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INTRODUCTION

The principle object of this work was an extensive search
of the literature for possible synthetic routes to the compound
tricyclo-/I.L.L./ tetradecane (Cy)H,),). The synthesis of the
compound was first suggested by 0, B. Ramsey1 as part of a larger
project on synthesis of exotic pure hydrocarbons. Tricyclo Zﬁ.h.hi7
tetradecane is of interest for several reasons. It has a unique
symmetry which is appealing and challenging; its synthesis would
involve interesting steric and conformational problems along sev-
eral routes: and the petrolewn industry in general is interested
in procuring pure hyvdrocarbons for cléger studies of the effects
of cyclization and branching and other structural properties on
the fuel and general chemical properties of compounds of that
class.

Tricyclo Zﬁ.h.hLZ tetradecane consists of three cyclohexane
rings all of which share a common bond and two common carbon atoms.
Models indicate that the most stable conformation would be a triple-
chain conformation, This structure is itself very closely packed,
compact, and thus could be expected to be a solid at room temper-
ature,

Several possible synthetic routes occur immediately. The
first general class of these involves ring-closure from a 9,10-
substituted decalin, involving the more severe conformational prob-
lems, as models of 9,10-decalindiacetic acid would seem to indicate.
Such a ring could be closed by Acetoin condensation. Other possible
substituents would seem to be bromoethyl groups, anticipating a

Wurtz-Fittig closure. The second synthetic route in order of occur-



rence is through a Diels-Alder reaction with an octalin deriva-
tive and a butadiene derivative. The problems involved here are
in activating the octalin double-bond and in obtaining 2 non-
gaseous (at room temp.) butadiene to work with. 2lmost all sug-
gested methods are derivatives of one of these two general

classes.



HISTORICAL

An extensive search of the literature revealed that the
synthesis of neither the desired compound nor any closely related
fused polycyclic hydrocarbon had been previously attempted except
for tricyclo /0,1,l.L7 undecane. The latter was prepared by the
ring-closure method from 15}’9—lo-hydroxymethyloctalin.3 More
closely related and more pertinent are tricyclic compounds of the
6=6=5 or 6-6-6 type, but in all of these which have been synthe-
sized, one ring is heterocyclic. The most important are imides
and anhydrides of Z}f’é— hexalin-9,10-dicarboxylic acid and decalin-
9,10-dicarboxylic acid. These were first synthesized by Alder and
Backendorf by the Diels-Alder addition/of butadiene to cyclohexene-
1,2-dicarboxylic anhydride. This was reported to yield exclusively
the cis-decalin or cis-hexalin derivative. This is an essential
characteristic for the ring-closure method being investigated.
Interestingly in the same work it was also found that when Z}}’b—
dehydrophthalic acid was used, it was found that the butadiene
preferably attacks the double-bond between the two carboxylic acid
groups. This group did not report yields.b Repeating Alder's work
later, Brigl obtained yields of 58% of the Az’B-OCtalin-%lO-dicar-
5

boxylic anhydride. Using various derivatives of butadiene but the
same acids, as dienophiles, later workers obtained yields in about
the same range, 57 to 6075.6 The cyclohexene-l,2-dicarboxylic acid

required can be readily synthesized by the Diels-Alder addition of

butadiene to maleic anhydride and subsequent isomerization of the

Ab- product with P205.7



Theoretically such products as these could after a con-
ventional chain-lengthening process, be subjected to an acetoin
condensation to yield cyclic ketones very closely related to the
product sought. A more desirable alternative would be a decalin
derivative with acetic acid groups at the 9 and 10 positions.
Chuang and Ma have arrived at a rather involved synthesis yielding
a mixture of cyclohexane-l2-diacetic acids. The ester of cyclo-
hexanoneacetic acid is subjected to an ethyl bromoacetate condensa-
tion, décarboxylation , a Reformatsky reaction and a dehydration.8
No attempt to isomerize the mixture to a single product or to sep=-
arate the mixture is reported. As no ?ttempt at chain-lengthen-
ing of these di-acids has been attemptéd, this is the extent to
which this particular pathway has been explored.

The second major synthetic route is the Diels-Alder addition
of a butadiene derivative to an activated /\ ’lo-octalin deriva-
tive. There are two previously attempted routes to an activated
Z&?’lo-octalin derivative, The first of these involves the syn-
thesis of the octalin itself, followed by the oxidation of it. The
synthesis for [3?’lo-octalin are numerous. The largest class of
these methods involves the pressure hydrogenation of naphthalene or
a naphthalene derivative. The most important of these has proven
to be the dehydration of @edecalol as proposed by Linstead9 and mod -
ified by Cope and Dauben. In this modified procedure gknaphthol is
hydrogenated to p-decalol, which is subsequently dehydrated with
boric acid to yield 80-95% of a mixture of isomeric octalins, about
70% of which is Zﬁ?’lo-octalin. The same source reports that reduc-

tion of tetralin with lithium in ethylene diamine yields a mixture



in 70% yield, 80-90% of which is Zl?’lo-octalin.lo Closely
related to the latter is the reduction of naphthalene with lithium
in ethylamine, Yields here were 71% for the isomeric mixture with
a 50 to 1 ratio of Ao’lo-to A1’9—octalin by dehydrating 9,10-
dehydroxydecalin, and reducing the resulting hexalin with sodium
in liquid ammonia.l2 The starting material itself has a rather
involved synthesis, and yields were not reported. Wuite a bit of
work has been done on the purification of the octalin mixture. It

was originally thought that the phosphorous pentoxide used by Lin-
9

stead isomerized the Z&}’g product to Zl?’lo-octalin. However it

has since been proposed that the phosphorous pentoxide merely equi-
4

libgiates the mixturelo while the work of Hussey indicates that the

1,9
acid catalyst merely preferentially polymerizes the Z& ’

~octalin
. 9,10 .13 .

leaving a purer Z& -octalin, The phosphorous pentoxide pro-
Al 10

cedure consistently gives mixtures of 80-90% A&?’ O _octalin s

though Benkeser, beginning with a much purer mixture of 50:1 in-

11
creases the purity to 95:1 by this method. The method yielding
purest samples aprears to be the isolation of the pure nitrosochlo-
9
ride derivative of the 23 ’1O-isomer, and subsequent regeneration

of the octalin in pure fonm%o’lz

Benkeser estimates that based on
the original(&-naphthol, a yield of purified Z&?’lo-octalin might
be 50% at best through the Linstead-Cope method. It is suggested
that by using equal amounts of ethylamine and dimethylamine in the
lithium reduction, an 80% A9’10‘-oc‘balin mixture can be obtained.

It is further suggested that a superior purification method would
involve the use of bis-3-methyl-2-butylborane which adds to the less

hindered [&}’9-octalin, the adduct being oxidized to an alcohol with



Hy0,, and the desired octalin distilled off.lb Once the octalin
has been obtained the double-bond must be activated for the Diels-
Alder reaction, The most convenient available activated derivative
is the Zﬁ?’lo-octalin-l,S-dione, prepared by Campbell and Harris,
Here the Z}?’lo-octalin was oxidized with selenium dioxide to yield

9,10
Z& ! -octalindiol-l,5-diacetate, This was hydrolyzed, and the prod-

uct further oxidized to 153’10

-octalindione-1,5, by the Oppenauer meth-
od., The vield for the overall process is difficult to estimate from
the data given, but probably would run very nearly ten per cent.

An alternative procedure would be in synthesizing the octalin-
dione from other than naphthalene derivatives, for example, by a ring-
closure method, This has been reporteé the compound /\ ’1o-octa-
lene-1l. Here the monoacid chloride of dimethyl succinate substitutes
for a vinyl hydrogen on cyclohexene under A1013 catalysis. The
keto-group is reduced by the Wolff-Kischner method and the methyl
ester group is hydrolyzed. The acid is made into the acylchloride
and the ring is closed, Overall yields are about 13% for the octa-

lone.16

This might indicate another route for the octalin-dione if
(1) it could be oxidized to the dione by the methods used on the
octalin, or (2) the synthesis could be attempted omitting the reduc-
tion of the carbogyl group. It has, however, not been attempted.

In addition it has been reported that double-bonds activated at only

a single methyl carbon are known to undergo Diels-ilder reaction,l7

so that the S\ 10

-octalone might well be capable of forming adducts
with butadiene derivatives, Another possibility might be the adap-
tation of this synthesis to a cyclohexen-3-one. There are several

other possible routes to the L-(l-cyclohexenyl) butyric acid from

which the ring-closure is finally effected. These are involved



starting products, however, which render their usefulness doubtful.
Hill and Conley obtained it by reacting Spiro /5,5/-undecanone-1-
oxime in polyphosphoric acid, in a\Beckmann rearrangement.18

After the activated octalin has been synthesized it is
necessary to synthesize a butadiene derivative which will be a
liquid at room temperature, in order that the reaction may be run
without the use of gas equipment. This derivative must be of such
nature that the added functional group can be easily removed. The
derivative selected for literature investigation was l-acetoxybuta-
diene-1,3. The reports of this synthesis are all quite recent. The
most convenient seems to be the method of Barclay and Bailey, which
is a modification of the standard Hull/and Hagemeyer method of l9b%?
In this procedure isopropenyl acetate is decomposed with heat to
yield ketene, and the acetone is driven off, The ketene then
acetylates crotonaldehyde which is%dded to the system. The reported
vield was 52%.20 The original Hagemeyer method gave superior yields
(90%) but essentially just involved superior equipment, and a much
simpler clean up method hased on flash distillation from the orig-
inal pot;l9it is essentially the same method as that reported in an
Eastman Kodak patent, yielding 96%.2

The next method involves the more direct acetylation of cro-
tonaldehyde by acetic anhydride. It was reported in 1960 by Geor-
geiff and Dupré, with yields of about 60%.22 The same method was
reported by Blanc in 1961 to give only a 35% vield, but with 657% of
the crotonaldehyde recovered unchanged and thus reusable.23 There
is no readily discernible reason for the difference in reported

yields.



Additional investigation was then conducted on the nature
of the Diels-Alder reaction and of that reaction in particular as
aprlied to the particular reagents to be employed in this project.

17 An

One excellent survey of the general reaction has been noted.

additional review has been made of this reaction in terms of cycle-
)

none dienophiles, including experimental conditions. Another study

was found indicating that highly-branched dienophiles (into which

9,10 . . : .

class /\ -octalin-diones surely fit) are much less reactive, and

require considerably higher reaction temperatures for good yields.

Blanc used l-acetoxybutadiene to get yields of 60-70% with ¥maleic

N . .
anhydride, Russian chemists reported the Diels-Alder reactions
: . . o 26

with l-acetoxybutadiene to be highly sftereospecific,

There are several approaches to this synthesis which do not
fit into the general cabegories which have been more extensively
investigated in this work. Most of these were first discovered in

i
the literature by 0. B. Ramsey. Little can be done here but to

list the starting points. Stork and Tsuje in 1961 reported the fol-

lowing ring-closure reactjign:

oh

o

This one-sided ring-closure scheme might be applied by lengthening
the chain.27 In another reaction proposed by Friedman and Schech-
ter, 1,l-dimethyl-6-diazocyclodecane undergoes a transannulation

to yield 9,10-dimethyldecalin, 18% of which is in the cis-conforma-

28

tion required for ring-closure. This product, however, might be

hard to carry along the reaction route. If carboxyl groups could



replace the methyl groups, it might help. "
'S

Ciy
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N &% o

Another one-sided ring-closure might be effected from the decalin-

9-acetic acid synthesized by Burgstahler and Nordin, This was
) ) 9,10 T
accomplished by a Claisen rearrangement of ZS -octalyl-l-vinyl

1
ether to yield a Z}S’9-octalin-10-acetaldehyde which was oxidized

29
to the acid, This single chain might be lengthened and closed

to the double-bond.
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Oxidation of the Octalin - The oxidation of the ¢|-methylene groups

of the octalin had not been reported since the work of Campbell and
Harris in 19hl,lsso their procedures were adapted in full, An error
was made in the molar calculations so that the ratio of selenium
dioxide to octalin was not 1l:1 but rather 1:2. 'The result was a
large excess of unreacted octalin, some of the desired product, and

9,10

.07 moles or Ll% yield of the /\ -octalol-l-acetate. This was
then further oxidized, this time again at a 1:2 ratio of selenium
dioxide, along with an amount estimated as sufficient to oxidize the
excess octalin., This wadqrun as a single reaction., The result, when
combined with the desired product from the first oxidation gave an
extremely disappointing yield. The yieiés reported by Campbell and
Harris were 12,5% from the correctly-run oxidation of the octalin,
and 16% (based on the monoacetate) from the secondary oxidation of

15

the monoacetate, Yields in either case were severely reduced by
decomposition due to excessive pot temperatures required by a long
distillation path and the boiling points of the compounds. The tran-
sition to short-path equipment at an earlier stage and use of the
high-vacuum system in all distillation should increase the yields
markedly. The boiling point of the fraction finally selected was
122-140°C/1.2 mn. as compared to a literature value of 1L5-148°C/2 mm%?

which is fair agreement., Because of the small amounts available at

this point it was decided not to isolate further intermediates.

Hydrolysis of the Acetate - The procedure followed here was exactly

that of Campbell and Harris for hydrolysis of the comparable monoace-
tate with adjustments for the doubled equivalents of the diacetate.

The produce solidified in the reaction vessel after the solvent was



e
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removed, as should have been expected.

Oxidation of the diol to the dione - Again the procedures of Campbell

and Harris for the oxidation of the octalol were modified for oxida-
tion of a diol, One additional modification was the substitution of
aluninum isopropoxide for aluminum tert-butoxide because of the
greater convenience in the preparation of the former.15 General
reviews of the Oppenauer reaction seemed to indicate no clear opinion
as to the comparable efficacy of the two reagents.3o Again, the prod-

uct was not isolated but remained in the reaction vessel.

Preparation of l-Acetoxybutadiene-l43 - In this case the method of

Bailey and Barclay was adopted without gignificant deviation. The
boiling point of the product was precisely as reported in the litera-
ture, Although reported to polymerize on standing,zzthe product main-
tained under nitrogen at 0°C. showed no sign of deterioration after 7
days, The yield was 50% as compared to a literature value of 55%,19
the additional loss being attributed to the necessity of repeating a
filtration., The reaction is a simple displacement of acetone by cro-

tonaldehyde as the substrate for a ketene acetylation, the ketene

being generated in situ by heating the isopropenyl acetate.

The Diels-Alder Reaction - This reaction is the most crucial step in

the synthesis, having not previously been reported. The 0,30 grams
of dione used in this case were of doubtful quality. An excess, six-
fold, of the diene was used to displace the equilibrium in favor of
the adduct. The solvent as recommended was benzene and the reaction

was planned to run for 2L hours. A freak blockage in the water line
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caused condensation to be discontinued overnight, The residue was
considerably decomposed by the dry heat which resulted. At this
point experimental work was discontinued until the entire sequence
could again be attempted. Fresumably this reaction should go with-
out much hindrance from the dienophile, although there may be some
difficulty with the C-1 substitution of an electron-withdrawing group

on the diene,

The Wolff-Kischner Reduction Chromic Acid Oxidation, and Hydrogenation

have not been attempted yet.
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EXPERIMENTAL

Ethylamine: Bthylamine was obtained as a 70% agueous solution
from Matheson, Coleman, and Bell., 500 ml. was distilled through

a circulatory ice-water condenser at 30-L5°C. Receiver also was
packed in ice., Material was stored in refrigerator for L8 hours
over NaOH pellets. (ggﬁgz Material dissolves rubber., Use glass
stoppers.) The residual water was discarded. The 500 ml., distil-
late was then re-distilled through an ice-water condenser at 23°C
into a l-liter 3-neck flask with 2 closed necks.

9,10
A - Octalin: The above receiver wés fitted with a mechanical

stirrer, nitrogen inlet, and a Dewar (cold-finger) condenser cooled
with dry-ice and acetone. 25.,0g. naphthalene were added. At this
point the condenser broke, and the naphthalene and ethylamine mix-
ture was stored in refrigerator for 3 days. During this time the
stopper was pushed out and a large plug of naphthalene had sublimed
in the neck and around in the refrigerator. A new charge of 25,6g.
was added to the ethylamine and the reaction set up as before.

Flask was flushed with Np, and 20 g. of Li was added over 2.5 hours.
Li was obtained in bars, hammered into thin sheets, cut into small
pieces, and dropped in while the N, inlet was removed. The solution
first became bright red around the Li fragments. Gradually the
solution acquired a cloudy grape color. Reflux was stopped after

5 hours from first’addition of lithium and then refluxed 3 additional
hours after L days refrigerator storage. Nitroge%atmosphere was
maintained through both reflux periods and stirring was maintained

only during first five hours, because of serious deterioration of
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the Teflon blade., During first 5 hours of reaction, flask was
ice-water cooled to control the reaction. In second part, heat was
applied to maintain reflux. 1l.lg. of unreacted Li was recovered
as a lump, with forceps.

During next storage period, white crystals formed, along with
a grainy gray sludge.

15g. NHhCygas added until solution was light yvellow and largely

solid, The ethylamine was distilled off, 250 ml. recovered at 26°C.

The flask was then fitted with a dropping fumnel and the
Dewar condenser, 500 ml. HQO was added slowly. The resulting mix-
ture was extracted with about 1 liter of ether, fither layer was
dried over MgSOh and the ether removed by distillation. A residue
of about 50 ml, was transferred to a 250 ml. flask, round bottom,
and lé6g. P,0g was added, Mixture refluxed at 1L0° for 2 hours, was
cooled, ice added and solution extracted with ether, resulting
solution having a bright-yellow color. The ether was stripned off
and the residue transferred to a 100 ml, flask, This was distilled
and the fraction boiling 192-19500/739 mn was retained, weighing
22.8 grams.

9,10
AN e Octalindiol-l,5-diacetate: The produce above was added to

a mixture of 12g., Se0,, 200 g. acetic anhydride, and 29 ml. Hy0, and
left for 18 hours to reflux at BOOC with stirring. [fhese calcula~
tions of quantities were in error. All amounts should have been
doubled/., Heat was removed and filtered. Yield was a dark browm
clear liquid and a red Se sludge., The acetic anhydride was removed

9,10 @xXcess

at 34-5°C/18-20 mm, /\’" - Octalin in %& came over at 1,9°/22 mm.

13.6 grams of a vellow clear liquid was collected at 110-140°C/22 mm,



presunably the monoacetate. The remainder of the pot was retained.
The latter three fractions, including the acetic anhydride were
mixed, with 1h4,0g Se0, and 30 ml. H»O, and the mixture stirred at
25-30° for 2l hours. This solution was filtered and the acetic
anhvdride removed as before., Operations were then shifted to a
high-vacuum system with dry-ice traps and acid-traps. The second
filtrate was distilled, producing fractions at 15°C/1.5 mm and 79°C/
3 mm. Because of uncertainty with respect to these pressures due
to blocked trap they were combined with the pot retained from the
first oxidation and transferred to micro equipment. The following
fractions were obtained, I 52°- 61°/1.3 mm, 1.6Lgs IT 85°- 112°/
1.1 mm, 0.46 g.3 IIT 120°- 135°/1.2 mm,/ 1.37g., and IV, 135°-140°/
1.2 mm, 0.35 g. The latter two were combined as the presumed diol-
diacetate.

9,10
’77. Octalindiol - 1,5: 35 g. Na metal were dissolved in 140 ml.

A

of absolute ethanol., The diol-diacetate prepared above (1.72g.)

was dissolved in 20 ml. ethanol., The two solutions were mixed, giv-
ing a dark green color, becoming almost black, in a 250 ml, erlen-
myer flask, Reflux was maintained for 2 hours. Result was a brown
mixture. The ethanol was removed at reduced pressure, water added,
and an ether extraction was made, The ether layer was dried over
MgSOh and the ether stripped off. 3 ml. benzene were added and
stripped off to insure dryness. The residue weighed 0.75 grams and
was not further isolated.

Aluminum isopropoxide: 27 g. Al foil was cleaned and placed in a

1-1. RB flask containing 300 ml. isopropyl alcohol (prepared by dis-

tillation after 3 hours reflux of 500 ml., over 250g. unslaked lime,



and 2,5g. NaOH) and 0.5g. HgClp. It is refluxed with a drying

tube affixed to condenser. 2 ml, CCl) are added when boiling com-
mences, Reaction must be controlled with ice-water bath., Reflux
is then maintained until the Al dissolves. The hot solution was
poured into a 500 ml, claisen flask with a 250 ml. suction flask and
heated over oil at 90° under reduced pressure. ‘then nearly all the
alcohol was collected, and temperature exceeded QOOC., full vacuum
was applied, bath heated to 170°, condenser removed, and 500 ml.
dist, flask employed as a receiver, B.F. 130-140°/7 mm, 110-150°/
12 mm is literature value. 16Lg. were obtained at 145-155°/35 mm,
for an 80,3% yield. Storage is in wax-sealed jar in refrigerator.

/

9,10 )
A_ - Octalindgone - 125: To the 0.75g. residue of diol in the

200 m1 RB flask were added 23.2 ml. acetone and 31.8 ml. benzene.

A hot solution of 3,52 grams aluminum isopropoxide in 15,9 ml. benzene
is added. The mixture was refluxed for 8.5 hours. 3 M sulfuric

acid, 150 ml, was added and the solutions separated. The agqueous
layer was extracted with benzene. The benzene layer and extracts
were washed with distilled water, The extracts were dried, and the
benzene was removed under vacuum. A residue of 0,35 grams of a brown

0il remained. This was not further isolated.

l-Acetoxybutadiene-1,3: 135.,2 grams (1.35 moles isopropenyl acetate,

2.0 g. p-toluenesulfuric acid, and 0.5g CuAcy were mixed in a 1-1.

3 neck flask fitted with a 30%"-helix packed vacuum-insulated column,
stirrer, dropping funnel, and pot thermometer. While refluxing,

70.0 grams (1 mole) of freshly-distilled crotonaldehvde kB.P.lOl-lOBOC)

are added dropwise over 5-3/li hours. Acetone is removed through the

Q



colum at 580 until 90% of the theoretical 50g acetone was recov-
ered (6L ml.). Then 3,5g of triethanolamine and 200 ml. Hp0O were
added to the pot. Distilled the two-phase solution at 52-58 mm.
The aqueous layer was extracted with ether, and the extracts com-
bined with the organic layer. This was washed twice with 10%
KQCOB, 1.0g. N-phenyl-B-naphthylamine was added. The mixture was
dried over Mg S0j,. Fractional distillation yielded 5h.5 gs (50%)
at 52-589/36 mm of a clear liquid. Stored in refrigerator under

nitrogen.

l-Acetoxytricyclo (Lll.li.) Tetradecen-2-Dione-5,9, - 2,0g l-Acetoxy-

7

butadiene, 50 ml, benzene, and one microspatula full of trichloro-

acetic acid are added to the dione residue and refluxed for 2l hours

gently,

19



The synthesis of tricyclo Lﬂ.h.hb7 tetradecane has been
proposed., Possible synthetic routes have been suggested, and
these have been investigated in the literature. A method involv-
ing a Diels-Alder addition to an activated [&?’lo—octalin deriva-
tive was selected for experimentation. The initial reactions in
the selected scheme have been tried.

In further work the scheme should be investigated further
with larger starting quantities. Then if this method proves unsuc-
cessful, the alternatives should be selected., The attempt to syn-
thesize a cyclohexene-diacetic acid fory Diels-Alder reaction might
be most fruitful. The one-sided ring closure from the 453’9-
octalin-9=acetic acid might be pursued along the lines of the Lin-

. . 9,10 e
stead ring-closure synthesis for /\/’" -octalin. Almost infinite

variation on these themes is possible.
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