Process for preparing substituted 1, 4-quinone nethides The invention
relates to a process for preparing substituted 1, 4-quinone nethides of the
formula (1) from 3, 5-di substituted 4-hydroxybenzal dehydes, and also to a
process for preparing the 3,5-disubstituted 4- hydroxybenzal dehydes from

t he correspondi ng 2,6- disubstituted phenols

7- Met hoxy- and7- et hoxy- substit ut edl, 4- qui none net hi des are known in the
literature as inportant isolable internmediates for the synthesis of active
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concentrates the product, which is filtered and then
recrystallized in hexane or in a mixture of petroleum

ether and ligroin.



-3- 6, 1074-1076. Wile Ranu et al. describe the use of indiumchloride
as a catalyst in Adv. Synth. Catal. 2004, 346(4), 446-450. CGopinath et al
describe, in J. Og. Chem 2002, 67, 5842-5845, a process for preparing the
acetal in the presence of tetrabutylamoniumchloride as a catal yst. The
use of the highly toxic decaboranc as a catalyst is described by Lee et al.
in Tetrahedron Letters 2002, 43, 2699-2703. A copolyner with gallium
trichloride as suitable catalyst is described by Ruicheng et al. in J.
Macrane.). Sci.-Chem 1987, A24(6), 669-6Z9- The literature describes many
different ways of preparing 3,5-substituted 4-hydroxybenzal dehydes. The
main starting mat®G ACEORETE Oar 8f t Hee WFémﬁga?e‘Fl afsth3ti 1t ed
phenol s or 2, 6-di&idudsiitited 44-hpetrbyypaendldehy@ne byeansacafiopr epatti ng t hese
3,5- substituted A-dydiaxulenzal dehydesnds the dQdpbati gp findhfis

2, 6- dlsubstltutedu%genols in the para position with urotropin. For
|nstance Bol |'i FCAHEEErFi bed, in the two PCT publications WO

2006/ 100633 Al and WO 2006/ 010544 A2, the reaction of, respectively,
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S Med. ‘Chem 1985, 31122420, et fide300r 00! phanalal sypeact ed

with an excess of urotropin 1n_the presence 0 aci al acetic aC| and

wat er, which al s8PTIRASKRLCT |aP§tr?%F|aﬁb16‘?‘§t°inl FRe® H5&PBFe the reaction

m xture is heated under ref lux. It was an object of the present invention
to provide a prog&ss £tOk1Pr &P ideGcsubad ) tiwt ed lued: qujzémnegeet hsgdes of the
formula (1), Wh'%b l§9sU| tabl & for_industri aI t:cl,}al e g&l %atl o gnd is thus
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according to the invention, not only are

7- et hoxy- subst i eifedE, fﬁﬂfpﬁﬁn@hﬁﬁ?hllcfesdﬂje@cr Bed CPﬂC‘fIPféaitiefiertﬁ ure
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process accordi ggoh mdthaekivention, the (thio)acelLals can be forned, in
contrast to the prior art, using inexpensive, nontoxic and hal ogen-free
catal ysts, for exanple organic sul phonic acids, sul Ehurl c acid and/or
hydrogensul phat 88¢t heP&BParafdophe @t al yaEetHd ogefit f r e@tBeEpar i on i s
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conpared to prior art processes, onversion surprisingly rising
slightly and ndt¥ f &9 n‘%f &L possi W%é’ct%’d”"@hc‘%ﬂdﬁ”tsl 8% %in3ontrast to
many prior. art 4%43cdg8ses, Iihdipnoportrdadiuotobdratexpensiae woritthbfiier mat e
reactant can beduwered; sig@akticantly napkhee@chi exhng, £omal geaversi ons of
nore than 90% Since the process according to the invention in the first
process stage does not need an additional solvent, it is additionally
possible to significantly inprove the space-tine yieId.



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
context of this invention, it was also possible to inprove the upstream
process step the preparation of the 3,5-disubstituted 4-hydroxybenzal dehyde
fromthe 2,6-disubstituted phenol. Thus, it was found that, conpletely
surprisingly, both through the anendnent of the sequence of netered
addi tion and through the use of a reaction tenperature below the ref | ux
temperature, yields of nore than 80% can be achieved. In addition, it was

surprising that the nolar anount of urotropin based on the
2, 6-di substituted phenol used can be IomeTéH‘to below 1:1 without having to

accept yield |losses, 0 ere | = 3&5ib Q%%h ggdg&endently
hydrogen, (Cl-Cs)- Sal ko_& 1§&§ W?c Cl cal k)rfl%lc')raf3 rl ep% r vvh| ch are
unsubstitued or subé%4W¥H 0{{?36%5)aaF%V1YF€316 cyé HF ky

2004, 346(4), 446-450. Gopinath et al. descrlbe,

Org. Chem. 2002, 67, 5842-5845, a process for preparing
the acetal in the presence of tetrabutylammonium
chloride as a catalyst. The use of the highly toxic

decaborane as a catalyst is described by Lee et al. in
43, 2699-2703. A copolymer

in J

Tetrahedron Letters 2002,
with gallium trichloride as suitable catalyst 1is
described by Ruicheng et al.

1987, A24(6), 669-679.

in J. Macromol. Sci.-Chem.

describes many different ways of

The 1literature
The

preparing 3,5-substituted 4-hydroxybenzaldehydes.
main starting materials here are the corresponding 2, 6-
disubstituted phenols or 2,6-disubstituted 4-
methylphenols. One means of preparing these 3,5-
substituted 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

WO 2006/100633 AL and WO 2006/010544 A2,

publications
2-ethyl-6-methylphenol

the reaction of, respectively,
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,
the corfesponding 4-hydroxybenzaldehyde 1is

and then
The vyields are 31% and

extracted with ethyl acetate.

40% respectively.

Unangst et al. described, in J. Med. Chem. 1994, 37,

322-328, the reaction of 3,5-diphenylphencl 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%.



(C6-C14) -aryl , which are substituted or unsubstituted, and O, S, which
Is characterized in that 3,5-disubstituted 4- hydroxybenzal dehydes of the
formula (I11) OH - 7 - are reacted with orthoformates of the formula (111)
OR4 R600 R5 where Rg, R5, Rg = each independently (Cl-C15)-al kyl, (C3-
C15) - cycl oal kyl or (C6-Cl4)-aryl, which are substitued or unsubstituted,
and al cohol s and/or thioal cohols of the fornmula (I1V) X R3(1V)

-4 -

A process with a yield of 81% is described by Roth et .

al. in J. Med. Chem. 1988, 31, 122-129. Here, 3,5-

diisopropylphenol i1s reacted with an excess of

urotropin in the presence of glacial acetic acid and

water, which also involves first removing distillate

before the reaction mixture is heated under reflux.

It was an object of the present invention to provide a

process for preparing substituted 1,4-quinone methides

of the formula (I), which is suitable for industrial

scale application and is thus economically viable and

not intensive in terms of plant resources. In addition,

not only the 7-methoxy- and 7-ethoxy-substituted 1,4-
quinone methides described in the literature should be

preparable, but also further substituted 1,4-gquinone

methides of the formula (I).

Surprisingly, a broadly applicable process for
substituted 1,4-quinone methides of the

preparing
(thio)acetal is

formula (I) has been found, wherein a
first formed from 4-hydroxybenzaldehydes of the formula
(Ix), which can then be converted directly to the
desired substituted 1,4-quinone 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 1in the 1literature

preparable, Dbut completely new Compounds are also
obtainable.
In the process according to the invention, the

(thio)acetals can be formed, in contrast to the prior
inexpensive, nontoxic and halogen-free
acids,

art, using
catalysts, for example organic  sulphonic
sulphuric acid and/or hydrogensulphates thereof,

catalyst. Halogen-free preparation is thus possible.
this is an

as the

Specifically in industrial scale processes,

important advantage owing to the risk
cracking corrosion in the case of use of halides in the

of stress-



where R3 = X (C-C O al kyl, M C10-cycl oal kyl O (C6-Cl4)-aryl, which are
substituted or unsubstituted, and 0, S, in the presence of a catal yst
selected fromfree or solid-phase-bound organi c sul phoni ¢ acids, sul phuric
aci d, hydrogensul phates, organic or inorganic phosphorus acids, the

di hydrogen and hydrogen salts thereof and fumng nitric acid and/or boric
acid, to give the correspondi ng acetal and then the alcohol or thiol is
elimnated fromthe corresponding acetal to give the substituted

1, 4- qui none nethide of the formula (1). “This invention further provi des a

process for prepaibpgol herduaisdicspalidiyt ed:geivdiorrlenzabashiudocol the

formula (I11), wherein 2, 6-di substi ute ols o e fornmula (VII)
where Rl and R2 &PBU@%ih SyBs aqeseyhi f%’tﬁEP’ﬁe(‘T‘)'eﬁ 85 B WieR

urotropin in a sellsentbari xsede odresessi ngheof pgiaci edrtace@p@riamfdoand wat er
at tenperatures wﬁns&r@rt%dako}ng@lﬁdSZCﬂ}@p@g\éé hsn_wef Eﬂgfeﬁﬁnf@er alowhe over the

entire reaction tl i nvention i Mﬁse OVId%? 8FOC€SS for

actlve com Pﬁ ? a e ab e, ~as
preparing substi f J‘l - guinone Trethi es o] formi f@i
catalysts

In addition, the proportion of the catalyst can be
lowered compared to prior art processes, the conversion
surprisingly rising slightly and not falling as
possibly expected. In addition, 1in contrast to many
prior art processes, the proportion of the expensive
orthoformate reactant can be lowered significantly,
while achieving equal conversions of more than 90%.
Since the process according to the invention in the
first process stage does not mneed an additional
solvent, it is additionally possible to significantly

improve the space-time yield.

In the process according to the invention, 3,5-
disubstituted 4-hydroxybenzaldehydes of the formula
(ITI) 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,
vields 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 yield

losses.

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



(V). where Rl, R2 =each independently hydrogen, (Cl-C15)- alkyl,
(C3-C15)-cycl oal kyl or (C6-Cl4)- aryl, which are unsubstitued or
substituted, R8 =(C3-C15)-al kyl, (C3-C10-cycl oal kyl or (C6-014)-aryl,

whi ch are substituted or unsubstituted, and X =0, 8, which is characterized
in that a substituted 1,4- quinone nethide of the fornula (1) where R7 =
unsubstituted (Cl-C2)-al kyl group and X = 0, where and R2 are each as
defined in fornula (V), is reacted in the presence of an al cohol or

t hi oal cohol of the fornula (VI) X (VI) where R8 .
=(C3-010-al kyl, (C3-Cl A-cycl oal kyl or (C5-014)-aryl, which are substituted
or unsubstituted, and 0

Ry Rz

H XRy ([)

where R;, Ry = each independently hydrogen, (Ci1-Cis)-
alkyl, (C3-Cis)-cycloalkyl or (Ce-Ciq)-
aryl, which are unsubstitued or
substituted,

Ry = (C1-Cis) —alkyl, (C3-Cy5)-cycloalkyl or
(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 (IT)

OH

H o (n

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



X =0, S. For the acetal formation in the process according to the
i nvention for preparing substituted 1, 4-guinone nethides of the fornula
(I'), preference is given to using, as the reactant, 3,5-disubstituted 4-
hydr oxybenzal dehydes of the formula (I1) which have (C -C 5) -alkyl,
(C3-010-cycl oal kyl and/or (C6-Cl4)-aryl groups as substituents R and R2;
the 3,5-disubstituted 4-hydroxybenzal dehydes used preferably have (Cl-04)-
al kyl and/or (C3-C15)-cycloal kyl groups as, substituents R, and R2.
Particul ar preference is given to using 3, 757 di substit ut ed
4- hydr oxybenzal de p il efemabl y with
branched (CS-C4)-Q¥ %%a§$%%5éghsﬁéﬁxggk5é%%£gﬁt§?eor |gg%rgp;? groups, as
substituents F.1 and R2. In particular,the3, 5-di substituted4-hydroxy-
benzal dehydes used have unsubstit groups as substituents R and R2- -
10 - In the context of the inventijon, substituents are understood to nean
groups selected from-COOR, -OH ULOR -halogen, -NR2, =0 and -00-NR2, where
R = hydrogen, (01-C10-al kyl, (C2<CIS)-cycl oal kyl and/or (C6-Cl4)-aryl
groups, which may in turn bBg®ubstitut@dsby at Ieaq?“?ne of these
substituents. Further reactants used for the acetal tormation in the
process according to the invention are orthoformates of the formula (I11),
\(/\hcgr ?;11:3 ;le Sulbst : &Am'%@teslzﬁ%gnﬁ% R%aa?elaa@é@f@?ﬂtyy( Ctr-om)~abkyl, orcs-

cycl oal kyl groups an refer up ese
substituents R4, R5 and R6 are %ﬂf’? 9?#%@% O%ns%bé ?t%{% Swm_gﬂ
particularly preferred enbodlneﬁFedﬂﬂFﬁétﬁﬁgd%%émﬁﬁéﬁFﬂ?ﬁﬁ to the
i nvention, orthoformates which have (Cl-C2)-al kyl groups as substituents
R4, R5 and R6 ar e Usefl iVeLYaRiidd CHl @1 capbebesense israliensvp using
ort hof or mat es whose substituents R4, R5 and R6 are all identical. In
particular, trinmethyl orthoformate is_ used in the process according to the
invention. In addition to the 3, 5:9P§ﬁbag|tuted 4- hydr oxybenzal dehydes and
t he orthofornmates, alcohols and/Bg t hi oaldohol s g {ythe formula (1V), where
the substituent R3 is preferably unsubstituted, are also used for the
acetal formation of the process according to the i nvention. The substituent

R3 is preferably ga.{Cr,As)- al kyl-con -6E8¢LC15) €yelgatkylogkoup apd nore
preferably a (C1 CA) aﬁkyl grouRk—Cu)—aryl, 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 boric acid, to
give the corresponding acetal and then the alcohol or
thiol igs eliminated from the corresponding acetal to
give the substituted 1,4-quinone methide of the formula

(1).

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

formula (VII)



In a particularly preferred enbodi mrent of the process according to the

i nvention, alcohols are used, nore preferably alcohols with a phenyl or
(C1l-C15)-al kyl group and nost preferably with a (Cl-C4)-al kyl group as the
substituent R3. In particular, methanol or ethanol is used in the process
according to the invention. 1In the process according to the invention,
preference is given to using orthoformates and al cohol s and/ or

t hi oal cohol s, where the substituents Re), R5 and R6 of the orthoformate are
identical to the substituent Rs of the al&chol and/or thioal cohol. Wen the
substituents R3 and R4, Rs and R6 are different, m xtures of different
substituted 1, 4-quinone nethides can®ldrm In the case of use of a

t hi oal cohol, predom nantly the quinone nethide where X = S and R7 = R3 of
the thioal cohol fornms. In contrast, i the case of use of orthoformates and
(thio)al cohol's with differen®isybstit s _R3*2and R4, Rs and R6, preferably
the correspondi ngly substituted i e nethide of the formula (I) of
the |l east volatile (thio)alcohol ) he catal ysts used in the process
according to the invention are prigferably] free or solid-phase-bound organic
sul phoni ¢ aci ds, sul phuric acid, hydrogefisul phates rgani ¢ or inorganic
phosphorus aci ds, the di hydrogen and ydrogenr%ﬂt@ﬂﬁhereof, and fum ng
nitric acid and/or boric acid, preference being given to using free or

sol i d- phase-bound organi ¢ sul phoni c acids, sul phuric acid and/or

hydr ogensul phates, and particul ar preference to using al kyl benzenesul phoni c
aci ds, polymers Whtedh faxmer syl phorbenasd deghpepsirorohydraogensul phat eS of
the alkali nmetals and al kaline earth netals. The catal ysts used are nost
preferably hydrogensul phates of the al kali nmetals and al kaline earth
nmetal s, especial F§ pbea@sCumhitr odeNErPpRat &7 or 2 s o8P Uity dMogERSTI phat e.
Theor gani csul phonbesicitdsgsedfmydclaRy| beazenesagigphoring avpdsy far exanpl e
p-tol uene sul phoeér%)é%%itgrgg godecyl.kenzenesidphori Gae6idcher rpel ygers which
have sul phoni c aci %rou?s. - %ﬁ - Iggeugg Qﬁoﬁo%Hﬁ§ as catal ysts has the
advant age that t hF®LEtRTYSTEan DT éfbved T16m the reaction mxture in a
sinpl e manner, for exanple by neans of filtration. Conpared to the
processes W th anmni unwehkosnh delikadeer digigvides heapr popcesd -fehe process

accor ding to they)gueah)onseahlkgs.an 1 NAYStiLAL Skakeaptodugt whd hout
g

hal i des, and there’i1s thus no need for any conplicated corrosion protection
of the plant part¥™nBr&Sver, the catalysts used in the process according
to the invention are inexpensive, hal ogen-free and nontoxic acids. The

nol ar ratioofthe3, 5-di substituted 4- 5 hydroxybenzal dehyde of the formula
(I'l') to the catalyst in the process according to the invention is
preferably from1:0.0002 to 1:0.5, prheferentially from1:0.0005 to 1:0. 2,
nore preferably from 1:0. 001R{© 1: 0 D& preferably from1:0.005 to
1:0.05. The process according t wention is characterized in that
the nmolar ratio of the 3,5-disub 4- hydroxybenzal dehyde to the
orthoformate is preferably from 1:10, the ratio preferably being
1:0.9 to 1:5 and nore preferably Y A4 to 1:2. The lowering of the
anount of the relatively expensive 0 oformate all ows the operating costs
of an industrial scale plant to be | ¢gywered, w thout the conversions being
reduced as a result. The acetal formfition in the process according to the

i nvention can be perforned either wtk _an additional solvent (A) or wthout
an additional solvent. Suitable gfditio xkssolvents(gﬁy i ncl ude sol vents
which are inert toward the 4-hydroxybenzal dehyde, al'cOhol, thiol and
orthoformate reactants used and to the (thio)acetal, preference being given

to aromatic solygnts ;such as toluene, gl henzens2pdLor fyl-engs.
alky] B (C3—C15) —cycloalkyl or (Cs"‘Clq) -
aryl, which are unsubstitued or

substituted,




- 13 - In a particular preferred enbodi nent of the process according to the
i nvention, the 4-hydroxybenzal dehyde is converted to the (thio)acetal in

t he absence of an additional solvent (A). In this way, the space-tine yield
of the process according to the invention can be inproved.

The4- hydr oxybenzal deydei sconvertedtothe (thio)acetal in the process
according to the invention preferably by heating under reflux for a few

m nutes to hours, preferably for 0.5 to 10 hours and nore preferably for 1
to 5 hours. TheconverS|onofthe3 5- di subst Pt ut ed4- hydr oxybenzal dehyde to
the correspondi ng (thlg%acetal cap ?g)ggfygrneqcapzd;ﬂggﬁggikﬁgeqﬁyres

this process stage is preferably @ cte erirc pressure. In the
case of use of sone thioal cohol S(CGO%‘lhgaﬁy& tWélFBV\?’b%l"t"tbﬁﬁ pBY it % her eof
wor ki ng under pressure is advi sablsebsThendetihi apé@cetal which fornms in the
process according to the inventipngcan be isolated by the customary

i sol ati on steps, such as concentration of the solution, extraction,
filtration, crystallization, etc. The (thio)acetal is preferabl not

i sol ated before t#echl i+ nahhorctoirizh@ aicolbit IBut SEbRViEMTEd d{:r‘lerctly from
the solution to thendgsi restikedust - thbe sotailiat ut(ag 1wherri rone =net hi de

of the formula (h}mﬁ%n th%FHrq6$§$ ag orduggm% e 4 nveptign. pefore the
coho

el imnation of the o)acetal the excess

ort hof or mat e and atnﬁeRiei‘éésgaCé} @6h613f’61£dt APoEPTEBHE (¥houisd *Ba T Ehdved -
preferably by di shel |@tdsencel foit hen(tdlicwpatetat ithinaicdiwlbeof soihated, it
i's advisable to add,an adghtional solvent (B) before this distillative
removal of the orthofornate and of the al cohol or thioal cohol. This can
achieve the effect that the (thio)acgtal remains in - 14 - solution even
after the distillative renoval of st hof okmate and of the al cohol or

t hi oal cohol. Suitabl e additiong” sol ventt$ (B) argy@olvents whi ch have a

hi gher boiling point than the al cohol and/or thioal cohol used and are inert
toward the (thio)acetal and the substituted 1, 4-quinone nethide to be
forned. The boil whegrp®nt of thécsalienikyB) utadCshoavdldsdkatl | east 100C,
preferably from 110C to 250C. I@C@ggbtbgpl tﬁwﬁjﬁeﬁﬁe@hbéiﬁtgﬂyaubg be
capabl e of keeping the acetal for o ut| n. In particular, in the
process according to the inventYSh Sgrg %0l vents are used, for exanplée
t ol uene, ethylbenzeneX o-, m o ﬁixylene and m xt ures of these and ot her
aromati c sol vents. i's also possible to use m xtures of aromatic

hydr ocarbons wi t r Rdingl.y i nedehoi fg@bggngg Jrangs as the
addi ti onal solveﬁtla(tlcéglc'r %%% rermvaifg%I mea ﬁs §f5 §1llléiion .0of _the excess

ort hof or mat e and™¥t Pﬂ%@%&%ﬁ%sf%TcéﬁﬁP 174 hi*8 i s pré?%raﬁ?y carried
out until the reaethidas noft be Hiymgleai(@ed PHEIBBFIGhgiPoPAYeDSf EPhe
addi tional sol vepdingB). A8i s frenovaleacdnbe eff ectiedupstiwicednden-

at rmspheri c pr es}?}}gr%x%e%qﬁléh{}ggy%%dtﬂée§§ﬁ{u§a (Xx) which have (C;-
Cis)-alkyl, (C3-Ci5) —cycloalkyl and/oxr (Ce~-Ciq) —aryl
groups as substituents R; and Ry; 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;-Cas)-alkyl
groups, most preferably with branched (C;3-C4)-alkyl
groups, such as tert-butyl or isopropyl groups, as

substituents R1A and R,.

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

substituents R; and Rs.



In the process according to the invention, the catalyst should |ikew se be
renmoved fromthe (thio)acetal before the thernal elimnation of the
(thio)al cohol, for exanple by nmeans of mechani cal separation processes.
This process is suitable in particular in the case of catalysts present in
separation processes solid form Suitable sedinentation O centrifugation
W th subsequent decantation. Especially in the case of catalysts present in
solid form it is advisable to renove them before the thermal elimnation
of the (thio)alcohol fromthe (thio)acetal; in order that the colum is not
contami nated by ipfroduced, §olids,s +nd5 invehRithe Gasgrofudise afra |iquid
catalyst, or for unrenoved traces of solid Cit al%dstgfoé h?é&,gﬂr e ef erably
neutralized with WHISECOPaFPi C5PEr PrePer §FCESTE gfv®h to uding, ‘for this
pur pose, nonnucl eephi Fhelagerst eNRoal-Pyaid nd®r-¥8:2 amhaes Rurrd MYABPYRIhi ¢ sal ts,
for exanpl e carbopateg)-Awanovat,-ef;) tbgcneutkial iza/oen @sedystadys not

absol utely necessary. The. sequence of renpv I L zat i f the
catal yst, of addisinf%l S of wgl%bl Vent ™1 Bsurélngk?eoﬁg%%etlggﬁ%{/g}%} o?g tﬁ%sgxcess

(t hi o) al cohol andowsf of hehesec €88S oY iUsHF6r mat e can be varied arbitrarily as
requi red dependi ng on the catal yst used, (thio)al cohol and orthoformate,
without yield |0S863y.. | A QRdBEs D CRrFOL Qe bhecsl idpnation of dhe
(thio)al cohol fromthe (t?‘n ot) acet af, t he acet al cont ai ing reaction mxture
of the process adOFEFHFICTERRY i W dht SHY PR |SPefeFabty heat'ed T o't he

boi | i ng tenper at uthe gbrikle d@TEent vit®)e theepubabltipepssaks | SastrAOC, nore
pLeferabI y to 1140 g@@%rﬁglthel(dlpjgh&lly@oh?k rei:g&s@dcysmaﬂn@\ze? f[)om
the reaction mxture, prefera i ia \f o] pon t of , by
means of cheni cal® 8hg] orarbfysﬁ’%%%erﬁqu?ﬁodg&#ﬁg J@t Il?fz g??%%%l eﬁ}f\ers%nat ed by
thermal inducti ofU€aR BEEENDFed fRom¥Ke racti6n ACXEur 8XBES A etonary

met hods. For i nstmaacestittheedl cohola relreédsetcan heefehead c ginbgdinemtd by
addihng su}tabl e rogiagepég, fﬁ*gc?éé@'f‘c@}ﬁl Yd§i deso _Hm\éerinﬁbﬂﬁi{co&al

met hods, for exanple the use of.a nolecul ar  sieve | e 0
short-chain (thi gﬁﬁ’%%%?%‘?s ar 8P4f%0 g%‘r'l%ei \$a‘ol%é’.3 alpcﬁftlt heg%%?lggs:esgsaccor di ng
to the inventionsubdieitUente) & coRel 2re| Basadei §SpenoVetly BrEFETHEBEY by
means of disill apirerershBes isvobies: haat i ngithe acstcflocoatas nivhgseeact i on
mxture to at Ie?%sgi(% g e Pr el{qgr agsl Yaha 130 t0e2590G iikechbecgLour gg of which
an additional solvent I's contl nilousléi1 rPat erted i.n, \Al/gueclie lInhe tIallecohol
and/ or thi oal cohBPTH&Uég8ed fsimethy otormate L

process according to the invention.

or

In addition to the 3,5-disubstituted 4-hydroxy-
benzaldehydes and the orthoformates, alcohols and/or
thicalcohols 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 Rz is preferably a (Ci-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 (C;~C4)-alkyl group as
the substituent R;. In particular, methanol or ethanol

is used in the process according to the invention.



- 16 - sinultaneously renoved fromthe reaction m xture together wth the
additional solvent (C). Particular preference is given here to netering as
much additional solvent (C) into the reaction m xture as the anount of
distillate, substantially consisting of (thio)alcohol and solvent (A, B and
O, which is distilled off. The additional solvent (C) serves here to be
able to nore easily renove the excess al cohol and/or thioal cohol fromthe
reaction m xture, and hence to achieve the elinmnation of the (thio)alcohol
fromthe (thio)acetal. It is also conceivable to performthe elimnation of
the al cohol at |ower tenperatures with siimuktaneous pressure reduction. In
addition to the shift in equilibriumjin favour of the substituted

1, 4- qui none met hi dé%of% HRFFBFASKOTINY £Ri 5P ridvaRsiogy e Pr&isL6 fas t he
advant age that tradés ddfenwaterusing |ofkeviiosmatesnnéd afiremlishendéact i on

m xture, and hence thbhsibaiek st eanéteOnhef stibsrisudisdsi Ryt erl bnd- guidwone net hi de
to the 4- hydroxybepzal dgbyde. canbe; shbstantially ssHPRRGSSEGR, oSUi table
addi ti onal sol vent ?héc% &%rleat%ora{he sgl yent s whi ch have a boiling point of
at |east 100C, preféranfy of “AT0 t o "250C °and are inert toward the

(thio)acetal and the substituted 1,4-quinone nethide qf the fornmula (1). In
particul ar, in theWpmotessubeTordringRi enfhR. | kverd Remreadoiferen:.sol vent s
are used, for exanmpl-e2ut&d ugneasredhytbenzeneucad- 1, Mqu@hoke XekBigs and

m xtures of these grpmpgiLc splvepts...kt i alsp Bessi bkg;dAHse M xtures of
aromati ¢ hydrocarbons, w th correspondi ng def.i.ned boilipng point range as
the additi onal sol‘?/ree%fm(né .tﬂ1 n%zgfve‘%?n%réert F‘%ﬁ?léirel y BT &f e}?r“e_ &iSodi ment  of
t he process accor di’ng Bo°t he"s nPéRei ool t Fe™$ol VBNESHEAFE (B) @8d (O) are
identical. In a fwasheprfepbodeiremtchoforriagepr ok s shaectaraphntps tw thhe
invention, two di fdierenintsohpent sertberiSed, ri,N Rohirh REASErdebEaQl vent (O
Pr ef er abl'y haalh a hah%h@én%g &#algggyf'l QIESLME_ chhe, & ?./ﬁ&{ed %m@:hid&h'oﬁ%— s

advant ageous en the substi e , 4- qui none h| de,,. for urther -
17 - use thereof, tfhg tf(sc)mﬁ‘zlaprg}s)en? iFlheaqlseSFve‘ﬁ?q%\tﬁh%h(ltlélor%(%%c‘glé’ry sui tabl e
for the distillatif6f™f the excess orthoformate and of the excess al chol or
t hi oal cohol. For the preparation of substituted 1, 4-quinone nethides of the
formula (v) (V) mhbecetfR2stRusedBir e@shpidtdependestdiynghydr agen,

(CL-015)- alkyl, (63:015) - cycl opldeubft, (HRsCl)- Rhvh.pihbobh.aae

unsubstitued or substi.tuted . . o .
organic $ulphonic 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 using free or solid-phase-bound organic

sulphonic acids, sulphuric acid and/ox
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 mnay be
alkylbenzenesulphonic acids, for example p-toluene
sulphonic acid or dodecylbenzenesulphonic acid, or

polymers which have sulphonic acid groups.



(C3-015)-al kyl, (C3-015) -cycl oal kyl or (C6-Cl4)-aryl, which are substituted
-or unsubstituted, and 0, S, the substituted 1, 4-quinone nethide of the
formula (1) where R7 = unsubstituted (Cl-C2)-al kyl group and X = 0, where
Rl and R2 are each as defined in forrmula (V) - preferably fornmed by the
process according to the invention - can be reacted in the presence of an
al cohol or thioal cohol of the fornmula (VI) Rsx%6 ?H(VI) - 18 - where 129
=(C3-C15) -al kyl, (C3-C15)-cycl oal kyl or (CG 0l14)-aryl, which are
substituted or unsubstltuted and X =0, S12 tn this case, the reaction

m xture consistin f e L d n h th rmul a
(1) where R7 = ungu stlg%]u éed?o'Sl iﬂtsc%% %Ea}%grsog%gaqgg ldg@?)r%a A %hggel and R2
are each as defin&8if nC?t@rlﬁfﬁFacfl‘V)be alfﬁil“of’ﬁé EXPR )08 CORBFLDF THREUFST mul a
(VI) of the process ac<iomndengaime, héor nesetplenby Smepnef ef abl cdaeabed t o

boi | i ng tenperat Ué&nﬁgretdhet&o'f:flgs?%%glegge§?‘ﬂ‘.’(€ﬁ‘t emRbEH 6! agi/qyoﬁlgteﬁt | east
he . net hano an or_.e ano IS

100C, nore preferabl dilo 110 and
removed directly F7% % fié F%a‘é}f‘?oﬂ“rﬁ&talfreﬁbfhﬁeé’ﬁgc%sfs HENEEARY A/ or
physi cal net hods. tihe imgehaiol  andboes etdmanohdesiniicdat edaly thefwet

i nduction can be weiAd¢ed Hal@8et heah@atheod AbXtdhue My GusdonBsy &) hods.

For ijistance, t hecqpubagols apdlor..ehhanglecbel sased eag bsaghepleally bound

by addi ng suitabl e reagents
met hods are al so ¥GRORFTabfRe Fafralawafpract hénuéjée oPrersTsI é&?P’éﬁil@ eve. In

t he process accorth ripet dntdreciionvent | omexpiehs $ve erimmlabent fidre apdt hanol and/ or

et hanol rel eased doxiprgégiably effected by neans of distillation. This
invol ves heating the reaction mxture to at |least 100C, preferably to 110

to 250C, in the course of which an additional solvent (D) is netered in
continuously, whiThé t heokmst haretiand/dr ethanol3 -Peféaded iitstsd mul4aneousl y
removed from t he hy@ackitemzal déhirde to@gehbefomidih t(he) aﬁtdldneoaataﬁakvent (D).

Particul ar prefergngﬁelér@eggnag@&%&g pet ard Ngvkh: rygc?rgg gﬂl

solvent (D) into_the reaction mxture as {he anount and/ or

ethanol and sol véAPE WHl-ORO% stQistd P eBrpFgrentially from

1:0.2, more preferably from 1:0.001 to 1:0.1 and most
preferably from 1:0.005 to 1:0.05.

The procesgss 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.



- 19 - preferably of 110C to 250C, and are inert toward reaction
participants and al so the desired product. In Particular, in the process
according to the invention, arc-natio solvents are used, for exanple

t ol uene, ethyl benzene, o-, m or p-xylene, and m xtures of these aromatic
solvents. It is also possible to use m xtures of aromatic hydrocarbons wth
a correspondi ng defined boiling point range as the additional solvent (D).
In a very particularly preferred enbodi nent of the process according to the
invention, the solvents (A), (B) (O andl?Eb are identical In this way,

substi t ut ed 1, 4- qui_none_net.hi ra ent Rs
whi ch has nore thg‘{? ?/\Dp%%ti'lbcg tgrrg%%rrree rea %l{n?)%rt O% ﬁe LHI)[hitcgg%;arl ant
of the process ac@SCEFHpa o= hehq nve’fmtéﬁnha@? hé %Ddifé’l’ft’]a%‘ezétlr‘?ﬁpy de

mul titude of deriat icensea he prepatietb)facennn si ngle duseeraedf ate, the
substituted 1,4- qlé'dﬁ?@lg) LBt ryoq%eﬁ{ t(ﬂ? f QBm'HhQS( oy W&l @pa‘ceU@%H@St ituted

(C1-C2)-al kyl group an e i ndividual re aration .process
differing only i nyﬂﬁedlqstthﬁr BE%%%gsstaé:ﬁoreHﬁ% b%Y‘?rft@l?PaFa?nlf’%rest

especially in actiiweretegr.maceuti cal ingredient resear ch. According to the
further use, the quinone nethi de sol uti on obtai ned by neans of the process

according to the vent can u urther d| I n e that
the qui none net hi Efe} soliut('.%‘lyf)irrloX bner?oz f%eeycgsed Firec ﬁ&&t%éﬁe sﬁ' stlt ed

1, 4- qui none et hi dehtarcbeal st a&lv@dpﬁyce%mf@reﬁegp%dﬂ}ﬁ %ﬁ")‘?flﬁ’r%n and
crystal lizing andpremmabbg bhenepr Otlylcindeandedpix doal &yf@umihueds for

exampl e by recryshalld, za@&eperalﬁlymxfoel s@.be bl pfalndi@scognbet ghye renove
the solvent for the crys I zatron process, and exchange it for a sol vent

in which the subs?’r'efﬁ.?tréall.’[ ®rqdi ﬁ%r?e%?ﬁl de has a | ower solubility. In
this way, the crystallization process can be sinplified or accelerated. The
- 20 - substituteshd, 4-&uHvReBeoATEt hbele caneal s9, bajichbatnectdsy a conplete
or partl al renova%cpfox%?eer%zﬁqldvﬁ?éé Ig'e %Ségr%gpﬁéﬂ(ﬁ. rged(thlo)acet:al

4- hydr oxybenzal de process according to
the invention carc¥e J &paienmed tél*ll'erdlpfrft%éeﬁl RESTTHTE2, éhlﬁl BEHSTI% ut ed
phenol or proceeditgef remp2eberahlyubsifiectit@dad- perdgilpvénolorbyswmger ous

prior art processgs..id eagéigylegé Yo 5 Wdmbl@ 1 prnsesI shaswheencd ound to be

one which is charact ed in t |sub u h t.he fornual
(MI1) is reacted * 2’ ?%%gr%"l& orf ereog fie" rlelgcglg%? ggg%f@or hsh

process accor di ngdvésghke i nvent i on for pr eparl ng the 3,5-disubstituted
hydr oxybenzal dehyde are preferably 2, 6-di substituted phenol or m xtures of

such conpounds, wher %kb@)a%é‘%%ﬁ' wz@ﬁ f@rﬁsheuz ad G-HReskt hess &y espond
to the substituents rrrua Preferencelsr%lvento

usi ng 2, 6- di substi ut¥d bﬂ%‘?‘fbtllémvm‘faé’h ﬁvels (]:%L% ) DY) (e customa
(C3- 015) cycl oal Kyblatighostesd- OEh) agr gPneprBapsionmie té‘leeﬁ@?“a‘b]l%ﬁ
(C1-C4) - al kyl an@é(er_»a&t%nmS)hqyeé@astyl @Heitas] Bsatsivhst | tarent s T]Re and R2.

hery particul ar BEELSIENES) | S O KEBeLOuS o2 48a1dtaubsLibuL ediphencl s
with (ci-C4)-alky

gro tituents 42\} Eai(')‘ﬁ uIarIy
preferred enbodi ﬁéﬁ‘fllrtﬁtltjﬁeof)rtﬁl?e%c%‘&]o'r d‘?”ﬁg CPBV‘?’ﬁtee &fick rom
2, 6-di subst i t ut edhphenblisionhitoh thavdebi aat heb uCB- 64)theabk?$tﬂgfr®@|§ls, such
as tert-butyl orii50R/i0BYE B5AURS, oAl FOEmula (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
thiocalcchol 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



- 21 - This process according to the invention is |ikew se characterized by
its freedom from hal ogen, since preference is given to not using any

hal ogenat ed conpounds. The process according to the invention is
characterized in that the molar ratio of the 2,6-disubstituted phenol to
urotropin is preferably less than or equal to 1:1, preference being given
to a process in which this molar ratio is from1:1 to 1:0.8. The ratio of
glacial acetic acid to water in this process according to the invention is
preferably sel ected such that a reaction 1%ﬁberature of 115C 10C can be
established wt hogthlﬂ:r:]L%nn%%gnt %fqleft 'tlheOféls\e@tl?zgtl\/‘%s Perﬁ'o%ﬁw lor g OCESS

step frequently nenti oned rior art can pe wth
resul t of mhch t?%ﬁﬁﬂﬁ8€@§§3§€éo?g‘ﬁﬁ*PBC?WR§|°ﬁVER{?%;? gaﬁ be nadeaﬁofe
effective. In the process according to the invention, preference is given
L geg‘zﬁ ZE: ;Sg; ng as_ma%ﬁer aatdithchnaa.Lceéé]Q/e?&Qisd ) vwater s@flvélntJSSt @n2di 1, nore
L ef era 0
2, 6- d|substltutedmﬁﬁ%ﬁﬁlhl%ﬁ%~3%%@15? 5@%??cqéé?d h%J% %Sﬁ a /Jﬂe
urotropin can be @Uﬁbﬂn@@ﬂlnﬁ@ﬁyaéésﬁ¥%du§§&uéﬁ@@rdFﬁ%ﬁeW%H@éaF%uﬁlven to
di ssol ving the 2,&:digiebsiubt i @t gghanal qiimgleaacicaahiaeetocbacifdymahd addi ng
urotropin and finglly, the, S Jhecd X g.at wﬁ &@ﬁpg%ﬂié Kan @l so be

effecteq ei ther at roomtehperature or at el evafe E The
conversi on of theeast- diQUBst | PEEERFFHENOIETPB g}V%(ih§°3 % g iubé?ituted

4- hydr oxybenzal defiddeids, efhfiectelvdam (R ssiproceds agerid 9§ keering
invention, over the enlhihf ESARLd Ofh tidMiciBhel ehablayraduimt enperatdre a few

degr ees bel ow the ref |ux tenpe ur t he Le ction
tenperatureprefeﬁ%BF§8%|ﬁﬁﬁF%gn % %he 1Rverition, aéd%§§£c solvents

are used, for example toluene, ethylbenzene, o0-, m- or
p-xylene, and mixtures of these and other aromatic
solvents. It is also possible to use mixtures of
aromatic hydrocarbons with a correspondingly defined

boiling point range as the additional solvent (B).

This removal by means of distillation of the excess
orthoformate and of the excess alcohol or thioalcohol
is preferably carried out until the reaction mixture
has attained the boiling 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.



- 22 - preferentially at |least 3C and nore preferably 5C bel ow the ref |ux
tenperature. This has the advantage that, firstly, the reaction tenperature
is sufficient for a virtually conplete conversion of the 2,6- disubstituted
phenol to the 3,5-disubstituted 4- hydroxybenzal dehyde; on the ot her hand,
the tenperature is insufficient to reflux the reaction mxture and thus to
soil or even to block the colum with the product which collects preferably
at the liquid surface, which is often in solid form Especially in

i ndustrial scale processes, this is an UH%eéired effect. Mdreover, it has

been found that a.preaess. uhi Glt WREkS oM th a;ikeast icaBat@ymer at urecbel ow the
ref lux tenperature also_allows the puri of the.s bstittlﬁted 1,.4- qui none

t
met hi de to be inpt vedn BEHE I ¢ arsaﬁﬁgfercragal\és 53di ment of this
process accor di ngotederiely nvaetiaiizefie madskti oh mPteure FrReAed to a
tenperature of 11HGrelBicOVRY dhRnenid n&ihgaCtbon thisepurdiese, eachi-on
tenperature over the entir.e reacti j ,S pr.ef |y es han 10C
bel ow the ref Lai“%gﬁﬁg?%PUre.O{n gﬁ%£%%ﬁ%gxtq%'dgﬁgg iﬁ@gﬁ?%o %the entire
reaction time is \BREERRIDOPIUE  nEQR EHERISTELHIRTE Wit CHNEL d8Si r ed
reacti on tenper atdhkeenéetralieatsacpiroduaf itheoR,@sdilsubkt negeegaphenol with
the urotropin is attained and maintained. In the context of this invention,
the heating and coolin hases fre not 1nc|uded %p:ﬁh%teggiQ% r%ggtion
time, even thougH’fead §20f Ot h&2°82" di%ubstit it €éd phéhol °"can al ready or
still be observedakalydivseohhad@stiorheof eactdBivert xt(@ e 3¢ t e B&ction of
the 2,6- disubstithbesh phensle ax@desd (heidjeatoBpl Nand i efter abdcgsheated to

the desired reacti e atyre ip thi r di,ng : i nvention
for 1 to 10 hour 3?9%?%%gély orbg t%@eﬁoﬁa%?%gﬁ%ﬁr?%{ ehgr Ef&lrurélglgd for 3 to
6 hours. - 23 - SERPHYG0 PhRe ‘éqeff§F’éﬁ%ys§ub§t3??uen$t§uloﬁaf%°§“ I 8?% R2
posi tions, the sottiiddngtandvittheutreridldglpedast- of the 3, 5-di substituted
4- hydr oxybenzal dehydes nmay be very different. Depending on the substitution
pattern of the 4-hydroxybenzal dehyde, diff nt ; an_be dto
isolate the 3,5- 5?su8§%%% u?té’d zf-ahr%a'r ofﬁ%en%?deﬁy erh%?i%? isogr ogggs
according to the(irvaricerl (AJrqm | t&E ng toEP) 2ReEIr eciPict attéG80Ti d, in
whi ch case the ftbitainenebtaidtednahieturteheff the rmtdcens cagcdglisgntot o a
further conversi of, ofipgefedsubst ifuiredaphenalestes hao3, Bndll shsthg ut ed

e

4- hydr oxy- benza de. (B). Adding. water, .in_order .i.n this

precipitate the %‘?@%iagﬁ’ﬁ t‘%ft Lf?’éid Sg’-lﬁ%? og%)beﬁ)fg e bgl(Ye,tot ﬁé\,\?é?%%er wor kup
bei ng ef fect ed at@WIdi ngoxe EApfer@)lvExtractithg 6 t R°A Sui PaBI etR91 vent ,

t hen washi ng t he(@xio)attondit hraediedanis distdtddat Evel y thenmmsangidhe

sol vent. The sol ys pﬁeusedp&%reg%ﬂ%yt be sehyents, Whihehar e patgks b sci bl e
il

or do not have good wafer “m sci gl ﬁrefere/ce bgl ng given tg usi ng
aromati c sol vent@FEPIt hP% TRANS0SE, “SFRH Hs 85‘6% JEnB Y&V BENZRAE, xyl enes,
or m xtures of tHese($dbveltchoiemliionegted 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)alcohols, are also conceivable.

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



(D) Distilling off acetic acid and water, in which case the residue

consi sting predom nantly of the 3,5- disubstituted4-hydroxybenzal dehydecan
subsequently be washed with water, in order to |ikew se renove the salts
which formin the reaction. The exanples which follow are intended to
illustrate the process according to the invention in detail, wthout any

i ntention that the invention be restricted to this enbodi nent. Exanpl es

'1-4: 7 g(30 mml )of 3,5-di-tert-butyl-4-hydroxy- benzal dehyde are initially
charged in a reaction flask and adm xed™ t®h~a nmixture consisti ng of 14.5

m of - 24 - rmet Q%ta@l@gu 13,2&n%f\,1e§r'ff§%my' tﬂéth%%ﬁ%he miykgeguently,

5 mmol of the cata accor are added. The_reaction m xture

is heated to refl| GRISHITTe vEthr (iBgy adftdPnhr 88 ‘f’ﬁﬁfr s{ChhePFEAEEEBR ni xture
i's cool ed to roonptefpenaturse wvent here drveeseoimofast heclal afshiydenas

geterm ned by gass&fvé?ﬁat(egrﬁp&w thEh%egeay&{ sligRsrof a¢ henaaldehydess as a
unction of the ¢ atd'ryﬁt used art_faanst wyl r(1:m‘ll'§albslttain%J Tfabl(&lo al.?ég

Cat al yst Conver si ate, subs
and solvent (A, B and C), which is distilled off. The

additional solvent (C) serves here to be able to more

easily remove the excess alcochol and/or thioalcohol

from the reaction mixture, and hence to achieve the

elimination of the (thio)alcohol from the (thio)acetal.
It is also conceivable to perform the elimination of
the alcohol at lower temperatures with simultaneous
pressure reduction. In addition to the shift in
equilibrium in favour of the substituted 1,4-quinone
methide of the formula (I), this process step also has
the advantage that traces of water are likewise removed
from the reaction mixture, and hence the back-reaction
of - the substituted 1,4-quinone methide to the 4-
hydroxybenzaldehyde can be substantially suppressed.

Suitable additional solvents (C) here too are solvents
which have a Dboiling point of at 1least 100°C,
preferably of 110 to 250°C, and are inert toward the
(thio)acetal and the substituted 1,4-quinone methide qf
the formula (). In particular, in the ©process
according to the invention, aromatic solvents are used,
for example toluene, ethylbenzene, o-, m- or p-xylene,
and mixtures of these aromatic solvents. It 1is 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-quinone methide, for the further



the al dehyde (in GC% CE 1 Amonium chloride 98.6 1 p-tol uenesul phonic acid
95.0 2 Sul phuric acid 91.1 3 Potassi um hydrogensul phat e
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use thereof, is to be present in a solvent which is not
very suitable for the distillation of the excess

orthoformate and of the excess alchol or thioalcohol.

For the preparation of substituted 1,4-quinone methides
of the formula (V)

@]
Ry Ry
H XRg (V)

where R;, R; = each independently hydrogen, (C;i-Cis)-
alkyl, (C3~Cis)-cycloalkyl or (Ce-Ciq)-~
aryl, which are unsubstitued or

substituted,
Rg = (C3-Cis) —alkyl, (C3-Cis) —cycloalkyl or

(Ce~Ci4) ~aryl, which are substituted or
unsubstituted, and
X = 0, S,

the substituted 1,4-quinone methide of the formula (I)
where R; = unsubstituted (C;-Cz)-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 thioalcohol of the formula (VI)

X
Rg/ \H (Vl)



99.4 Sul phonated pol ystyrene 98.6 (LewatitC) K2649) CE: Conparative
exanple Exanples 1 to 4 show that particularly organic sul phonic acids,
and al so sul phuric acid and the hydrogen salts thereof, are suitable
catal ysts for the process according to the invention. The conversions of
t he al dehyde are nore than 90%in all exanples. In exanple 4, the
conversion is in the sane order of magnitude as for a prior art catalyst
(CEl); in exanmple 3, the conversion is even higher. Exanples 3-6; The
experinmental procedure is the sane as arr%%dy described in exanples 1-4,

except that the catalyst and (C3=Cys) —alkyl,  (Cs-Cis)-cycloalkyl or
(Ce-C1q4)-aryl, which are substituted or

unsubstituted, and

X = O, S.

In this case, the reaction mixture consisting of the
substituted 1,4-gquinone methide of the formula (I)
where R; = unsubstituted (C;-Cz)-alkyl group and X = O,
where R; and R, are each as defined in formula (V), and
the (thio)alcohol of the formula (VI) of the-process

according to the invention is preferably heated‘ to
boiling temperature of the corresponding solvent,
preferably to at least 100°C, more preferably to 110 to
250°Cc, and the methanol and/or ethanol 1is removed
directly from the reaction mixture by means of chemical

and/or physical methods. The methanol and/or ethanol

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) 1is metered in continuously,

while the methanol and/or ethanol released is

simultaneously removed from the reaction mixture

together with the additional solvent
to metering in as much

(D). Particular

preference 1is given here

additional solvent (D) into the reaction mixture as the

amount of methanol and/or ethanocl and solvents which is

distilled off.

here too are solvents
100°c¢,

Suitable additional solvents (D)
which have a boiling point of at least



- 25 - also the amobunt of the catal yst are now varied according to Table 2.
Exanpl e Catal yst Anpunt of catalyst (in mmol) Ml ar ratio of al dehyde to
catal yst Conversion of the ‘
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preferably of 110°C to 250°C, and are inert toward .
reaction participants and also the desired product. In
particular, in the process according to the invention,
solvents are used, for example toluene,
and mixtures of these

aromatic

ethylbenzene, o-, m- oOr p-xylene,

aromatic solvents. It is also possible to use mixtures

of aromatic hydrocarbons with a corresponding defined
boiling point range as the additional solvent (D). In a

very particularly preferred embodiment of the process

according to the invention, the solvents (a), (B), (QC)

and (D) are identical.

In this way, substituted 1,4-quinone methides of the

formula (V) with a substituent Rg which has more than

two carbon atoms are readily obtainable. This wvariant

of the process according to the invention has the

that a multitude of derivatives can be
the substituted

advantage
prepared from a single intermediate,
1,4-gquinone methide of the formula (I) where R; =
unsubstituted (C;-C;)-alkyl group and X = O, the
individual preparation processes differing only in the
of particular interest
ingredient

last process step. This is
especially in active pharmaceutical

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 used

directly, the substituted 1,4-quinone methide can be
by cooling the product mixture, and
and optionally

isolated
crystallizing and removing the product,
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-quinone methide has a
lower solubility. In this way, the crystallization
process can be simplified or accelerated. The



g;dihgdg (in GC% CE 1 CE 2 NHAC1 NH4C1L 5 mmol 2.5 mmol 1:0.17 1:0.08 98.6
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substituted 1,4-quinone methide can also be obtained by

a complete or partial removal of the solvent.

The 3,5-disubstituted 4-hydroxybenzaldehyde of the
formula (II) used in the process according to the
invention can be prepared either proceeding from 2,6-
disubstituted phenol or proceeding from 2,6~
disubstituted 4-methylphenol by numerous prior art
processes. A particularly suitable process has been
found to be one which is characterized in that 2,6-

disubstituted phenol of the formual (VII) 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.

The reactants used for the process according to the
invention for ©preparing the 3,5-disubstituted 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 Ry in the formula (II).

Preference is given to using 2,6-disubstituted phenols
{C3-C15) ~cycloalkyl and/or (Ce-
(C1-C4q) ~alkyl amnd/or

which have (Ci-Cis)-alkyl,
Cu)-aryl groups, more preferably
(C3-Cis) -cycloalkyl groups as substituents Rg and Rj.

Very particular preference is given to using 2,6-

disubstituted phenols with (C1-C4)-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 Rj.



ggKgSO4 KHSO4 KHSO4 5 mmol 1.1 nmol 0.4 mmol 1:0.17 1:0.04 1:0.01 99.4 99.6
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This process according to the invention is likewise
characterized by its freedom from halogen, since

preference 1is given to not using any halogenated

compounds .

The process according to the invention is characterized
in that the molar ratio of the 2,6-disubstituted phenol
to urotropin is preferably less than or equal to 1:1,
preference being given to a process in which this molar

ratio is from 1:1 to 1:0.8.

The ratio of glacial acetic acid to water in this

. process according to the invention is preferably
selected such that a reaction temperature of

115°C + 10°C can be established without any need to

distil off water.

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 1s 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 zreaction

temperature preferably being at least 2°C,



CE: Conparative exanple Exanples 3, 5 and 6 show clearly that a reduction
in the nolar amount of catalyst in the process according to the invention
all ows the conversions to be enhanced further. In contrast, conparative
exanples 1 and 2 show that, in the case of use of anmoniumchloride - the
prior art catalyst - a reduction in the nolar ampunt of catalyst |leads to

| ower conversions. Exanples 7-11: The experimental procedure is the sanme as
in exanple 5, except that the anount of nethanol and trinmethyl orthoformate
I's now varied according to Table 3. - - _Tabl e 3- Exanpl e Met hanol
Trimet hyl orthoformate Conversion of the 5ﬁdehyde

preferentially at least 30c and more preferably 5°C
below the reflux temperature. This has the advantage
that, firstly, the reaction temperature is sufficient
for a virtually complete conversion of the 2,6~
disubstituted phenol to the 3,5-disubstituted 4-
hydroxybenzaldehyde; on the other hand, the temperature
is insufficient to reflux the reaction mixture and thus
to soil or even to block the column with the product
which collects preferably at the liquid surface, which
is often in solid form. Especially in industrial scale
processes, this is an undesired effect. Moreover, it
has been found that a process which works with a
reaction temperature below the reflux temperature also
allows the purity of the substituted 1,4-quinone
methide to be improved. In a particular preferred
embodiment of this process according to the invention,
the reaction mixture is heated to a temperature of

115°C + 10°C over the entire reaction time. The

reaction temperature over the entire reaction time 1is

preferably not less. than 10°C below 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
In the context of this invention, the
included in the

and maintained.
heating and cooling phases are not
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.



(inm) Mlar ratio to the aldehyde (in g) Mlar ratio to the al dehyde (in
GC%W 7 13.3
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Oowing to the different substituents in the Ry and Ro
positions, the solubility and the melting point of the
3,5-disubstituted 4-hydroxybenzaldehydes may be very
different. Depending on the substitution pattern of the
4-hydroxybenzaldehyde, different methods can be used to
isolate the 3,5-disubstituted 4-hydroxybenzaldehyde in

this process according to the invention.

(A) Filtering off the precipitated solid, in which case
the filtrate obtained after the filtration can be
sent to a further conversion of 2,6-disubstituted
phenols to the 3,5-disubstituted 4-hydroxy-
benzaldehyde.

(B) Adding water, in order in this way to precipitate
the 3,5-disubstituted 4-hydroxybenzaldehyde, the
further workup being effected according to (A}.

(C) Extracting with a suitable solvent, then washing
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

according to the invention in detail,

the process
without any intention that the invention be restricted

to this embodiment.

Examples 1-4:
749 (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
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methanol and 14.2 g of trimethyl orthoformate.
Subsequently, 5 mmol of the catalyst according to
Table 1 are added. The reaction mixture is heated to
reflux while stirring. After three hours, the reaction
mixture is <cooled . to room temperature and the
conversion of the aldehyde 1is determined by gas
chromatography. The conversions of the aldehydes as a

function of the catalyst used are shown in Table 1.

Table 1:
Exanmple Catalyst Conversion of
the aldehyde
(in GC%)
CE 1 Ammonium chloride . 98.6
1 p-toluenesulphonic acid 95.0
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. In
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 is the same as already
described in examples 1-4, except that the catalyst and
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also the amount of the catalyst are mnow varied
according to Table 2.

Table 2:
Example Catalyst Amount of Molar Conversion
catalyst ratio of of the
(in mmol) aldehyde aldehyde
to {(in GC%)
catalyst

CE 1 NH;C1l 5 mmol 1:0.17 98.6

CE 2 NH4C1 2.5 mmol 1:0.08 97.4

3 KHSO, 5 mmol 1:0.17 99.4

5 KHSO4 1.1 mmol 1:0.04 99.6

6 KHSO,4 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
further. In contrast, comparative examples 1 and 2 show
chloride - the

that, in the case of use of ammonium

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 of methanol and trimethyl

orthoformate is now varied according to Table 3.

amount



conversion Al dehyde di ssolves inconpletely CE Conparative exanple
Exanples 7 to 11 show that the orthofornmate content can be | owered down to
a nolar ratio of aldehyde to orthoformate of 1:1.1 wi thout the conversion
of the al dehyde being inpaired Exanple 12 - Preparation of the

met hoxy- substituted quinone nethide: A 35 1 glass vessel with stirrer and
condensor is charged with 4.0 kg of
3,5-di-tert-butyl-4-hydroxybenzal dehyde, 2 g of trimethyl orthoformte and
6 kg of methanol are added and the contem®~are ni xed. Subsequently, 45 g
of sodi um hydrogensul phate are added. Then the reaction m xture is heated
under ref Lax for approx. 1 to 2 hours. After one hour, the conversion of

the al dehyde is cPadRed: by neans of gas_chronmatography. The aldehyde used
has al ready been converf{ed conpletely afterrohetheglr. The€oneactiogn (m xture
is cooled and fifltered Ihrcnﬁgkﬁ%ngghenk fidti@brormate! | To€ dde ter residue
is washed with § kg of ethylbenzene. The filtrate is returﬂﬁgw%%ck to the
glass stirred tgnk, and|the nixture of fethanol—trimetthyl—orthotermate and
et hyl benzene i s |dixsiple ed of f ds mapdl y as possiblar S$ubsequently,| the
azeotropic distill | ationfis, cgaymenced, té h(theycotyse eb [which G389 tg 500 ni
of ethyl benzene |are addged continuo%§ly per
the the
aldehyde aldehyde
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%
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 wused has already been
converted completely after one hour. The reaction

mixture is cooled and filtered through a Schenk filter.



hour 5 hours, a 9 hours, the nuch conversion conversion distillate is
renoved. After of 70%is attained; after to the desired qui none nethide
rises to nore than 90% The reaction mxture is cooled. The desired qui none
met hi de precipitates out in the course of cooling and can be isolated with
a purity of > 98% Exanple 13 - Preparation of the butoxy-substituted

qui none nethide from3,5-di-tert-butyl-4-hYdroxY- benzal dehyde: 7 g of the
3,5-di-tert-butyl-4-hYdrOxybenzal dehyde are admi xed with 3.5 g of trinethyl
orthof ormate and 21 g of n-butanol. Subs%buently, 0.1 g of potassium

hydr ogensul phate i s added and t he reac Xt er reflux
for 2 hours. TheThfdeHyEs LR UFads %%%’gowgéﬁ quaﬁ%ﬁsiglve Then the
pot assi um hydr ogensultphatae sid i lreene@doflﬁacéfndtq héh@h plass réE’r’éﬁfél i s washed
with 50 g of ethylhbenzepga SQQgeqqgakhye t e mMxduhaeodf nmetrhaediyl tri nmet hyl

orthoformate and et benzene is dist] ff.un a kel | bpg tgnperature
of 130Cis attalﬂgﬂu%#ﬁgﬁtioéiﬁi SFEEY F%gﬁzéﬁb %%gt hour are added
constantly, and témwidameaanobpssigiled sﬁP-‘Ps’reéF@nF%y'r erﬁﬂfed bt Pifeousl .

distillation is commenced, in the course of which 300

to 500 ml of ethylbenzene are added continuously per

hour and just as much distillate is rremoved. After

5 hours, a conversion of 70% is attained; after

9 hours, the conversion to the desired guinone methide

rises to more than 90%.

The reaction mixture is. cooled. The desired quinone

methide precipitates out in the course of cooling and -

can be isolated with a purity of > 98%.

Preparation of the butoxy-substituted
3,5—di—tert—butyl-4—hydroxy—_

Example 13 -
quinone  methide f£rom
benzaldehyde:

7 g of the 3,S;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
orthoforméte 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.

82% of the butoxy-substituted quinone

After 6 hours,. %
7% of the 3,5-di-

methide has formed. As a by-product,
tert-butyl-4-hydroxybenzaldehyde has'formed.



After 6 hours, 82% of the butoxy-substituted qui none nethide has forned. As
a by-product, 7% of the 3,5-ditert-butyl-4-hydroxybenzal dehyde has foi ned.
- 28 - Exanple 14 - Preparation of the butoxy-substituted qui none nethide
fromthe nmethoxy-substituted quinone nethide: 1 g of the

met hoxy-substituted qui none nethide (fromexanple 12) is dissolved in 20 g
of ethyl benzene. Then 1 g of n-butanol is added. The reaction m xture is
heat ed under ref lux for two hours. According to analysis by neans of gas
chromat ogr aphy, 73% of the methoxy-substitfited qui none nethide has been

converted to the but oxy-sppsti ty{eg%rg%&gn%fnegﬁg d@ut EXARILEE LB ted
u

Preparation of an ar Sxy-su stit qui none pethide from t%e .
met hoxy- subst i t ut @ingaenseehide hifgem £h§ d‘fetfnﬁﬁy'r@%’?&%ff-l%% sTITiTed qui none
nmet hi de i s di ssolw&chida: 35 g of et hyl benzene. Subsequently, 0.65 g of
4-tert-butyl catechql is agdded..Jhg k6B6t1 Rl Xudhend Smbeaied under ref |ux
for two hours. According to ,anal,ysiﬁ %% mezzrbs ogfggéh%%re%ggﬁggr,lﬁ,%gy, 77% of
the met hoxy- subst$tAIPEE Yt mone WEPhYHe Has bdeR  converted to the
4-tert-butyl cat echd -substhtugred o neddedret et ¢3FEHBX YRISTHEE | 6t ed) .
Exanpl es 16-20 - RAgRar ath@r Ofed19x di £d:er trwbut Ydue. hydroxgbenzabdehyde:
2,6-di-tert-but ylag{ﬁnol i gﬁdi ssoé vg?hggsglﬁgbgét%%w, aghg. opuhsequently,

r

urotropin and wat 3t a eafearénd , eaction mxture is heated_at not
more than 2C bel gvethhRsy Tefosk ik s ShBHECRE ™R 1555 PREHr §°7 9 ©°

preci pitated productheSodtiokt esads tdfthtaddnviamshe duvatitibewat er and net hanol
and dried on a rotary evaporator. The nolar ratios of the reactants used
and also the determned yjields of 3,5-di-tert-b 1-4- 3 al dehyde,
based on 2, 6-di - tEAFPHut g;ltsphe'nolpfeg?léa% Town °:';En %ﬁl aeé?f‘.ﬁ)é%%y%ﬁganpl e>s/ 16
to 19 show unexpemtindhy hegiids efrrm whhe h "RERRTEUPEBLHE S pBEFER®on t he
basis of the smaldetasamint s of urotropin. These exanpl es show that a process

with a molar rati,0,0f,ur ghLopgodd /- BepRhAARlaOl gl el NABcAi @ Ses! eads to
astoni shingly hi%P yi el ds and_conver si ons

isSolved in 35 g of ethylbénzene. Subseguently, 0.65 g
of 4-tert-butylcatechol is added. The reaction mixture
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 yields of 3,5-di-tert-butyl-4-
hydroxybenzaldehyde, based on 2,6-di-tert-butylphenol,

are shown in Table 4.



Exanpl es 21-25 - Preparation of 3,5-di-tert-butyl-4- hydroxybenzal dehyde
(variation of the reaction tenperature): 2,6-di-tert-butyl phenol is

di ssolved in glacial acetic acid. Subsequently, urotropin and water are
added, and the reaction mxture is heated at different tenperatures for 5.5
hours. The precipitated product is filtered off and washed with water and
nmet hanol, and dried on a rotary evaporator. The particular reaction
tenperatures, yields and purities are sh _in Table 5. - 30 - Exanples
21-25 show t hat excessively | ow reaction"tenperatures |lead to conversion

| osses, but excesgjpigl ¥. hi gh reaction tenperatures lead to purity problens.
In addition; at Extessively high reacrlon tenperatures fromthe reff | ux
tenperature, thdre is the rP8k*t H&t 8ot ds will block the colum. | - 31 -
Clainms: 1. A prdcess for prepa Rag-&iideEtrut ed 1, 4- qui none net hi deg of the
formula where Ri, R2 =each ingapgnsienidly hydrogetar(Cl- Cydgldl byl|,
(03-015) -cycloallkyl or (06-014)-aryl, which arg,unsWestiti4ed Bised
substituted, R7|=(C1-015)-al kyl, (C3-C15)-cycl oal kyl, . .

or (C6- 014) - aryl ,|\wiiemate substituted or unsubstftH&d, afl X &=6i"s,

Urotropin Acetic acid to tert-

acid water butylphenol)
16 0.50 14.52 1.54 60.50
17 0.67 14.52 1.54 82.57
18 0.80 14.52 1.54 89.22
19 0.80 12.66 1.34 89.47
20 1 14.52 1.54 87.46

Examples 16 to 19 show unexpectedly high yields which
were not to be expected on the basis of 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.

Preparation of 3,5-di-tert-butyl-4-
reaction

Examples 21-25 -
hydroxybenzaldehyde (variation of the

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.



characterized in that 3,5-disubstituted 4-hydroxybenzal dehydes OH - 32 -
where RI and R2 are each as defi ned above are reacted with orthof or mat es of
the formula OR4 R50 where Rd, R5, R6= each independently (Cl-C15)-al kyl,
(C3-Cl15) -cycl oal kyl or (C5-Cl4)- aryl, which are substitued or
unsubstituted, and al cohols and/ or thioal cohols of the fornul a

- 30 -
Table 5:
Molar ratio of
ees to 2,6~di- Yield
tert-butylphenol Molar ratio Reaction (in % based Purity
Example of acetic temperature on 2,6-di- (in %)
Urotropin Acetic acid to (in °C) tert-
acid water butylphenol)
21 1.00 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 7.26 1.54 117-120 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 1low 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.



where R3 = X (C1-C15)-al kyl, (C3-C15)-Cyd Cal kY1 O (C6-C14)-aryl, whi chare
substituted or unsubstituted, and 0, S, in the presence of a catal yst
selected fromfree or solid-phase-bound organi c sul phoni ¢ acids, sul phuric
aci d, hydrogensul phates, organic or inorganic phosphorus acids, the
di hydrogen and hydrogen salts thereof, and fumng nitric acid and/or boric
acid, to give the corresponding acetal and then the alcohol or thiol is
elimnated fromthe corresponding acetal to give the substituted
1, 4- gui none net hide of the fornula (1). -23A process according to claim1,
- 33 - characterized in that the catalysis used are free or
sol i d- phase- bound organi c sul phoni ¢ acig>28dl phuric acid and/or
hydr ogensul phates. 3. A process according to claiml1l or 2, characterized in
that the nolar ratio of jtHesd, Sedll sphgidrtidyedubsthyeicaxybenzali detyde to
the catalyst is from 1: Ogg taq %hong. 1

S O e ormula

melthi

O
R4 Ro
H XR7
where Ry, Rp = each independently hydrogen, (Ci-
Cys) —alkyl, (C3-Cys)-cycloalkyl or
(Cs—Cusa) -aryl, which are

unsubstitued or substituted,

Ry = (C1-Cys) —alkyl, (C3—-Cys)-cycloalkyl
or (Ce—C14) ~aryl, which are
substituted or unsubstituted, and

X = o, S,

characterized in that
3,5-disubstituted 4-hydroxybenzaldehydes

OH



4. A process according to at |least one of clains 1 to 3, characterized in
that the nolar ratio of the 3,5-disubstituted hydroxybenzal dehyde to the
orthoformate is from1l:1 to 1:2. 5. A process according to at |east one of
claims 1 to 4, characterized in that the acetal-containing reaction

m xture is heated to at |east 100C, the (thio)al cohol released being
renoved fromthe reaction m xture by neans of chemnical and/or physical

nmet hods i nedi ately after formation thereof. 6. A process according to claim
5, characterized in that the acetal-conféﬁhrng reaction mxture is heated
to at | east 100C, additional solvent (C) being nmetered in continuously
whil e the al cohol and/or thioalcohol released js. sinultaneously renoved
fromthe reaction ni xtiPEe Rog@itthée Wt RAERLUGEELFEhAPLE vent (C). 7. A
process for preparing substituted 1, 4-quinone nethides of the formula - 34

- are reacted with orthoformates of the formula

OR,

RgO ORs

where Ry, Rs, Rg = each independently (C;~Cis)-alkyl,
(C3-Ci5) -cycloalkyl or (Ce—C1a) —
aryl, which are substitued or

unsubstituted,

and alcohols and/or thicalcohols of the formula

X
/ ~
R H
where R; = {C1—Cis) —alkyl, (C3-Cis) -cycloalkyl
or {Ce—Ciq) —axryl, which are

substituted or unsubstituted, and
X = O, S,

in the presence of a catalyst selected from £free
or solid-phase-bound oxrganic 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

(I).

2. A process according to claim 1,



0O where Ru R2 = X each independently hydrogen, (Cl- C10-al kyl,

(C3-C15) -cycl oal kyl or (C6-Cl14)--aryl,whichare unsubstitued or substituted,
(C3-C15) -alkyl, (C3-C15)-cycl oal kyl or(C6-C14)-aryl, whichare substituted or
unsubstituted, and 0, S, characterized in that

- 33 -

characterized in that the catalysts used are free
or solid-phase-bound organic sulphonic acids,

sulphuric acid and/or hydrogensulphates.

3. A process according to claim 1 or 2,
characterized in that
the molar ratio of the 3,5-disubstituted 4-

hydroxybenzaldehyde to the catalyst is from
1:0.001 to 1:0.1.

4. A process according to at least one of claims 1 to
3,
characterized in that

the molar ratio of
hydroxybenzaldehyde to the orthoformate is from

1:1 to 1:2.

the 3,5-disubstituted 4-

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
thioalcohol released is simultaneously removed
from the reaction mixture together with the

additional solvent (C).

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

methides of the formula



a substituted 1,4-quinone nethide of the formula - 35 - where Rl and R2
are each as defined above, is reacted In the presence of an al cohol or

t hi oal cohol of the formula where X =0, S, where R8 is as defined above.
S. A process according to claim?7, characterized in that the substituted

1, 4- qui none net hi des where R7 unsubstituted (C2-C2)-al kyl group and X = 0
used are prepared by neans of a process according to at | east one of clains
1 to 6. 9A process for preparing 3,5-disubstituted 4-

- 34 -
O
Ry R,
M XRg

where Ri, Rz = each independently hydrogen, (Ci-
Cis) —alkyl, (C3-Cis)-cycloalkyl or
(Cs-Ci1q) —aryl, which are

unsubstitued or substituted,
Ry = (C3-Ci15) —alkyl, (C3-C15) ~cycloalkyl
or (Ce~Caq) —axryl, which are

substituted or unsubstituted, and

X = 0, S,

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

H XR;

where Ry = unsubstituted (C1-C;) -alkyl group

and



hydr oxybenzal dehyde of the formula OH - 36 - (06-Cll)-aryl, which are

substitued or unsubstituted,
of the fornula OH where R1
with urotropin in a sol vent
wat er at tenperatures which

characterized in that 2,6-di substituted phenol
and R2 are each as defined above is reacted

m xture consisting of glacial acetic acid and
are at least 2C below the reflux tenperature

over the entire reaction tine and wherein the nolar ratio of the 2, 6-

di substituted phenol to the

X

urotropinis froml:1 to 1:0.8.
- 35 -

= 0,

where R, and R, are each as defined above,

is reacted in the presence of an alcohol or

thioalcohol of the formula

X
,/// ™~
Rg H (\")
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;-Cp)-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

where Ry,

OH

H O

Ry = each independently hydrogen, (Ci-
Cis) -alkyl, (C3-Cis)-cycloalkyl or



- 36 -°

(Ce—Cy4) —aryl, which are substitued or

unsubstituted,
characterized in that

2,6-disubstituted phenol of the formula

OH

(Vi)

where R; and R, 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
and wherein the molar ratio of the 2,6-
disubstituted phenol to the urotropin is from 1:1
to 1:0.8.



