:-dimer produced by the reaction. The

target bicyclo{2.2.1l}lheptane derivative of a

14
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stereochemical structure is preferably yielded with a high
purity by the reaction of dimerization at a lower
Lemperature, because a plurality of stereochemical
lsomers produced by isomerization reaction is difficult

Lo separate. The lower limit temperature is not restricted,

when the dimerization reaction is going well; however,

-70 C or higher temperature is economically preferable

and -30C or higher temperature is further preferable.

The reaction pressure of dimerization reaction 1is
determined to an appropriate range according to reaction
Eemperature, kind of catalyst, presence or absence of
solvent, and kind of solvent; however, an ordinary
pressure 1s usually preferable. In addition, reaction
CLime 1s preferably in the range of 0.5 - 10 hours usually.

In the invention, the dimer of the material olefin
obtained by such conditions is usually hydrogenated in the
presence of catalyst for hydrogenation.

Support of the catalyst for hydrogenation usually
compounded with ametal component can be used. Preferably,
an example 1s a catalyst in which a metal component of an
element such as nickel, ruthenium, palladium, platinum,
rhodium, and iridium of VIII group of the periodic table
ls contained in inorganic oxide support such asdiatomite,
alumina, silica alum-ina, and activated clay. Among them,
nickel catalyst such as nickel/diatomite, nickel/silica

alumina, etc. is preferable in view of economy and

15
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possible selection of product. Besides, such solid acid
as zeolite, silica alumina, and activated clay as a
promoter for hydrogenation may be used, 1f necessary.

For reference, the production of bicyclo(2.2.1]heptane
derivatives having a stefeochemical structure that 1is
represented by the formulae from (I) to (VI) is preferably
carried out using nickel/diatomite catalyst as catalyst
for hydrogenation.

The amount of catalyst used i1s usually 0.1 - 100 weight

10 percent in the proportion to the dimerized product,
preferably 1 - 20 welght percent.

On the other hand, hydrogenation reaction goes without
any solvent as same as the dimerization reaction; however,
solvent 1s preferably used and preferable solvent 1is
exemplified by saturated hydrocarbons such as various
pentanes, various hexanes, various octanes, various
nonanes, various decanes, etc., alicyclic hydrocarbons
such as cyclo pentane, cyclohexane, methylcvclosane,

decalin, etcC.

20 The reaction temperature for the hydrogenation reaction

is preferably 200 - 300 C and further preferably 220 -

280 C. The reaction temperature lower than 200 C may

insufficiently decrease the viscosity of the product by
isomerization and may insufficiently increase the

viscosity index. On the other hand, the temperature

higher than 300 C may lower the yield by decomposition

16
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of the product.

Furthermore, a reaction pressure is not specially
restricted usually to allow an ordinary pressure to 200
kg/cm® G, preferably an ordinary pressure to 100 kg/cm? G.
Hydrogen pressure is preferably in 5 - 90 kg/cn?® G, further
preferably 10 - 80 kg/cm® G. Reaction time is usually 1
- 10 hours.

Bicyclo([2.2.1l]lheptane derivatives represented by said
formula (VII) and'yielded under such conditions show a high
traction coefficient under high temperature and an
excellent characteristic of viscosity under low
Ctemperature to allow to use as a CVT oil for traction drive

1n the world from cold and tropical regions.

3. Fluid for traction drive

The fluid for traction drive of the invention was
obtalined on the basis of a finding that saidbicyclo[2.2.1]}
heptane derivatives, particularly bicyclo[2.2.1}lheptane
derivatives having a stereochemical structure répresented

by the formulae from (I) to (IV), have excellent physical

properties as the fluid for traction drive.
The fluid for traction drive of the 1nvention 1is

consisted of a synthetic o0il having physical properties

of the following (1) to (6).

(1) The number-average molecular weight of a compound

contained in a synthetic oil is 210 or more, preferably

215~ 290. The number-average molecular weight less than

17
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210 may cause an increase in a volatilized amount of the

fluid for traction drive 1n the use under high temperature.

(2) A kinematic viscosity of a synthetic -o0oil at 40 C is

10 - 25 mm®/s, preferably 12 - 24 mm’/s. The kinematic

viscosity of synthetic oil at 40 C is less than 10 mm®/ s

may cause low viscoslity under high temperature to result

P

in an insufficient thickness of the layer of a lubricating

0il. On the other hand, the kinematic viscosity at 40 C

exceeds 25 mm?’/s may cause the low temperature viscosity
exceeding 1-50000 mPa's under -40 C.

(3) A viscosity 1index of synthetic oil is 60 or higher,

preferably 65 or higher. The index less than 60 may cause

the low temperature viscosity exceeding 150000 mPa+s under
~-40 C. -

(4) Pour point of synthetic oil is under -40 C, preferab'ly

under -45 C. The pour point higher than -40 C cauvses

difficulty of starting the traction drive machine in the

use 1n cold region.

(5) The density of synthetic o0il under 20 °C is higher than

0.93 g/cm’, preferably in the range from 0.33 to 1.50 g/cm’.

The density less than 0.93 g/cm’ is not preferable due to

the occurrence of lower traction coefficient under 140 C.

(6) The traction coefficient of synthetic oil under the .

temperature of 140 C is 90% or higher of that of 2,4-

dicyclohexyl-2-methylpentane, preferably that of 2,4-

dicyclohexyl-2-methylpentane. The coefficiént less than

18
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20% of that of 2,4-dicyclohexyl-2-methylpentane may cause
insufficient capacity of torque transmission under 140 °C.
A compound consisting of the synthetic o0il of the
invention meeting the physical properties of said (1) to

(6) 1s not specially restricfed; however, preferable
compounds are exemplified by hyvdrogenated dimer of at
least one alicyclic compound selected from groups
including bicyclo(2.2.1l)lheptane ring compounds, bicyclo

[3.2.1]octane ring compounds, and bicyclo[2.2.2]octane

ring compounds.

Among these compounds, further preferable 1is
hydrogenated dimer of bicyclo[2.2.l}lheptane ring

compounds represented by the following formula (VIII).

(RI),@/K}“‘(Ra),‘@‘\(}f{z)gl (VIII)

(In the formula, both R' and R? represent hydrogen atoms
or alkyl groups with carbon numbers of 1 - 3, R’ represents
methylene group, ethylene group, or trimethylene group
that fnay be substituted by methyl group or ethyl group in
a2 side chain, r represents 0 or 1, both p and q represent

integral numbers of 1 - 3).

Bicyclo[2.2.1]heptane derivatives represented by the

following formula (VII),

(CHa)m/K}_'CHz“®-\((31“13)2x (VII)
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particularly, bicyclo[2.2.1] heptane derivatives having
a stereochemical structure represented by the following

formula (I) to (VI) are preferable.

(I1)

(III)

(VI)
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(In the formula, m represents 2 or 3 and n represents 1
or 2) .

Said hydrogenated compounds can be used as a single
compound or a mixture of two or more compounds.
Hydrogenated compounds represented by salid formulae
(VIII) can be prepared by dimerization, hydrogenating, and
distillation of the material olefinic alicyclic compound.

The material olefinic alicyclic eompound is exemplified
by bicyclo[2.2.1]hept-2-ene, alkenyl-substituted
bicyclo[2.2.1l]lhept-2-ene such as vinyl-substituted or
isopropenyl-substituted bicyclo[2.2.1]lhept-2-ene,
alkylidene-substitutedbicyclo{2.2.1]hept-2-ene such as
methylene-substituted, ethvyvlidene-substituted, or
lsopropylidene-substituted bicyclo[2.2.1]lhept-2-ene,
alkenyl-substituted bicyclo[2.2.1llheptane such as
vinyl-substituted or isopropenyl-substituted bicyclo
(2.2.1]heptane, alkylidene—substituted bicyclo{2.2.1]
heptane such as methylene-substituted, ethylidene—

substituted or isopropylidene-substituted bicyclo

[2.2.1]lheptane,

bicyclo[3.2.1]octene, alkenyl—suﬁstituted
bicyelo[3.2-1]octene such as vinyl-substituted or
isopropenyl-substituted bicyclo([3.2.1] octene,
alkylidene-substituted bicyclo[3.2.1]Joctene such as
methylene-substituted, ethylidene-substituted, or

isopropylidene-substituted blicyclo[3.2.1]octene,
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alkenyl-substituted bicyclo[3.2.1)octane such as
vinyl-substituted or isopropenyl-substituted bicyclo
[3.2}1]octane, alkylidene~substituted bicyclo [3.2.1]
octane such as methylene-substituted, ethylidene-
substituted, or isopropylidene-substituted bicyclo
[3.2.1]octane, bicyclo[3.3.0]Joctene, alkenyl-
substituted bicyclo([3.3.0]Joctene such as vinyl-
substituted or isopropenyl-substituted bicyclo(3.3.0]
octene, alkylidene-substituted bicyclo[3.3.0]Joctene such
as methylene-substituted, ethylidene~subs£ituted, or
isopropylidene-substituted bicyclo[3.3.0]octene,
alkenyl-substituted bicyclo([3.3.0]Joctane such as
vinyl-substituted or isopropenyl-substituted bicyclo
[3.3.0]loctane, alkylidene-substituted bicyclo(3.3.0]
octane such as methylene-substituted, ethylidene-
substituted, or lsopropylidene-substituted bicyclo
(3.3.0]octane, bicyclo(2.2.2)octene, alkenyl-
substituted bicyclo(2.2.2]Joctene such as vinyl-
substituted or 1sopropenyl-substituted bicyclo([2.2.2)
octene, alkylidene-substituted bicyclo[2.2.2]octene such
as methylene-substituted, ethylidene-substituted, or
isopropylidene—substituted bicyclo[2.2.2]octene,
alkenyl-substituted bicyclo [2.2.2] octane such as
vinyl-substituted or isopropenyl-substituted bicyclo
[2.2.2]) octane, alkylidene-substituted bicyclo [2.2.2]

octane such as methylene—substituted, ethylidene-
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substituted, or isopropylidene-substituted bicyclo
[2.2.2]0ctane.

Among them, appropriate material alicyclic compounds
prefer_able as a synthetic oil, represented by said formula
(VIII), and vielding hydrogenated dimer of bicyclo{2.2.1}
heptane ring compounds for use are exemplified by bicyclo

[2.2.1]hept-2~-ene; 2-methylenebicyclo(2.2.1llheptane;

2-methylbicyclo([2.2.1]lhept-2-ene; 2-methylene-3-

methylbicyclo[2.2:l]heptane; 2,3-dimethylbicyclo
(2.2-l]hept*2—ene;‘2-methylene—7—methylbicyclo[2.2.1]
heptane; 2.7-dimethylbicyclo[2.2.1llhept-2-ene; 2-
methylene—5—methylbicyclo[2.2.1]heptaneﬁ: 2,5-dimethyl
bicyclo{2.2.1] hept-2-ene; 2-methylene-6-methylbicyclo
[Z.Z}l]heptane; 2,6-dimethylbicy¢lo[2.2.1]hept—2~ene;
2~methyl-l~methylbicyclo[2.2.l]heptaﬁe; l,2-dimethyi
bicyclo[2.2.1]lhept-2-ene; 2;methylene-4¥:methylbiéyclb
[2.2.1]heptane; 2,4-dimethylbicyclo [2.2.1] hept-2-ene;
2~methylene~3.7—dimethylbic§clo[2.2.l]heptane; 2;3,7-
Crimethylbicyclo[2.2.1]hept-2-ene: 2-methylene-3.6-
dimethylbicyclo[2.2.1]lheptane; Z-methylene-3.3-
dimethylbicyclo[Z.Z.1]heptahe; 2,3,6~-trimethylbicyclo
[2.2.1]hept-2-ene; 2-methylene-3-ethylbicyclo(2.2.1]
heptane; 2-methyl-3-ethylbicyclo[2.2.1]lhept-2-ene.
Said dimerization means not only the dimerization of
same olefins, but also the dimerization of plurél

different olefins.
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The dimerization reaction of said olefinic alicyclic
ring compounds 1s carried out by adding solvent, if
necessary, 1n the presence of catalyst.

The catalyst used for the dimeriztion reaction is,
usually, acid catalyst. Individual catalyst can be same
as that used for the production of bicyclo(2.2.1]heptane
derivatives represented by said following formula (VII)
and 1ts detalled description isomitted here. 1In addition,
the amount of used catalyst and the condition of reaction
are also same and 1ts detailed description is omitted here.

In the invention, the diﬁer yvielded is hydrogenated.
The condition of hydrogenating treatment and other
conditions are same as those used for the production of
bicyclo{2.2.1]heptane derivatives represented by said
formula (VII) and its detailed description is omitted
here.

In the 1nvention, the synthetic o0il having physical
properties of said (1) - (6) i1s used for base 0il of the
fluid for traction drive, however, other liquid matter may
be mixed with the synthetic 0il for use in the range within
the range of the physical properties of said (1) - (6).
For example, such base o0il with low viscosity as poly

a-olefin 01l (PAO) and diester can be mixed to keep a

traction coefficient under high temperature and such base

material as the base o1l of alicyclic compound for traction

and hydrogenated dicyclopentadiene petroleum resin, etc.,
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In the use for the fluid for traction drive, the base
0ol1l with said synthetic o0il as a main component 1is
compounded with such additives as antioxidant, rust
inhibitor, detergent dispersant, pour point depressant,
an viscosity index improver, extreme pressure agent,
anti-water agent, oiliness agent, antifoaming agent,
corrosion inhibitor, etc., in suitable amount if

necessary.

Examples
Examples of the invention are separately given below,
however, the following embodiment is to be considered in

all respects as illustrative and not restrictive.

Example 1.

odu Lon . materia olefinp

Crotonaldehyde (561 g = 8 mol) and bicyclopentadiene

(352 g = 2.67 mol) were put in 2 L, stainless steel-made

autoclave to react by mixing for 3 hours under 170°C. The

reaction solution was cooled to a room temperature, 18 g
0f a Raney nickel catalyst (Kawaken Fine Chemicals, K.K.
made, M-300T) was added, and finally, hydrogenation was
carried out under a hydrogen pressure of 9 kg/ cm2 G and

reaction temperature of 150 C for 4 hours. After cooling,
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the catalyst was filtered to separate, the filtrate was

distilled under a reduced pressure to yield 565 g of

fraction under 105°C/20 mm Hg. The result of mass spectrum

analysls and nuclear magnetic resonance spectrum analysis
of the fraction showed that the fraction is 2- hydroxy
methyl-3-methylbicyclo{2.2.1l}heptane and;B—hydroxy
methyl-2-methylbicyclo[2.2.1]heptane.

Next, 20 gof v —alumina [Nikki Kagaku, K.K. made, N612N]

was put 1n a quartz glass—-made flow reaction tube under
an atmospheric pressure, with an outer diameter of 20 mm
and a length of 500 mm to start dehydration reaction going
under a reaction temperature of 285 C and weight hourly
space velocity (WHSV) = 1.1 hr‘1 and finally, 450 g of the
dehydrated reaction product of 2-hydroxymethyl-3-

methylbicyclo[Z.2.1]heptane and 3-hydroxymethyl-2-

methylbicyclo[2.2.1]heptane was yielded containing 55
.weight percent of 2-methylene-3-methylbicyclo(2.2.1]
heptane and 3—methylene—2—methylbicycld[2.2.1]heptane
and 30 weilight percent of 2,3~dimethylbi¢yclo[2.2.l]
hept-2-ene.
P rod lon of hvdrogenated dime

Diethyl ether complex (8 g) of boron trifluoride and
the olefin cqmpound (400 g) yielded from said steps were
put in a 1-L four-neck flask and stirred under 20 C for
4 hours by using a mechanical stirrer to start dimerization

reaction goiling. The reaction mixture was washed with
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diluted NaOH aqueous solution and saturated brine, 12 g of
nickel/diatomite catalyst [Nikki Kagaku,'K.K. made, N-
113] for hydrogenation was added in a 1-L autoclave, and
finally, hydrogenating reaction waé started under the

condition of 30 kg/cm?® G of hydrogen pressure, reaction

temperature of 250 C, and reaction time of 6 hours. After

the completion of the reaction, the catalyst was removed
by filtration and the filtrate was distilled under a
reduced pressure to yield 240 g of a target hydrogenated
dimer. Table 1 shows the measured result of general
properties and a traction coefficient of the hydrogenated
dimer.

"Twice.rectification Co separate the hydrogenated dimer
was carried out to vield 1 g of a component under 149.2 C
/S5 mm Hg using a spinning band distillation apparatus wit‘h
120 theoretical plate number. The analysis of the
component gave exo-—2—methyl-exo-3—ﬁethyl-enc_lo-—2-— [ (endo-
3-methyl bicyclo [2.2.1] hept-exo-2-vyl) methyl] bicyclo
(2.2.1]heptane (the compound of said formula (I)) and
exo-2-methyl-exo-3-methyl-endo-2- [(endo-2-methyl
bicyclo[2.2.1]lhept-exo-3-yl)methyl]lbicyclo[2.2.1]

heptane (the compound of said formula (II)) (hereafter,

poth these compounds are called component A) with purity

cf 98 welght percent.

Figs 1 - 5 show each spectrogram of mass chromatogram,

‘H-NMR, !?Cc-NMR, !’c-!)Cc-NMR, and !'H-!)C-NMR used for
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structure analysis of the component A.

Besides, rectification for separation same as above
yielded 1 g of a component under 133.6 C/2 mmHg. The
analysis of the component showed endo-Z2-methyl-exo-3-
methyl-exo-2-[(exo-3-methylbicyclo-[2.2.1)hept-exo-2-
yl)methyl]lbilicyclo[2.2.1])heptane (the compound of said
formula (III)) and endo-2-methyl-exo-3-metyl-exo-2-

[ (exo-2-methylbicyclo(2.2.1]hept-exo-3-yl)methyl]
bicyclo[2.2.1]heptane (the compound of said formula (IV))
(hereafter, both these compounds are called component B)
with purity of §9 welght percent.

Figs 6 — 10 show each spectrogram of mass chromatogram,
‘H~NMR, '’C-NMR, "*C-*’C-NMR, and *H-'’C-NMR used for
structure analysis of the component B.

The result of analysis of the hydrogenated dimer
prepared in the Example 1 with gas chromatography showed

contents of 20 weight percent of the component A and 60

weight percent of the component B.

Example 2
Table 1 shows the measured result of general properties
and a traction coefficient of the fraction, that contains

65 welght percent of the component A and 25 weight percent

of the component B, yielded by the rectification for

separation of the Example 1.
Example 3

The hydrogenated dimer of 240 g was yielded by replacing
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the hydrogenating reaction of the Example 1 under the

condition of 250 C and 6 hours to that under 200 C and

2 hours. Twicerectification to separate the hydrogenated

dimer was carried out to yield 1l gof the component B using
a spinning band distillation apparatus with 120

theoretical plate number.

Besides, rectification for separation same as above
yielded 1 g of a component .under 138.6 C/2 mmHg. The
analysis of the component showed endo-2-methyl-exo-3-
methyl~exo~2—[(endo~3—methylbi¢yclo—[2.2.1]hept—end0—

2—yl)methyl]bicyclo[2.2.1]heptane (the compound of the

formula (V)) and endo-2-methyl-exo-3-metyl-exo-2-
[ (endo-2-methylbicyclo[2.2.1]hept-endo-3-yl)methyl]
bicyclo[2.2.1]heptane (the compound of the formula (VI))
(hereafter, both these compounds are called component C)
with purity of 100 weight percent. .

Figs 11 - 15 show each spectrogram of mass chromatogram,
- 'H-NMR, '’C-NMR, 'C-'’C-NMR, and HoVC-NMR used for the
structural analysis. -

The result of the analysis of the hydrogenated dimer
prepared in the Example 3 with gas chromatography showed
contents of 45 weight percent of the component B and 45

welght percent of the component C.

Example 4

Table 1 shows the measured result of general properties

and a traction coefficient of the fraction, that contains
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88 weight percent of the component B and 10 weight percent
of the component C, vyvielded by the rectification for

separation of the Example 3.

Example 5

140 g of hydrogenated dimer was'yielded by replacing
the caﬁalyst of 8 g of diethyl ether complex of boron
triflqoride for dimerization of the Example 1 to 32 g of
tin tetrachloride. The result of the analysis of the
hydroggnated dimer with gas chromatography showed

contents of 20 welght percent of the component A and 60

weight,percent'of the compdnent B. Table 1 shows the
result pf measurement of general properties and a traction
coefficient of the fraction.
Example 6

280 g of hydrogenated dimer was vyielded by replacing
the catalyst of 8 g of diethyl ether complex of boron

trifluoride for dimerization to 20 g of 116%

polyphosphoric acid by reaction under 50 C. The result

of the analysis of the hydrogenated dimer with mass
spectrum analysis and nuclear magnetic resonance spectrum

analysis showed bicyclo[2.2.l]heptane derivative

represented by the formula (VII). Table 1 shows the

measured result of general properties and a tractioh

coefficient of the fraction.

Example 7

200 g of hydrogenated dimer was yielded by replacing
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the catalyst of 8 g of diethyl ether complek of boron

trifluoride for dimerization to 8 gof a 1.5 water complex
of boron trifluoride by reaction under lO.°C . The result
of the analysis of the hydrogenated dimer with mass
spectrum analysis and nuclear magnetic resonance spectrum
analysis showed bicyclo{2.2.1]lheptane defivative
represented by the formula (VII). Table 1 shows the
measured result of general properties and a traction

coefficient of the fraction.

Comparative Example 1

240 g of hydrogenated dimer was vielded by replacing

the hydrogenating reaction under the condition of 250 C

for 6 hours to the cOnditiQn of 160 C for 4 hours. The

result of the analysis of the hydrogenated dimer with mass
spectrum analysis and nuclear magnetic resonance spectrumn
analysis showed‘bicyclo[2;2.l]heptane derivative
represented by the formula (VII). Tabie 1 shows the result
of measurement of general propertiés and a fraction

coefficient of the fraction.

Comparative Example 2

Crotonaldehyde (350.5 g = 5 mol) and dicyclopentadiene
(198.3 g = 1.5 mol) were put in 1 L, stainless steel-made
autoclave to react by mixing for 3 hours under 170 C. -The
reaction solution was cooled to a room temperature, 2 g
of a 5% ruthenium carbon catalyst [NE Chem Cat, K.K. made]

was added, and finally, hydrogenation was carried out
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under a hydrogen pressure of 70 kg/ cm’G and reaction
Cemperature of 180 C for 4 hours. After cooling, the
catalyst was filtered to separate, the filtrate was

distilled under reduced pressure to vyield 242 g of a

fractionunder 70°C/ 0.9 mmHg. The result of mass spectrum

analysis and nuclear magnetic resonance spectrum analysis
of the fraction showed that the fraction is 2- hydroxy
methyl-3-methylbicyclo{2.2.1]lheptane and 3-hydroxy
methyl—Z—methylbicyclo[2.2.l]heptane.

Next, 15 g\of v —alumina [Nikka Seikou, KK made, Norton
Alumina SA- 6273] was put in a quartz glass-made flow
reaction tube under atmospheric préssure, with an outer
diameter of 20 mm and a length of 500 mm to start dehydration
reaction going under a reaction temperature of 270 C and
welght hourly space velocity (WHSV) = 1. 0\7 hr™, and finally,
196 g of the dehydrating reaCtion product of 2- hydroxy
methyl~3—methylbicyclo[2.2.1]heptane and 3-hydroxy
methyl-2-methylbicyclo{2.2.1]heptane were yielded
cohtaining 65 welght percent of 2-methylene-3-methyl
bicyclo[2.2.1]heptane and 3-methylene-2-methylbicyclo

[2.2.1]heptane and 28 weight percent of 2,3*dimethyi

bicyclo[2.2.1lhept-2-ene.

roaduy . F hvdroagenated dimer

-

Activated clay (9.5 g) [Mizusawa Kagaku, K.K. made
Galeon Earth NS] and the olefin compound (180 g) yielded

from the steps were put in 500 ml four-neck

_—

flask and
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stirred under 145 C for 3 hours to start dimerization

reaction going. Activated clay was filtered from the

reaction mixture, 6 g of nickel/diatomite catalyst [Nikki
Kagaku, K.K. made, N-113] .was added for hydrogenation in
1-L autoclave, and finally, hydrogenation reaction was
started under the condition of 40 kg/cm?’G of hydrogen

pressure, reaction temperature of 160°C, and reaction time
O0of 4 hours. After the completionof reaction, the.catalyst
was removed by filtration to distill the filtrate under
reduced pressure to yield 116 g of the hydrogenated dimer
of 126 - 128 °C b.p./0.2 mmHg fraction. The result of the
analysis of the hydrogenated dimer with mass spectrum

-analysls and nuclear magnetic resonance spectrum analysis

showed bicyclo[2.2.1lheptane derivative represented by

the formula (VII). The table 1 shows the measured result
cf general properties and a traction coefficient of the
dimer hydride.

Comparative Example 3

280 g of hydrogenated dimer was\yielded by replacing

Che condition of dimerization reaction under 50 °C in the

Example 6 to a condition under 100 C. The result of the

analysis of the hydrogenated dimer with mass spectrum

analysis and nuclear magnetic resonance spectrum analysis

showed bicyclo(2.2.1]lheptane derivative represented by

the formula (VII). Table 1 shows the result of measurement

of general properties and a traction coefficient cf the
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fraction.

The traction coefficient was measured by using a
twin-cylinder friction tester 1n said Examples. The
traction coefficient was known by measuring tangential
force, that is, traction force, generated between these
two cylinders with a constant speed for the one of
contacting two cylinders with a same size (a driven,
Japanese drum-shaped, cylinder with the radius of
curvature of 10 mm and a driving cylinder with a flat type
without crowning; diameter of 52 mm and thickness of 6 mm)
and with a continuously changed rotation speed of the other,
applying 98.0 N with a weight fitted to the contact point
of both the cylinders. The cylinders were made by
polishing to a mirror-smooth state of bearing steel SUJ-2
and showed average peripheral speed in girth of 6.8 m/s,
and the maximum Herzian contact pressure 0of 1.23 GPa. The

traction coefficient under fluid temperature (o0oil temp)

140 C, was measured by heating an oil tank to increase

the 0il temperature from 40 C to 140 C and the traction

coefficient was known at slide/oil ratio of 5%.
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Bicyclo[2.2.1l]lheptane derivatives or fluid for
traction drive according to the invention has a high
traction coefficient under high temperature and an
excellent characteristic of viscosity under low
temperature to allow to use as a CVT o1l for a traction
drive in the world fromcold and tropical regions. Various

bicyclo[2.2.1]lheptane derivatives can be efficiently

prepared by the method according to the invention.
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CLAIMS:

1. The compound exo-2-methyl-exo-3-methyl-endo-2-

[ (endo-2-methylbicyclo[2.2.1]hept-ex0o-3-
yl)methyl]bicyclo[2.2.1]heptane, exo—2Fmethyl—exo—3—methyl-
endo-2-[ (endo-3-methylbicyclo[2.2.1]hept-exo-2-
vl)methyl]bicyclo[2.2.1]heptane, endo-2—methyl~exo-3—methyl-
exo-2—[ (exo-3—-methylbicyclo[2.2.1]hept-exo-2-
vl)methyl]bicyclo[Z2.2.1]lheptane, endo-Z2-methyl-exo-3-methyl-
exo-2-{ (exo-2-methylbicyclo[2.2.1]hept-ex0o-3-
vl)methyl]bicyclo[2.2.1]heptane, endo-Z2-methyl-exo-3-methyl-
exo-2-[ (endo-3-methylbicyclo[2.2.1]hept-endo-2-
vl)methyllbicyclo[2.2.1]heptane, or endo-Z2-methyl-exo-3-
methyl-exo-2-[ (endo-2-methylbicyclo[2.2.1]hept-endo-3-
vl)methyl]bicyclo[2.2.1]heptane.

2. The compound exo-Z2-methyl-exo-3-methyl-endo-2-
[ (endo-3-methylbicyclo[2.2.1]hept-ex0o-2-
vl)methyl]bicyclo[2.2.1]heptane.

3. The compound exo-Z2-methyl-exo-3-methyl-endo-2-
[ (endo-2-methylbicyclo[2.2.1l]hept-ex0o-3-
vl)methyllbicyclo[2.2.1]heptane.

4, The compound endo-2-methyl-~exo-3-methyl-exo-2-
[ (exo-3-methylbicyclo{2.2.1]jhept—-exo0o—-2~-
yvl)methyl]bicyclo[2.2.1]heptane.

5. The compound endo-Z2-methyl-exo-3-methyl-exo-2-
[ (exo~-2-methylbicyclo[2.2.]1]hept-exo-3-
yvl)methyllbicyclo[2.2.1]heptane.

6. The compound endo-Z-methyl-exo-3-methyl-exo-2-
[ (endo-3-methylbicyclo[2.2.1l]hept-endo-2-
yl)methyl]lbicyclo[2.2.1]heptane.
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7. The compound endo-Z2-methyl-exo-3-methyl-exo-2-
[ (endo-2-methylbicyclo[2.2.1]lhept-endo-3-
vl)methyl]bicyclo[2.2.1]heptane.

8. A mixture of exo-2-methyl-exo-3-methyl-endo-2-
5 [(endo-3-methylbicyclo[2.2.]1]hept-exo-2-
vl)methyl]lbicyclo[2.2.1]heptane and exo-2-methyl-exo-3-
methyl-endo-2-[ (endo-2-methylbicyclo[2.2.]1]hept-exo-3-
yl)methyl]bicyclo[2.2.1]heptane.

9. A mixture of endo-2-methyl-exo-3-methyl-exo-2-
10 [ (exo-3-methylbicyclo[2.2.1]lhept-exo-2-
yl)methyl]bicyclo[2.2.1]heptane and endo-2—méthyl—exo—3~
methyl-exo-2-[ (exo-2-methylbicyclo[2.2.1}hept-exo-3-
yl)methyl]bicyclo[2.2.1]heptane.

10. A mixture of endo—2—methyl;exo—3—methyl—exo—2—
15 [(endo-3-methylbicyclo[2.2.1]hept—-endo-2-
yil)methyl]bicyclo[2.2.1]heptane and endo—2—méthyl-exo—3—
methyl-exo-2-[ (endo-2-methylbicyclo[2.2.1]hept-endo-3-
yvl)methyl]lbicyclo[2.2.1]heptane.

11. A method for preparing a bicyclo[2.2.1]heptane

20 derivative represented by the following formula (VII):

(CHa)mi CHy (CHy)n, (VIT)

(wherein m represents 2 or 3 and n represents 1 or 2), which

25 method comprises:

dimerizing a methylene- and methyl-substituted
bicyclo[2.2.1]heptane ring compound and/or a

methyl-substituted bicyclo[2.2.1]heptene ring compound in

38



10

15

20

25

CA 02277592 2008-09-05

73162-122

the presence of an acid catalyst at a temperature of 60 °C

or lower:; and then

hydrogenating the dimerization product in the
presence of a hydrogenation catalyst at a temperature

of 200-300 °C.

12. The method according to claim 11, wherein

2-methylene-3-methylbicyclo[2.2.1]heptane and/or
3-methylene-2-methyl-bicyclo[2.2.1]heptane is used as the
methylene- and methyl-substituted bicyclo[2.2.1]lheptane ring

compound.

13. The method according to claim 11, wherein
2,3-dimethyl-bicyclo[2.2.1]hept-2-ene is used as the
methyl-substituted bicyclo[2.2.1]lheptene ring compound.

14 . The method according to any one of claims 11

to 13, wherein the acid catalyst is a Lewis acid.

15. The method according to any one of claims 11

to 14, wherein the hydrogenation catalyst is a nickel

catalyst.

16. A fluild for a traction drive comprising a
bicyclo[2.2.1]heptane derivative represented by the

following formula (VII):

(CHy)pi CHa (CHs)n
(VII)
wherein m represents 2 or 3 and n represents 1 or 2.
17. A fluid for a traction drive comprising at least

one of the compounds as defined in claim 1.
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