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WO 95/23780 describes compounds useful for the inhibition of tyrosinase in
melanosomes of epidermal melanocytes and the use as skin lightening compo-
sitions. Two of these compounds are known under the names arbutin and
deoxyarbutin (4-[(tetrahydro-2H-pyran-2-yl)oxy]phenol). The application of
the compounds and the use for the preparation of cosmetic or pharmaceutical
compositions is described in the above-mentioned WO 95/23780, incorporated

by reference.

The synthesis of these compounds, especially deoxyarbutin is described in
more details in US 5,585,525, incorporated by reference. The synthesis is
based on a two step procedure. In a first step a protected intermediate is
prepared through coupling of a hydroquinone derivative with an enol ether in
the presence of an acid. As suitable solvents the document mentions methyl-
ene chloride, diethyl ether, tetrahydrofuran, dioxan and mixtures thereof, with
methylene chloride being preferred. The product is then recristallized from, for
example, hexane.

The mentioned solvents are hazardous solvents and are problematic in scale
up.



nmet hyl ene chl ori de being preferred. The product is

then recristallized from for exanple, hexane. The
woreebiiened sol vents are hazardous sol vents andp@r/P2006/063194

probl ematic in scale up. The second step conprises the

renmoval of the hydroxy pro[e%thg group, typi cally

usi ng hydrazi ne. Hydrazine hydrate is known to be

carci nogenic. For use as a cosnetic or pharmaceutica

product it would be absolutely necessary to avoid the

presence of even traces of hydrazine hydrate in the
Thesegpng ste comprisesdiher emevalraf the kydroxy prategtinggroup, typi-
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i ndependently fromthe group of H F, d, Br, NO2,

Thékdfygle, theyé . is atilll KHeedatk aeyelodr sh Amproaedlgrosgssamthich avoids
di sybstituted amne R is_independently selected from
the qiffigyIgigp apd qrawbacks of grionght. No2, al kyl, aryl,

aral kyl, al koxy, aryloxy, aral koxy and disubstituted
Acédfdityy to one embodiment of the invention, there is provided a method for

synthesizing a compound having the general formula

OH
R R
R R
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wherein

R represents substituents selected independently from the group of H, F, ClI,
Br, NO,, alkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted amine

R' is independently selected from the group of H, F, ClI, Br, HO, NO,, alkyl,
aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted amine,

n is selected from 1, 2 or 3
comprising the steps of

a) reacting in the presence of an acid



nis selected from1, 2 or 3 conprising the steps of
a) reacting in the presence of an acid(H) wherein Xis
w@2dvugdsqaxyl protecting group and R is as defi ned/abmee063194
with (H) wherein R and n are as defined above in the
presence of less than 50 % by weight of a solvent b)
renmovi ng the hydroxyl protecékng group. \Wiereas prior
art teaches the use of |argejanmounts of solvents (the
total reactant concentration|is described as being
between 5 to 50% by wew ght) &t hasrRnow be found that
t he amount of sol vent cawybe siNgpi ficantly reduced or
sol vent can be conpl et el ed. I n preferred
enbodi nents the anmount of is less than 30%
preferably | ess than }0% and referably | ess than
5% by weight. It is especiallly preferred that the
amount of solvent is less than 1% or that no sol vent
is used. The anount of solveOH is cal culated on a
wei ght b@ig)s relative to the

wherein X is a hydroxyl protecting group and R is as defined above with

C\( \/CR'2

“(CR)n

(III)

wherein R' and n are as defined above
in the presence of less than 50 % by weight of a solvent
b) removing the hydroxyl protecting group.

Whereas prior art teaches the use of large amounts of solvents (the total reac-
tant concentration is described as being between 5 to 50% by weight), it has
now be found that the amount of solvent can be significantly reduced or sol-
vent can be completely avoided.

In preferred embodiments the amount of solvent is less than 30%, preferably
less than 10% and more preferably less than 5% by weight. It is especially
preferred that the amount of solvent is less than 1% or that no solvent is
used. The amount of solvent is calculated on a weight basis relative to the
weight of compounds II and III.

Preferred acids used in the synthesis are selected from the group consisting of
hydrochloric acid, sulphuric acid, phosphoric acid, toluene sulphonic acid,
methane sulphonic acid and citric acid.



wei ght of compounds | | and Ill. Preferred acids used
in the synthesis are selected fromthe group
wa@oosiistieang of hydrochl oric acid, sul phuric acPdi/EP2006/063194
phosphoric acid, toluene sul phonic acid, nethane
sul phonic acid and citric aci,d. As a hydroxy protecting
group benzyl, substituted benzyl or allyl are
especially suitable. In a preferred enbodi nent
compound 111 has a nelting point below 500C. In a
further preferred enbodi nent, the hydroxyl protecting .
As @ by@roxy metestingareimbenzyl: subgiénkgd bgpayl ar allyl are especially
sutgisequent Iy renoved with hydrogen. By using less and
especially very small anounts or no solvent, problens
with scale up can be significantly reduced. Especially
In aherefenved e odi et donsp aoids il thasca mdigng \pwiintebielove 50 °C.
compound 111 functions as a solvent. |If at al
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to a method for synthesizing a conpound having the
By es?r?gr; ?(lassf glt\guels%eéila}ly very small amounts or no solvent, problems with
scale up can be significantly reduced. Especially the amount of hazardous
solvents can be avoided when compound III functions as a solvent. If at all
relatively unproblematic solvents can be added such as isopropanol, methyl

tetrabutyl ether or the like.

In a second embodiment, the present invention is directed to a method for

synthesizing a compound having the general formula
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wherein



wher ei nR represents substituents sel ected

i ndependently fromthe group of H F, O, Br, N2,
wa@bdogh341ia4 yl , aral kyl, al koxy, aryl oxy, aral KORGT/BPI06/063194

di substituted amne R is independently selected from

the group of H F, d, Br, , _NO2, al kyl, aryl,

aral kyl , al koxy, aryloxy, aral koxy and dlsubstltuted

amne, nis selected from1, 2 or 3 conprising the

steps of a) reacting in the presence of an acid (H

wherein X is a hydroxyl protecting g?rou and Ris as
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Surprisingly, this could be prevented by addi ng a base
n isseldtted fromh i, & ogBt 1y sol uble in the sol vent.
Typically, the baseshould have a solubility of |ess
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a) reacting in the presence of an acid

OX

OH

(II)

wherein X is a hydroxyl protecting group and R is as defined above with
f i

(111) \(CRz)n

wherein R' and n are as defined above

b) removing the hydroxyl protecting group with hydrogen and a catalyst in
the presence of a solvent and a base, said base having a solubility at 20°C

of less than 5% by weight in the solvent.

It was observed that during hydrogenation the product undergoes partial clea-
vage of the pyran or furan group. Surprisingly, this could be prevented by

adding a base which is only slightly soluble in the solvent. Typically, the base



| ess than 3% by wei ght of the solvent and nore

preferably |l ess than 1% by wei ght of the sol vent.
weobakiies bases are, for exanple, alkali and epe1/BP2006/063194

al kal i carbonates such as CaCO3, NaHCO3, KHCGO3,

Na2CCB8, K2COB3. Suitable solvents are solvents, which

are inert to hydrogenation, fTor exanple al cohols,

et hers and esters which can be branched, unbranched or

cyclic. Es pecially suitable solvents are nethanol,
shegldamave aj scdpbdip\amﬁlless sham S0k weight af shensolartie preferably
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such as silica or alumniumoxide. In a preferred
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Hydrogenation is accomplished in the presence of a catalyst. Preferred cata-
lysts are based on precious metals, the most preferred catalyst being palla-

dium on carbon or other supports such as silica or aluminium oxide.

In a preferred embodiment, the synthesis makes use of both embodiments of
the invention, i.e. avoids or reduces the amount of solvent in the first step and

uses hydrogen and a catalyst in the presence of a base in the second step.

In very preferred embodiments of the present invention, it is applicable to
compounds wherein R is H, all R” are H and n = 2, thus the resulting product

being deoxyarbutin.
The invention is explained in more details by the following examples.
Example 1: Step 1

To a stirred solution (without solvent) of 4-(benzyloxy)phenol (20 g, 0.1 mol)
and 3,4-dihydropyran (23.5 g, 0.28 mol) was added concentrated hydrochloric
acid (0.05 ml). The reaction mixture was stirred at 20°C for 4 h. TLC Analysis
showed only traces of starting material. A solution of 1 M NaOH (20 ml) was
added to neutralize the mixture, keeping the temperature between 20 and
30°C. The mixture was stirred for 10 min and isopropanol was added and
again it was stirred for 10 min. Finally, the product was filtered and washed

with water (2 x 22 ml). The solid was suspended in water (60 ml), isopropanol



bei ng deoxyarbutin. The invention is explained in nore

details by the foll owi ng exanples. Exanple 1: Step 1
waoooa/134124 red sol ution (w thout solvent) of PCT/EP2006/063194

4- (benzyl oxy) phenol (20 g, 0.1 nol) and

3, 4-di hydropyran (23.5 g, 0.28 nol) was added

concentrated hydrochloric acid (0.05 m). The reaction

m xture was stirred at 200C for 4 h. TLC Analysis

showed only traces of starting material. A solution of
(23.5vmiaard (201 MaPHWG2. 5an‘d)edndc8thre¢d forl 13anirhelhe suspension was
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ure was stirre I'sopropano
at d08€dmnihgavg A6 yieldvandsdd.5ee of HRLCLPurityn(areahal | y,
t he product was filtered and washed with water (2 x 22

E g r?.zol % was suspended in water (60 m),
XPQ%!E!F an6f 5m) and 1 MNaOH (2.5 ml) and stirred
for 15 min. The suspension was filtered and washed

Tow $tirradtseluticiofitie pidductq3i00g,p0.A0GCinoNRTalbi lilmdcairbonate (2.79
vacuum at 400C andﬁ%qave 76% ield and 99. 5% of HPLC
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nol ) and et hyl acetate (12
un'gljueaalﬁpfdmdmg@n esaspdn The. mixture was ﬁltered and washed with

ethyl acetate. The solvent was distilled off in vacuum. The evaporation residue
was dissolved in alcohol (36 ml) and the product precipitated by the addition
of water (144 ml). The slurry was cooled to 0°C and stirred vigorously for 2 h.
Precipitated product was filtered and washed with water, dried in vacuum to
give 80% of Deoxyarbutin with a purity of 99.8% (area by HPLC).

According to this procedure several other bases were tested (see table).

Example | Size Target Yield Puritiy HPLC
(9) (% area)
3 30 Ethanol in ethyl acetate CaCOs as a base 15.5g (99.8
80%
4 10 Ethanol as a solvent and CaCOs as base 53¢ 98.5
78%
5 10 Isopropanol as a solvent and CaCO; as a 5.2 ¢ 97.7
base 77%
6 5 Isopropanol as a solvent (1:7) and Na,CO;| 5.4¢g 92.9
as base 80%
7 28 Reaction with aluminium oxide and ethyl| 16.1g |95.3
acetate as solvent 82%

Comparative example 1

To a stirred suspension of the product of example 1 (5 g, 0.017 mol) and
ethanol (50 ml) was added 5% palladium on charcoal with 50% water content
(0.6 g). The mixture was stirred at 60°C under hydrogen gas atmosphere for
2 h. TLC showed a side product. It was cooled to 20°C and filtered over a

small bed of diatomaceous earth, washed with alcohol. The solvent was dis-




g). The mxture was stirred at anbient tenperature

under hydrogen pressure until uptake of hydrogen
w@easashi2dfhe m xture was filtered and washed we¢TER10hgH63194

acetate. The solvent was distilled off in vacuum The

evapor ation resi due was digsglyed in alcohol (36 m)

and the product precipitated by the addition of water

(144 mM). The slurry was cooled to 00C and stirred

vigorously for 2 h. Precipitated product was filtered
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was stirred at 600C under hydrogen gas atnosphere for

2 h. TLC showed a side product. It was cooled to 200C

and filtered over a small bed of diatomceous earth,

washed with al cohol. The solvent was distilled in

vacuum at 400C. The oil was dissolved in alcohol (5

m ) and heated to 800C. To this mxture water (30 m)

was added in 30 mn tinme and the mx ture was stirred

for 25 min. The m xture was cooled to 200C and stirred

Vi gor



ously for 6 h. Precipitated product was filtered and
washed with water, dried in vacuumat 400C to gave 0.4
w@2@6/134130l i d. No product was detectabl e by HPRCQ/EPB0EEs3194

1. A nethod for synthesising a conpound having the

general fornmula (1) wherein represents substituents

sel ected i ndependently fromthe group of H F, O, Br

NC2, al kyl, aryl, aral kyl, al koxy, aryloxy, aral koxy

and di substituted amne R is independently sel ected
fromthe group of H, F, CiClaBms OH, NO2, al kyl, aryl,
aral kyl, al koxy, aryloxy, aral koxy and di substituted
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(Hwherein X is a hydroxylgprotecting group and Ris
as defined above with (I11]) wherein R and n are as

defi ned above togetRher wi tlh | ess Rt han 50% by

CRH_ dze1n

(D
wherein
R represents substituents selected independently from the group of H, F,
Cl, Br, NO,, alkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted
amine
R' is independently selected from the group of H, F, Cl, Br, OH, NO,, alkyl,
aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted amine,
n is selected from 1, 2 or 3 comprising the steps of

a) reacting in the presence of an acid

OX

OH

)



wei ght of a solvent b) renoving the hydroxyl

protecting group. 2. A nethod of claim1l wherein the
w@eood/138926¢el ected fromthe group consisting of PCT/EP2006/063194

hydrochl oric acid, sul phuric acid, phosphoric acid,

t ol uene sul phonic acid, net e sul phonic acid and

citric acid. 3. The nmethod of ' claim1l or 2 wherein the

hydr oxyl protecting group is ben zyl, substituted

benzyl, or allyl. 4. The nethod of any one of clains 1

to 3wiieeeini X ishe hysiroxylt prafecidng grodn 30d4R (3 efsedafingd above

| ess hﬂan 10% nore preferably | ess than 5% by wei ght.

5. The method of claim4 wherein the solvent is |ess

than 1% by wei ght. 6. The net of any one of clains

1 to 5 wherein the hydroxyl ?rot &kl Ng group is benzyl

or substituted benzyl and igirengved w th hydrogen. 7.

The method of any one of cl &¥rs-@r40 6 wherein

conpound 11l has a nelt ing point below 500C. 8. A

met hod for synthesising a conpound having the genera

forrrHIIB(l) wher ei n
wherein R' and n are as defined above together with less than 50% by
weight of a solvent

b) removing the hydroxyl protecting group.

2. A method of claim 1 wherein the acid is selected from the group consisting
of hydrochloric acid, sulphuric acid, phosphoric acid, toluene sulphonic

acid, methane sulphonic acid and citric acid.

3. The method of claim 1 or 2 wherein the hydroxyl protecting group is ben-
zyl, substituted benzyl, or allyl.

4. The method of any one of claims 1 to 3 wherein the solvent is less than

30%, preferably less than 10%, more preferably less than 5% by weight.
5. The method of claim 4 wherein the solvent is less than 1% by weight.

6. The method of any one of claims 1 to 5 wherein the hydroxyl protecting
group is benzyl or substituted benzyl and is removed with hydrogen.

7. The method of any one of claims 1 to 6 wherein compound III has a melt-
ing point below 50°C.

8. A method for synthesising a compound having the general formula



R represents substituents sel ected i ndependently from
the group of H F, d, Br, N2, alkyl, aryl, aralkyl,

w@bdoenys12ar yl oxy, aral koxy and di substituted apETEPR06/063194
is independently selected fromthe group of H F, d
Br, OH N2, alkyl, aryl,_gr%!Kyl, al koxy, aryl oxy,
aral koxy and di substituted anine, n is selected from
1, 2 or 3 conprising the steps of a) reacting in the
presence of an acid (H wher@in X is a hydroxyl
protecting group and R is as|defined above with
(H)wherein R and nprre as _tefinedrabove b) removing
the hydroxyl protecting Y hydrogen and a
catalyst in the presence|pf a sdlvent and a base, said
base having a solubility JC of |l ess than 5% by
wei ght in the solvent. 9 etNqod of claim8,

sisting of alkali and earth
preferably CaCO3, NaHCGB, 0 o

AN

CR',
CR'H\(CR'Z)n
(D
wherein
R represents substituents selected independently from the group of H, F,
Cl, Br, NO,, alkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted
amine
R' is independently selected from the group of H, F, Cl, Br, OH, NO,, alkyl,
aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted amine,
n is selected from 1, 2 or 3 comprising the steps of

a) reacting in the presence of an acid

OX
R R
R R
OH
(II)
wherein X is a hydroxyl protecting group and R is as defined above
with
o]
»
\ CR',
R/,

(111) ~(CR)n



KHCO3, Na2CO3, K2CO3. 10. The nmethod of claim8 or 9,

wherein the solvent is selected fromthe group
wa@oosiistieng of al cohol s, ether and esters. 11.pdhEP2006/063194

nmet hod of claim 10, wherein the solvent is nethanol,

et hanol , isopropanol, tetra :frofuran, di et hyl et her,

nmet hyl tetrabutyl ether eth ace tate, butyl acetate

and m xtures thereof. 12. The nmet hod of any one of

clainms 8 to 11, wherein the catalyst is selected from

the group consisting of precious nmetals, preferably

PA/ GypdPain’k rE?{d“ﬂ%rEgs)&é\lfaHJbeéb é‘g a_compound havi ng

t he general for erel NR T epresents
sb))sterhuenmtgstl'ﬂaahedtcﬁd'l |p1rdmmlm@egtdqp withmhydeoggnoapd & catalyst

oy B Ne Bresanss, oA e ayanioeid o PasE. sid e Bving a solubility

IndeaenderdbMe%eltﬁahed/ofuwwetdm idtAdRoffertd, F, C, Br,
OH, N2, alkyl, aryl, aralkyl, alkoxy, aryloxy,

ar al koxy and di substituted am ne, nis selected from

9. 1Thé MEthd ORI 8Iwhfeitl #RSble is selected from the group con-

sisting of alkali and earth alkali carbonates, preferably CaCOs;, NaHCO;,
KHCO3, N32CO3, K2C03.

10. The method of claim 8 or 9, wherein the solvent is selected from the group

consisting of alcohols, ether and esters.

11. The method of claim 10, wherein the solvent is methanol, ethanol, isopro-
panol, tetrahydrofuran, diethyl ether, methyl tetrabutyl ether, ethyl ace-

tate, butyl acetate and mixtures thereof.

12. The method of any one of claims 8 to 11, wherein the catalyst is selected

from the group consisting of precious metals, preferably Pd/C.

13. A method for synthesising a compound having the general formula

OH
R R
R R
O o)

\CR'2

CR'H\(C/R'Z)n

(I)

wherein



a) reacting in the presence of an acid (H) wherein X

is a hydroxyl protecting group and Ris as defined
webasasmeih (H') wherein R and n are as defi nedr/apmeeos3194

together with | ess than 50% by wei ght of a solvent. b)

renmovi ng the hydroxyl prot_eclté ng group with hydrogen

and a catalyst in the presence of a solvent and a

base, said base having a solubility at 20 OC of |ess

than 5% by weight in the solvent.

R represents substituents selected independently from the group of H, F,

Cl, Br, NO,, alkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted
amine

R' is independently selected from the group of H, F, Cl, Br, OH, NO,, alkyl,
aryl, aralkyl, alkoxy, aryloxy, aralkoxy and disubstituted amine,

n is selected from 1, 2 or 3 comprising the steps of

OX

OH
a) reacting in the presence of an acid

(II)
wherein X is a hydroxyl protecting group and R is as defined above
with
o]
AN
\ /CR'z
CR— @R
(II1)

wherein R' and n are as defined above together with less than 50% by
weight of a solvent.

b) removing the hydroxyl protecting group with hydrogen and a catalyst
in the presence of a solvent and a base, said base having a solubility
at 20 °C of less than 5% by weight in the solvent.



