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Svithesis of Magnelol and lts Analogue Compounds

FIELD OF THE INVENTION

{0001} The embodiments of the wyention relfate 1o a method of producing magnolol
or its analogue compounds. The embodiments also velate o a pharmaceatically or
orally acceptable composition comprising magnolol or iis analogue compounds

prepared according to the methods described herein.

BACUKGROUND OF THE INVENTION

S

{00021 Magnolol (5,5 -diallylhiphenyl-2 2°-diol or 5.3 -dially-2. 2 -basphenol),

together with honokiol, are the major ingredients found in magnolia extracts, itis
well recogpized in the art that magnolia extracts have found, among other things,
apphcations in compositions 1o treat bacterta and/or inflammation related oral
disgases. See, e.g., US. Patent No. 6,544,409, and ULS. patent application publication
No. ULR, 2006/0, 146,883 the disclosures of which are sncorporated by reference
herein in their entireties.
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{0004]  Swudies have further revealed that magoolol, as an independent active
substance, also plays an important role in other pharmacological processes besides its
ati-bacterial and anti-inflanumatory activities. For example, magnolel has been
shown to exhibit 2 beneficial capabiliy of proteching the mvocardiiam against
infarction and reperfusion injury. It has also been shown that magnolol protects
neurons against chemical hypoxia by KON in contical nenron-astrocyte mixed
cultares, More recently, it 15 reported that niagnolo! possesses an antioxidant activity
1000 times greater than g-tocopherol, implicating magnolol’s great potential in food
and pharmaceatical applications. All these divergent uses reveal that there is a great

need for high quality and affordable magnolol. See Wen-Hsin Huang e¢raf |, Fhe
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Chinese Phavmacewticad Jowrnal, 2006, 58, 113-122; Min-Min Lee ef of, Chinese

Jowrnal of Phosiology, 2000, 43, 61-67.

{0005]  Currently, there are several synthetic methods of producing magnolol
reported in the art, one of which is described i a paper by J. Runeberg, Avtr Chen
Scand, 1938, 12, 188-192, wheren the keyv reactant, methyl ether of 3 '-dibromo-
2.2 -bisphenol was reacted wath allyl bromide in tetrabvdrofuran {THF) 1o the
presence of ethylmagnesium bromide to obtain methyl ether of 5,5%-diallylbiphenyl-

2 2-diol as shown below:

afivl romide
THE
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Thus reaction requires vefluxing conditions, and provides a low vield of the
desived product. Furthermore, the subsequent step of remaving the methy! group of
methyl gther of 3,5 -diallyibiphenyl-2,2 -dio} to obtain magnolol requires even higher
temperature, and the reaction muxture 18 difficult to separate and parify, thereby

resulting in a low yield of magnolol

{0806]  Other reporied synthetc methods of prodacing magnolol in the art also
suffer similar problems, such as low yields, difficulty in purification, the high costof
synthesis, and/or not practical or compatible for indusinial scale. See, e g, Wen-Hsin
Huang et gl, The Chinese Pharmaceutical Jowrnad, 2006, 58, 1135-122; and Weanxin
G ef g, Tetrabedron: Asvmmuerry, 1998, 9, 13771380, Therefore, there exisis a
practical need in the art to develop a synthetic method {o produce high guality and

affordable magnolol, as well as derivatives and analogues thereof.
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SUMMARY OF THE INVENTION

{007] 1o one embodiment, the invention encompasses a method of producing
magnolol (5 S-dsallyibipbenvi-2.2%diol) or its analogue compounds comprising
reacting 2.2 -bisphenol with bromine af room temperature in an prganic solvent (o
obtan 5.5 -dibromo-2 2 -bisphenel, subsequently protecting the two hydroxyl groups
of § 37 ~dibromo-2 2 -bisphenol with methoxymethylchlornide {MOM-CY 1 an organic

solvent in the presence of an organic base o obtain MOM ether of 3,5 -dibromo~22"-
bisphenol, and Qurther reacting the MOM ether of 3 5-dibromo-2,2 -hisphenol with a
sabstituied or uasubstituted allyl bromide i an organic solvent with magnesium and
ethy! bropmde to effect the coupling and thus obtam MOM ether of 5,5
diallythiphenyi-2 2'-diol or a derivative or analogue thereof, and converting the MOM
ether of 3 5-dially vphenyi-2 2'-diol or a derivative or analogue thereof with a

siitable agent to oblain magnolol or a derivative or analogue thereof.

{0008]  In another embodinent, the invention encompasses 8 method of producing
MOM ether of 3 8 -dialivibiphenyl-2 2'-diol comprising reacting 2.2 -isphenol with
bronune at room temperature i an organic solvent to obtam 5,5 -dibromeo-2,2°-
bisphenol, subsequently protecting the two hydroxy! groups of 5,5 -dibromo-2.2"-
tisphenal with methoxymethylehloride (MOM-CH i an orgmmic solvent in the
presence of an organue base to obtain MOM ether of 5,5 -dibrome-2,2"-bisphenn!, and
further reacting the MOM ether of 8,5 -dibromo-2,2"-bisphenol with a substituted or
unsubstituted altyl bropude n an organie solvent with magnesium and ethyl bronude
to effect the coupling and thus obtain MOM ether of 5,5 -diallvibiphenyl-2,2'-diol or

its analogue compounds,

[0809]  In vet another embodiment, the invention encompasses an intsrmediate
compound of MOM ether of 5,5 -dialiyibiphenyt-2 2-diod, or & dentvative or analogue

thereof

{00010}  In vet a further embodiment, the invention encompasses a method for

ot

producing magnolel (3,5 -dialyibiphenyl-2,2-diol} or 3 denivative or analogue thereof
comprising oblaining an mtermediate compound of MOM ether of 5.5
diallylbiphenyl-2,2'-diol or a derivative or analogue thereof, and converting the MOM
ether of 5,5 -diallvlbiphenyl-2 2diol or g denivative or anslogue thereof witha

saitable agent to obtam magnolol or a derivative or analogue thereof.
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[00011] In vela finther embodiment, the invention encompasses & method for
producing magnolol (8 3 -diallvibiphenyl-2 2-diol} or a denvative or analogae thereof
comprising converting the MOM ether of 5,5 -diallyibiphenyl-2 2'-diol or a denvative
or analogue thereof with a suitable agent to obtain magnolol or a derivative or

analogue thereof.

{08012]  In another embodiment, the invention encompasses a composition
comprising an orally or pharmaceutically acceptable carrier, and an effective amount
of magnolol or a derivative or analogue thereof prepared according o any of the

methods described above.

DETAILED DESCRIPTION

j60013] The following defimtions and non-limiting madelines must be considered
i reviewing the deseription of this invention set forth heremn. The headings {such as
“Background” and “Summary,”™) and sub-headings {such as “Compositions™ and
“Methods™) used herein are intended ondy for general organization of topics within the
disclosure of the invention, and arve not mtended to mit the disclosure of the
mvention or any aspect thereof. In particular, subject matter disclosed o the
“Background” may mchude aspects of techmology within the scope of the invention,
and may not constitate a recitation of prior art. Sabject matter disclosed 1 the
“Summary™ s not an exhaustive or complete disclosure of the entire scope of the
invention or any embaodiments thereof. Classification or discussion of a material
within a section of this specification as having 2 particular wtility {e.g.. 35 being an
“active” or a “carrier” gredient) s made for conventence, and no inference should
be drawn that the material must necessarily or solely function in accordance with s

classification herein when it 15 used 10 any given COMPOsHION.

{00014} The citation of refersnces herzin does not constituie a admission that those
references are prior art or have any relevance o the patentability of the invention
disclosed herein. Any discussion of the content of veferences cited in the Introdaction
is intended merely to provide a general sununary of assertions made by the authors of
the references, and does not constitate an admission as to the accuracy of the content

of such references.
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{66015] The description and specifie examples, while indicating embodiments of
the wvention, are mtended for purposes of iltnstration only and ave vot ntended o
finut the scope of the invention. Moreover, reciiation of multiple embodiments having
stated features is not mtended to exclude other embodinents having addrional
featares, or other embodiments ncorporating different combinations the stated of
featares. Specific Examples are provided for illustrative purposes of how to make and
use the compositions and methoeds of this mvention and, unless sxplicitly stated
otherwise, are nol intended {0 be a representation thatl given embodiments of this

invention have, or have not, been made or tested.

{00016]  As used throughout, ranges are nsed as a shorthand For deseribing each and
every vilue that is within the range. Any value within the range can be selected as the
termunus of the range. In addition, all references cited herem are hergby incorporated
by reference in their entiveties. In the event of a conflict m a defimtion in the presemt

disclosure and that of a cited reference, the present disclosure controls,

[08017]  Unless otherwise specified, all percentages and amounts expressed herein
and elsewhere in the specification should be understood to refer to percentages by
weight., The amounts given are based on the active weight of the material. The
recitation of a specific value heremn, whether referring to respective amounts of
components, or other features of the embodiments, s intended 1o devote that value,
plus or mings a degree of vartability 1o account {or errors in megsurements. For
example, an amount of 10% may include 9.5% or 10.5%, given the degree of error in
measurement that will be appreciated and understood by those having ordinary skill in

the arl.

[00818]  As used herein, the term "alkyl" meany a inear or branched hydrocarbon
chain with preferably between 1 and 10 carbon atoms. Examples of such alkvl groups
mchude methyl, ethyl, propyl, sopropyl, butvl, isobutyl, t-butyl and suitable isomers

of pentyl and hexvl, wherein the methyl group is preferred.

{0019} As used hersin, the term “substituted or unsubstinuted pheny!” describes a
phenvl group whose phenyl ring is substituted if necessary one or more times.

Further, the term "substituted” means that any one or more hydrogens on the

designated atom is replaced with a selection front the indicated group, provided that
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the designated atom’s novmal valency 1s pot excesded, and that the sebstitation resulis

i a stable compound.

{000206]  As used herem, the term “comprising™ means that other steps and other
components that do not affect the end result may be utilized. The term “comprising™
encorpasses the expressions “conststing of " and “consisting essentially of” The use
of singday identfiers such as “the,” “a.”" or “an” 15 not intended to be hmiting solely

ter the use of a single component, but may include multiple components.

{00021} As used heremn the term "room temperature” means the ambent
temperature of an tvpical laboratory, which is usuatly about that of Standard
Temperature and Pressure (STPY. As used herein, a “punified” or “isolated”
compind means the compound has been sepsrated From the resction mixtre in

which it was formed.

1000221 As used heram the term “increased pressure”™ refers o a pressure above |
atmosphere as s commondy undersiood by one of skill in the wt. Conversely, as wsed
herein, the term “redoced pressure™ means a pressure of below 1 atmosphere as

commonly understood by one of skill 1 the art.

[00023]  As used herein, the expressions “carrier” or “orally acceptable carrier” as
used throughout this deseription denote any safe and effective matenials for uss
herein. Such matenials mchude, water, solvents, gic., that may contain 3 humecand
such as glycerine, sorbitol, xylitol and the like. The carner or orally accepiable
carrier also may inchude addiponal components that are genearally acceptable to a

person skifled in the ast.

{00024]  As used herein, the phrase "pharmaceutically acceptable” refers to those
compounds, materials, compositions, carrters, and/or dosage forms which ave, within
the scope of sound wedical judagment, suitable for use i comtact with the tssues of
human beings and animals without excessive toxicity, rritation, allergic response, or

other problem or comphication, conunensaraie with a reasonable benefit'risk ratio.

{08025]  As used herein, "pharmaceutioally acceptable salts” refer to dertvatives of
the disclosed compounds wherain the parent compound is modified by making acid or

base salis thereoll Examples of phatmaceutically acceptabde salts inchuds, but are not
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hinuted to, mineral or organic acid salts of basic residues such as mmines, alkali or

organic salts of acidic restdues such as carboxyhic acds, and the hke.

{00026]  As used herein, the termy “effective amount™ refers o an amount of a
compound, or & combination of compounds. of the present mnvention effective when

adpunistered alone or in combination as an active ingredient.

{00027] The present mvention provides a chemical symthetic sequence that 18 cost
effective, has an easy work~up and purification methodology. and has scale-up
compatability for the production of the active substance magnolol and derivatives or
analogues thereof. The chemical synthetic sequence is easily reproducible on a large
scale through simple and high-vield synthebic steps that lead to high-quality final
producis. The embodiments of the wvention encompass a method of producing a

compound of formula (D

O HO

wherein R reprensents H, alkyl, a substituted or unsubstituted pheny! group; or its
pharmaceutically or orally acceptable salts. Accordingly, derivatives and analogues
of magnolol mchude those in which R is not H. The method preferably comprieses:

{a) reacting a compand of formula (1

OH HQ

\__/

il
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with bromive w an orgapic sobvent (o obtain a compound of fornuda {11}

OH MG

it
{h} reacting the compound of formuda HI with MOM-CI in an orgame solvent

i the presence of an organic base to produce a conpound of formwula (1V)

{c} reacting the compound of formuda TV with R-CH=CH-CH,-Br, wherein R
is defined as above, in an organic solvent with magnesiom and ethyl bromide
to effect the coupling for an efficient anount of tinte to olstain 3 compound of

formula V

IR RN Y

— v

e

{d} converting the compound of formula V with a suitable agent in an organic
solvent to obtain a compound of formuda |
{e) optionally, converting the compound of formala 1 1o its pharmaceatically

or orally acceptable salts,



WO 2011/106003 PCT/US2010/025378

j00028]  In one preferred embodiment, the invention encompasses a method of
producing magnolol wherein R s hydrogen, or a derivative or analogue of magnolel
wherein R s methyl or a phenyl. More preferably, the invention encompasses a

method of producing magnolol wherein R is hydrogen.

{00029]  In another embodiment, the vention encompasses a method of producmg
magnolol or a derivative or analogue thereof, wherein the first process includes
reacting 2,2 -hisphenol with bronuse at room temperature in an organic solvent
selected from the group consisting of chloroform dichloromethane, dichlorosthane,
dimethviselfoxide, dumethyHormamide, acetoniinide, tetraliydrofuran, diethylether,
hexane, acetone, methanol, ethanol, benrene, toluene. More preferable, the organic
solvent is selected from the group consisting of chloroforny, dichloromethane,

tetrahydrofuran, methanol.

{000306]  In vet ancther embodiment, the mvention sncompasses a method of
producing magnolol or a dertvative or analogue thereof, wherein step of protecting the
two hydroxyl groups of 5.5 -dibromo-~2 2 -bisphenol with methoxymethyichloride
{(MOM-C1} 1 an organic solvent in the presence of an organic base mcludes using an
organic base selected from the group consisting of tiethylamine,
ditsopropylethvianune, pyriding, pipenidine, hutidine, imidazole. More preferably, the
organic base 1s selected from the group consisting of ditsopropylethylanuae, pynidine,

piperidine and lulidine,

{00031} In vet a further embodiment, the mvention encompasses a methed of
prodacing magnolol or a derivative or snalogue thereof, wherein the sintable agent
used to remove the MOM group i selected from the group consisting of boren

3

hahides, timethyvisilane wodide, and trumethvisiiane chloride {TMS-CH. Move

preferably, the agent is irimethyisilane chlonde (TMS-CI). Those skilled in the ast arg

capable of deternuning a suitable agent capable of removing the MOM group (or

deprotecting the MOM-contaming dersvative), using the guidelines provided herein,

{00032] The reaction may be carried out for a period of time sufficient (0 oblam the
desired product. A “sufficient” amoant of time depends in part on the desired extent
of reaction and the reaction conditions, such as temperabwe. Ove of ordinary skillin

the art can easily monitor the reaction o determine when a sufficient amount of time

-9
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has transpired. The preferved amount of time s generally about 30 mimuytes to sbout

48 hoars, preferably about 24 howrs.

{00033} A preferred embodiment of the invention encompasses a method of
producing magnolol (5,5 -diallvibiphenyl-2 2-diol} or a denvative or analopue thereof
copywising reacting 2,27 -bisphenel with bromine in an organic solvent such as
chioroform (o obtain 5,3 -dibrome-2,2 " -bisphenol, subsequently protecting the two
hydroxyl groups of 5,8"-dibromo-2,2 ~bisphenol with methoxymethylchlonde (MOM-
C1} in an orpanic solvent such as dichloromethane in the presence of an organic base
sach as diisopropylethviamine 1o obtain MOM ether of §,5-dibrome-2,2 -bisphenol,
and further reacting the MOM ether of 3,5 -dibromo~2. 2" -bisphenol with a substituted
or unsubstituted ally! bromide in an organic solvent such as tetrahydrofuran with
magnesium and ethyl bromide to effect the coupling and o obtain MOM ether of 3,3'-
diatlylbiphenyi-2,2'-diol or a derivative or analogue thereof (depending on whether
the allvi bromide is substituted with other than bydrogen), and converting the MOM
ether of 5,5-diallylbiphenyl-2 2-diol or its analogue compounds with a siatble
deprolecting agent such as trimethvistane chionide (TMS-CL) in an orgamic solvent
sach as methanol 1o obtain magnolo! or a denvative or analogoe thereof. Magnolol or
a dertvative or analogue thereof can be optionally converted to their orally or
pharmaceutically acceptable salis by a person having ordinary skl in the art.

{00034] In another embodiment, the invention encompasses a method of producing
magnoiol comprising reacting 2.27-bisphenol with bromine in chloroform {o obtain
5.5 -dibromo-2 2 -bisphenol, subsequently protecting the two hyvdroxyl groups of

3.5 -dibromo-2,2 7 -bisphenol with methoxymethyichloride (MOM-Ch in
dichioromethang m the presence of ditsopropylethylanmne to obiain MOM ether of
5,5-dibromo-2,2 ~-bisphenol, farther reacting the MOM ether of 5.5-dibromo-2,2"-
tisphenol with allvl bromide i tetrabydroforam with magnesium and ethvl bromide to
effect the coupling and to obtain MOM ether of 3.5 -diallvibiphenyi-2,2-diol, and
converting the MOM ether of 5,8 -diallvibiphenyhk2, 2 dicl with irimethyisilane
chioride (TMS-CI) in methane! to obtain magnolol. Magnolol can optionally be
converted to its orally or pharmacentically acceptable salis by a person having

ordinary skall 1 the agi,



WO 2011/106003 PCT/US2010/025378

[00035]  In vel another embodunent, the invention encompasses 2 method of
producing MOM ether of 5, 5%diallyTbiphenyi-2 2%diol or a derivative or analogue
thereof comprising reacting 2.2 -bisphenol with bromine at room temperature in an
organic solvent such as chloroform to obtain 5,5 -dilwromo-2,27-bisphenol,
subsgquently proteciing the two hvdroxyl groups of 3.3 -dibromo-2,2 -bisphenol with
methoxymethylchloride (MOM-CH) 1p an organic solvent such as dichloromethane
the presence of an organic base such as ditsopropyiethyianune to obtam MOM ether
of 3,5 -dibromo-2,.2"-bisphenol, and firther reacting the MOM ether of 3, 5-dibromo-
2,27-bisphenol with a substituted or unsebstituted allyl bromide w an organic solvent
such as tetrahyvdrofuran with magnesium and ethy! bromide to effect the coupling and
to oblain MOM ether of 5 3'-dialivibiphenyi-2 2-diol, or a derivative or analogue

thereof

{00036]  In a further embodiment, the invention encompasses a method of producing
MOM ether of 3,5-digllvibiphenyi-2,2'-diof comprising reacting 2.2 -blsphem}i with
bronune at room temperature i chlorofornm to obtam 5.5 -dibromo-2,2 -bisphenol,
and sabsequently protecting the two hydroxy! groups of 3,5 -dibrome-2,2 -bisphenol
with methoxymethylchloride (MOM-CH in dichlovomethane i the presence of

\,- »—1

ditsopropylethyvlanune to obtain MOM ether of 5,5 -dibromo~2. 2 -Insphenol, and
further reacting the MOM ether of 3,5 -dibromo-2.2 -bisphenc! with alivl tramide in
tetrahydrofuran through the mvolvement of magnesium tarmings and ethyl bromide to

obtain MOM ether of 5,5 -diallvibiphenyl-2.2'-drol.

{00037} in yet another embodiment. the invention encompasses a method of
producing magnolol (3.5 -daltyibiphenyl-2 2'-diol} or a derivative or analogue thereof
comprising obtaimng MOM ether of 3,5 -diallvibiphenyi-2,2'-diol or a derivalive o
analogue thereof and converting the MOM ether of § 3-diallyvibiphenyl-2,.2'-diol or &

derivative or analogue thereof to nagnolel or g dervative or analogoe thereof.

{00038]  In vel another embodiment, the invention encompasses a method of
producing magnolol comprising oblaming MOM ether of 3,3 -diallvthiphenyi-2.2'-
diol and converting the MOM ether of 3,5 -diallyibiphenyb2 2%dio} with

rimethylsilane chloride (TMS-CH in methanol to obtain magnolol.
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[00039]  In vel another embodunent, the invention encompasses 2 method of
producing magnolol (8 3 -diallvibiphenyl-2 2-diol} or a denvative or analogae thereof
comprising converting MOM ether of 5 5'-digllylbiphenyl-2 2'-diol or a derivative or
analogue thereof 1n an organic solvent with a suiatable agent to oldain maganiol ora

dertvative or analogue thersof

{08040]  In vet another embodiment, the invention encompasses a method of
producing magnolol (8 5-diallylbiphenyl-2 2'-diol) comprising converting MOM
ether of 3,5 -diallvibiphenyl-2,2-diof in methano! with trimathisilane chlornide to
obtain magnolol. In another embodiment, the nvention encompasses a composition
comprising an prally or pharmacewtically acceptable carmer, and an effective amount
of magnolol or a dertvative or analogue thereof produced according to any of the
methods described herein. In another embodiment, the invention encompasses a
composition comprising an orally of pharmaceatically acceptable carrier, and an
eflective amount of magnolol produced according to any of the methods described

herein.

SPECTFIC EMBODIMENTS OF THE INVENTION

{00041} The following examples lustrate specific embodiments of the method for

producing magnolol or a derivative or analogue thereof,

[00042]  Preparation of 5.5 -dibromo-2 2-bispheno! (formula 1)

9

Y

31 £
in
{00043]  To a stirred solution of 2,2'-bisphenol (1 0g, 5.3 mmol) in chloroform (20
mi) was added slowly a solution of bromuine £1.97 wmil., 16,1 mumol) in chloroform (16
oL} i dropwise manner al room temperature. Afler 2b, the reaction puxture was
quenched with 10% sodiom bisulphite and then extracted with ethyl acetate (2x30

ml}. The combined extracts were washed with brine, dried over anhydrous Na:SO4

212
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and concentrated under reduced pressure. The resalting croade residue was parified by
TN

{lash colomn chromatography to give 5 5-dibromo-2 2-hisphenol in 1.72 g, {93%;

vield) as a white solid, m.p. 186-189%

Preparation of MOM ether of 5,8 -dibromo-2,2"-bisphenol (formula 1'V)

[00044] A solution of 8 ¥-dibromio-2,2-lusphenol (1.0 g, 2.9 mmol) in dry
dichioromethang was added disopropylethyl amine (7 3ml, 21.5 mmoli at 0 °C . The
resultng solution was stirved over 30 min and then MOM-Cl was added (1.7 mL,
HLTS mmel) at the same temperature. The muxture was allowed to stir for overnight
and then quenched with water. The aquecus laver was extracted twice with
dichloromethane (2x50 mL). The combined organic layers were dried over anhydrous
sodinm sulphate and concentrated under reduced pressure. The resulting crade
product was purified by flash columen chronwtography to afford MOM etherin 1,19 &

{95% yvield) as a white solid, m.p. 120122,

Preparation of MOM ether of 5,58"-diallylbipheny!-2,2"-diol

LN ORE CRpEng

[00045] A selution of ethyl bromide (0.34 ml., 4.64 nunol} was added in portions
magnesim turnings {0.222 2. 9.3 nunol) 1o tetrabydrofuran (14 ml) under mitrogsn
atmosphere. when all the ethyl bromide (half of the magnesium present) had reacted,
the reaction nuxiure was chilled i ice bath and a solution of MOM ether of 5,5

dibromo-2.2-hisphenol (1.0 g, 2.32 mmol) in dry THF (20 mL) was added slowly

-13 -
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dropwise under nitropen atmosphere. The resulting mixture was stirred ai room
temperature for 24 and then allyl bromude (2 mil) was added slowly at 0 °C. The
mixture was allowed to stir for another 3h at room temperature and then quenched
with anmmonium chloride solution {15 mL). The agueous laver was extracted twigce
wilh ethvl acetate {2x30 mL}. The combined organic lavers were dried over
anhydrous sodium sulphate and concentrated under reduced pressure. The resulting
crude product was punified by flash column clvomatography 1o give pure allvl

dertvative w059 g 80% vield as colowriess liguid.

Preparation of MOM ether of §,5-di{{E -bat-2-euyD-2,2-bis(methoxymethoxy -
biphenyl

LR OM RGN

7\

j00046]  The synthesis of the MOM ether of §,.3-di({E)-but-2-envhbiphenyl-2,2'-
diol was simularly carvied out as described for the synthesis of MOM ether of
magnoiol, and the MOM ether of 8 53-di({E)-bui-2-enylibiphenyi-2, 2-diol was

oblamed in 70%: vield.

Preparation of MOM cther of 5,5 -dicinnamyibiphenyl-2.2"-diol

Ot O jeditiwi
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[00047]  The synthesis of the MOM ether of § F-dicimmamylnphenyl-2 2'-dol was
also similarly carried owt as desoribed for the synthesis of MOM ether of magnolol,

and the MOM ether of 8 5 -dicinnamythiphenyi-2 2'-diol was obtained in 72% vield.
YHMpheny 3

Preparation of 5,58 -diallylbiphenyi-2,2"-diol (magnolol)

fog] K

[00048]  To a stirred solution of MOM ether of 5,3 diallyl-2 2'-bisphenol {1 g, 2.8
mmol} i methanol (10 ml.} and was added TMSCH(0.35 mb, 2.8 nunel) dropwise at
0 =C. The resulling sohation was stirred at 25 °C for 1h. Afier completion, as mdicated
by TLC, the mixture was guenched with a solution of saturated sodium bicarbonate
and extracted twice with ethyl acetate {2550 mL}. The combined organic lavers were
washed with brine, dried over anhvdrous sodm sulfate and concentrated under
reduced pressure, The resulting crude product was purified by flash column
chromatography to give the pure magnolol in 0.6 g, (90% vield) as a white solid, m.p.

1103 °C.

Preparation of 5,5 -di{(E)-but-2-enyl)biphenyi-2,2"-diol

{00049]  The synthesis of 5,5-di{{E)-but-2-enyDbiphenyl-2 2'-diol was also shmilarly
carried out as described for the synthesis of magnolol, and 3,5-di{E)-but-2-

enybhbiphenyl-2, 2'-diol was obtained i 914 vield.
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Preparation of 5,8 -dicinnamyibiphenyl-2,2'-diol

oM OH

#h

j08050]  The synthesis of 5 F-dicinnamyibiphenyl-2 2-diol was also simifarly
carried out as described for the synthests of magnolol, and 3, ¥ -dicinnamyibiphenyi-

2,2%diol was obtained in 89% yield.

{00031 The ivention has been described above with reference to Hlustrative
Examples, but it is 1o be understood that the invention 15 not limited 1o the disclosed
embodiments. Alterations and modifications that would occur to one of skill 1 the art
upon reading the specification are also within the scope of the wvention, which is

defined i the appended claiins.



CLAIMS

1. A method of producing a compound of formula (I)

OH HO

wherein R represents H, alkyl, a substituted or unsubstituted phenyl; or a
pharmaceutically or orally acceptable salt thereof, comprising:

(a) reacting a compound of formula (II);

OH HO

with bromine in an organic solvent to obtain a compound of formula (IIT);

III
OH HO

Br Br

(b) reacting the compound of formula IIT with MOM-CI in an organic solvent in the
presence of an organic base to obtain a compound of formula (I1V);




v

v

OMOM OMOM

Br Br

(c) reacting the compound of formula IV with R—CH=CH-—CH,—Br, wherein R is
defined as above, in an organic solvent with magnesium and ethyl bromide to obtain a
compound of formula V;

v
OMOM OMOM

/ \

R R

(d) converting the compound of formula V with a suitable deprotecting agent in an
organic solvent to obtain a compound of formula I; and

(e) optionally, converting the compound of formula I to its pharmaceutically or orally
acceptable salts.

2. The method according to claim 1 wherein R is hydrogen.
3. The method according to claim 1 wherein R is methyl.

4. The method according to claim 1 wherein R is phenyl.

18



5. The method according to claim 1 wherein the organic solvent in (a) is chloroform.

6. The method according to claim 1 wherein the organic solvent in (c) is
tetrahydrofuran.

7. The method according to claim S5 wherein the organic solvent in (c) is
tetrahydrofuran.

8. The method according to claim 1 wherein the suitable deprotecting agent in (d) is
trimethylsilane chloride.

9. The method according to claim 7 wherein the suitable deprotecting agent in (d) is
trimethylsilane chloride.

10. A method of producing magnolol (5,5'-diallylbiphenyl-2,2'-diol) comprising:
(a) reacting 2,2'-bisphenol with bromine in chloroform to obtain 5,5'-dibromo-2,2'-
bisphenol;

(b) reacting 5,5'-dibromo-2,2"-bisphenol with methoxymethylchloride (MOM-CI ) in
dichloromethane with diisopropylethylamine to obtain MOM ether of 5,5'-dibromo-2,2'-
bisphenol;

(¢) reacting the said MOM ether of 5,5'-dibromo-2,2'-bisphenol with allyl bromide in
tetrahydrofuran with magnesium and ethyl bromide to obtain MOM ether of 5,5'-
diallylbiphenyl-2,2'-diol;

(d) converting the said MOM ether of 5,5'-diallylbiphenyl-2,2'-diol with a suitable
deprotecting agent to obtain magnolol; and

(e) optionally, converting magnolol to its pharmaceutically or orally acceptable salts.

11. The method according to claim 10 wherein the reaction of (c) is carried out at room
temperature.
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12. The method according to claim 10 wherein the suitable deprotecting agent in (d) is
trimethylsilane chloride.

13. A method of producing compound of formula V,

OMOM OMOM

comprising reacting a compound of formula IV

v
OMOM OMOM

Br Br

with R—CH=CH—CH,—Br, wherein R represents H, alkyl, a substituted or
unsubstituted phenyl, in an organic solvent for a sufficient amount of time to obtain a
compound of formula V, and optionally converting the compound of formula V to a
compound of formula I

20



OH HO

14. The method according to claim 13, wherein the organic solvent is tetrahydrofuran.

15. The method according to claim 14, wherein the reaction is carried out with
magnesium and ethyl bromide to effect the coupling.

16. The method according to claim 15, wherein the reaction is carried out at room
temperature.

17. The method according to claim 15, wherein the molar ratio of magnesium and ethyl
bromide is about 2 to 1.

18. The method according to claim 16, wherein R is hydrogen.

19. The method according to claim 13, wherein the compound of formula V is reacted
with trimethylsilane chloride in methanol to obtain a compound of formula I.

20. The method according to claim 19, wherein R is hydrogen.
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