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This invention relates to a process for produc 
ing Spirohydrocarbons and particularly for pro 
ducing a spirohydrocarbon containing a cyclo 
alkadiene ring. 
An object of this invention is to produce a 

Spirohydrocarbon having a cyclopentadiene ring. 
Another object of this invention is to produce 

8,8-dimethylspiro 4.5-decane. 
One Specific embodiment of this invention re 

lates to a process for producing a spirohydro 
carbon which comprises condensing a cycloalka 
diene and a dihaloalkane having the structure 
represented by the formula, 

where R, R', R'' and R'' are selected from the 
group consisting of hydrogen and alkyl radicals, 
X represents a halogen and n is an integer from 
1 to 5 inclusive and the unsatisfied valences of 
the group 

are combined with a member of the group con 
Sisting of hydrogen and an alkyl radical. 
Another specific embodiment of this invention 

relates to a process for producing a spirohydro 
carbon which comprises condensing an alpha, 
Omega-dihaloalkane and a cycloalkadiene. 
Yet another embodiment of this invention re 

lates to a process for producing a spirohydro 
carbon which comprises reacting an alpha, 
Omega-dihaloalkane and an addition compound 
of a cycloalkadiene and an alkali metal. 
A further embodiment of this invention relates 

to a process for producing a spirohydrocarbon 
which comprises reacting an alpha, onega-di 
halo-xx-dialkylalkane and a sodium addition 
compound of a cycloalkadiene to form a dioefinic 
Spirohydrocarbon having two quaternary carbon 
atoms and hydrogenating said diolefinic spiro 
hydrocarbon to form a saturated spirohydro 
carbon having tWO quaternary carbon atoms. 
A still further embodiment of this invention 

relates to a process for producing a spirohydro 
carbon which comprises reacting 1,5-dibromo 
3,3-dimethylpentane and disodium cyclopenta 
diene to form 5,5-(3,3-dimethylpentamethylene) - 
1,3-cyclopentadiene. 
This invention relates to a process for prepar 

ing hydrocarbons containing conjugated double 
bonds and a spiro carbon atom. Such hydro 
carbons which are new compositions of matter 

(CI, 260-666) 
2 

are formed by the reactions indicated in the fol 
lowing equations: 
(1) HC-CE IC-C 

-- 2Na. --> -- a 
E. H C - C 

5 Y/ Nc/ 
H^ Yi Ná Ya 
C EI H CE. E. E. 

10 E + Br-)-(–)---Br - Y/ H. H. H. H. H. 
Né Ya 

IC-CBI 5 

He CH c Hic? YoH, 
20 He ÖH, Dog 

E3C YoH, 
The dihaloalkane in the above equation is 

25 1,5-dibromo-3,3-dimethylpentane. Other suit 
able dihaloalkanes are those having the structure 
represented by - 

30 R77 (1) 

where R, R', R.' and R'' are selected from the 
group consisting of hydrogen and alkyl radicals, 
n is an integer from 1 to 5 inclusive, and X is 

8 halogen. The preferred compounds are those in 
which R, R', R'' and R'' are hydrogen, i. e. 
compounds in which the halogen atons are at 
tached to primary carbon atoms. Poorer yields 
are obtained when either (or both) halogen atom 

40 is attached to a secondary carbon atom and still 
lower yields are obtained with compounds cone 
taining halogen attached to a tertiary carbon 
atom. The preferred value of n is 2 or 3. The 
preferred halogen is chlorine or bromine. In di 

45 haloalkanes represented by the above formula, 
the unsatisfied valence bonds are combined with 
a member of the group consisting of hydrogen 
and an alkyl group. 

Dihaloalkanes preferred as starting materials 
60 in this process are indicated by the following 

formula: 
R1 R5 R3 

x-C-(CH)-(-(CH)-6-X - 
55 - h R . k - (2) 
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in which each of R, R2, R3, R., R5 and R6 repre 
Sents a member of the group consisting of hy 
drogen and alkyl radicals, X represents a halo 
gen, and the characters m and n are selected from 
the members of the group consisting of 0, 1, 2, 
and 3. The halogens generally preferred are 
chlorine and bromine. The characters n, and n. 
are Such that their sum has a value of from 0 to 4 
and preferably of 1 or 2, When m and n are zero 
Formula 2 is of essentially the same form as 
Formula 1. 
A preferred starting material for this process 

is thus an alpha, Omega-dihaloalkane in which 
a halogen atom, preferably chlorine or bromine, 
is combined with each of the two end carbon 
atoms of an alkane chain containing four or five 
carbon atoms. Such dihaloalkanes include 1,5- 
dibromo - 3,3 - dimethylpentane, 1,4 - dibromo 
butane, and 1,5-dichloropentane. 

Dihaloalkanes containing a quaternary carbon 
atom such as 1,5-dichloro-3,3-dimethylpentane 
and the corresponding dibromoalkane may be 
formed by condensing a monoolefin and a di 
haloalkane in which one of the halogen atoms is 
attached to a tertiary carbon atom, and the other 
is attached to a primary carbon atom, said con 
densation being carried out in the presence of 
a Friedel-Crafts catalyst at a temperature of 
from about -40° to about 100° C. 
Good yields of such dihaloalkanes are obtained 

by condensing a nonOolefin Such as ethylene 
with a dihaloalkane in which the halogens are 
combined with one tertiary and one non-tertiary 
carbon atom. Thus ethylene will condense with 
isoprene dihydrochloride (more exactly known as 
1,3-dichloro-3-methylbutane) in the presence of 
aluminum chloride and other Friedel-Crafts 
catalysts to form 1,5-dichloro-3,3-dimethylpen 
tane. 
Cyclopentadiene is a diolefin which has two 

hydrogen atoms that are readily replaced by so 
dium or by another alkali metal to form a Sodium 
addition product of said cyclic diolefin which 
may be reacted with dihaloalkanes of the type 
described above to form a spirohydrocarbon. 
Thus reaction of cyclopentadiene sodium with 
1,5-dibromo-3,3-dimethylpentane yields 5,5-(3,3- . 
dimethylpentamethylene) -1,3-cyclopentadiene. 

Hydrogenation of this unsaturated compound 
produces 8,8-dimethylspiro- 4.5-decane which 
may also be referred to as 1,1-tetramethylene 
4,4-dimethylcyclohexane. 
The condensation of a cycloalkadiene With an 

alpha, onega-dihaloalkane having at least four 
carbon atoms per molecule may be accomplished 
in several ways. One method consists in adding 
the diene to a Solution of SOdium alkoxide in an . 
alcohol. Such as ethyl alcohol and then adding 

0 

3) 
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the dihaloalkane. The addition of the diene to . 
the solution of Sodium alkoxide is preferably car 30 
ried out at about -20° to 25 C. Reaction with . 
the dihalide may be carried out at temperatures . 
of about -10 to -100° C., preferably at about the 
reflux temperature of the reaction mixture. 
Another procedure consists in adding the diene 35 

to a solution of sodium in liquid ammonia, and . 
then adding the dihalide. The reaction, may be . 
carried out at the reflux temperature of liquid 
amin Onia, at atmospheric pressure (-33 C.) but 
higher temperatures may be used in some cases 
by employing Superatmospheric pressure. 
of these methods have been used to give good 
yields of the diolefinic spirohydrocarbon con 
densation product. 
The following examples are given to illustrate 

70 
Both 

75 

4 
the process of this invention although the data 
are not introduced with the intention of limiting 
unduly the broad Scope of the invention. 

Eacample I 
The Condensation of cyclopentadiene and 1,5- 

dibrono-3,3-dimethylpentane was carried out as 
follows in a glass reactor of 500 cc. capacity. 
Sodium metal (5 g., 0.21 mole) was dissolved in 67 
cc. of absolute alcohol (redistilled from sodium). 
The resulting solution was cooled to 2° C. and 7 g. 
(0.11 mole) of cyclopentadiene was added. A 
brown precipitate separated, 1,5-dibromo-3,3-di 
methylpentane (25 g., 0.10 mole) was added and 

is the Stirred mixture was heated to 60° C. A white 
Salt precipitated. The temperature was main 
tained at 60-70° C. for two hours, the product was 
then cooled, water was added and the product 
Was Steam distilled. There was obtained 9 cc. Of 
Organic distillate which was taken up in ether and 
distilled: 

Cit P.E. PES V | no 
... 5 1. 4800 
1.3 : 1.4808 
4 14S08 

1.7 . . 4820 
Bottoms.- 1.5 ------ - 

Cut 2 Was analyzed. Calcd. for C12H18: C, 
88.83; H, 11.17. Found: C, 86.77; H, 10.86. Re 
action of the material (a diene) with air is in 
dicated. 
Cut 2 yielded a maleic anhydride adduct. 

Eacample II 

Cyclopentadiene (18. g., 0.27 mole). was added 
to a Solution of 10 g. (0.42 mole) of sodium in 
120 g. Of liquid ammonia, in a glass-lined reactor 
equipped with a motor-driven stirrer and Sur 
rounded by a suitable cooling bath. 1,5-dibromo 
3,3-dimethylpentane (52 g., 0.20 mole) was then 
added dropwise with stirring during one-half 
hour. The blue color of the solution disappeared 
after about two-thirds of the dibromide had been 
added. The solution was stirred for an addi 
tional One-half hour, Water was added, and the 
Organic product was taken up in ether, washed, 
dried, and distilled: 

l. 4800 . 

B. P., Press., Vol. Cult o C. np. 

2.5 1.3 1. 4710 
2.5 2.5 1.4760 
2.5 20 1.4810 
2.5 2.5 i. 4793 
2.5 5.0 

Cut 4 crystallized when cooled to -78° C. It 
yielded a maleic anhydride adduct, M. P. 140°. 
The adduct was analyzed. Calcd. for C16H20O3; 
C, 73.80; Hi. 7.75. Found: C, 74.31; H, 7.83. 
The hydrocarbon formed by the condensation 

of 1,5-dibromo-3,3-dimethylpentane and cyclo 
pentadiene had the correct boiling point and 
composition for 5,5- (3,3-dimethylpentamethyl 
ene) -1,3-cyclopentadiene and also formed a 
maleic anhydride adduct having the proper car 
bon and hydrogen content. This condensation 
product of an alpha, omega-dihaloalkane and a 
cycloalkadiene is a member of a new class of 
hydrocarbons, namely, a conjugated diolefin con 
taining a Spiro carbon atom. Also the hydro 
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genation of such a conjugated cyclodiolefin COn 
taining a Spiro carbon aton yields a saturated 
Spirohydrocarbon. Some of the saturated Spiro 
hydrocarbons which may be formed by this 
process also contained two quaternary carbon 5 
atoms, that is, a quaternary carbon atom in addi 
tion to the Spiro carbon atom. 

Eacample III 

Reaction products obtained in Examples I and 10 
II and consisting essentially of dimethylpenta 
methylenecyclopentadiene were combined and 
the resulting 10.6 cc. of liquid hydrocarbon was 
dissolved in 11 cc. of n-pentane and hydrogenated 
at a temperature of from 50° to 75° C. in the 
presence of a nickel-diatomaceous earth catalyst. 
The hydrogenation product Was filtered to Sep 
arate the pentane solution from the catalyst. 
The pentane solution was then distilled and Sep 
arated into fractions With the following proper- 20 
ties: 

5 

6 
which comprises reacting an alpha, omega-di 
halo-xx-dimethylalkane and a sodium addition 
compound of a cycloalkadiene containing a 
methylene group attached to two double bonded 
carbon atoms to form a dioiefinic Spirohydroes 
carbon having two quaternary carbon atoms and 
hydrogenating Said diolefinic Spirohydrocarbon 
to fornia, Saturated Spirohydrocarbon having tWO 
quaternary carbon atoms. 

3. A proceSS for producing a Spirohydrocarbon 
which comprises reacting 1,5-dibromo-3,3-dia 
methylpentane and disodium cyclopentadiene to 
form 5,5- (3,3-dimethylpentannethylene) -1,3-cy 
clopentadiene. 

4. A proceSS for producing a Spirohydrocarbon 
which comprises reacting 1,5-dibromo-3,3-di 
methylpentane and disodium cyclopentadiene to 
form 5,5-(3,3-dimethylpentamethylene) -1,3-cy 
clopentadiene, and hydrogenating the latter 
compound to form 3,8-dimethylspiro 4.5-de 
3. 

Cut B. P., C.E. E. YE" no 
A.------------------- Below -30 2.0 Below 175 41 g. (Pentane) ---. 
l.-- 45-50 2.0 92-198 0.9 1.4635 -...--- 
2 50-55 2.0 98-204 4 1,4710 -------- 
3 55-57 2.0 204-208 2,3 2.4698 -28 
4. 57-58 2.0 208-209 2.7 21,4668 -22 
Bottons-------------------------------------------- 1.0 -------------------- 

1 Determined with thermonaeter in liquid in test tube. 
Slightly unstable to nitrating mixture. 

Analysis of cut 4, Calcd. for C12H22: C, 86.65; 
H, 13.35. Found: C, 86.79; H, 13.11. 
Analysis of cut 3. Found: C, 85,51; H, 12.20. 
Fraction 4 consisted essentially of 8,8-dir 

methylspiro I4.5J-decane which may also be re 
ferred to as 1,1-tetramethylene-4,4-dimethylcy 
clohexane. 
The cyclic diolefins preferred for use in this 

process are those containing a methylene group 
(that is, -CH2-) attached to two doubly bonded 
carbon atons of the diolefin. Such cyclic diole 
fins include, for example, cyclopentadiene, 1,4- 
cyclohexadiene, and the like. The hydrogen 
atoms in this particular kind of methylene group 
are replaceable by an alkali metal Such as Sodium, 
potassium, etc., and an alkali metal Substituted 
cyclic diolefin is formed which is herein referred 
to as an alkali metal addition compound of a 
cycloalkadiene, 

claim as my invention: 
1. A process for producing a Spirohydrocara 

bon which comprises condensing an alkali metal 
cycloalkadiene containing a methylene group at 
tached to two double bonded carbon atoms and 
a dihaloalkane having the structure represented 
by the formula: 

35 

40 

45 

50 

55 

where R, R', R'' and R'' are selected from the 
group consisting of hydrogen and alkyl radicals, 
X represents a halogen and n is an integer from 

to 5 inclusive and the unsatisfied valences of 
the group 

O C-(p-C 
are combined with a member of the group COne 
sisting of hydrogen and an alkyl radical. 

2. A process for producing a spirohydrocarbon 5 

5. A process for producing a Spirohydrocarbon 
which comprises reacting 1,5-dibromo-3,3-di 
methylpentane and disodium cyclopentadiene in 
liquid ammonia, to form 5,5- (3,3-dimethylpenta 
methylene) -1,3-cyclopentadiene, and hydrogen 
atting the latter compound to form 8,8-dimethyl 
Spiro[4.5J-decane. 

6. A process for producing a Spirohydrocarbon 
which comprises reacting 1,5-dibromo-3,3-di 
methylpentane and disodium cyclopentadiene in 
the presence of an alcohol and a Sodium alkoxide 
at a temperature of from about -10° to about 
100° C., to form 5,5- (3,3-dimethylpentamethyl 
ene) -1,3-cyclopentadiene and hydrogenating the 
latter compound in the presence of a nickel cate 
alyst to form 8,8-dimethylspiro[4,5-decane. 

7, 5,5- (3,3-dimethylpentamethylene) - 1,3 - cy 
clopentadiene. 

LOUIS SCH MERLING. 
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