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This  invention relates- to a.method for the
preparation of 1,5-diols,-and more particularly
relates to 2 method for the production of i,5-
diols, by the simultaneous treatment with hy-
drogen and an agueous medium, of compounds
ini the dihydropyran series of compounds to pro-
duce in- unusually high yields 1,5-diols such as
are exemplified by 1,5-pentanediol (penta-
methylene glycol).

The process of the:invention has as one of its
objects. & method for the preparation of 1,5-
diols; particularly 1,5-pentanediol.

Another object of the invention is a single-
step process for the preparation of such - diols
from compounds in-the dihydropyran series of
compounds.- .

A-still further important object of the inven-
tion is a -method to prepare such diols, in par-
ticular 1,5-pentanediol, in high yields and with
a minimum of manipulative steps.. .

An additional object of-the invention is:to pre-
pare 1,5-diols from compounds in the dihydro-
pyran series of compounds in high yields and
with a maximum of efficiency in operation.

An ancillary object of:the invention is a proc-
ess that may be carried out, as in commercial
operation of the process, by onhe not skilled "in
the art, e. g., a chemically untrained operator,
with minimum’ danger of unsuccessful ottcome
arising from lack of precise control by the oper-
ator or from lack of chémical skill on the part
of the operator.

A thore specific objéct of the invention is an
improved process for the preparation of 1,5-
diols, particularly” 1,5-pentanediol, from com-
pounds in the dihydropyran geries of compounds.

_Other related objects of the invention will be-
come appareiit as the invention is more partici-
larly deéscribed hereinaiter.

Tt has been proposed (see Bull. soc. chim. [51
i, 971 (1934)) to prepare 15-pentanediol by
treating dihydropyran-14.

. Hr

c .

0/ \CH'

HI 2
w
0

with N/70 agueous hydrochloric acid at reflux
. femperature; and reducing the resultant prod-
uct, after neutralization of the acid, by treat-
ment with mercury-aluminum amalgam. Such a
process requires the three distinct steps of (&)
hydrolyzing the dihydropyran-1,4, (b) neuiral-
-jzing. the intermediate- product, and- (¢) reducing.
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the intermediate. ptodu;ﬁt. Furthermore, the

process as described in the literature led- to-un-
desirably low yields. (ca. 50%). of the desired
product, and also- involved consumption of the

. rather expensive amalgam,

An improvement-on the foregoing known proc-
ess has been proposed (see J. Am. Chem. Soc.,
68;. 1646 (1946)) which comprises hydrolyzing
the dihydropyran, carefully neutralizing the re-
sultant mixture, isolating the intermediate: prod-
uct that was formed.by hydrolysis; and hydro-
genating the- isolated. intermediate product. by
treatment with hydrogen gas under a-pressure of
2000 .pounds per square-inch and.at 150° C..in
the presence. of: copper-chromite - hydrogenation
catalyst. Although. a certain improvement in
yield over the-previously known .process was dis-
closed, it was found that attempts to.carry out
the process without the intermediate isolation_of
the product of the hydrolysis. resulted in a sub-
stantial reduction in the yields that. were. ob-
tained: It also was found that the accuracy
with which the acid.in the hydrolysis. mixture

.was neutralized prior to distillation of the mix-

ture was-an important factor in determining. the
yields that were. obtained,. failure to carefilly

‘neutralize the acid leading to substantially re-

duced yields of the desired 1.5-pentanediol.
Therefore,.this latter process, while representing
an. advance over the first-mentioned known

‘process, was not entirely satisfactory becaise

(@) it.required the several steps enumerated im-
mediately above (b) each additional step would

‘require additional apparatus. and/or additional

working. time, (¢) the process would require the

skillful. manipulation. of the intermediate mix-

tures in order to obtain optimum. yields of the
desired product and' (d) even under the optimum
conditions as disclosed, the yields of the desired
product-that were.obtained were not. as high as
could. be desired. While for laboratory- pburposes
a process having these features might not be
highly objectionable; such features. could .impair
significantly the usefulness and value of a proc-
ess for application on a.scale of commercial. op-
erations because of the expense.of. the equipment
and skilled operator’s time that would be re-
quired and because of the careful control with
which the neutralization step of the process
would have to be carried out to gvoid undesirable
reduetion in the yield of the desired product:

Th the attainment of its objects, the present
invention has overcome the difficulties that thus
are associated with the prior art process and in
so doing has. provided a. process whereby. 1,5~
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diols may be prepared in a single step from com-
pounds in the dihydropyran series of compounds,
without reduced yields compared to the yields
that are obtained in a process, such as the above
prior art processes, that comprise a plurality of
steps. The present process may be executed
under conditions which may be maintained with-
in relatively wide limits and without the neces-
sity for precise control or skillful manipulation
that are required for the attainment of optimum
yields according to the prior art methods. As a
consequence, the process of the present inven-
tion is better suited to application on a com-
mercial scale than are the mentioned prior art
processes. PFurthermore, the process of the in-
vention has provided an improvement over the
prior art methods of preparing 1,5-diols from
compounds in that there may be obtained, de-
spite the single step character of the process,
yields of the desired product substantially
greater than the yields that heretofore have been
attained.
Broadly stated, the process of the present in-
vention comprises hydrolyzing in the presence
of a hydrogenation catalyst and of hydrogen
under conditions which favor hydrogenation re-
action, a substituted 3,4-dihydro-1,2-pyran con-
taining an organic substituent group attached
by a hydrolyzable bond to the carbon atom in
the No. 2 position of the dihydropyran ring
- through 2 divalent atom of a non-metaslic ele-
ment of group VI of the periodic table of the ele~
ments. It has been discovered in accordance
with the present invention that by subjecting to
simultaneous hydrolysis and hydrogenation de-
rivatives oi 3,4-dihydro-1,2-pyran which contain
an organic substituent group that may be re-
moved, or split-off, by hydrolysis attached to the
carpon atom in the No. 2 position of the dihy-
dropyran ring through a divalent atom of a
non-metallic element of group VI of the periodic
tabie of the elements, there may be obtained
1,5-diols in yie.ds that are at least equal to the
vields that the obtained by successively hy-
droiyzing the same derivative of dihydropyran,
isclating the hydrolysis products, and hydro-
genating the isolated products of the hydrolysis.
The results that are thus provided by the inven-
tion are critically dependent upon the presence
in the 2-position of the dihydropyran ring of
such a substituent group that may be removed,
or split-off, by hydrolysis, since attempts to si-
multaneously hydrolyze and hydrogenate 3,4-di-
hydro-1,2-pyran or a derivative thereof which
does not contain at the No. 2 position a sub-
stituent group of the above defined character,
lead to yields substantialiy below the yields that
are obtained by successively carrying out the
“enumerated steps.

If, in the following formulas, R represents the
2-(8,4-dihydro-1,2-pyranyl) group or a substi-
tuted 2-(3,4-dihydro-1,2-pyranyl) group, the de-
rivatives of dihydropyran which preferably may
be employed in the execution of the process of
the present invention may be represented by the
structural formulas

R—S— and R—O-—

in which the free valencies at the O and S atoms,
respectively, are satisfied by organie groups
which preferably are bonded to the indicated
free valencies at an atom of carbon. In most
cases the desired 1,5-diol is derived solely from
the carbon atoms of the 2-(3,4-dihydro-1,2-
byranyl) group or the substituted 2-(3,4-di-
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hydro-1,2-pyranyl) group represented by R.
The carbon atom or atoms of the organic group
that is attached to the free valency of the S
or the O atom in the above formulas ordinarily
do not form a part of the desired product. (The
exception to the general rules arises in certain
cases in which an additional amount of the diol
may be derived from the said organic group. It
will be apparent, therefore, that the exception
does not limit the following sentence, but, in-
stead, is an exception only to the generalities de-
scribed in the two sentences immediately pre-
ceding). From the standpeint of operability in
the presence of the invention, the substituted di-
hydropyran therelore may be one which con-
tains any of a wide variety of substituent groups
attached by a hydrolyzable bond to the carbon
atom in position No. 2 of the dihydropyran ring
through a divalent atom of oxygen or sulfur.
Illustrative of the substituted 3,4-dihydro-1,2-
pyrans which may be employed in the execution
of the process of the invention are included,
among others, those which have the following
exemplary groups attached to the carbon atom
in the No. 2 position of the dihydropyran
ring: OR’, —SR’, —0—OC—R’,—0O—SC—R/’,
—~85—0C—R’, —S—SC—R’, etc., in which R’
represents an unsubstituted or a substituted hy-
drcearbon group.

Additional substituent groups, such as one or
more hydrocarbon groups, may be attached to
carbon atoms in the dihydropyran ring, sueh hy-
drocarbon groups, if present, preferably being
non-reactive to hydrogen under the conditions
under which the process is executed, e. g., hy-
drocarbon groups containing only saturated or
aromatic carbon-to-carbon bonds, such as alkyl,
cycloalkyl, aryl, alkaryl, aralkyl, and like groups.
- A preferred group of derivatives of 3,4-dihy-
dro-1,2-pyran wh.ch may be employed in the
execution of the process of the present inven-
tion comprises those derivatives which have
structures that may be represented by the for-
mula

R—O-—R’

in which R signifies the 2-(3,4-dihydro-1,2-pyr-
anyl) group or a substituted 2-(3,4-dihydro-1,2-
pyranyl) group and R’ signifies a hydrocarbon
group. It has been discovered that because of
advantages with which they may be prepared
and their suitability to the objects of the inven-
tion, the foregoing derivatives of 3,4-dihydro-1,2-
pyran are particularly desirable for use in the
process of the invention. Furthermore, com-

5 pounds corresponding in structure to the above

formula may be employed to produce with par-
ticular and outstanding efficacy and in partic-
ularly high yields, 1,5-diols which are desired in
accordance with the invention. 'The over-all re-
action which is caused to take place hy the proc-
ess of the invention may be exemplified, but not
limited in the scope of its applicability, by the
preparation of 1,5-pentanediol from a derivative
of 3,4-dihydro-1,2-pyran having the above struc-
ture when R signifies the unsubstituted 2-(3,4-
dihydro-1,2-pyranyl) group, as follows:

H; N

C
HC/ \CHn
H(”J (IJH~OR’

AN O/

It will be noted that in this equation the group
represented by R’ does not form a part of the
desired product. The specific identity of the

-~ HO—CH;CH;CH;CH;CH~~0H+R'0H
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‘tydrocarbon group R’ theréfore’is not a critical
Factor in determining ‘the ‘successful outcome of
‘the ‘process ‘and, ‘in fact, the hydrocarbon group
represented by ‘R’ ‘may-be almost any hydrocar-

“geyclic:or’cyclic, -aromatic or non-<arematic, un-
‘substituted ‘or suibstituted. It is preferred ‘that
‘the group R’ e relatively'non-reactive with hy-
-drogen, 4. ‘e, a “saturated -or -an aromatic group

sueh ‘as an alkyl, -aryl, aralkyl, alkaryl,-cycloal- -

kyl, orlike:group, since unneecessary saturation
‘of unsaturated .carbonste-carbon linkages inthe
‘group R’ otherwise -may -eccur during the exe-
“ciition of ‘the process. -It 'is particularly -desir-
mble that ‘the:group R’ be:such that the hydrox-
“ylie.compound R/OHis miscible with water,e. g.,
@ lower alkyl:group, although the:invention is not
-to beconstrued as:thus limitediin: its:more generic
-aspects. .Representative ‘hydrocarbon . groups
‘which may;be represented by R’ Ainclude, for €x-
:ample, phenyl, tolyl, xylyl, phenéthyl, cycloliexyl,
weyelopentyl, .methyleyclopentyl, ethyleyclohexyl,
‘heptyl, octyl, decyl, stearyl, phenylhexyl, tolylbu-
yl, and homologous -and :analogous groups; less
desirably groups containing one.or more non-
aromatic unsaturated -carbon-to-carbon bonds,
:such asvinyl, aliyl, methallyl, cyclchexenyl, crotyl,
‘cinnamyl, <and the like, -and most desirably the
Jlower alkyl groups such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, -and ‘their branchesd-chain
‘analogs. ‘A-preferred:-group of derivatives of di-
‘hydropyran which may be .employed in the exe-
cution of the :process of -the ‘invention has the
formula
jRI'

bm

Y
b &
\0/ \.03'

in which. R’ has its “ghove ‘significance and each
R’ represents a hydrogen atom or a ‘hydrocar-
bon group, preferably a hydrocarbon group: which
is rélatively resistant ‘to hydrogenation, Such as
‘an alkyl, ‘aryl, alkaryl, aralkyl, cycloalkyl groun,
‘of ‘the like. The completely aliphatic 1,5-diols,
i, e, the 15-alkanediols, are particularly valu-
‘able products for certain ‘applications in the
-grts. Tor the preparation of 1;5-alkanedicls, we
‘fiay employ ‘derivatives of -dihydropyran corre-
-sponding to'thelast-given formula when each R’’
‘yepresents a hydrogen atom or ‘an-alkyl group,
preferably one -containing from 1 ‘to about 10
earbonstoms.

Tlustrative derivatives of dihydropyran ‘which
‘may'be employed in-the process of the present in-
Vention may be illustrated by the following non-
Jimiting group -of ‘compounds: '2-(3.,4-dihydro-
12-pyranyD ‘methyl éther, :9-(3,4-dihydro-1,2~
“pyranyl) ‘ethyl ethe';‘,?z-'(3,’4-'dihydro-” 1,2-pyranyl)
propyl -ether, :9- (4-methyl-3 4-dikiydre-1,2-pyr-
anyl) isopropyl éther,2-(5-methyl-3,4-dihydro-
1,2~ pyranyl) Sputyl ether, 2-(5-putyl-3;4-dihy~
dro-T,2<pyranyl) ‘isobutyl -ether, .2-(2-methyl-
:3:4-dihydro-1,2-pyranyl) -isopropyl ether, 2- (2,4~
dimethyl-34-dihydro-1,2-pyranyl) ‘methyl ether,
2:(4-cycléhexyl - 5 —methyl-3,4-dihydro- 1.2-pyr-
‘anyl éthyl -ether, 2-(5-phenyl-3;4-dihydro - 1,2-
pyranyl) :iscbutyl ether, 9-(6-methyl-3,4-dihy-
«dio-1,2-pyranyl) ‘methyl ether, 2-¢5-octyl-3,4-di-
‘hydro-1;2-pyranyl) propyl ether, :2-=(5-pheneth-
-yl<6-methyl - 3;4 - dihydro - 1,2~ pyranyl) pentyl
:gther.and.analogous and ‘homologous:compounds.

‘bon ‘group, and may besaturated ‘or-unsaturated, -
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‘According to one ‘embodiment of the invention,
the’compotind R—O—R' may ‘be symmetrieal,
i. e, R and R’ ‘both may represent 2-(34-di-
“hydro-1,2-pyranyl) groups or substitution prod-
ucts ‘théreof. In this embodiment of the inven-
‘tion, the formation ‘of the by-product aleohol
R’OH s aveided, both of the groups R and R’
reacting -to form a-diol of the desired type with
consequent 1009, efficiency of the process with
réspectto the earbon'balance between the organic
‘reactant and the desired product.

“DPerivatives -of 3,4-dihydro-1,2-pyran which
‘may be employed in the process of -the invention
‘may be prepared conveniently and economically
:according to the method disclosed and claimed
‘in the copending application, Serial No. 751,980,
“filed June 2, 1947, now Patent No. 2,514,168, Ac-
‘cording to the method of the copending applica-
tion, ‘an -alpha,beta-clefinic -aldehyde, such -as
acroléin or ‘a substituted acrolein containing an
glkyl, aryl, alkaryl, or aralkyl group attached ‘to
either or to each of the-alpha and the beta carbon
atoms, ‘may be reacted with a vinyl compound
CH.—CH—OR/, in which R’ has its hereinabove
significance, -at an elevated temperature under
conditions which substantially minimize polymer-
ization of the reactants, to prepare directly ‘and
“in a single step :the above derivatives of 3,4-di-
‘hydro-1;2-pyran which -advantageously may be
utilized -in the present -process. ‘The method -of
the aforesaid copending application may be prac-
ticed by -heating a mixture of the alpha,beta-
olefinic aldehyde and the said vinyl compound
-present in about equimolar proportions contain-
ing -an amount :of :a “polymerization inhibitor,
.such as hydroquinone, sufficient. to -substantially
‘minimize 'polymerization, to a ‘temperature of
ahout 150°:C. to about 225° C. under an elevated
pressure sufficient to:maintain the reaction mix-
ture in.theliquid-state. -Reaction iimes of from
about % -to .about 2 -hours may be employed.
After the reaction, the desired product formed
thereby may be:separated from the reaction mix-
4ure priorto its use in the present process, or in
some ‘cases ‘the entire reaction mixture in its
-erude form may ‘be employed for the preparation
of 1,5-diols:according to the process of the pres-
ent invention. :

'The ;process ‘of the present invention may ‘e
earried .out by hydrogenating. in the presence of
an agueous medium and.a hydrogenation catalyst
junder conditions of :elevated “temperature and
superatmospheric ;pressures .of hydrogen condu-
cive ‘to ‘hydrogenation reaction, a derivative of
.3/4-dihydro-1,2-pyran:cf theherein defined char-
acter. .As the hydrogenation catalyst there may
be employed .any suitable metal .or compound of
3 metal:of the type well-known and customarily
referred-to-in the .art:as hydrogenation catalysts.
It -ig ‘desirable to -employ as the hydrogenation
catalyst.a metal or-a'compound of a metal which
may be easily .and economically prepared, which
has:a high .degree -of activity, and which retains
‘its -activity “under the .conditions of the process
for:a:length-of time sufficient to avoid the neces-
sity “of ‘reactivating -or replacing the ‘eatalyst .at
too frequent .intervals. ‘Generally speaking, hy-
:drogenation catalysts ‘which may be employed in
the execution of the process of the:invention in-
sclude ‘the metal hydrogenation catalysts, such as
“Bt, Pd, -Au, Ag, Cu, V, W, Co, Ni, Ru, Rh, Mn,
.Ct, ‘Mo, Ir, Os, Pb, and the like and mixtures
-af “the same and compounds and alloys thereof,
:particularly oxides-andsulfides thereof, and like
hydrogenation.catalysts. Because of theease and
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.economy witli which they may be prepared, and
because of their characteristics which render

. them particularly suited to the objects of the
invention in the way of providing high yields of
the desired product and their lack of tendency to
promote undesired side reactions, the base metal
hydrogenation catalysts, particularly the pyro-
phoric base metal hydrogenation catalysts such
as nickel, cobalt, and iron, are preferred. Be-
~cause of its availabilify and its particular efficacy
when employed in the process of the invention,
the well-known nickel hydrogenation catalyst
customarily referred to in the art as Raney nickel
hydrogenation catalyst is a preferred catalyst.
The hydrogenation catalyst may be employed in
a finely divided form and dispersed in and

. throughout the reaction mixture, or it may be
employed in a more massive state, either in
essentially the pure state or supported upon or
carried by an inert or catalytically active support-
ing or carrier material, such as pumice, kiesel-
guhr, diatomaceous earth, ciay, alumina, char-
coal, carbon, or the like, and the reaction mixture
contacted therewith as by flowing the mixture
over or through a bed of the catalyst or according
to other methods that are known in the art.

If desired the process of the present inven-
tion may be executed in the presence of a suit-
able acid-reacting material which serves to
acidify the aqueous medium and thereby increase
to a certain extent the reaction rate under the
otherwise existing reaction conditions. In large
scale applications of the process, it frequently
may be advantageous to carry out the process em-

ploying a non-alkaline agueous medium that con-

tains a minimum of added acid-reaction mate-
rials, thereby avoiding or minimizing any addi-
tional steps that would be required for the pur-
pose of separating the acid catalyst from the re~
action mixture as a part of the treatment lead-
ing to recovery of the desired product. If an
acidic catalyst is employed, any suitable acid-re-
acting material may be used, such as a strong
mineral acid, an acid-reacting salt, or a material
which will react under the conditions of the proc-
ess to form in situ an acid-reacting material. The
acid-reacting material must be one that does not
adversely affect the hydrogenation catalyst, i. e.,
it must be non-poisonous to the hydrogenation
catalyst. Suitable acid-reacting materials which
may be employed to increase the reaction rate
inelude, for example, mineral acids, such ag HCI,
H2S804, HBr, HI, H3POs, HsP20O7, HNO;3, HaSeOs,
H2803 and the like; acid-reacting salts, such as
NaHSOs, NaH:POs, KHzPOs, ZnCls, MegCla,
ZnS0:, PeCls, Ala(SO4)3, and the like. There
also may be employed compounds which form
mineral acids with water, such as SO2Clz, SOCl,
N20z, PCls, PCls, and the like. As the acidifying
agent there also may be employed suitable organic
acids, particularly the water-soluble organic
acids, such as the lower aliphatic ecarboxylic acids,
halogenated aliphatic carboxylic acids, dibasic
carboxylic acids, aromatic acids, and the like. It
is not necessary that the acid-reacting catalyst
be infinitely soluble in water, since it is necessary
only that amounts sufficient to influence the re-
action rate be present in the dissolved state.
Therefore, organic acids that are less soluble
in water, than those just mentioned also may
be employed as the acidifying agent if desired,
including, for example, aromatic sulfonic acids,
higher, less-soluble aliphatic carboxylic acids,
dialkyl and alkyl sulfates, alkylated phosphoric
. acids, .and the like, Because of their freedom
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from any tendency to poison the hydrogena-
tion catalysts that may be employed in the execu-
tion of the process of the invention, the lower
fatty acids, such as the lower fatty acids con-
taining from one to about four carbon atoms are
particularly effective for use in the process of the
invention. It is desirable, if an acid catalyst is
employed, to use one that is easily separated
from the reaction mixture after completion of
the desired reaction, or, alternatively, one from
which the desired product may be easily sep-
arated. The volatile organic acids, such as the
lower aliphatic monocarboxylic acids are advan-
tageous in this respect because they generally
may be conveniently separated from the desired
product as by fractional distillation of the reac-
tion mixture. Mineral acids such as sulfuric acid,
hydrochloric acid, or the like, may be removed -
from the reaction mixture after completion of
the reaction by addition of a suitable base or
basic salt which forms a water-insoluble of lime
or caleium carbonate or of baria, hydrochloric
acid may be neutralized by the addition of silver
oxide, etc., and the resulting insoluble salt may
be removed by filtration or in other ways that
will be apparent to those skilled in the art.

The amount of the acidifying agent, if one
is employed, may be varied over relatively wide
limits. Strong mineral ac.ds and acid-reacting
substances of equivalent acidic strength may be
employed in amounts of from about 0.00005 to 1
or more acid-equivalents per liter of water,
amounts not over about 0.2 acid-equivalent per
liter of water being preferred. Amounts of acetic
acid and weak acids of equivalent acidic strength
up to about 5% by weight, based on the weight
of the water, have been found to provide highly
favorable results. More broadly speaking,
amounts of the acid-reacting material from 0 up
to about 40% by weight of the water that is pres-
ent may be employed.. When the acid catalyst
is one that must be removed, as by neutraliza-
tion, prior to recovery of the desired product, it
usually is desirable to employ only small amounts
in order to minimize the consumption of acid
in the process. Those acids which can be re-
covered as such from the reaction mixture, i. e.,
without neutralization, usually may be employed
in somewhat larger amounts without uneconomic
consumption of acid. Because of the possibility
that the presence of excessive amounts of an
acid or acid-reacting material would affect ad-
versely the activity of the hydrogenation cat-
alyst, it is particularly preferred to employ from
about 0% to about 2% by weight of the acidify-
ing agent, based on the weight of the water that
is present.

The process of the invention may be executed
effectively when water (. e., distilled or tap water)
is employed as the aqueous medium. However,
the invention also includes the addition to the
agueous medium of substances which facilitate
the reaction as by their physical effect in the
reaction mixture. For example, if it is desired
to render the derivative of dihydropyran more
miscible with the aqueous medium in those in-
stances in which the two are highly immiscible,
mutual solvents, such as lower aleohols, hetero-
cyclic oxygen-containing solvents, glycols con-
taining, for example, from 2 to 3 carbon atoms,
and the like, may be included in the mixture.
Although their presence is not essential to the
successful execution of the process of the inven-
tion, such additional materials may desirably
facilitate the carrying out of the process, pos-
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si_bly through their effect-upon:the physical char-
acteristics. of _the,_ reaction. mixture.

The.amount. of. the agueous medium that is.

employed desirably.contains. a .quantity of water
at,least.equimolar. to. the amount.of the: substi-
tuted 3;4-dihydro-1,2 pyran; it.being preferred to
employ amounts of water in excess.of about. 1.5
molés- per. mole. of. the substituted 3,4-dihydro-
1,2-pyran. There:is no known theoretical maxi-

mum to.the.amount. of the water that.may. be.
present, although. for practical reasons- it.is-de-.
sirable to maintain the amount - within reasonable .
In order-to avoid exeessive: dilution. of.

limits.
the reaction mixture, with consequent reduction
in: the. effectiveness. of the contact: between the

organie reactant and the hydrogenation catalyst,.
it is desirable to employ not.over-about 100 moles:
of ‘water per mole of the substituted 3,4-dihydro-.
1,2-pyran, a.preferred maximum being about 10.
moles. of water per- mole of substituted 3,4-di--

hydro-1,2-pyran.

The.process of the-invention may bhe -executed .

by treating a mixture of the substituted 3,4-di-
hydro-1,2-pyran and the aqueous medium in-the
presence. of. the hydrogenation catalyst with hy-

drogen or, a. hydrogen-containing gas at an. ele-.

vated- temperature and under superatmospheric
pressure of hydrogen.until the absorption.of hy-

drogen. is, essentially. complete, and recovering-

from the mixture. the: 1,5-diol’ that. thereby is

formed. Broadly speaking, temperatures of:from.

about 50°°C. to about 350° C. may be employed.. &
preferred range-of temperatures: comprises tem-
peratures at which the: reaction proceeds at. a

rate most suited to practical application of the.

process while avoiding the possibility of exces-
sive. side reactions which ceuld occur at.exces-
sively elevated temperatures and:comprises tem-
peratures within the range of from about 100° C.
to. about 250° C. Hydrogen pressures- greater
than about 250 pounds per square inch.are effec-
tive for accomplishing the objects of the inven-
tion. The maximum. pressure of hydrogen that
may be-employed. is determined largely by the
strength of the equipment that is used, and. is.
not known to be critical. A convenient maximum
pressure of hydrogen is 10,000 pounds per square
inch, and. a. preferred- range of hydrogen. pres-
sures is.from about 1000 to about 5000 pounds. per
square. inch..

The process of the present invention may be:

executed in any suitable manner and in any suit-
able. apparatus of the type.that is customarily
employed for hydrogenation. processes. A.meth-
od of carrying out the process which. has heen
found to be advantageous comprises mixing the
substituted 3,4-dihydro-1,2-pyran with the aque-
ous medium in a.pressure-resistant vessel equip-
ped with the necessary- inlets and outlets, heat-
ing means, pressure guage thermometer, ete.,
and desirably with. means for-agitating the con-

tents; and subjecting. the mixture. to the action.
of hydrogen. gas under the.aforesaid conditions:

of temperature and pressure in the presence of
the hydrogenation catalyst until absorption of
hydrogen is for practical.purposes complete. In-
stead of in a batchwise method, the process may;
be, carried out; in an.intermittent or continuous.

manner;ds by flowing a stream of a.mixture:com=--

prising-the agueous medium. and the substituted
3;4-dihydro-1,2-pyran over and/or through. a.
fixed or moving bed of the hydrogenation cata-
lyst under. an. atmosphere of hydrogen and at
conditiens. of: temperature and. pressure of hy-
drogen as'aforesaid. There is.produced, as the
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direct result:of ‘the. treatment.with-hydrogen- of:
the:mixture.of the agueous-medium and-the-sub--
stituted 3,4-dihydro-1,2-pyran, the. 1,5-diol: that-:
is desired-as the ultimate product of -the process,

: steps such as those. invelving. separation of an

intermediate reaction product, or adjustment.or
manipulation of an intermediate reaction mix-
ture, being avoided: At the:conclusion of the
hydrogenation treatment, the desired product
therefore may. be.recovered-directly from.the re-
action mixture-in any-suitable manner. For ex--
ample; the hydrogenation catalyst, if dispersed
in the reaction-mixture; may be removed by fil-
tration; centrifugation; or by other means which-
will' be apparent. to- those-skilled in the art. If
an acidifying agent is present:and its continued:
presence-during-the recovery-treatment: would-be-
objectionable, it-may be.removed-at this time, il=
lustrative suitable: methods for- its: removal havs.
ing been-referred to hereinbefore: The desired!
1,5-dioli may ‘be further purified in;any suitable
manner, such as-by evaporation ordistillation:of-
the more volatile- components of the remaining:
mixture; by fractional: distillation, by treatment-

. with selective solvents, by crystallization, or ac-

cording to other possible methods. that will® be:
known to those skilled-in:the art.

The. following examples: will-illustrate certain
of the possible specific embodiments: of the in--
vention. It will be appreciated that the examples
are presented for the purpose-of illustrating the
invention and not to unncessarily limit the same
as-it is- defined in the appended claims. It also,
will be understood-that we do_not-intend to limit
the invention, other-than as it is defined- in_the
appended claims, according-to any theories, ex-
pressed or implied, that may have been referred
to during the discussion-of the invention. In the
examples, the parts-are by weight.

Example: I

One thousand; parts of 2-(3,4-dihydro-1,2-.
pyranyl) methyl ether and 316. parts of water
were mixed in a pressure-resistant reaction vessel
suitable for hydrogenation processes. The vessel
was constructed of S. A. E. 4140 hydrogenation
steel and was equipped with the customary.ther-.
mometer for measuring the temperature of the.
contents,. a pressure gauge, a sbirrer, aund in-
ternally. located heating coils through which.
steam could be passed, and. was provided with an
inlet for hydrogen, ete. To. the mixture. there
were added 65 parts of Raney nickel hydrogena-
tion catalyst. The vessel was. closed from the at-
mosphere and air remaining in the vessel was
washed: out: with- hydrogen gas. Hydrogen-under
pressure was introduced into the-vessel, and. the
contents were heated. with- agitation: to-150° C.
under a hydrogen. pressure. of 1500 pounds: per:
square inch. After four hours, the pressure was:
released, and the reaction mixture was- taken:
from the reaction vessel and- filtered to remove:
the hydrogenation catalyst. The. filtrate was.
fractionally distilled to-recover. 1,5-pentanediol
In this experiment, the 1,5-penfanediol: was- re-
covered in-a yield of 95%, based-on the amount of:
the-dihydropyranyl- methyl ether consumed,; and:
in a_conversion of 90%. based- on the amount of:
dihydropyranyl methyl ether employed; as:a frac-
tion distilling from 103° €. to 108° C. under a.
pressure of 1 mm. Hg: The. above yield figure:
takes credit for a small amount of a mixture of
intermediate products. that was separated. as a_ .
forecut. during the. distillation. By. the use of:

75 slightly more rigorous: conditions during the hy-
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drogenation or by re-passing it through the-

process with a further batch of the reaction mix-
ture, the forecut would have been converted to
1,5-pentanediol, since hydrogenation of the fore-
cut completely converted the intermediate ma-
terials in it to ‘1,5-pentanediol.

Example IT

A mixture of 510 parts of 2-(4-methyl-3,4-
dihydro-1,2-pyranyl) methyl ether, 250 parts of
water, 200 parts of methyl alcohol, and 2 parts of
glacial acetic acid was placed in the reaction ves-
sel that was employed in Examvle I. One hun-
dred parts of Raney nickel hydrogenation ca’a-
lyst were aded to the mixture. The mixture was
subjected to the action of hydrogen, with agita-
tion, at a temverature of 150° C. and a hydrogen
pressure of 1300 pounds per square inch for two
hours. The mixture then was taken from the
reaction vessel and filtered to remove the hydro-
genation catalyst. The filtrate was fractionally
distilled. After distillation of water and meth-
anol, 3-methyl-1,5-pentanediol was senarated as
a fraction distilling from 84° to 95° C. under a
pressure of 0.7 mm, Hg in the amount of 320
parts, corresponding to a yield of 71.5% bhased
on the amount of the methvidihydropyranyl
methyl ether that was consumed.

Example 111

A mixture of 560 parts of 2-(5-methyl-3,4-
dihydro-1.2-pyranyl) n-butvl ether, 508 parts of
water, and 2 parts of glacial acetic acid was pre-
pared and placed in the reaction vessel that was
used in the foregoing exammwles. One hundred
parts of Raney nickel hydrogenation catalyst
were added to the mixture and the mixture was
exposed, with agitation, at a temperature of 150°
C. for 16 hours to hydrogen gas under a pressure
of 1200 pounds per square inch. The mixture
then was taken from the reaction vessel, the
hydrogenation catalyst was removed bv filtration,
and the filtrate was fractionally distilled under
reduced pressure. After removal of water and
n-butanol, 2-methyl-1,5-nentanediol was re-
covered as the fraction distilling between 80° ¢
and 89° C in an amount corresponding to 265
parts. Redistillation of the 2-methyl-15-pen-
tanediol gave a heart cut with the following
properties: Boiling point, 89° C.: refractive index
n,20, 1.4532; specific gravity (20/4); 0.9724.

Example 1V

Eleven hundred forty parts of 2-(3.4-dihvdro-
1,2-pyranyl) methyl ether, 360 parts of water,
and 1 part of glacial acetic acid were mixed in
the reaction vessel that was employed in Examnle
I. To the mixture was added 150 parts of Raney
nickel hydrogenation catalyst. Air was displaced
from the vessel by introduction of hydrogen, the
vessel was closed from the atmosphere and the
hydrogen pressure was increased to 1500 pounds
per square inch. The temperature of the vessel
and its contents was raised to 150° C. and kavt
at this value for 4 hours. During this time the
contents of the vessel were agitated. The vessel
then was cooled and the pressure released, and
the contents of the vessel were withdrawn. After
removal of the hydrogenation catalyst by filtra-
tion, the mixture was fractionally distilled.
1,5-pentanediol was recovered in a conversion of
92% based on the amount of 2-(3,4-dihydro-1,2-
pyranyl) methyl ether employed. -
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‘Example V :
A mixture of 1140 parts of 2-(3,4- dihydro 1,2--
pyranyl) methyl ether, 1100 parts water, and 200
parts Raney nickel hydrogenation catalyst was

“subjected according to the method of the pre- .

ceding examples at 150° C. for 3 hours to the
action of hydrogen gas under a pressure of 1500

pounds per square inch. After removal of the

hydrogenation catalyst by filtration, the re-

sultant mixture was fractionally distilled. 1,5-
pentanediol was recovered in a conversion of 90%.
based on the amount of 2-(3,4-dihydro-1,2-
pyranyl) methyl ether employed.

I claim as my invention:

1. The method of preducing 1,5-pentanediol
consisting in hydrogenating at a temperature
from about 100° C. to about 250° C. under a pres-
sure of hydrogen from about 1000 to about 5000
pounds per square inch in the presence of Raney
nickel hydrogenation catalyst, a mixture com-
prising a 2-(3,4-dihydro-1,2-pyranyl) lower alkyl
ether and from about 1.5 to about 10 molar equiv-
alents of acidulated water.

2. The method of producing 1,5-pentanediol

consisting in hydrogenating at a temperature

irom about 50° C. to about 350° C. under a pres-
sure of hydrogen from about 250 to about 10,000
pbounds per square inch, in the presence of g hy-.

drogenation catalyst, a mixture comprising 2-

(3,4-dihydro-1,2-pyranyl) lower alkyl ether and
water in an amount at least molecularly equlv-
alent thereto.

3. The method of producing 1,5-pentanediol
consisting in hydrogenating at a temperature
from about 50° C. to about 350° C. under a pres-
sure of hydrogen from about 255 to about 10,000
pounds per square inch, in the presence of a hy-
drogenation catalyst, a mixture comprising a 2-
(3,4-dihydro-1,2-pyranyl) organic ether wherein
the dihydropyranyl group is unsubstituted and
water in an amount at least molecularly equiv-
alent thereto.

4. The method of producing 1,5-diols consist-
ing in hydrogenating in the presence of a hydro-
genation catalyst under conditions of an elevated
temperature and a superatmospheric pressure of
hydrogen conducive to hydrogenation reaction, a
mixture comprisng a 3,4-dihydro-1,2-pyran hav-
ing an organic substituent group attached to the
carbon atom in position No. 2 of the dihydropyran
ring by a hydrolyzable bond to a divalent atom of
a non-metallic element of group VI of the
periodic table of the elements, end water, and re-
covering a 1,5-diol from the mixture.

5. A method of preparing 1,5-pentanediol com-
prising subjecting 2-(3,4 - dihydro - 1 ,2-pyranyl)
methyl ether to the simultaneous action of an
aqueous acidic hydrolytic medium containing at
least its molecular equivalent of water, and of
hydrogen under a pressure from- about 250 to
about 10,000 pounds per square inch, in the
bresence of a hydrogenation catalyst and at a -
temyperature from about 50° C. te about 350° C.,
and recovering 1,5-pentanediol from the resultant
mixture.

6. A method of preparing 1,5-pentanediol com-
prising subjecting a 2-(3,4-dihydro-1 ,2-pyranyl)
organic ether wherein the ~2- dlhydropyranyl'w
group is unsubstituted, to the simultaneous action:
of an aqueous hydrolytic medium and hydrogen
under a pressure from about 250 to about 10,000 .
pounds per square inch in the presence of hydro-
genation catalyst at a temperature from about
50° C. to about 350° C. and recovermg 1 5-pen-]
tanediol from the resultant mixture. - -
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7. A-method of preparing a 1,5-diol comprising
subjecting in the presence of a hydrogenation
catalyst a 3,4-dihydro-1,2-pyran having an or-
ganic substituent group attached to the carbon
atom in position No. 2 of the dihydropyran ring
by a hydrolyzable bond to a divalent atom of a
non-metallic element of group VI of the periodic
table of the elements, to the simultaneous action
of an aqueous hydrolytic medium and hydrogen
under conditions of an elevated temperature and
a superatmospheric pressure of hydrogen con-
ducive to hydrogenation reaction, and recovering
a 1,5-diol from the resultant mixture.

8. The method of producing 1,5-pentanediol
congsisting in subjecting to simultaneous hydrol-
ysis and hydrogenation in the presence of a hy-
drogenation catalyst an unsubstituted 2-(3,4-di-
hydro-1,2-pyranyl) lower alkyl ether.

9. The method of producing 1,5-pentanediol
consisting in subjecting to simultaneous hydrol-
ysis and hydrogenation in the presence of a hy-
drogenation catalyst an otherwise unsubstituted
derivative of :3,4-dihydro-1,2-pyran having an or-
ganic substituent group attached to the carbon
atom in position No. 2 of the dihydropyran ring
by a hydrolyzable bond to a divalent atom of a
non-metallic element of group VI of the periodic
table of the elements.

10. The method of producing a 1,5-diol consist-
ing in subjecting to simultaneous hydrolysis and
hydrogenation in the presence of a hydrogenation
catalyst a 3,4-dihydro-1,2-pyran having an or-
ganic substituent group attached to the carbon
atom in position No. 2 of the dihydropyran ring
by 2 hydrolyzable bond to a divalent atom of a
non-metallic element of group VI of the periodic
table of the elements.

11. The method of producing 1,5-pentanediol

(=44
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from acrolein comprising the steps of condensing
acrolein with a lower alkyl ether of vinyl alcohol
by heating in admixture to produce a 2-(34-di-~
hydro-1,2-pyranyl) lower alkyl ether, hydrogen-
ating the products of the condensation reaction
containing the 2-(3,4-dihydro-1,2-pyranyl) lower
alkyl ether by treatment with hydrogen gas in the
presence of water and a hydrogenation catalyst,
and recovering 1,5-pentanediol from the products
of the hydrogenation.

12. The method of producing a 1,5-diol from
an alpha,beta-olefinic aldehyde which comprises
condensing the alpha,beta-olefinic aldehyde with
3 vinyl compound of the general formula

CH:=CH—-O—R

wherein R denotes a hydrocarbon group to pro-
duce a 2-(3,4-dihydro-1,2-pyranyl) ether having
the group denoted by R linked to the ether oxygen
atom, and subjecting said ether to the action of
molecular hydrogen in the presence of a hydro-
genation catalyst and water at an elevated tem-
perature and under & superatmospheric pressure
of hydrogen gas to produce a 1,5-diol.
CURTIS W. SMITH.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,097,493 Leuck etal, - —ccceeeees Nov. 2, 1937
2,440,929 Bremner et al. .- May 4, 1948

OTHER REFERENCES

Paul: “Bulletin Soc. Chim. de France,” 5th Se-
ries, vol. 1, part 2, (1934) pages 971-980,




