-1- Process for preparing substituted 1, 4-gui none

nmet hi des The invention relates to a process for

preparing substituted 1, 4-quinone nethides of the

formula (1) from 3,5-disubstituted

4- hydr oxybenzal dehydes, and also to a process for
preparing the 3,5-di substituted 4-

hydr oxybenzal dehydes fromthe cérrespondi ng 2, 6-

di subspideksd foreperkeparind/bsutostituded 1,4-quinone methides
7-ethoxy-substituted 1,4-quinone nethides are known
inthe literature as inportant isolable internediates
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2002, 67, 125 128 and in EP 0 626 377 Al. This
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described by Inagakl et al. both in J Org Chem. 2002,
67, 125-128 and in EP 0 626 377 Al. This involves
reacting a mixture of 3,5-di-tert-butyl-4-hydroxy-
benzaldehyde with an excess of trimethyl orthoformate,
absolute methanol and xylene in the presence of
ammonium chloride as a catalyst to give the
corresponding acetal, by heating the reaction mixture
under reflux for a few  hours. Subsequently, a
distillation is performed, xylene is added as an
additional solvent, the mixture is cooled, and then the
catalyst - the ammonium chloride - is filtered off. In
order to achieve the elimination of the alcohol from
the acetal to give the substituted 1,4-quinone methide,
in both publications, the filtrate is heated and thus
methanol and xylene are distilled off. Thié
concentrates the product, which is filtered and then
recrystallized in hexane or in a mixture of petroleum

ether and ligroin.



concentrates the product, which is filtered and then
recrystallized in hexane or in a mxture of petrol eum
ether and ligroin. 2 The preparation of the

. correspondi ng acetal of the 3,5- disubstituted

4- hydr oxybenzal dehyde by reaction with orthoformate
and/ or al cohols is described by_ nunerous

publications: Ol ando descrlbeé2 TnJ. Og. Chem
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from hot hexane. The preparation of acetals of ot her
4- hyslfioxybeqnzal dehky drsamibldt r iaethyvear t babar maves, 31,

and/f52—129, a process for preparing the acetal from 3,5-
disubstituted 4-hydroxybenzaldehydes, which also
involves heating a mixture of 3,5-diisopropyl-4-
hydroxybenzaldehyde, trimethyl orthoformate, ammonium
chloride and methanol under reflux for a few hours.
Subsequently, the reaction mixture is allowed to cool,
an agqueous ammonium hydroxide solution is added, the
mixture is extracted with dichloromethane and washed,
and the organic phase is dried and concentrated to
dryness. The desired acetal can then be crystallized

from hot hexane.

The preparation of acetals of other 4-
hydroxybenzaldehydes with trimethyl orthoformate and/or
methanol in the presence of various catalysts is
described in numerous publications. For instance, Du et
al. describe, in Synthetic Communications 2005, 35,
2703-2708, the use of ionic liquids as a catalyst. The
use of amidosulphonic acid as a catalyst is described
by Gong et al. in Synthetic Communications 2004, 34,
4243-4247. Lithium tetrafluoroborate as a suitable
catalyst is described by Hamada et al. in Synlett 2004,



met hanol in the presence of various catalysts is
descri bed in nunmerous publications. For instance, Du
et al. describe, in Synthetic Communi cati ons 2005,

35, 2703-2708, the use of ionic liquids as a

catal yst. The wuse of am dosul phonic acid as a

catal yst is described by Gong et al. in Synthetic
Conmruni cati ons 2004, 34, 4243-4247. Lithium

tetrafl uoroborate as a suitable scatalyst is described
by Hamada et al. in Synlett 2004, - 3 6, 1074-1076.
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ubstitute 4-hydroxybenzaldehydes is the formylation
of the 2,6-disubstituted phenols in the para position

with urotropin.

For instance, Bolli et al. described, in the two PCT
publications WO 2006/100633 Al and WO 2006/010544 AZ,
the reaction of, respectively, 2-ethyl-6-methylphenol
and 2,6-diethylphenol with an excess of urotropin in
the presence of acetic acid. After distilling off a
first solvent fraction, the reaction mixture is heated
under reflux for three hours and diluted with water,
and then the corresponding 4-hydroxybenzaldehyde is
extracted with ethyl acetate. The yields are 31% and

40% respectively.

Unangst et al. described, in J. Med. Chem. 1994, 37,
322-328, the reaction of 3,5-diphenylphenol with an
excess of urotropin in the presence of acetic acid.
This involves adding water, heating the reaction
mixture under reflux and removing distillate until a
temperature of 114°C is achieved. The yield is 64%.



the presence of acetic acid. After distilling off a
first solvent fraction, the reaction mxture is heated
under reflux for three hours and diluted with water,
and then the correspondi ng 4- hydroxybenzal dehyde is
extracted wth ethyl acetate. The yields are 31% and
40% respecti vely. Unangst et al 4 described, in J. Mud.
Chem 1994, 37, 322-328, the reaction of
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found wherein a (thio)acetal is first forned from
4-hydnﬁxyhemﬂ@1ﬂﬁhyd£s piobbeyf orapdla cable  process for

preparing substituted 1,4-quinone methides of the
formula (I) has been found, wherein a (thio)acetal is
first formed from 4-hydroxybenzaldehydes of the formula
(ITI), which can then be converted directly to the
desired substituted 1,4-qgquinone methides in a further
step by thermally induced elimination of alcohol or
thiol. With this process according to the invention,
not only are the 7-methoxy and 7-ethoxy-substituted
1,4-quinone methides described in the 1literature
preparable, but completely new compounds are also

obtainable.

In the process according to the invention, the
(thio)acetals can be formed, in contrast to the prior
art, using inexpensive, nontoxic and halogen-free
catalysts, for example organic sulphonic acids,
sulphuric acid and/or hydrogensulphates thereof, as the
catalyst. Halogen-free preparation is thus possible.
Specifically in industrial scale processes, this is an
important advantage owing to the risk of stress-
cracking corrosion in the case of use of halides in the



(1'l'), which can then be converted directly to the

desired substituted 1, 4-quinone nethides in a further
step by thermally induced elimnation of alcohol or

thiol. Wth this process according to the invention,

not only are the 7-methoxy and 7-ethoxy-substituted

1, 4-qui none nethi des describedsin the literature
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In the process according to the invention, 3,5-
disubstituted 4-hydroxybenzaldehydes of the formula
(II) are used as the reactant; in the context of this
invention, it was also possible to improve the upstream
process step the preparation of the 3,5-disubstituted
4-hydroxybenzaldehyde from the 2,6-disubstituted
phenol. Thus, it was found that, completely
surprisingly, both through the amendment of the
sequence of metered addition and through the use of a
reaction temperature below the reflux temperature,
yvields of more than 80% can be achieved. In addition,
it was surprising that the molar amount of urotropin
based on the 2,6-disubstituted phenol used can be
lowered to below 1:1 without having to accept vyield

losses.

The invention thus provides a process for preparing
substituted 1,4-quinone methides of the formula (I)



first process stage does not need an additiona
solvent, it is additionally possible to significantly
i nprove the space-tine yield. In the process according
to the invention, 3,5- disubstituted

4- hydr oxybenzal dehydes of the formula (I1) are used
as the reactant; in the contextgof this invention, it
was al so possible to inprove the upstream process
step the preparation of the 3,5-disubstituted

4- hydr oxybenzal dehyde frofdthe 2, 6-di substituted
phenol . Thus, it was foundf that, conpletely

surprisingly, bo the a dnment of the
sequence of nete ddi ang~t ifrough the use of a
reamiontemmrMUrei»lowth-refqutenmﬂatwe

yi el ds of nore than 8( achieved. In addition,

d phenol used can be
fut having to accept yield
| osses. The invention thug{ provides a process for
preparing substituted 1,4+ quinone nethides of the
formula (1) 6 - OR3 R2 XR7 (1) where R1l, R2 =
each independently hydrogen, &8;-CLl5) alkyl, (I)
(C3-C15) -cycl oal kyl or (C6-Cl4)- aryl, which are
unsubstitued or substituted, R7 _ (Cl-Cl5)-alkyl,
(C3-C15) -cycloalkyl or (C6-Cl4)-aryl, which are

substjtuted orp unsubstit ufefdh, @17 ydogen, (C1-Cis) -

alkyl, (C3-Cis)-cycloalkyl or (Ce-Cig)-

arvl, which are unsubstitued
substituted,
Ry = (C1-Ci15) —alkyl, (C3~Cy5) ~cycloalkyl

(Ce-Ci14) —aryl, which are substituted or

unsubstituted, and
X = 0, S,

which is characterized in that 3,5-disubstituted 4-

hydroxybenzaldehydes of the formula (ITI)

OH

H o (In

where R; and R, are each as defined in formula (I)



which is characterized in that 3,5-disubstituted 4-

hydr oxybenzal dehydes of the fornmula (I1) OH Rl Rz

(1) HO where RL and R2 are each as defined in

formula (1) - 7 are reacted with orthoformates of the

formula (111) OR4 RGO OR5 (I11) where R4, R5, R6 =

each independently (d -C15)-alkyl, (C3-

Cl15) - cycl oal kyl or (C6-Cl4)-aryl, which are

subst atdertkartadnsulbst ot thhethrmesaloéohbe st@md/ler (III)

thioalcohols of the formula (1V) X 3/ H(IV) where R3
(C1-C15) - al kyl, (C3-gﬁ§) -cycl oal kyl or

(C6 Cl4)-aryl, whi ch are ubstituted or

unsubstituted, and X =[0, S, in the presence of a

catal yst selected fromjfree or solid-phase-bound

organi ¢ sul phoni ¢ acids,~sul phuric acid,

hydr ogensul phat éRgOor gani ¢ ©Rg4 nor gani c G"gsphor us

aci ds, the di hydrogen and hydrogen salts "thereof, and

fumng nitric acid and/or boric acid, to give t he

corr eapanding acetal Aod then teﬁaeattgh%%_ ) {008 (e
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This invention furthekepsoys€desudd MOCRSSbERL tuted,
preparing the 3,5-disubstituted 4-hydroxybenzal dehyde

of the
and alcohols and/or thiocalcohols of the formula (IV)

N
Ry H (V)

where R3 = (C1-Ci5) —alkyl, (C3-Ci15) ~cycloalkyl or
(Cg-Crq4) —~aryl, which are substituted or
unsubstituted, and
X = o, S,

in the presence of a catalyst selected from free or
solid-phase-bound organic sulphonic acids, sulphuric
acid, hydrogensulphates, organic or inorganic
phosphorus acids, the dihydrogen and hydrogen salts
thereof, and fuming nitric acid and/or boric acid, to
give the corresponding acetal and then the alcohol or
thiol is eliminated from the corresponding acetal to
give the substituted 1,4-quinone methide of the formula

(1).

Thig invention further provides a process for preparing
the 3,5-disubstituted 4-hydroxybenzaldehyde of the
formula (II), wherein 2,6-disubstituted phenols of the

formula (VII)



formula (11), wherein 2,6-disubstituted phenols of the
formula (MI) - 8- OHRL R2 (VIl) where Rl and R2
are each as defined in forrmula (I) is reacted with
urotropin in a solvent mxture consisting of glacial
acetic acid and water at tenperatures which are at

| east 2C below the reflux tenmgerature over the entire
reaction tine. This invention |ikew se provides a
process for preparing substituted 1,4-quinone

met hides . of the fornmul 0 RLR2 1li XR8 (V)
where Rl1, R2 = each indepephdently hydrogen, (Cl-C15)-
al kyl, (C3-C15)-cycl oal ky 234)- aryl, which
are unsubstitued of ] Rs =
(C3-Cls) -al kyl, (C3-0¥
whi ch are substituted
whi ch is characterized
qui none net hi de of the a2 (1) where R7 _
unsubstituted (Cl-C2)-al Ky group and X Vi) where R1
and R2 are each as defined in formula (v), is reacted
in the presence of an al cohol or thioal cohol of the
formula (V1)

where R; and R, are each as defined in formula (I)

il kyl or (C6-Cl4)-aryl,
pstituted, and X = 0, S,
a substituted 1, 4-

is reacted with wurotropin in a solvent mixture

consisting of glacial acetic acid and water

temperatures which are at least 2°C below the reflux

temperature over the entire reaction time.

This invention likewise provides a process for

preparing substituted 1,4-quinone methides . of the

formula (V)

H XRg V)

where R;, Ry = each independently hydrogen, (Ci-Cis)-
alkyl, (C3-Cis)-cycloalkyl or (Ce-Ciq)-

aryl, which are unsubstitued
substituted,



Rs H(VI) where Re = (C3-Cl15)-al kyl, (C3-C15)

-cycl oal kyl or (C6-Cl4) -aryl, which are substituted

or unsubstituted, and X = 0, S. For the acetal

formation in the process according to the invention

for preparing substituted 1, 4-qui none nethides of the
formula (I), preference is givesn to wusing, as the
reactant, 3,5-disubstituted 4- hydroxybenzal dehydes of
the fornul &g(kl) whi ctcshays -@Cky1C15)(Caty) ;e @pa0KI)L  or
-cycl oal kyl and/ or (Chs Cl4)- S :
substituents Rl and gg? %Hé.%%%?dig%%é?j?ﬁ%egubStltUted °or
4- hydr oxybenzal dehydefdw§isHEREr a1ty have (Cl- C4)-

al kyl and/ gr =( C3- C15)o,cysl oal kyl groups as

substituents Rl and R2. Particular preference is

given to using 3,5- disubstituted .

4- hy deiohatbensal deayaieteniized (Cp- Gahatal Iyl sugssiypeted 1, 4-
rmsth @Ii‘%fcﬁqre?bgdé‘tt\ﬂliﬁg branchag l(%r%law kod)  gfises, R, =
such as tert-bu or 1sop roups, .as, _

substt %tﬁﬁeénchiﬁsrﬁaggit@%SPBanFﬁég = O, where R
3, 5- dirgliBst ateitesd- alsy dedxyed bon Zamwipdd¥) usee heacted in
unsubstd t ut-ed.QLoOunss asy, substhbyent;s RhidAdcBRo1- 0 the
In the context _of the invention, substituents are
underfrggdat 6VFkan groups sel ected from - COOR, - OH,

-OR, -halogen, -NR2, =0 and -CO- NR2, where R =

hydr ogen, (C1-C15)-al kyl ,X(C3-C15)-cycl oal kyl and/ or
(C6-C14)-aryl group ,/ﬁﬁ?cﬁ\ﬂFy in turn be

substituted by at |eadt one of' these sﬁ i)ituents.

Furt her reactants used for the acetal formation in the
process according to the invention are orthoformates

of wheredkersl a (111 )fCstherealind subkbifudncycrgaligl or

and R6 (Ce-Ci4) ~aryl, which are substituted or
unsubstituted, and
X = O, S.

For the acetal formation in the process according to
the invention for preparing substituted 1,4-quinone

methides of the formula (I), preference is given to

using, as the reactant, 3,5-disubstituted 4-
hydroxybenzaldehydes of the formula (II) which have (C;-
Ci5) —alkyl, (C3-Ci5) ~cycloalkyl and/or (Ce-Ciq4) —aryl

groups as substituents R; and R;; the 3,5-disubstituted
4-hydroxybenzaldehydes used preferably have (C;-C4)-
alkyl and/or (C3-Cis)-cycloalkyl groups as substituents
R; and R,. Particular preference is given to using 3,5-
disubstituted 4-hydroxybenzaldehydes with (C;-C4)-alkyl
groups, most preferably with branched (C3-C4)-alkyl
groups, such as tert-butyl or isopropyl groups, as

substituents Ri.and Ry.

In particular, the 3,5~-disubstituted 4-hydroxy-
benzaldehydes used have unsubstituted groups as

substituents R; and R,.



are preferably (Cl-G s)-al kyl or (C3-Cl5) -cycl oal kyl
groups and preferably (Cl1-C4)-al kyl groups. These
substituents R4, R5 and R6 are nore preferably
unsubstituted. In a particularly preferred enbodi nent

of the process according to the invention,

ort hof or mat es whi ch have (Cl--C3)- al kyl groups as
substituents R4, R5 and R6 are used. Very particul ar
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ort ornate are identical to t bstituent 1
of EWOSHEBOHES aRel/ oFs t RPGalolTe WAEH- t ffETY Pparticular
substirienéscdR3 and HéverRS and &6img e ditflfceﬁ’mta,tes whose

substituents Ry, Rs and Rg are all identical. 1In
particular, trimethyl orthoformate is wused in the

process according to the invention.

In addition to the 3,5-disubstituted 4-hydroxy-
benzaldehydes and the orthoformates, alcohols and/or
thioalcohols of the formula (IV), where the substituent
R; is preferably unsubstituted, are also used for the
acetal formation of the process according to the
invention. The substituent Rs; is preferably a (C;-Cis)-

alkyl or (C3;-Cis)-cycloalkyl group and more preferably a
(C1~C4) ~alkyl group.

In a particularly preferred embodiment of the process
according to the invention, alcohols are used, more
preferably alcohols with a phenyl or (C1-Ci5) —alkyl
group and most preferably with a (C1-C4) —alkyl group as
the substituent R;. In particular, methanol or ethanol

is used in the process according to the invention.



m xtures of different substituted 1,4-quinone nethides
can form In the case of use of a thioal cohol

predom nantly the qui none nethide where X = S and R7
= R3 of the thioalcohol forns. In contrast, in the
case of use of orthoformates and (thio)al cohols with
different substituents R3 and R4, R5 and R6,
preferably the correspondi ngly_ substituted

1, 4- qui none methide of the fotfuTa (1) of the I|east
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exanpl shep-dook espmndisgl pheubsciacied ot , 4-quinone methide of

dodecyRenzgngstl phioni § aghd, 104st PRINMIRIE WhingB) favRor
sul phaonic _acid groups. 12 The use of solids as

catalystg has the advantage that this catalyst can be
renmoved fromthe reaction mxture in a sinple manner,
for exmeplathyysmanssed fhl tthat igbcess according to the

invention are preferably free or solid-phase-bound
organic sulphonic acids, sulphuric acid,
hydrogensulphates, organic or inorganic phosphorus
acids, the dihydrogen and hydrogen salts thereof, and
fuming nitric acid and/or boric acid, preference being
given to wusing free or solid-phase-bound organic

sulphonic acids, sulphuric acid and/or
hydrogensulphates, and particular preference to using
alkylbenzenesulphonic acids, polymers which  have

sulphonic acid groups or hydrogensulphates of the
alkali metals and alkaline earth metals. The catalysts
used are most preferably hydrogensulphates of the
alkali metals and alkaline earth metals, especially
potassium hydrogensulphate or sodium hydrogensulphate.

The organic sulphonic acids used may be
alkylbenzenesulphonic acids, for example p-toluene
sulphonic acid or dodecylbenzenesulphonic acid, or

polymers which have sulphonic acid groups.



Conpared to the processes with ammoni um chloride -
according to the prior art - the process according to

the invention enables an industrial scale product

wi t hout halides, and there is thus no need for any
conpl i cated corrosion protection of the plant parts.

Mor eover, the catal ysts used i m4he process accordi ng

to the invention are inexpensive, hal ogen-free and

non- kuiMSadeSsolhésﬁmbamﬁmﬂﬂyatsfhbhethe advantage that
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The process according to the invention is characterized
in that the molar ratio of the 3,5-disubstituted 4-
hydroxybenzaldehyde to the orthoformate is preferably
from 1:0.5 to 1:10, the ratio preferably being 1:0.9 to
1:5 and more preferably from 1:1 to 1:2. The lowering
of the amount of the relatively expensive orthoformate
allows the operating costs of an industrial scale plant
to be lowered, without the conversions being reduced as

a result.

The acetal formation in the process according to the
invention can be performed either with an additional
solvent (A) or without an additional solvent. Suitable
additional solvents (A) include solvents which are
inert toward the 4-hydroxybenzaldehyde, alcohol, thiol
and orthoformate reactants used and to the
(thio)acetal, preference being given to aromatic
solvents such as toluene, ethylbenzene and/or xylenes.



In a particular preferred enbodi nent of the process

according to the invention, the 4-hydroxybenzal dehyde

is converted to the (thio)acetal in the absence of an

addi tional solvent (A). In this way, the space-tine

yield of the process according to the invention can be

i nproved. The 4-hydroxybenzal deyfle.is converted to the
(thio)acetal in the process according to the invention
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the substituted 1,4-quinone nethide of the formula

(I'). In the process according to the_invention, before
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In the case of use of some thiocalcohols, owing to the

low boiling points thereof, working under pressure is

advisable.

The (thio)acetal which forms in the process according
to the invention can be isolated by the customary
isolation steps, such as concentration of the solution,
extraction, filtration, crystallization, etc. The
(thio)acetal is preferably not isolated before the
elimination of the alcohol, but converted directly from
the solution to the desired product - the substituted
1,4~-guinone methide of the formula (I).

In the process according to the invention, before the
elimination of the (thio)alcohol from the (thio)acetal,
the excess orthoformate and the excess alcohol or
thioalcohol should be removed - preferably by
distillation. If the (thio)acetal is mnot to be
isolated, it is advisable to add an additional solvent
(B) before this distillative removal of the
orthoformate and of the alcohol or thiocalcohol. This

can achieve the effect that the (thio)acetal remains in



(B) before this distillative renoval of the

orthoformate and of the al cohol or thioalcohol. This

can achieve the effect that the (thio)acetal remains

in - 14 solution even after the distillative renoval

of the orthoformate and of the al cohol or

t hi oal cohol . Suitabl e additianagly solvents (B) are

sol vents which have a higher boiling point than the
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(t hi ¥rallésropointorrangeampl EnBya ArHRCHT rﬁ?&ﬁﬁﬁFcéP)
separation processes. This process is suitable in

particul ar |n Jhe case of t nt_dn [
form % ﬁl taeb Y ?rec anxlngg % achflssglsll% Q%?l of tﬁg e‘%cess
orthoformate and of the excess alcohol or thioalcohol

is preferably carried out until the reaction mixture
has attained the Dboiling point of the additional
solvent (B). This removal can be effected either under

atmospheric pressure or under reduced pressure.

In the process according to the invention, the catalyst
should likewise be removed from the (thio)acetal before
the thermal elimination of the (thio)alcohol, for
example by means of mechanical separation processes.
This process is suitable in particular in the case of
catalysts present in solid form. Suitable mechanical
separation processes for this purpose are filtration,
sedimentation or centrifugation with subseqguent
decantation. Especially in the case of catalysts
present in solid form, it is advisable to remove them
before the thermal elimination of the (thio)alcohol
from the (thio)acetal, in order that the column is not

contaminated by introduced solids.



separation processes for this purpose are filtration,

sedi mentation or centrifugation with subsequent
decantation. Especially in the case of catal ysts

present in solid form it is advisable to renove them
before the thermal elimnation of the (thio)al coho
fromthe (thio)acetal, in ordenrsthat the colum is not
contani nated by introduced solids. - 15 1In the case
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(thi o)al cohol and of the excess orthoformate can be
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rennuemkéinmngIneaceaonlmnxnmmﬁLnﬁa¢he<nﬁnqm$§ryccordlng to
the invention is preferably heated to the boiling
temperature of the solvent (B), preferably to at least
100°C, more preferably to 110 to 250°C, and the
(thio)alcohol released is removed from the reaction
mixture, preferably immediately after formation
thereof, by means of chemical and/or physical methods.
The {(thio)alcohol eliminated by thermal induction can
be removed from the reaction mixture by customary
methods. For instance, the alcohol released can be
chemically bound by adding suitable reagents, for
example anhydrides. However, physical methods, for
example the use of a molecular sieve in the case of

short-chain (thio)alcochols, are also conceivable.

In the ©process according to the invention, the
(thio)alcohol released is removed, preferably by means
of disillation. This involves heating the acetal-
containing reaction mixture to at 1least 100°cC,
preferably to 110 to 250°C, in the course of which an
additional solvent (C) is continuously metered in,
while the alcohol and/or thioalcohol released is



met hods. For instance, the al cohol released can be
chem cal |l y bound by adding suitable reagents, for
exanpl e anhydri des. However, physical nethods, for
exanpl e the use of a nolecular sieve in the case of
short-chain (thio)al cohols, are also conceivable. In
the process according to the 4nuention, the
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Suitable additional solvents (C) here too are solvents
which have a boiling point of at 1least 100°C,
preferably of 110 to 250°C, and are inert toward the
(thio)acetal and the substituted 1,4-guinone methide qf
the formula (1). In particular, in the process
according to the invention, aromatic solvents are used,
for example toluene, ethylbenzene, o0-, m- or p-xylene,
and mixtures of these aromatic solvents. It is also
possible to use mixtures of aromatic hydrocarbons with
a corresponding defined boiling point range as the
additional solvent (C). In a very particularly
preferred embodiment of the process according to the

invention, the solvents (A), (B) and (C) are identical.

In a further embodiment of the process according to the
invention, two different solvents are used, in which
case the solvent (C) preferably has a higher boiling
point than the solvent (B). This is advantageous when

the substituted 1,4-guinone methide, for the further



Sui tabl e additional solvents (C) here too are solvents

whi ch have a boiling point of at |east 100C,

preferably of 110 to 250C, and are inert toward the
(thio)acetal and the substituted 1, 4-quinone nethide

of the formula M In particular, in the process
according to the invention, argmatic solvents are

used, for exanple toluene, ethylbenzene, o-, m or :
p- Xy: @%,th&r&gm XEUegsbef pibese airr?raatsioav@gtvem@h i4 not
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particularly preferred enbodi nent of the process

according to the inyention, the sol vent A B) d
(C) HF idenhErERPTALIA g° uﬂ%‘}ltéﬁt?éd?néﬁ%“%’?oé%em&%des
procesS wAecdpdnngat VX he invention, two different
solvents are used, in which case the solvent (O
preferably has a higher boilkgg poi nt than the

solvent (B). This is advantageous when the

substituted 1, 4-qui none nethijfgle, for the further 17

use thereof, is to ?e presentl{in a sokyent which is

not -very suitable fi stil | a7 01f of the excess
orthof ormate and of the § hol or thioal cohol

For the preparation of sy dfl 1, 4- qui none

nmet hi des of the formulaji(Vv) O RZ H XR8 {V) where

Rl, R2 = each i ndependen dgen, (Cl-C15)- alkyl,
(C3-C15) -cycloalkyl or aryl, which are
unsubstitued or substituted,}jR8 = (C3-Cl5)-al kyl,
(C3-C15) -cycloal kyl or

H XRg (V)
where R;, Ry = each independently hydrogen, (C;-Cis)-
alkyl, (C3-Cis)-cycloalkyl or (Cs—Ciq4)~
aryl, which are unsubstitued or
substituted,
Rg = (C3-C15) —alkyl, (C3-C15) —cycloalkyl or

(Cg~C14) ~aryl, which are substituted or
unsubstituted, and
X = 0o, S,

the substituted 1,4-quinone methide of the formula (I)
where R; = unsubstituted (C;-C;)-alkyl group and X = O,
where R; and R, are each as defined in formula (V) -
preferably formed by the process according to the
invention - can be reacted in the presence of an
alcohol or thiocalcohol of the formula (VI)

X
Rg/ \H (V)



(C6-Cl4)-aryl, which are substituted or

unsubstituted, and X = 0, S, the substituted

1, 4-qui none nmethide of the formula (1) where R7 =
unsubstituted (Cl-C2)-al kyl group and X = 0, where Rl
and R2 are each as defined in formula (V) - preferably
formed by the process accordingigo the invention -

can be reacted in the presence of an al cohol or

t hi oaktelrel ROf= t he formH@s(A4DkyR8 H (OdHT:1s) -t8cloimbrwl or

= (C3-C15) - al kyl , 15) ycl.aaldyl,Qr
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1, 4-qui none nethide of the fornula (1) where R7 =
unsubstltut ed (Cl-C2)-alkyl group and X = 0,  where Rl
and RZnatdisaciesgs daéfe meRq i oo i BINey) Congif tipge of the

(thi oyabsohalcd the-Getmha Mdthide tbe pracesdrmula (I)
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a rml ecul ar Sie
eliminated by thermal induction can be removed from the

reaction mixture by customary methods. For instance,
the methanol and/or ethanol released can be chemically
bound by adding suitable reagents, for example
anhydrides. However, physical methods are also
conceivable, for example the use of a molecular sieve.

In the process according to the invention, this removal
of the methanol and/or ethanol released is preferably
effected by means of distillation. This involves
heating the reaction mixture to at least 100°C,
preferably to 110 to 250°C, in the course of which an
additional solvent (D) is metered in continuously,
while the methanol and/or ethanol released is
simultaneously removed from the reaction mixture
together with the additional solvent (D). Particular
preference is given here to metering in as much
additional solvent (D) into the reaction mixture as the
amount of methanol and/or ethanol and solvents which is

distilled off.

Suitable additional solvents (D) here too are solvents

which have a boiling point of at 1least 100°C,



In the process according to the invention, this
renmoval of the nethanol and/or ethanol released is
preferably effected by neans of distillation. This
i nvol ves heating the reaction mxture to at |east
100C, preferably to 110 to 250C, in the course of
whi ch "an addi tional solvent (OQ)g i.s netered in
conti nuously, while the nethanol and/or ethano
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mul tigrleda-ef debivad i ¥esgtan ikt ermediate, the substituted
1,4-quinone methide of the formula (I) where R; =
unsubstituted (C1~Cz)-alkyl group and X = O, the
individual preparation processes differing only in the
last process step. This 1s of particular interest

especially in active pharmaceutical ingredient

research.

According to the further use, the quinone methide
solution obtained by means of the process according to
the invention can be used further directly. In the case
that the quinone methide solution cannot be wused
directly, the substituted 1,4-quinone methide can be
isoclated by cooling the product mixture, and
crystallizing and removing the product, and optionally
purified, for example by recrystallization. It may also
be helpful to completely remove the solvent for the
crystallization process, . and exchange it for a solvent
in which the substituted 1,4-guinone methide has a
lower solubility. In this way, the crystallization
process can Dbe simplified or accelerated. The



prepared froma single internediate, the substituted
1, 4-qui none nethide of the formula (1) where R7 =
unsubstituted (Cl-C2)-al kyl group and X = 0, the

i ndi vi dual preparation processes differing only in the
| ast process step. This is of particular interest
especially in active pharmaceutjcal ingredient
research. According to the further use, the quinone
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processes. A particularly suitable process has been
found to be one which is characterized in that 2, 6-
di sulrsiei trdeedaphenolset fére fbemuztoqeys| )a¢%0frd§é¥9t efo the

Wi th,urabropin ip.-a %@eﬁ%@in&‘ Xt COMSISkEuRgtotuted 4~
hydroxybenzaldehyde are preferably 2,6-disubstituted
phenol or mixtures of such compounds, where the
substitutes in the 2 and 6 positions correspond to the

substituents R; and R, in the formula (ITI).

Preference is given to using 2,6-disubstituted phenols
which have (C;-Cis)-alkyl, (C3-Cis)-cycloalkyl and/or (Ce—
Ci4) -aryl groups, more preferably (C1~C4q) —alkyl and/or
(C3-C35) —cycloalkyl groups as substituents R; and R;.
Very particular preference is given to wusing 2,6-
disubstituted phenols with (Ci1-Cq)-alkyl groups as
substituents R; and R;. In a particularly preferred
embodiment of the process according to the invention,
2,6-disubstituted phenols which have branched (C3-C4)-
alkyl groups, such as tert-butyl or isopropyl groups,

are used.

In particular, the 2,6-disubstituted phenols used have

unsubstituted groups as substituents R; and Ra.



gl acial acetic acid and water at tenperatures which

are at |east 2C below the reflux tenperature over the

entire reaction tine. The reactants used for the

process according to the invention for preparing the

3, 5-disubstituted 4- hydroxybenzal dehyde are

preferably 2,6-disubstituted_ phenol or m xtures of

such conpounds, where the substitutes in the 2 and 6
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As a result, a process step frequently mentioned in the
prior art can be dispensed with, as a result of which
the process according to the invention can be made more
effective. In the process according to the invention,
preference is given to establishing a molar ratio of
acetic acid to water of 1:1 to 20:1, more preferably of

1.1:1 to 10:1 and most preferably of 1.2:1 to 5:1.

The 2,6-disubstituted phenol, the glacial acetic acid,
the water and the urotropin can be combined in any
desired sequence. Preference is given to dissolving the
2,6-disubstituted phenol in glacial acetic acid, and
adding urotropin and finally the water. The mixing of
the components can also be effected either at room

temperature or at elevated temperatures.

The conversion of the 2,6-disubstituted phenol to give
the 3,5-disubstituted 4-hydroxybenzaldehyde is effected
in this process according to the invention, over the
entire reaction time, preferably at a temperature a few
degrees below the reflux temperature, the reaction

temperature preferably being at least 2°cC,



The ratio of glacial acetic acid to water in this
process according to the invention is preferably

sel ected such that a reaction tenperature of 115C
10C can be established without any need to distil off
water. As a result, a process step frequently
nmentioned in the prior art c E be di spensed with, as
a result of which the process %ccording to the
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reactlon temperature over the entire reaction time is
preferably mnot less than 10°C Dbelow the reflux

temperature.

In the context of this invention, the entire reaction
time is understood to mean the time span in which the
desired reaction temperature for the reaction of the
2,6-disubstituted phenol with the urotropin is attained
and maintained. In the context of this invention, the
heating and cooling phases are not included in the
entire reaction time, even though reactions of the 2,6-
disubstituted phenol can already or still be observed

in these phases.

The reaction mixture in the reaction of the 2,6-
disubstituted phenol and of the urotropin is preferably
heated to the desired reaction temperature in this
process according to the invention for 1 to 10 hours,
preferably for 2 to 7 hours and more preferably for 3

to 6 hours.



is insufficient to reflux the reaction m xture and

thus to soil or even to block the colum with the

product which collects preferably at the |iquid

surface, which is often in solid form Especially in

i ndustrial scale processes, this is an undesired

effect. Moreover, it has beenjzound that a process

which works with a reaction tenperature bel ow t he
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the extract with water and distillatively removing
the solvent. The solvents used here may be solvents
which are water-immiscible or do not have good
water miscibility, preference being given to using
aromatic solvents for this purpose, such as
toluene, ethylbenzene, xylenes, or mixtures of
these solvents mentioned.

(D) Distilling off acetic acid and water, in which case
the residue consisting predominantly of the 3,5-
disubstituted 4-hydroxybenzaldehyde can
subsequently be washed with water, in order to
likewise remove the salts which form in the
reaction.

The examples which follow are intended to illustrate

the process according to the invention in detail,

without any intention that the invention be restricted

to this embodiment.

Examples 1-4:
7 g (30 mmol) of 3,5-di-tert-butyl-4-hydroxy-

benzaldehyde are initially charged in a reaction flask
and admixed with a mixture consisting of 14.5 ml of



positions, the solubility and the nelting point of the

3, 5-di substituted 4-hydroxybenzal dehydes may be very

di fferent. Depending on the substitution pattern of

the 4-hydroxybenzal dehyde, different nethods can be

used to isolate the 3,5-disubstituted

4- hydr oxybenzal dehyde in thisjarocess according to

the invention. (A) Filtering off the precipitated
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2 Sulphuric acid 91.1

3 Potassium 99.4

hydrogensulphate
4 Sulphonated polystyrene 98.6

(Lewatit® K2649)

CE: Comparative example

Examples 1 to 4 show that particularly organic
sulphonic acids, and also sulphuric acid and the
hydrogen salts thereof, are suitable catalysts for the
process according to the invention. The conversions of
the aldehyde are more than 90% in all examples. 1In
example 4, the conversion is in the same order of
magnitude as for a prior art catalyst (CEl); in example

3, the conversion is even higher.

Examples 3-6:
The experimental procedure 1is the same as already
described in examples 1-4, except that the catalyst and
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2 Syl phuric ac(d 91.1 3 Pmmm g9.zptio of of the
hydrogensul phate 4 Sulphonqggdmﬁgiystyﬂgn@wag 6 aldehyde
(Lewatit(r) K2p49) CE npar ative exanple Exanples éc°
to 4 show that|particularjly organic| sul Roni ¢ |adit
and{al so sul phuric acid and the hydrcocgéalyatt s
thereof, are suitabl catalx% tSdfior [the.gprecess o9g ¢
accordi ng the inventio he conver3|ons of | the
al dehyde are npre than 90% in all exanples. In
exafpl ec#,2 t he] copugrsi or 5.5 mmbhe [same oopder [of 97.4
magphi tude as for ror |art. catalyst (CELl); im 4
exafml e 2ub5) 5 God G611y 99.

5 KHSO4 1.1 mmol 1:0.04 99.6

6 KHSO4 0.4 mmol 1:0.01 99.9

CE: Comparative example
Examples 3, 5 and 6 show clearly that a reduction in
the molar amount of catalyst in the process according
to the invention allows the conversions to be enhanced
comparative examples 1 and 2 show
the

further. In contrast,
that, in the case of use of ammonium chloride

prior art catalyst - a reduction in the molar amount of

catalyst leads to lower conversions.

Examples 7-11:

The experimental procedure is the same as in example 5,
except that the and trimethyl
orthoformate is now varied according to Table 3.

amount of methanol




3,

the conversion is even higher. Exanples 3-6: The

experinmental procedure is the sane as al ready

descri bed in exanples 1-4, except that the catal yst
and 25 also the anpbunt of the catalyst are now varied
according to Table 2. Table 2: Exanple Catal yst Anopunt
of Mol ar Conversion catalyst patio of of the (in
nmol ) al dehyde al dehyde to (in GC% catalyst CE 1
NHACL 5 mmol 1:0.17 98.6 CE 2 NH4C1 2.5 nmol 1:0.08
97.45¥§Q§H§Cn 5 nmol 1:0.17 99.4 5 KHSO4 1.1 mol

1: 0.64—5% 6 04— muotT 1700199
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r ameHafontatoat al ystofi the

P>
rocess j{accordin to the invention allows t
p g f tiQenyde

conyer si ons H-e—be—erhanced tther—t+H——contrast;
conpd@=ample | exanpl es Makar 2 |[show tlhat’olafn thhe case
yse of amyapi wm ¢hlehbdeo| (tikeg)Ariani At [cat@hysts)
ajreduction in the nolar anount of ahalyst | eads
to lflower conversions. | s 7-11: The% xperinenta
progedure i $ the sapgeldshideexanpl e [Sldebydedt t hat
t he anoynt of:ﬂythanohigggiFrlggp@yl qrqaofcrgaiggjg%
nowpvatt+ed—aeccordrng—to Tabt¢ 3——="26 a0l )
8 17.8 14.62 10.5 3.31 99.6%
9 22.2 18.27 7.0 2.21 99.6%
10 26.7 21.93 3.5 1.10 99.5%
Incomplete
conversion
11 28.9 23.75 1.8 0.55 Aldehyde
dissolves
incompletely

CE: Comparative example

Examples 7 to 11 show that the orthoformate content can
be lowered down to a molar ratio of aldehyde to
orthoformate of 1:1.1 without the conversion of the

aldehyde being impaired.

Example 12 - Preparation of the methoxy-substituted -

quinone methide:

A 35 1 glass vessel with stirrer and condensor is
charged with 4.0 kg of 3,5-di-tert-butyl-4-hydroxy-
benzaldehyde, 2 g of trimethyl orthoformate and 6 kg of
methanol are added and the contents are mixed.
Subsequently, 45 g of sodium hydrogensulphate are
added. Then the reaction mixture is heated under reflux
for approx. 1 to 2 hours. After one hour, the
conversion of the aldehyde is checked by means of gas
chromatography. The aldehyde used has already been
converted completely after one hour. The reaction
mixture is cooled and filtered through a Schenk filter.




Tri nmet hyl conversion Methanol orthoformate of the

al dehyde Exanple nolar molar (in nml) ratio to (in g)
ratio to (in GC% the the aldehyde al dehyde 7 13.3
10.96 14.1 4.42 99.6% 8 17.8 14.62 10.5 3.31 99.6% 9
22.2 18.27 7.0 2.21 99.6% 10 26.7 21.93 3.5 1.10

99. 5% I nconpl ete conversion 2%1-28.9 23.75 1.8 0.55

Al dehyde di ssolves inconpletely CE: Conparative
exanphe Exprgd essidue 1% shsked hatth He ko ifokshmbbenzene.

Contﬁﬂ% %%&trgg?h&for§gtgﬂ%$itgaékWQkartﬁét' Lfs stirred

al de e to rmat e W t hout the
conv‘éﬁi@iion @ndt hetha| debyeaimSei n§li nfdk MePolEx anpF a2 YL
- Pr epaddraa tef bh@ netﬂﬁxbéﬁﬂHMEH tiut edisquibhede off as

met hi de: ..A 35 1 | .
cond’lé?éjoqllﬁsasch ‘8’52531 esselﬁu# %g“é#lﬁ °F B¢ azeotropic

3, 5-distidriethbony [isd-dyyhengpd, béAz abGelfpyEse? af gfhich 300
tri ngt hybooht hekordmtaendefe karef adﬁ@dwaémtlamuadgeq»er

and the contents are m x Sub tl f
sodllﬂﬁHIhyBFGge"ﬁ’sng phat é““f?’ dJa%ltdle engt hrée‘g%lrO gggt Jhter

m xtureours, heat edonneesioef bhix 7@%)r apprektainedy 2 after
hour eéﬁxﬁertﬁgecgﬁgérSEQE £60BMEr 8b8r&d &henehdlehyds de

is C by nmeans of gas chromat ogr aph The
al dehyaRs &@e@oﬁ%st%@? been e

The reaction mixture is cooled. The desired guinone
methide precipitates out in the course of cooling and

can be isolated with a purity of > 98%.

Example 13 - Preparation of the butoxy-substituted
quinone methide from 3,5-di-tert-butyl-4-hydroxy-
benzaldehyde:

7 g of the 3,5-di-tert-butyl-4-hydroxybenzaldehyde are
admixed with 3.5 g of trimethyl orthoformate and 21 g
of n—butandl. Subsequently, 0.1 g of potassium
hydrogensulphate is added and the reaction mixture is
heated under reflux for 2 hours. The aldehyde used has

been converted quantitatively.

Then the potassium hydrogensulphate is filtered off and
the filter residue is washed with 50 g of ethylbenzene.
Subsequently, the mixture of methanol, trimethyl
orthoformate and ethylbenzene is distilled off until a
boiling temperature of 130°C is attained. Then 100 ml
of ethylbenzene per hour are added constantly, and the

same amount of distillate is removed simultaneously.

After 6 hours, 82% of the butoxy-substituted guinone
methide has formed. As a by-product, 7% of the 3,5-di-
tert-butyl-4-hydroxybenzaldehyde has formed.



converted conpletely after one hour. The reaction

m xture is cooled and filtered through a Schenk

filter. - 27 The filter residue is washed with 8 kg

of ethyl benzene. The filtrate is returned back to the
glass stirred tank, and the m xture of nethanol,
trimethyl orthoformate and et lzgl benzene is distilled

off as rapidly as possible. Subsequently, the

azeot Espnple dildt i | akFepnrarioonmeficethe | Putipsycsupskituted

of Whighh Q0 mbenffl0 Hropf @idymBensepesaistiaifed quinone

conti nuously per hour and just as nuch distillate is
renny@@ﬁh¥9%%w 5 hours, a conversion of 70%is

att ai negl; oaf tigre Mettomys sublseicohedr sfjugnohe twdhide (from
desir in thy. L.gest rgrt Bap, 90% . dhe
reac;%%%&#fig% eq%s%%%gféggang ggg?rgd ggi%gﬁgé% ' Th?n
met hi Heg ppécipivapaslouts i RIERE - cdltse 87ttt i ig*anes *©
gan beed 15l am%@eﬁntEealﬁgriEyroftWo98Hbu£yanpA@ndﬁﬁing to

repar at.i on of._the butoxy-substi [ e hj,de

f r om B BG5St 7% - BEEYT - 2¥h rsgnglyélg%tzoﬁqggﬁl%e: @ gbgf the
t he 3yS-hdixytenbs bityted)- Myt eeiduidge fipde Ry converted

adm xed oyt Bu@@%%msﬂirﬂu@%ﬁhﬂliﬂbﬁ@%&ﬂm and 21 g
of n-butanol. Subsequently, 0.1 g of potassium

hydr ogensul phate is added and the reaction mxture is
heat etkampder A&f Fux Prepazahboms. ofhean| dergue-gidkegrituted

has REGRBAEONAHiIGE OEAsH | tedlel ViRbthoxkhaibishe tRekas uifione
hydrogensul phate is filtered off and the filter

resi dif¢tid9enashed with 50 g of ethyl benzene.
Subsaquently, thbe mettarye sofosathandl , qeipemns hypethide is

or t hefiarnat eqand #f hyl benzgena vesizdhst i blsge@idnnti lo.as ¢

boiling tenperature of 130Cis a nﬁg{ Then 100 md.

of etfyl4éhzEnku pelcaGFdr el%o%f{':‘%eadco VI8 A G B ) R
is heated under reflux for two hours. According to
analysis by means of gas chromatography, 77% of the
methoxy-substituted quinone methide has been converted
to the 4-tert-butylcatechol-substituted quinone methide

(aryloxy-substituted) .

Examples 16-20 - Preparation of 3,5-di-tert-butyl-4-
hydroxybenzaldehyde:

2,6-di-tert-butylphenol is dissolved in glacial acetic
acid. Subsequently, urotropin and water are added, and
the reaction mixture is heated at not more than 2°C
below the reflux temperature for 4 to 5 hours. The
precipitated product is filtered off and washed with
water and methanol, and dried on a rotary evaporator.
The molar ratios of the reactants used and also the
determined yvields of 3,5-di-tert-butyl-4-
hydroxybenzaldehyde, based on 2,6~-di~-tert-butylphenol,

are shown in Table 4.



same anount of distillate is renoved sinultaneously.

After 6 hours, 82% of the butoxy-substituted quinone
net hi de has formed. As a by-product, 7% of the 3,5-di-
tert-butyl -4-hydroxybenzal dehyde has fornmed. - 28

Exanpl e 14 - Preparation of the butoxy-substituted

qgui none nethide fromthe nethhoXy-substituted qui none
nmethide: 1 g of the nethoxy-substituted quinone

met hi BebY4 dom exanple 12) is dissolved in 20 g of

et hy| benzene. Thggiaz :@atho refbut.anol i s added. The
reaction m xture |s Eatf_ied unger ref lux for two

houris. Accordi ng ' %4 5F§ y neans of gas

chr dmat ogr aphy, B%bMtYﬂnbenﬁist hoxy- sfsat uted Yield
qui none net hi de has been converted tretiibeof (m S based
but gxy- substi tut ed qui none net hi de. Exa l e - —di-
Prepar%‘ﬁ"&ﬂ?-eof an aroxy- substituted 8ﬁ|ﬁ%ne IT%I%hI c?
from the nmet hoxyrstbspis ut edlcguinone aqugh lvicde: 1 §eof-

t he {met hoxy-substituted qui nggg et hi deydes dlmmnol)
in 35 g of ethyl benzene. Subsequently, 0.65 g of
4-tdrt-butylcatechol is added. The reactionr mxture ———
i s heat eggunder reflsgx for tiwaskours. Acedrding t60.50
anal ysis means of -gas chrg %ography A7% of the 57
metroxy bstltut d qU| none met i de has een converted
to tlhe 418ert-but W-84t echol 14uB3t i t ut ed- i none

met hi de 1§aryl oxygsglstitut ed) seExanpl £s346-20 - 89.47

Pre)aratgon of 3,5- Pl-tert kl‘i“élz 4- 4 .54 _ 87.46

hyd oxyb 7n|dnhud 2 6 di—feif uutylpHCHU| s

di ssol ved in gl a(:| aI acetic acid. Subsequent |y,

ur ot r0nin 1@%‘3'18"3%@ 19" epddathe-aRdtelile headt vaRlds which

m xture 1s heated at not more than,2C  Dbel ow the
ref | WeTRemdr atr & oPReT'TS RBurd'® Thes*S the small

amounts of urotropin. These examples show that a

process with a molar ratio of urotropin to the phenol
of less than 1 also leads to astonishingly high yields

and conversions.

Examples 21-25 - Preparation of 3,5-di-tert-butyl-4-
hydroxybenzaldehyde (variation of the reaction

temperature):

2,6-di-tert-butylphenol is dissolved in glacial acetic
acid. Subsequently, urotropin and water are added, and
the reaction mixture is heated at different
temperatures for 5.5 hours. The precipitated product is
filtered off and washed with water and methanol, and
dried on a rotary evaporator. The particular reaction

temperatures, yields and purities are shown in Table 5.



precipitated product is filtered off and washed with

wat er and net hanol, and dried on a rotary evaporator.

The nolar ratios of the reactants used and al so the

determ ned yields of 3,5-di-tert-butyl-4-

hydr oxybenzal dehyde, based on 2, 6-di-tert-butyl phenol,

are shown in Table 4. 29 - ;fable 4. Mlar ratio of ...

to 2,6-di-tert butyl phenol Mlar Yield ratio of (in %
basetle $Hxanple acetic on 2,6-di Urotropin Acetic acid

O tert- acid water _butylphenol) 16 0.50 14.52 1.54

60. 50 17928721 8% 1.54 82.57 18 0.80 14.52 1.54

89.22 19.0.68021€-a86 1.34 89.47 20 1 14.52 1.¥8418B7. 46
Exanpl esté"r@— &ylﬁxe%bpwmufﬁxp%toedl ﬁ/eam::g:h yi erﬂ% PM&Ith Purity
were not to be expected on the basis of the snall . ,
BroEptss of urotropin. TRESESENaniSBRSTERHR t IPAt 28 9+~ (n ¥
Process vabtfopan Matadicr atidddofo ur ot ropien) t o t heephienol

of less than 1 algaq.l eadgﬂa%gr ast oni shi ngly highnyiglds

and conver si ons. g(an'pl es 21-25 - Preparation of
3.5-di-tert-butyl-4- hydroxybenzaldehyde {(variationof —

t heyreactiop tenpegat ure):sqs2, 6-di 1tette butyl phiemol is72.0
di ssol ved in gl acial acet] aci d. q?zc,éequent I o 6 96.5
ur ofr opi n *akt wat &¥%ar e a%l'(clféld, andﬂ%t e reaction T
mxBure | g.beat ed?.@6 di f ferént 117-120 90.1 99.9
24 1.00 14.52 1.54 118-124 88.7 98.6
25 1.00 14.52 1.54 109-118 83.1 45.1

Examples 21-25 show that excessively low reaction
temperatures lead to conversion losses, but excessively
high reaction temperatures lead to purity problems. In
addition, at excessively high reaction temperatures
from the reflux temperature, there is the risk that

solids will block the column.



tenperatures for 5.5 hours. The precipitated product

is filtered off and washed wth water and nethanol,

and dried on a rotary evaporator. The particul ar

reaction tenperatures, yields and purities are shown

in Table 5. - 30 - Table 5: Mdlar ratio of ... to

2,6-di- Yield tert-butylphenol;Mlar ratio Reaction

(in % based Purity Exanple of acetlc t enperature on
2,6-di- (in % Uotropin Acetthgmaeid to (in C) tert

acid wat er butyl phenol) 21 T.00 7.26 1.54 118-140

91.4 72.0 22 1.00 7.26 1.54 118-126 92.6 96.5 23

1.00 I.26 A.B4otéTs 12r90pte9@ring 24ubsodturged 2 1145quinone
118-124 83?thﬂ%l-e§ 025tHe 044,122 1.54 109-118 83.1

45. 1 Exa es 21-25 show that excessively | ow reaction
tenperatures | ead to conversion | osses, but

excessively high reaction te ’eratures |l ead to purity
problens. In addition, at exc SS|ver hi gh reaction
tenperatures fromthe reflux

e, there is

the risk that soliddiw t he eofum. - 31 -

Claims: 1. A process forgrepari ny substituted

1, 4-qui none nethides of thg formulp 0 R R2 1 | H
XR7 where Rl, R2 = each independenfily hydrogen, (Cl-

where Ry, Ry = each independently hydrogen, (Ci-
Cis) —alkyl, (C3-Cis)-cycloalkyl or
(Ce—Ciq) ~aryl, which are
unsubstitued or substituted,
Ry = (C1-Cis5) -alkyl, (C3-Ci5) —cycloalkyl
or (Ce—Cr4) —aryl, which are

substituted or unsubstituted, and
X = 0, S,

characterized in that
3,5-disubstituted 4-hydroxybenzaldehydes

OH



C15) - al kyl, (C3-C15)-cycl oal kyl or (C6-Cl4)-aryl,
which are unsubstitued or substituted, R7 _
(Cl1l-C15)-al kyl, (C3-C15)-cycloal kyl or (C6-Cl4)-aryl,
whi ch are substituted or unsubstituted, and x = O,
S, characterized in that 3,5-disubstituted
4- hydr oxybenzal dehydes OH Rt 3Bz-H 0 32 where Rl and
R2 are each as defined above are reacted with
orthoformates of the formula OR4 R60O ORS5 where R4,
R5, R6 = i pdegenden : GL5 )o@k kith . apd - C15)
-cycl oal ky %%F ?tﬁ-Cl%? %kgréééﬂ%%iéﬁ are substitued
or unsubstituted, and al cohols and/or thioal cohols of
the fornulage Xe&Btdtl Whistte R hofbGhatidd)oalthd formula
(C3-C15)-cycl oal kyl or (C6-Cl4)-aryl, which are
substituted or unsubstituted, and X =0, S, in the
presence of a catal yst selectedRgomfree or
sol i d- phase- bound organi ¢ sul phpnic acids, sulphuric
aci d, hydrogensul phates, organig or inorganic
phosphorus aci ds, the dihydro and

RgO ORsg

where Ry, Rs, R¢ = each independently (C;-Cis)-alkyl,
(C3-Cy5) —cycloalkyl or (Ce-C14) -
aryl, which are substitued or

unsubstituted,

and alcohols and/or thicalcohols of the formula

X
/ ~N
Rj H
where Rz = (C1-Ci5) —alkyl, (C3-C15) ~cycloalkyl
or {Ce—Ci14) —axryl, which are

substituted or unsubstituted, and

X = 0, S,

in the presence of a catalyst selected from free
or solid-phase-bound organic sulphonic acids,
sulphuric acid, hydrogensulphates, organic or
inorganic phosphorus acids, the dihydrogen and
"hydrogen salts thereof, and fuming nitric acid
and/or Dboric acid, to give the corresponding
acetal and then the alcohol or thiol is eliminated
from the corresponding acetal to give the
substituted 1,4-gquinone methide of the formula

(1).

2. A process according to claim 1,



hydrogen salts thereof, and fumng nitric acid and/or
boric acid, to give the corresponding acetal and then
the al cohol or thiol is elimnated fromthe

correspondi ng acetal to give the substituted

1, 4- qui none net hi de of the fornula (I). 2. A process
according to claim1, - ? tgacterized in that the
catal ysts used are free or sol' T d- phase- bound organic

SU|phoniCc@ﬁkgéterf%&dﬂﬁﬁ'Eh@@'@hé”ﬁﬂ&&lysts used are free
hydr ogensul phat s accor.din to cl aim %cids

oce
or 2, ch&FacF@iﬁ?eBh?ﬁe5%5P“fhe°?ﬁﬁ%ﬂ r att &S fhe
3,5-disubsunphmeﬂ:4unhy@deybehz@iQEﬂﬁﬂméph@t?ﬁe
catalyst is from 1:0.001 to 1:0.1. 4. A process
according to at |east one of clajns

to .3,
char act er PzZBHOT#P Wé%COFﬁénﬁoFarC]r%W 3)1 & fhe
3, 5- d|sub&haiw&@ﬁnénxhﬁdr@hybenzaldehyde to the

or t hof or ma {59”1r§tfot ﬁ 2the- é\é”d%é%ﬁétltuted a-

accordlng east one of clalns
characterhz@%PXquqﬂﬁidﬁh§daceﬁé1 dHH%alﬁ?ﬁﬁhﬁﬁéctF%n from
mxture is.he@edo t1qoat .1 east 100C, the (thio)al coho

rel eased being renoved fromthe reaction m xture by
means of chem cal and/or physical nethods |nned|atel{
af t e .f or FepT @restshercsoirdigg Aoprbckeas s dithglegms 1 to

claimb5, 3characterized in that
characterized in that
the molar ratio of the 3,5-disubstituted 4-
hydroxybenzaldehyde to the orthoformate is from
1:1 to 1:2.

5. A process according to at least one of claims 1 to

4,

characterized in that

the acetal-containing reaction mixture is heated
to at least 100°C, the (thio)alcohol released
being removed from the reaction mixture by means
of chemical and/or physical methods immediately

after formation thereof.

6. A process according to claim 5,
characterized in that
the acetal-containing reaction mixture is heated
to at least 100°C, additional solvent (C) being
metered in continuously while the alcohol and/or
thiocalcohol released is simultaneously removed
from the reaction mixture together with the

additional solvent (C).

7. A process for preparing substituted 1,4-quinone

methides of the formula



the acetal -containing reaction mxture is heated to
at |l east 100C, additional solvent (C) being netered
in continuously while the al cohol and/or thioal cohol
rel eased is sinmultaneously renoved fromthe reaction
m xture together with the additional solvent (C. 7.
A process for preparing substlgyt,ed 1, 4- qui none
nmet hi des of the formula - 34 R, RZ H XR8 where
Rl, R2 = each independently hy ogen, (d - C15)-al kyl,
(C3 C15) - cycl oal kyl or (C6- Cl-aryl, whi ch are
unsubstitued or substltut ed, R = (C3 C15) - al kyl,
(C3- C15) - cycl oal kyl ich are
substituted or unsubgt1 ‘ 2'S,
characterized in that a Sy§stituteg 1, 4- qui none
nmet hi de of the fornula O XR7 where R7 =
unsubstituted (Cl-C2)-alk hnd - 35 - X = 0,
where R1 and R2 are each above, is reacted

M XRg
where Ry, Ry = each independently hydrogen, (Ci-
Cis) —alkyl, (C3-Cis)-cycloalkyl or
(Ce—C1a) —aryl, which are
unsubstitued or substituted,
Rg = (C3-Ci5)—alkyl, (C3-Cis)-cycloalkyl
or (Cg—Cia) —aryl, which are

substituted or unsubstituted, and

X = 0, S,

characterized in that
a substituted 1,4-quinone methide of the formula

H XR7

where R; = unsubstituted (C1-C2) —alkyl group

and



t hi oal cohol of the formula R8 H(VI) where X =0, S,
where R8 is as defined above. 8. A process according
to claim7, characterized in that the substituted

1, 4- qui none net hi des where R7 = wunsubstituted
(Cl-C2)-al kyl group and X = 0 used are prepared by
nmeans of a process according-tgsat |east one of
claims 1 to 6. 9. A process for preparing

3, 5-di substituted 4- hydroxybenzal dehyde of the
formula OH R, Rz H O where Rl, R2 = each

i ndependent |y hydrogen, (Cl- C15)-al ky] e(ﬂg C3- C15)

- cycl oal kyhere BeanfR: CGrE) €aFyl as \Aﬁ‘?%}f‘ &P9YBst i t ued
or unsubstituted, characterized in that

2,6-di substituted phenol of the fornula

(VI1) whet® F%’ieaé:ﬁr?%RZlﬁr eaé%cfpraesseélg%i nggﬁa%ljg\lleaal%soml oF
react ed wihhoalkathodpiofi theafsoiudent ni xture

consi sting of glacial acetic acid and water at
tenperatures which are at |east 2C below the ref |ux

tenperature over the entirg reaction tine. 10. A
process according to F%I,aﬂ/m 9,\ﬁhar acter'v' d in that
8 (V1§

where X = 0, S,
where Rg is as defined above.

8. A process according to claim 7,

characterized in that

the substituted 1,4-quinone methides where R; =

unsubstituted (C;-Cy)-alkyl group and X = O used
are prepared by means of a process according to at

least one of claims 1 to 6.

9. A process for preparing 3,5-disubstituted 4-
hydroxybenzaldehyde of the formula

OH

H O

where R;, Ry = each independently hydrogen, (Ci-
Cis) —alkyl, (C3-Cjs)-cycloalkyl or



the nolar ratio of the 2,6-disubstituted phenol to
the urotropinis from1:1 to 1:0.8.

- 36 -
(Ce-C14) —aryl, which are substitued

or unsubstituted,

characterized in that

2,6-disubstituted phenol of the formula

OH

(VH)

where R; and Ry are each as defined above

is reacted with urotropin in a solvent mixture
consisting of glacial acetic acid and water at
temperatures which are at least 2°C below the

reflux temperature over the entire reaction time.

10. A process according to claim 9,

characterized in that
the molar ratio of the 2,6-disubstituted phenol to

the urotropin is from 1:1 to 1:0.8.



