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This invention relates to alpha,omega glycols
and. more -particularly to cycloaliphatic-substi-
tuted alpha,omega. glycols and to methods for
their preparation.

Cycloaliphatic-substituted glycols have in thé

_past been available only through long, arduous
and expensive syntheses. Thus, J. von Braun,
Ber. 56, 2178 (1923), described the preparation of
cyc]ohexylethylene glycol in a severn-step syn-
thesis starting from eyelohexylacetic acid, which
itself is not .a readily available, nor easily pre-
parad compound. Attemptsto prepare the cyclo-
aliphatic-substituted glycols from the corre-
sponding ary] substltuted glycols by hydrogena~-
tion with cértdin noble metal catalysts under
condit tions known in the art for hydrogenation
of aromatlc rings led otily to dehydroxylation,
i. e. replacement with hydrogeni of the hydroxyl
on the carbori afom earrving the aromatic ring.
Wor example, Baltzly and Buck, J. Am. Chem.
506., 65, 1984 (1943) using palladmm on-char-
coal catalyst under aromatic ring hydrogenation
condxtions répoit the preparation 6f glpha-hHy-
droxy beta-phenyl°thane (i. e., betd-phenylethyl
dlcohio) from alpha-béta- dlhydroxy beta-phen-
viethane (. e. phenylethylene glycol) with the
pxoductmn of ho detecta,ble quantltles of eyclo-
hexylethylene glycol. Similar results for otheér
aryl-subst tituted glycols have been obtained, as
will bé descrlbed later, with base mebal hydrogen-
ation catalysts using conditions knowt in: the art
for hydrogenation of aromatic rings with these
type catalysts. ,

It is an object. of this invention-to provide new
cycloahphatxc substltuted alpha,omega glycols
and methods. for their preparation. A further
object is to provide new cyclohexyl-substituted
alpha,omega glycols-having superior thermal sta~
bility over leng periods of time. A still further
object-is-t6 prepare cyclohexyl-substituted alpha,=
omega glycols: from' the corresponding phenyl-
substituted: alpha,omega glycols: Another ob-
Jject is' to-provide a process for seléctively hydro-
genating the phenyl stubstituent in an alpha,-

omega: glycol to a cyclohexyl substitusnt without.

at the same time repldcing: with hydrogen the
hydroxyl on the carbon atom hearing thé ben-
zZehe ring. Othet objects will appesr heréinafter.

The objects of this inventiorn are acecomplished

by hydrogenatiiig at relatively low temperatures:

in-tkie presence of & ruthenium-catdlyst a phOnyI-
substituted alplis,ofiega glyeol cariying g phenyl
substituent on the alpha carbon. Tt has now
been- diséovéred that alphs,omiéga glycols carry-
ing & cycléhexyl résidue o theé alpha-carbon ¢an
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thus be prepared. This invention includes.as new
compounds the alpha,omega-glycols containing
a contiguous chain of from three to eleven carbon
atoms jolning the hydroxyls, said chain carrying
from one to five cyclohexyl rings on dliernate
carboit atoms; one of which cyclohexyl rings is
on & carbon atom immediately joined to one of
theé hydroxyl groups.

The method of this invention can be carried,
out by hydrogenating at a temperature of 50° to
150°.C: under & pressure in exeess of 100 1bs:/sq.
in. and in the persence of a ruthenium catalyst
an - alpha-phenyl-alpha,omega-alkylene - glycol,
such as l=phenyl-1,3-propanediol. It is prefer-
ablé to use an organic solvent, such as ethanol.
The preferved phenyl-substituted glycols for use
in this invention are alpha-phenyl-alpha,omega-
alkylene glycols containing a contiguous chain
of. not more than eleven carbon atoms joining
the hydroxyls and from ong to five phenyl sub~
stituents on alternate carben atoms of said chain:
The preferred new compounds of this invention
are alpha-cyclohexyl-alpha,omega-alkylene gly-
cols containing a contiguous chain of from threé
to eleven carbon atoms joining the hydroxyls and
from ¢tie t6 five cyeclohexyl rings on alternate
carbon atoms of said chain. These neéw com-
pounds ave represenied by the general formula

HOCH:(CH:CH),O0H
bm
\C:E{z‘
H»
. ot

/
H,C
H,

where 7 is an integer from one to five.

The following examples, in which the parts
given are by weight, further illustrate the in-
vention.

EXAMPLE I

In-a stairiless steel reactor equipped for opéra~
tion under high  pressure is' placed 100 parts of
l-phenyl-I3-propanediol (ny?, 1.5440), 39 parts
of 95% ethanol and 2 parts of ruthﬂmum dioxide.
The reactor is closed and .pressured to 1,000-
2,000 1b./sq. in. pressure with hydrogen, ‘The re=
actor is heated until an internal tefiperature of
100° C. is reached and thig temperature is held
for 2 hours with agitation. At the end of this.
time the reactor is cooled to room teémperature,
excess. pressure is vented to the atmosphere, the
contents are removed, and the catslyst is sepa-
rated by filtration. The alcoliol i§ rémoved from
the filtrate - by distillation, and the' resulting
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vesidue is purified by fractional distillation
through a precision still under reduced pressure.
There is thus obtained 87 parts of. 1-cyclohexyl-
1,3-propanediol, a clear, colorless, slightly viscous
oil boiling at 137—140° C. under a pressure of 2.5
mm. of mercury (np?, 1.4850). Treatment with

phenyl isocyanate gives a crystalline bisphenyl

urethane melting at 115-116° C. after recrystal-
lization from henzene-petroleum ether.

Anal: Cale’d. for CosE2sN204: N, 7.1%;
Found: N, 7.46%.

The superior thermal stability of  1-cyclo-
hexyl-1,2-propanediol, as contrasted to 1-phenyl-
1,3-propanediol, is well illustrated by the fact
that samples of the former indicated no change

in color or in viscosity after being heated in ..~

sealed glass vessels for a 24-hour period at a tem-

perature of 260° C., whereas samples of the lat-

. ter heated under the same conditions became
quite dark and indicated a large decrease in vis-

cogsity. )

' EXAMPLE IX

'A. Preparation of 1,3-diphenyl-1,5-pentanediol

 To a solution of 60 parts of formaldehyde (in-
troduced as para-formaldehyde) and 68 parts of
boron trifluoride in 734.3 parts of acetic acid is
added 520 parts of styrene over g period of one

minute while the reactor is cooled in an ice bath. .

An exothermic reaction occurs raising the tem-
perature of the mixture from 25° C. to 40° C. The
clear solution which results is held at room tem-
perature for three days. The reaction is ter-
minated by adding ice and 160 parts of sodium
hydroxide dissolved in 160 parts of water. The
oily organic product is separated, washed with
water, dried over anhydrous calcium sulfate and
distilled through a 19’’ Vigreux column under
reduced pressure. The following fractions are

obtained:

. Refractive

Num- Boiling Point Weight |~ Index

(n)
... 42° C./16 mln __________________________ 16.7 1. 5409
9. 48-96° C.ABMM . _________ ... 9.0 1. 5219
3l 104° C.[16 mm —117° C.j2.8 mm__ 245 1.4971
4__.__ 114—141° C./2.8 mm 21.7 1. 5025
4 28,0 1. 4969
24.9 1.4959
16.9 1. 4955
2.7 1. 4978
22.2 1. 4993
23.3 1. 5018
2.1 1. 5189
4 0. 10.2 1. 5289
13.___| 157-168° C./0.6 mm 2.3 1. 5475
14-_ | 177-184° C./0.6 mm . 23.6 1. 5421
15.-_"| 183-188° C./0.6 mm ol.4 1. 5341
16.--_| 193-196° C.f0.8 mm_. 16.7 1. 5349
17._. .| Still residue. 285.4 | ieieaan

Fraction 1 represents recovered styrene and
Fraction 2 last traces of recovered styrene and
early foreshots of product. The weights of Frac-
tions 3 through 17 inclusive tofal 591.9 parts.
Fraction 15 is indicated by analysis to be princi-
pally the diacetate of 1,3-diphenyl-1,5-pentane-

diol.
Anal.: Cale’d. for
: CH3C 00CH(CH;CH);0COCH;
(llaﬁs
C, 74.09%; H, 7,11%; hydroxyl num-
ber, 0.

“Found: C, 75.15%; H, 7.19%; hydroxyl
number; 3.3.

Fraction 17 is indicated by analysis to be a

4

mixture of glycol diacetates averaging approxi-
mately 5 styrene units per molecule.

Anal.: Cale’d. for
CH;CO0CH(CH.CH);OCOCH:
: A

Saponification - equivalent 326.4;
lecular welght 652.8; C. 82.79%:;
7.41%.

Found: Saponification equivalent 320.6;
molecular weight 636, C, 81.35%; H,
7.45%.

Portions of Fractions 15 and 16 totalling 18.3
parts are combined and saponified by refluxing
in a solution of 40 parts of sodium hydroxide in
a mixture of 40 parts of water and 100 parts of

mo-
H,

_alecohol. The glycol so obtained is extracted with
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100 parts of toluene, the toluene distilled off, and
the glycol purified by distillation. There is thus
obtained 12 parts of 1,3-diphenyl-1,5-pentanediol
as-a clear, highly wiscous liquid boiling at 200° C.
under 0.5 mm. of mercury pressure.

Anal.: Calc’d. for

HOCH;(CH:CH),0H
oHs

C, 79.65%; H, 7.87%.
Found: C,79.64%; H, 8.00%.
B. Preparatzon of 1,3-dicyclohezyl-1,5-pen-
tanediol

A solution of 5.8 parts of the above 1,3-di-
phenyl-1,5-pentanediol in 39.45 parts of absolute

5 ethanol is shaken at 100-110° C. with two parts

of ruthenium dioxide catalyst for three hours
under a hydrogen pressure of 2,000 Ib./sq. in. in
a high pressure reactor. The reactor is allowed
to cool to room temperature, excess pressure
vented to the atmosphere and the contents re-
moved. The catalyst is separated from the re-
action mixture by filtration, the solvent is dis-
tilled off under reduced pressure, and the prod-
uet is purified by vacuum distiliation through- a

5 Vigreux column. There is thus obtained 4.0 parts

of 1,3-dicyclohexyl-1,5-pentanediocl as a highly
viscous, colorless liquid boiling at 178-192° C.
under one mm. of mercury pressure, 7,%, 1.4988.

Anal.: Cale’d. for Ci7H3202: C,76.20%; H, 11.92%
Found: C, 76.84%; H, 12.12%

As a further illustration of the process of this
invention, phenylethylene glycol is smoothly hy-
drogenated, in ethanol in the presence of ruthe-
nium dioxide catalyst at 100-120° C. over a period
of five hours under a pressure of 2060-2500
1b./sq. in. of hydrogen, to cyclohexylethylene
glyeol in 87% yield. As has previously been indi-
cated herein, the prior hydrogenation art as
taught by Baltzly and Buck [J. Am. Chem. Soc.
65, 1984 (1943) 1 indicates that phenylethylene
glycol when hydrogenated under normally ac-
cepted aromatic ring hydrogenation conditions
is converted solely to beta-phenylethyl alcohol,
i. e., dehydroxylation occurs removing the hy-
droxyl group on the carbon atom carrymg the
phenyl group.

The effect of other hydrogenation catalysts and
conditions, normally used for the hydrogenation
of aromatic rings, in the attempted preparation
of the selected cycloaliphatic-substituted glycols
of this invention 'is well illustrated by the fol-
lowing experiment:

- In a stainless steel reactor fitted for operations
under high pressure is placed 150 parts of 1-
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phenyl 1,3- propanedlol and- 15 parts of nickel=
Uy eatalyst.  The 1eactoz is -closed,
préssuied 66 2 500 1b./84; in. With hydrogen; aiid
is heated until an internal temperature 6f 180=
190° C. is reached. This temperature is main-
tained for 3.5 hours with agitation. The reactor
is then cooled to room temperature, excess pres-
sure is-vented to the atmoSphere, the contents
are removed, and the catalyst is separated by
filtration. The nltrate is purified by fraction-
atlon thloueh a premsmn stﬂl{updel 1educed

735 parts of 1-phenyl 3= hydroxypropane b
at 88" C. undel . pressure of 2.4 mm: of mercu1y
(ﬁD"5, 1521867 .

Anal. Cale'd. for CoHuO: C; 79.4%; H, 883%:
molecular weight 136.
Found: C, 78.1; H, 8.70: molecular weight,
148.

This eompound gives a crystalline para-nitro-
benzoate melting at 43° C. The melting point of
the para-nitrobenzoate of 1-phenyl-3 -hydroxy-
propane is 4b-48° C., ds repofted, in - Heilbron's
“chtlonary of Orgamc Compounds ' vol. ¥, p.
209, Eyre and Spottiswoode, 1936,

Anal.: Cale’d. for C1eH1504N C,674%; H,5.27%;
N, 4929% _
Found: C; 66.98%; H, 5.38%; N, 5.15%

Thus, since thé main product obtained from:
the hydrogenation ¢f 1-phenyi-1,3- -propanediol
in the presence of a catalyst (nickel- on-kiesel-
glihy) and under veactioi conoltloqs normally

used for the hydrogenation of af aromatic ring. o

is 1-pHenyl-~3- bydloxyplopane it is evident that
under these conditions dehydro*«’ylatloo occurs,
and the benzyl hydloxyl 13 removed that is the
hydroxyl group on the ecarbon atom earrying
the phenyl group is removed and replaced by
hydrogen. However, as has already been demon-
strated usihg ruthemum cata]ys ts and the milder
condxtmns of the process of bhis 1nvent1on &
$nigoth conversion to L<cyelokexyl-1,3- -propane-
diol of high purity in good yields is readily ob-
tamed

Although i the above given examples there
Have besn used certain definits coriditicris of
temperature and pressure, concentratlon dura-

tion of reaction, ete., it is to be understood that &

these values may be Varied somewhat within the
scope of the invention since the optimum condi-
tions for earrying out the process are determined
by the. particular compound being treated.

In general, the process of this invention is

operable at temperatures from 50° C. to 150° C.
and preferably in the range of 80 to 120° C.
Although the process is operable at atmospheric
bressure, generally pressures in excess of 100
Ib./sq. in., are used since under such conditions
a practicable rate of reaction is obtained. The
upper pressure limit is determined by the struc-
tural limitations of the equipment employed.
The process may be carried out in the absence
of a solvent, but it is generally operated in the

presence of an organic solvent, non-reactive with .

the starting phenyl-substituted glycols, the end-
product cyclohexyl-substituted glycols, and hy-
drogen. Such solvents include alcohols, ethers
and hydrocarbons. Examples of specific organic
solvents that may be used as reaction media in
the process of this invention are methanol, eth-
anol, propanol, isoprepanol, dioxane, cycloheyane
and the like.

The proportion of catalysts employed may be
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varied cons1derab1y I gené¥dl; ‘an afeunt . of
eatalyst 1§ used that will brifig about & redction’
at & suitable rate. Usually thé amount Wil vary
from 0.1 to 109 by Weight of thé phenylSub=
stltuted glyeol being reduced, although higher
amounits nigy be used: When it is desxred to &f-
feet rédliction at ‘& rapld rate dnd at & relatwely
low téfnpé'rature it is advisable to Use a catalyst
concentration ir thé rafnge of 1to° 5% by weight;

- altholgh ameunts in the range 30 to 509 catl bé

used. On the other hand if ‘catdlyst éecriomy is
desired; then it-is wéll to extend the catalyst on
a support such as charcoal and to use an amount
of catalyst in the rayges of 0.01 to 1. 0% by we1ght
Under such conditions higher temperatures are
required to efféct the rediiction at 4 1easonab"1e
rate; i.e.; ds the amsunt 6f catdlyst déereasss the
temperature Tequired to attain a practiéapls fate
of reaction 1nc1eases

The catalysts of this {nvertioti compr1se ﬁner
d1v1ded ruthetiiuimn either in the form of the free
metal or in the foim of its' omdes or salts: It
ha§ Béen: foiind that -4 commermal grade of ris
thenium oxide i8 satlsfactory The catalyst may
also be -subported on- & carrist siich 4§ cha¥coal,
silica, gel, -alumihi,; eété. .A-suitable method. for
preparmg, for example,- charcoal—supported cate
alyst con51sts of fusmg rutheniuri ot it§: oxidé
with . sediuiy perox1de disselving the s4lt, polr=
ing the resulting soltition over chareoal ahd divs
Other methods:
however, dan be lised such 4§ that 6f U. S, Patent
No. 2,079,404, or other procedures hased on ‘thé
redtiction of 4 conipound of ruthenium in the
présénce of a carrier siibstances,

The process of this invention provides g simis
ple method for: prodiicing at low temperatures in
good yields and high coiversions, glphsomega-
glycols cafrying a cyélohexyl radmal on the 4al=
pha-carbon dtom from the corrésponding phenyl-
substituted glycols. Theseé cyclohekyl glycols aga:
class are outstanding amotg the khown glycols:

-for their high thérmsl ifisensitivity, i e., ability

to w1thstand hish temipératures for lonhg periods

v of tifne without exhibititig the- thermial decomns

positioh that othér knowh glveols do. Thus By
the process of this invention, the E¥elotiexyi-
substituted alpha omegs glycols are made avail-
able at low cost by 4 convenient, egsily operable:
riethod.

These new cyclohexyl substituted glycols may
be used as polyester intermediates, plasticizers,
hydraulic fluid components, msect repellents,
perfume ingredients, dust collecting aids and as
intermediates in the syntheses of other useful
organic compounds. In such uses as plasticizers,
hydraulic fluid components and dust collecting
aids, cyclohexyl-substituted glycols 6f the follow-
ing formula are preferred

HOCH;[CH:CH].OH

Hz(!J/ \(IJHz
H:C CH,
CH;
where 7 is an integer from 2 to 5.

As many apparently widely different embodi-
ments of this invention may bhe made without de-
parting from the spirit and scope ther eof, it is to
be understood that this invention is not limited
to the specific embodiments thereof except as de-
fined in the appended claims.

I claim:

1. A method of preparing l-cyclohexyl-1,3-



2,555,012

7
propariediol which comprises - hydrogenating
1-phenyl-1,3-propanediol at a temperature be-
tween 50° and 150° C. under a pressure in excess
of 100-1b./sq. in. and in the presence of a ruthe-
nium catalyst. ) :

2. A method of preparing 1,3-dicyclohexyl-1,5-
pentanediol - which comprises hydrogenating
1,3-diphenyl-1,5-pentanediol at 2 temperature
petween 50° and 150° C. under a pressure in
excess of 100 lb./sg. in. and in the presence 6t
a ruthenium catalyst.

-8, The chemical compound, 1-cyclohexyl-13-
propanediol.

4, The chemical compound, 1,3-dicyclohexyl-
1,5-pentanediol.

5. A- method of preparing a cyclohexyl-sub-
stituted- alpha,omega~glycol carrying an unsub-
stituted- cyclohexyl substituent on the alpha
carbon .which comprises hydrogenating at a
temperature between 50° and 150° C. under a
pressure in excess of 100 1bs./sq. in. and in the
presence of a ruthenium catalyst a phenyl-sub-
stituted alpha,omega-glycol carrying a phenyl
substitutent on the alpha carbon. _

6. A-method of preparing an alpha-cyclohexyl-
alpha,omega-alkylene glycol having two termi~
nal hydroxyl groups and in a contiguous chain
therebetween an odd number of from- three to
eleven carbon atoms attached solely to hydrogen
atoms  and to from one to five unsubstituted
cyclohexyl groups each of which is attached to
an alternate carbon atom of said chain with one
of said cyclohexyl groups being attached to the
same carbon atom as a terminal hydroxyi group,

which comprises hydrogenating at a tempera- &5

ture between 50°-and 156° C. under a pressure in
excess of 100 Ibs./sq. in. and in the presence
of a - ruthenium catalyst an . alpha-phenyl-
alpha;omega-alkylene glycol having two termi-
nal hydroxyl groups and in a contiguous chain
therebetween an odd number of from three to
eleven carbon atoms attached solely to hydrogen
atoms and to from one to five phenyl groups
each of which is attached to an alternate carbon
atom of said chain with one of said phenyl
groups being attached.to the same carbon atom
as a terminal hydroxyl sroup.

7. The method set forth in claim 6 wherein
said-temperature. is between 80° and 120° C.

8. The method set forth in claim 6 wherein
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said ruthenium catalyst is ruthenium dioxide.
9. A methed of preparing an alpha-cyclohexyl-
alpha,omega-alkylene glycol having the general
formula _
HOCH;(CH:;CH)»0H

o H
HC N

|
H:C

CH;
(l)Hn

CH,

wherein 7 is an integer from one to five which
comprises hydrogenating at a temperature be-
tween 50° and 150° C. under a pressure in excess
of 100 1bs./sq. in. and in the presence of a ruthe-
nium ecatalyst an alpha-phenyl-alpha,omega-
alkylene glycol having the general formula .

HOCH:(CH:CH),0H

()

wherein n is an integer from one to five.
10. An alpha - cyclohexyl-alpha,omega-alkyl-
ene glycol having the general formula
HOCH(CH:CH),,OH
T H

HQC/ N

H2 H2 -

CcH, . )
wherein n is an integer selected from the group
consisting of one to five. -

HAROLD W. ARNOLD.
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