Synt hesi s of Magnol ol and Its Anal ogue Conpounds FlI ELD OF THE | NVENTI ON
100011 The enbodi nents of the invention relate to a nethod of producing
magnol ol woO 2us/memBogue conpounds. The enbodi ment s al soPCEISR@E 0005338
pharmaceutically or orally acceptabl e conposition conprising nmagnol ol or

I ts anal ogue conpounds prepared according to the nethods described herein.
BACKGROUND OF THE | NVENTI ON 100021 Magnol ol

(5, 5" -diallyibi phenylgy2nis disgden@) fadis- Hallsly cdngomlal sphenol ), toget her
with honokiol, are the mmjor ingredients found in nmagnolia extracts. It is

wel | recogni zed in the art that magnolia extracts have found, anobng ot her
t hi ngs, applications in Corrpéé"‘rlt[t’ s”ﬁbﬁ‘t“ffé}h{l%\act eria and/or inflammtion
rel ated oraI di seases. ? U S. Patent No. 6,544,409, and U. S
patent appl {PE&Hli oﬂ’%ﬁl@l’ﬁl‘&%tﬂ‘éh“N(‘W"U“’S relp\g ot Oledud CBBSIUE SISl osur es of

whi IkC hl are i NGRLRAEAL.HBY e BLaNAR RGN RI MolrNad REh Fr@RLd LIS Sy ho
NoKI O
orally acceptable composition comprising magnolol or iis analogue compounds

prepared according to the methods described herein.

BACKGROUND OF THE INVENTION

together wnh honokm’ls are the major in gredtems found in magnoha extracts, His
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. Seg, e.g., U.S. Patent No. 6,544,409, and U.S. patent application publication
No. ULR, 2006/0, 146 883 the disclosures of which are sncorporaled by reference
herein in their entireties.
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maagnolel
10003] hoankiol
{0004]  Swdies have further revealed that magoolol, as an independent active
substance, also plays an important role in other pharmacological processes besides its
anti-bacterial and anti-inflammatory activities. For example, magnolot has been
shown to exhibit 2 beneficial capabiliy of profecting the mvocardiiam against
infarction and reperfusion injury. It has also heen shown that magnolol protects
neurons against chemical hivpoxia by KON in cortical neuron-astrocyte mixed
cultares, More recently, it 15 reported that niagnolol 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 er o, Fhe



[ 00041 Studies have further reveal ed that nmagnol ol, as an independent
active substance, also plays an inportant role in other pharnacol ogi cal
processeswbesid®soodt s anti-bacterial and anti-i nfl anmat ecy/tseaiomeisres. For
exanpl e, magnol ol has been shown to exhibit a beneficial capability of
protecting the myocardi um agai nst infarction and reperfusion injury. It has
al so been shown that magnol ol protects neurons agai nst chem cal hypoxia by
KON i n cortégale. pau &ﬁiz@n&t,r@gw e %8 18Ubb LIRSV, LeERAklY, 1t s
reported, that nol ol possesses an antioxidant activity 1000 tines
greater t hafirgpad t’g’c‘@ﬁﬁé’ﬁblmf’ﬁ’ Pl 4icét i ng magnol ol 's great potential in food
and pharnmaceutical applications. Al these divergent uses reveal that there
is a great nees f@lrehiidMauat kdpnurlit Retald & rREBAL Yloenci@e VN-1isin
Huang et al. he Chinese Pharmaceutical |burnals 2006, 58, 115-122;
Mn-Mn Leerebtred|in therfiraee! whichus dsribepryspoRigy - Boudeusdcg{ker. 10005
Currently, §hesaodd g:Saxenal wayoh HRUEE (JTBLNOMSH O el eﬁuetd?%oﬁﬁagnol oi
reported in the art, one of which is described in a pa . Runeber g,
Acta (fhei m-8ckiftdend 938 eagipd &\:ﬂsgﬂ\ﬁ%ﬂmﬁm‘rté&m% tlt?éww” E éattﬁlant met hO et her
of 5,5 0,

t et rabvdroflrﬁgqr:%‘“2L %m{g'ﬁp‘ngﬂ’%bm?%‘"stg%géﬁg ﬁ% ! ;zﬁl%ﬁ@é@ﬁ}n&% F‘%ﬂ‘l de to

obt ai n et hyk'-dtikeshoofq BB - di al i vl bi phenyi 2 2-di o1 as shown bel ow OCK3

afivl romiade
THE

el bRy

OCH D3y

This reaction requires vefluxing conditions, and provides a low vield of the
desived product. Furthermore, the subseguent step of remaving the methyl group of
methyl gther of 3,5 -diallyibipheny!l-2,2-dio} to obtamn magnolol requires even higher
temperature, and the reaction muxture 18 difficull to separate and puarify, thereby

resulting in a low yvield of magnolol.

{0006]  Other reporied synthetic methods of prodacing magnolol in the art also
suffer similar problems, such as low yields, difficulty in purification, the high costof
synthesis, andfor not practical or compatible for indusinial seale. See, e g, Wen-Hsin
Hoang et gl, The Chinese FPhoarmaceytical Jowrnad, 2006, 58, 115-122; and Wenxin
Gu ef o, Tetrahedron: Avemmery, 1998, 9, 1377-1380. Therefore, there exists a
practical need in the art to develop a synthetic method {o produce high quality and

affordable magnolol, as well as derivatives and analogues therenf.



This reaction requires refluxing conditions, and provides a | ow yield of
the desired product. Furthernore, the subsequent step of renovMy the nethyl
group of wethylioeiber of 5, 5s-diallylbiphenyl-2,2'-di ol pCo/uskeiaionssngi nol ol
requi res even higher tenperature, and the reaction mxture is difficult to
separate and purify, thereby resulting in a low yield of mauiolol, [00061
O her reported synthetic nethods of producing nagnolol in the art al so

sUffer simlar problens, sughiesdyowsyirgl daypdibii culty in purification,
the high cost of synt heS| s, and/or not practical or conpatible for

i ndustrial ge@e.n §@@s&:m§§x¥g}wm MED S R RRassEl a @bihod JNBoddRinpese

Phar maceuti cal Journal, 58, 115-122; and Wenxin et al.

Tet r ahedr onBagrgipfiet 1l ‘*ﬁ’@@’Sm IR USREIOIPR 6P EPBPES COMEPBLexi sts a
practical negdi kB -t Beo@hbI Jxﬁ’h ﬁ%%ﬁleoﬂ?uﬁ 1§t¥x'%tt}31 1eGn BRLIAM Ts&‘q H gpuce hi gh
quality and ffordabl & mag , as wel erivatives and anal ogues

t her eof . %MMRY ~dORFHE?] erlﬂc}\lbfiﬂ@@!??l Proecting Yerrbodidrent graube i nventi on
enCoMpass ey TRhRato0h A.AAHE! 1 FRARRLALISGiaEhRhaNSINE 2, 2 - di of)
or its anal ogue corrpounds onprising reac brom ne
at room t enpératunke ireseart o py anpec Sok weatain @\'H@‘dtnﬁwn of 5.5 ~dibrome~2 2%

5,5%di bro issphenol ;. . I [ ng. ydroxyl
groups of négvhﬂﬂeﬁ ang m&'&l? qgiq %ﬂ;e%%ﬁg%g% %%Ehgtt)?‘a%g%_ z ﬁz ﬁ(\)lko \]15' rlhl ori de
(MOM (1) i rbaam;tmmgaammuisnﬂuuﬂmﬂxhimomhie upmﬁs’emm&\mfmam;ziomgam:m@aée to obtain

MOM et her of t her. reacting the MOM
et her of 5, %‘“ﬁéf‘}ﬁ?‘g%‘ C‘f igﬁ(}é‘B}ﬁ‘éﬁ%’Bh\/ff’kfdﬁa%& gtl{ fLifed or unsubstituted
al Iyl br om giglitinpiedny 0 gaikl @rs@bmnte w;;hhnuﬂi&gn@sammdaﬁﬁkeahwhe bioovri de to

ef f ect thecupllng husot I\/g\/lether of, 5,

di al I yl bi ph‘éﬁyl‘“ 220 *%S%Pht«ar Pivaf ?Wé“b‘rma‘ﬁéff‘%‘tjdlé“t‘f{é‘r*@o‘f and
converting &hen! anextnmrmaiwﬁwm oft @drdyhRi PRI Zhediofdi ol or a derivative
or anal ogue thereof with a suitable agent to obtain nmagnolol or a

eﬁ(r:lo\r/rggts\slgs %g{)éﬁE aIP] d’g gqrt %%8%&16 1 %}0 %t&:ﬁg?{%&%&b&[ i nmmq of pr {}dugn:[l wh e invention

5, 5" -di al | yisbizpberyds2-2didbpheOORCEi8] Rehpiieiag tdalighe2, 2 bighephensl W th
brom ne at roomtenperature in an organic sol%ent to btaln‘

5,5 -dibr onﬁﬁc‘lﬁ‘mﬁ'ﬁ“‘;‘ﬁl‘%‘ﬁ‘%‘ﬁ?ﬂ“e B b S Brotet P %"ﬁé’ 90 hydr oxy!

groups of 5&3%1}:6“1%19@&&3&2prﬁt&4ttﬁ@hﬁr‘\§’)§v\.’ﬂr§‘h! nﬁ)‘i&ﬁﬂ%@mhﬂﬂ)ﬁﬂ"’o‘“ de (MM C. 1)
in an organic sol vent sence of an organi c base to obtain MOM

et her of 5, iw3@%%%@“@%%%&%&<‘«é%‘&ﬂ&m%}m%a@iw‘gﬂﬁhe MOM et her of

5, 5P- di br onRednd ik SRASH BhacW; Eﬂa@l wuksdibd Ut e (Qﬁm%syp§¢: pﬂéxﬁ"@dm@l tyl
bromde in an organi c solvent wth magne5| umand et yI brom de to effect

t he coupl i ngribsdeachigsihe PIAYIetvDM B Hérose-28, Hispgual vk bpghdrid o, 2° - di ol or
its anal Ogtkg]gg;gﬂp@&nﬂ& b ARl Sradh 135 soRRAL B ﬁjl;e ;(nﬁ%%%%%# Hﬁﬁhﬁ}l figmidavention

encorrpasses an 1 nternedi ate COITp § . JI i
5-di i dl vl bi ipledaglihexopplingicol fhvgobiainddPieibergs s Srdialibivkusl-2.Netidof . [ 000101

In yet a fu d the i nvention enconpasses a. nethod for
pr oduci ng ma ﬂ%ﬁeﬁg%g{ﬁgl al | yl bi phenyl -2, 2" -diol) or a derivative or

anal ogue t hereof conprising obtaini ng an internedi ate conpound of MOM et her
of 5,5 - di&P Bl}pﬁe%ﬁyﬂhe@i@ﬂdmﬁm tzﬁfrnﬂetfna@wvambaﬁemn ignaledgige t her eof, and

converti ng (Fﬂhl %ﬁqaﬁ &{9&! ﬁ“{; éa% e‘ﬁil)igﬁl’lﬂpe fg*e( 0! d’(%n\ g!\(t? (‘.'T ?I{d {\a’{iéjer I Vat Ive

or anal ogue t agent 1o obtain
derivati ve wbereainal ogue t her eof :

{00010]  In vet a further embodiment, the invention encompasses a method for
producing magnolel (3,5 -dialyibiphenyl-2,2-diol} or 3 derivative or analogue thereof
comprising obtaining 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 obtain magnolol or a derivative or analogue thereof.



[00011i In yet a further enbodi nent, the invention enconpasses a nethod for
produci ng magnol ol (5,5'-diallvl bi phenyl-2,2"-diol) or a derivative or

anal ogue whepaafoie@enpri si ng converting the MOM et her of PCT/US2010/025378
5,5"-diallyibi phenyl-2,2'-diol or a derivative or anal ogue thereof with a
sui tabl e agent to obtain nmagnolol or a derivative or anal ogue thereof.
[000121 in another enbodiment, the invention enconpasses a conposition
conpri si ng @6&Qﬁ3h$¥uQﬁm@Q@&Hﬁﬁ§H&hQﬁlhﬂm@&ﬁ%@&ﬁﬁhQL$§&Eh€£&uand an
effective amount of "magnol ol or a derivative or anal ogue thereof prepared
accor di ng twodmipecrasppiéel (fet-Holdsbgaeni Bedioblsby der BETRAN R BDESERIPTI ON
[000131 The, (ﬁ;QJ.;Lﬁam&qL%tl w ’@10@5‘& ;é%@_sﬁo{k Iy ﬁ})ﬁLnQQ” guligel LeS. ue! be
consi dered |n review ng t descri ption of s invention set forth herein.
The head|ngS1@§Q@h¢&§&ﬂBa@%gw@ﬁﬁdv%awdGﬂ@uﬂﬁﬁmyﬂ?w‘Hﬁ@k@&@ﬂheadlngs (such
as "Conposi tlons’ .and- " Met hods') used herein are intended only for general
organi zati on of ?oplcs within the disclosure of the invention, and are not
intended to linit the disclosure of the invention or any aspect thereof in
particul ar, ﬁﬁﬁweém anpglier embefligetiodedvprionfeconBaskyt dURESItAY | ncl ude
aspects of technal 99y W, Bpg.mnm@m%&ggoa 8 at’i}@&rh&v’?ﬂt z'ng»ﬁmf%ﬂqn W, not
constltute a recitation o rior St matter disclosed in the
-Summary" & lmuofamr@mawtmwemmm u@rhpiﬁeheé‘m@bdcgfsdmg tofnytdidieent i re scope
of the |nvengm&yiﬁ“ﬂﬁuyﬂ%nbodlnents thereof. Classification or discussion
of a materiar Wt a sec%lon of this speC|f|cat|on as having a particul ar
utility (e.g., as being an "active" or a "carrier" ingredient) is nmade for

conveni ence, and no i nf er gpegushowrdchgdpawn that the material nust
necessarily or solely function in accordance with its classification herein

when it is Mﬁ@ﬁ i ﬁ"h@%ﬁ(\gjtﬁ(Q{Li;ﬁi@imoﬁﬂ&trﬂaﬁ nmml;EQ*QQQ(fégméthﬁlsﬁ:h @%ki@ﬂc(@f

r ef erences hereln does not” constitute an adni'ssion that those references
are prior dﬂﬁmowwhﬁﬁﬁdaﬁyﬁh@héV%hEeuﬁ@“ﬁﬁéﬂ%%h@ﬂméﬁkﬂ%@?MQﬁﬂ&hé“|nventlon

di scl osed h%ﬂ.i}om@“xﬂ *s%%h%ﬂ © na uﬁ P&dg%‘ L0t .0k n[a%ﬁ\% &hegy cited in the

I ntroduction s I ntended general "sunmary of assertions
made by the?ﬁﬂhmbfbhaimmhedwemgmkdwebfmandmdbegmmmnmt@hsmw{mumn&w adm ssi on

as to the a acy he,.cont I 0151 The
descr i pt | On%‘ékg(%lih. Oefgh.fﬂt!\ Uﬂﬂﬂﬁ ?m(f{{k_ Bglvvhil.liltﬁn ) Fﬂ fet. t‘f iﬁ%é}ggﬁent S Of t he

i nvention, ;amummtsemiaebé:ahmpenr pqsaes:um sulh;ba]mmaztdmmminyh@nd are not

i nt ended to, tation of
Tl tipl e AT, SraoRRge atnsh A5 eabB s o HE S e S R enel uie
ot her enbodimientyhavskingicaddihiiona priof @attubes " mekr Gtdiekd endodi ment s

|ncorporat| di fferent conbinations the stated of features. Specific
Exanpl es are %wﬁdéamr%fXFBwﬁ§f¥é?ﬂ@é“ﬁﬁ?%&gegi@?Lﬁﬁ&ﬂﬁBﬂW&Eé and use the

conposi t i ongv@ilidn BELRdS0@nchis BgerdonventditRdane: didisesoraXxphdii t 1y stated
otherwi se, are not intended to be a representation that given enbodi nents
of this |nv%%%?éﬁ“ﬁﬁ%@*m@%PﬁQVé“Wb?“mb@éﬁpﬁ&&@“bﬁ“?e@ﬁe&ﬁbﬂ“Q3“

“active” ora “carrier” ingredient) is made for conventence, and no inference should
be drawn that the material must necessarily or solely function in accordance with s

classification herein when 1U1s used 18 any given composition.

{00014} The citation of refersnces herzin does not constituie an 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 Introduction
is intended merely to provide a general sununary of assertions made by the authors of
the references, and does not constitote an admussion as to the accuracy of the content

of such references.



1000161 As used throughout, ranges are used as a shorthand for describing
each and every value that. is within the range. Any value within the range
can be savecvudioa®3t he term nus of the range, in additi @oT/tské10/0ed3es ences
cited herein are hereby incorporated by reference in their entireties. In
the event of a conflict in a definition in the present disclosure and that
of a cited reference, the present disclosure controls, [00017] Unless
otherw se spegisi a@l“a,uspm aﬁ@@ﬁ@g@%\aﬂ.quamn@tuﬁm%psr&ﬁ%@ﬁlnéa@w n and

el sewhere in the speci fication should be understood to refer to percentages
by wei ght. tFhEvaRBuns ingindehfoapeppas etliprraipeonls erdae weiiightdesfo t he
material. Thg RCLARLY AR iflenfor® BRELIEC (UL BRI cRBIAAL eher 1T ng to
respective anounts: of onponents, or featur nbodlnents is
i nt ended, tmt@ibﬁwu@sushwﬁ injeakedto eptiude tﬁhez mnhu@mam@lé@nwddﬂxov@ln ability to
account for r g I Nt Qf,:10% may

ol ude o, SHareh ol FERTEAIRL Gporklly ST A ot w1
be appreC|amsdﬂaﬁﬁmuﬁdén@nmoﬂwbymtM@%@wthmngt@m@pﬂapyMSkkhhﬂ%mﬂﬁhe art,
1000181 As %Sﬁ ac&m OSE d} ‘?n li %0@1 i3 Y‘ﬁ, Lo 'H(? IH] \E‘X bﬂibr anched

hydr ocar bonEn&i f ﬁni% Pg PR  REEH O 8k fb éfﬁd% Y& oms. Exanpl es
of such al kmhe;gmm&mmmbzuﬁe unmhyﬁmqaemhysh;mmm@ydmboﬁsmnrs@méha but yl ,

i sGout yl butY ﬁgv enlsogers of pentyl and hexyl, wherein t he

net hyl groUﬁ‘V@“%P@*e? H“m“fﬁﬁﬁfﬁ Ued herein, the term "substituted
or unsubstituted phenyl" describes a phenyl group mhose phenyl ring is
substitutedmﬂﬁuﬁeGESSGXWKmnhnmnmnmxﬁnmhﬂmsnﬁﬁmm&mb%;&hh@ﬂhe&mﬁ%&hbstituted"
nmeans t hat an nat ed, at epl aced

W ih o sol entonie Bl Rty REFER Aty Dup T T5 08 FRaft Ak Tkl gnac e
atom s nor naimivad @nigyrah . totddxeestetemadithdtrehhe: thdnqimnm results in
a stable cqﬁpound éEPQZQl_As\ ed hgrehg,,Lpg,tern}ﬁcpnpszL.g means t hat
other st epsafit SFher "EhHbEHENL S BHAFUE0 2 O HErE BT RR DEHPTEYul t may be
utilized. Togids@feind GNP Sl rareNCORP pOSeS dhNSueXPRRSIS] ONs "consi sting
of ," and "consisting, essentially of,- The use of singular identifiers such

as "the," " snot dtobe limting solely to the use of
2singl e cotBn M Bebig TGS, STPEE TBEHEREE OIS A used
herein the fm@rReiheom henpetiaiimehon@ansdeRfcanbi-ento fempatativre of an

typi cal | abor. tok§ which is usuall%hsbout t ha of Standar%@Tenperature and

Pressure (STBIM ABC HREHIHERR 15 Magee® BUPE ATG wesht o 1By A E; bmpound neans

the conpoundcih@s, beLpesgpasial Reeih WButd & HBACL Opellvt bibEad B Whi ch it was
formed. 1900221 As used herein the term"increased pressure" refers to a

pressure abﬁW§M1&§iﬁb@Bﬂé?ﬁmﬁ%Q“%e%%M%%%W$3HH@@F@?@bﬁmﬁvf@ﬁé‘%$ skill in

the art. ConyesSEh¥s a &SrdIedRBNBY Bact Bt LEEMyrs [RALGRLRHESEYr €" means a
pressure of below 1 atnDsphere as commonly understood by one of skill in

the art. [m%lmwmu@w ey Bpninckipe? kpr dd Stoyen by degres of oot or al | y
acceptabl e &@&5&% nt 1RR w8 B AL PRGNS m(;]éﬂgaégcﬂ@%ﬁ semmgtnog%ﬂkmmy safe and

effective materials for use Herein. naterla s 1nclu wat er
solvents, eheat that may contain a hunecant such as gl ycerine. sorbitol
xylitol and the |ike The carrier or orally acceptable carrier also may

i ncl ude addﬂp&bﬂ&”"ﬂ"ka%@é&%&&%‘i‘t&e 028,181 EnBRR§ 1Ak Yo AGESRE ARlSaliRnd PErson

skilled in art
chain with p;eh:mh!} between I and 10 carbon atoms. Examples of sach alkvl groups

mclhude methyl, ethyl, propyl, sopropyl, butvl, ssobutyl, t-butyl and suitable isomers

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

{0019} As used hersin, the term “substituted or unsubstiuted 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 frony the ndicated group, provided that



[ 000241 As used herein, the phrase "pharmaceutically acceptable” refers to
t hose conpounds, naterials, conpositions, carriers, and/or dosage forns
whi ch ar evowntiiosooshe scope of sound nedi cal judgnment, ®girtEske1e/02378 use in
contact with the tissues of human bei ngs and ani mal s w t hout excessive
toxicity, irritation, allergic response, or other problemor conplication,
conatensurate with a reasonable be.riefitirisk ratio. 1000251 As used

herein, "phgt pReeULEGRL! ymﬁﬁﬁﬁ@mm 8 B kSeded, e}f}@ﬁlﬁ! Qe GRKGHMAL] ¥&is0f the
dlsclosed conmpounds wherein the parent conpound is nodified by making acid

or base sal ¢ stahlreppourEanpl es of phar maceuti cal | y acceptable salts
i nclude, but are not |imted to, mneral or organic acid salts of basic

residues | @ugin|as i Soin, amhek@&na “Qfin ggclggnmng@@{a& §ih&f 16 bfll Ghert €Si dues such
as carboxylic acids, and the lik used herein, the term

"ef fecti ve WRIUAIS hrdenst ¢licaie atfffb@muw b Wi UhE T B CAMBIGTE nat | on of
conpounds, Qlfca&&%aégrﬂ%&ﬁ?&géuﬂl‘ée@uﬁﬂsﬁﬂn@%if %H' é/&ls;\enﬁ%%mml gtefgd,gl one or in

combi nati on as an active | ngre 1 ent 0 The present” | nventi on pr ovi des
a chemi cal %ynwhiet idenleguents that "o S‘ic@)‘stls @tfifi@efti e & berlgnitipgsadedsy war k- up

and pur i 11 caLi o BPE MO ARy.ANSl NS GAlcerRCmRtaRL |1ty for the

production of the active substance erivatives or anal ogues
thereof. The chemical synthetic sequence is easily reproducible on a |arge
scal e t hr ougReH npiseisehierdin B tergi "epain sywEBrg cresnelhs aithiget | ead to

hi gh-qual it le HLQHALGCEStan di; It hg - augiLh on enconpass a
nmet hod of p‘?“%‘ é&?‘?‘neg&z; g‘%ﬁ%o&%}&rg{% Sim {{%% m()j—ittl—%o vvﬁelrpltééljn
reprensem;aT&Wi&iﬁliaeQub%ltésmmﬁéHPbr\msdjhism,t'mped iphenykolgedup; or its

compound means the compound has been sepsrated From the resction mixtwre in

which it was formed.

1000221 As used herein the term “increased pressure”™ refers & a pressure above |
atmosphere as is 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 m the art.

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

person skitled n the ast.

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

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

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

base salts thereof. Examples of phanmaceutically acceptabde salts include, but are not



pharmaceutically or orally acceptable salts. Accordingly, derivatives and
anal ogues of magnol ol include those in which Ris not H The nethod

pr ef er ablwoconpms@ses: (a) reacting a conpund of fornul CCAB301QRIEAB W th
brom ne M an organic solvent to obtain a conpound of formula (I11) 1.1

(b) reacting the conmpound of forrmula Il with MOMCL in an organic sol vent
in the presence of an organic base to produce a conpound of forniula (I1V)
Y hinuted to, mineral or organic acid salts of basic residues such as amines, alkali or

organic salts of acidic residues such as carboxylio 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 mvention effective when

adpynistered alone or in combination as an active ingredient.

{00027] The present mvention provides a chemical syithetic 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 synthelic steps that lead to high-quality final
producis. The embodiments of the tnvention enconmpass a method of producing a

compound of formula (I

O HO

wheremn 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 compund of formala (1D

OH HOQ

\__/

i1



(c) reacting the conpound of formula IVwith RCI=CHCl-L-Br, wherein Ris
defi ned as above, in an organic solvent with magnesi um and ethyl bromde to
ef fect thwocouplobeng for an efficient anount of tine to @®braiseoi/oesnpound of
formula V (d) converting the conmpound of formula V with a suitable
agent in an organic solvent to obtain a conmpound of formula (e)

optionally, converting the conpound of Ibrrmula | to its pharmaceutically or
oral |y accept abligys@hhife in &Q@Q%&l\d R ORRLRGES %rn{p%gmﬁmg%ﬁnﬁﬂm the

i nvention enconpasses a nmethod o prodUC|ng magnol ol wherein R is hydrogen,
or a derivative or anal ogue of ﬁﬁdnoI0| wherein Ris methyl or a phenyl.

More preferably, the inventjea{enconpasgses a nmethod of produci ng magnol ol
wherein R is hydrogen.. [OIn

‘er enbodi ment, the invention
enconpasses a nethod of pro \ ol or a derivative or anal ogue
t hereof, .wherein the first/ process rmcliudes reacting 2,2 -bisphenol with
brom ne at roomtenperatug€ in an organig solvent selected fromthe group
consi sting of chloroformdichlorgget hane, dichl oroethane,
di et hyl sul f oxi de, di net hyl f or maht'de” acetonitrile, tetrahydrofuran
di et hyl et her, hekpoeiingartcomgoundet ianals HlietitavioM-Chennenguidtsolvaene. Mre
preferable, the or ani c sol.vent is selected fromth cqnsi sting of
Bhi or of or m i cHY BFGHETHARL SGEVE R gF TR 2 CHEPFHARST PBBOR0L I yet
anot her enbodi ment, the invention enconpasses a nethod of producing
magnol ol or a derivative or anal ggue lhereof, wherein step of protecting
the two hydroxyl groups of 5,5%-di no- 2, 2' - bi sphenol with
met hoxy. met hyl chlorid. e ( , :-0r gani ¢ solvent in the presence of
i i 'p base sel ected fromthe group

v

{c} reacting the compound of formuda TV with R-CH=CH-CH;-Br, wheretn R
is defined as above, in an organic solvent with magnesion and ethyl bromide
to effect the coupling for an efficient amount of finse to vlstain 3 compound of

formula V

IR CHRACHM Y

{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,



di i sopropyl et hyl am ne, pyridine, piperidine, lutidine, .imdazole. Mre
preferably, the organic base is selected fromthe group consisting of

di i sopr opybevtwioenwBne, pyridi ne, piperidine and | utidi n@eCT[USABDH153IH yet a
further enbodi nent, the invention enconpasses a nethod of producing

magnol ol or a derivative or anal ogue thereof, wherein the suitable agent

used to renove the MOM group is sel ected fromthe | _;,,roup consisting of
boron hali ﬁg@avsﬁ r lgmnyg %hi&%dd@ﬁéu@ Qe BRGibA L;&%&M@ t BB e or i de
(TMs-C). referably, t eagent is trimethylsilane chloride (TMS-Cl).
Those ski | Ii@amith‘l"tiﬁ’énalﬁ! ‘ahfémwpaa FEOGR. detdefingtng ﬁg'ﬂﬁﬁf&‘cﬂ? pabpEolent capabl e

of 1 emovi nd ke NOMLIONA (BneRIR! GEkLRG, IheNEMCORL ALY derivative)

usi ng the guidelines provi herei n The reaction May be carried
out for a p@cmwﬂﬂdﬁﬂ‘mmﬂwﬁtﬂpm kentin Rgs lstraen. t he desi r ed product. A
"sufficient' anount of dote depends in part on the. desired extent of
reaction angodfg FEACKLLPEQRAET] QPG efGRn&Ry ﬁ%@??fxﬁ&zﬁ& & w@ﬁ?m&f ordinary
skill in the art can easily nonitor the reaction to determ ne wien a
suf fi ci ent ‘anoait oof daivpge digesiegugepiol.adhereThidte prperceedrcdiddunt of tine is
general ly ~+30. et t 24 hours.
J000331 A S‘?e%’?r edh%‘%g%“gbﬁp}%th@f‘ﬂ%hﬁ%ﬁ ‘5&@%%"%&‘3?9‘3 met hod of
produci ng nﬁ@nmﬁ diom(16g B‘DumCs:aﬂ%i%wmfmh@nybmizquzhimmr@t 1)'l¥1®ldli~élﬁdé‘ﬂl’m®.tl ve or
g?g;g?gesgrﬁ{éﬁ ulx&i%rhrp(iﬁ ﬁmﬁﬁggﬁxsﬁﬁgmd% zadubltuﬂk%: &gdgxﬁ?{éumm t(ﬁ uﬁ’\é& ;1”& ;Bhgzol
subsequent | expreot@chne ngethdrel, E,MnfhwbmmyIioigm@up&}z@puimbk the organic
5,5" -di bronp- 2 W X Cl) in an
oF gant ¢ so TEALCSHITGaTr b B aTaRs T T ek Bt by gant e base
such as di i segrapylet hkiansine to obtain MOM et her of
5,5" -di brono- 2, 2' - bi sphenol, and further reacti ng the MOM et her of
5,5'-dihro tute uted allyl
brom de in %&Ofgeifg?%r%’s}gr?/ r%’\t{yleéi ‘gﬁt IS “?5? A E‘“ BN a:’ m Q}oﬁ Otrfmgnem um and
et hyl brom ;dﬁdatma cahs ftﬁﬁﬁh {Bihﬁicﬁi&ﬂﬂklﬂﬂgma@dt. tmreebt\mmzmﬂ fﬂ‘tph&‘d‘mﬁai e, 5-
di al | yi bi pheny1 deriyvative or ue the (dependi ng on
whet her ¢ hean pgiosFrastinger £5 -Soblir Srbimat n e T Rs AT RGR dbeny - and
converti ng ghevMMieishesanaf Qoﬁ,eﬁi m@le@iré@)ﬂhd&loﬁlb@&ghx'szi)&e-xﬁhQibs @ingd &S anal ogue
conmpounds wi th él sui at bl e deprotectin {}& ?uch as trinmethylsilane
chloride (' PREICH o] BEYRRBEUESPHE f" FNPEHEE hanol to obtain

nmagnol ol ord;a,mslewmm lzt\&ﬁ:nq{\m@ﬁ@'gﬁﬁﬁﬂnﬁ.hﬁﬁ@@$ imMReNe| Bbrefeidrabigriyat i ve or
anal ogue thereof can be (E)ﬂPtl onally converted to their orally or

phar maceut i €&Mi§ e ESpled Bo@é‘ﬁ%g‘i’*ﬂlﬁ“aﬂﬁ%é’éH“?’i’ﬁiﬂphlﬁ‘h@#’*mﬂﬁﬁaléy@% Il in the
art. [00034%,d:nanlhefignbodi nent, the invention enconpasses a method of
produci ng magnol ol conpri si ng react | ng 2,2'-bisphenol with bromne in
chloroformto obtain 5,5 -dibropo-2, 2 - bi sphenol , subsequently protecting
the two hyd®8%3A dp B 6%“‘8?8* ?“%‘ﬂd‘*HF‘Br‘B’i‘rﬁ“E‘“@“ “wm%@ﬁm mgihpd ot

met hoxymet hyb &Rt Q8o MM debd adv ofl bt .0f pRRbLDALLRI (e LGLRLESENCE Of

t hi sopropyl et hyI amne to obtain MOM ether of 5,5'-dibronp-2,2'-bi sphenol .
further rea®ei gemerrathaiidkap iofelasted frogy Be sivpe %“”@**ilf?&@@{‘r}h‘enol with allyl
brom de in fehEAMEIRTIURANIME hmaagﬂﬁﬂ;gm}@%ﬁehymbf gmge to effect the
coupling and to o tarn MOM et her of 5,5'-di enyl-2,2'-diol, and
converting ®" h@mm\/li?et&h‘éﬁ “dfﬂ'ngihsbﬂdw &h I(‘yﬂ*bﬁT@\ﬁ%ﬁ%y i} 312%25@\11}@1@? ol thivit e

tri met hyl idang, GARELAG.G LT dool GoffRE BABGL HO0QRIGUNLGRAGH Ol - Magnol ol
can optionally be Converted to it ¥y y or ha‘r maceut ical y acceptabl e
salts by a e#mrmnnzhéwl\ﬂfgﬂeﬁrmi%naingdes&knih&|e} uping ﬁe cardelines pOOOBE betew. yet anot her
enbodi ment, the invention enconpasses a nethod of produci ng MOM et her of
5,5 -diall yb@b@?erﬁ% ezmgqn zﬂ 19l Qe QQ%LX & 95}&@@%@9{%‘? obliefOT
conprising reactin I"sphenol romine at roomtenperature in an
organi ¢ sol deemtd m“ux@hi as® mmimmf orennt of oht &ipped Sparditoho desiid 2terdi sphenol
subsequent | y. pr. i Ne ) N S T

55" a br ot e PPl ROk LU Rt L RHBRDne ol B i an

or gani ¢ sol femtt c:smkmammdmtﬂe@ezmnm fealeermine pihen pridBant enofmtadioegani ¢ base
such as diisopr opyl et hyl am ne to obtain MOM et her

of 5, 5" -di brono- 2, 2' - bi sphenol, and further reacting the MOM et her of

5,5 -di brorno2, 2 ' -bi sphenol with a substituted or unsubstituted all y'

brom de in an organic sol vent such as tet rahydrof uran wi th nmagnesi um and
ethyl bromde to effect the coupling and to obtain MOM et her of

5,5 -diallyibiphenyl-2,2'-diol, or a derivative or anal ogue thereof [000361
in a further enbodi ment, the invention enconpasses a nethod of .producing
MOM et her of 5,5'-diallylbi phenyl 2,2 d| oI corrprl SI ng reactl ng 22

M I T



[ 000371 I n yet another enbodi nent, the invention enconpasses a. nethod of
produci ng magnol ol (5,5'-diallyi btphenyl-2,T-diol) or a derivative or

anal ogue whepsaafoe@enpri si ng obt ai ni ng MOM et her of PCT/US2010/025378
5,5"-diall yl bi phenyl -22'-diol or a derivative or anal ogue thereof and
converting the MOM ether of 5,5 -diallylbiphenyl.-2,2"-diol or a derivative
or anal ogue thereof to nmagnolol or a derivative or anal ogue thereof.

1000381 In mem@m&mﬁk S0k IRk of NRe iNEA xoﬂmﬁﬂﬁptm%ﬁﬁli@mmt hod of
pr oduci ng t nagnol oI corrprl si ng obtai ning MOM €t her of

5,5' - di al | yPbioghenspirdipaboudiigiougnd converting the MOM et her of
5,5 -diallyibtphenyl-2,2-diol with trinethylsilane chloride (TMS-Cl) in

net hanol t ojogitsqi rApﬁﬁﬁ'@@li@ﬂ)@dﬂh&t@@@&@%\Lﬁh&%ﬁuﬁﬂ@&h@ﬁ nffadiment, the
i nventi on enconpasses a ITEt od of ro ucl ns 8“0 ol
ats

(5, 5' - di al 1eBicpRaperolp! O X-diagy '})u"éem&”&eﬁhp BV ARY g et eof
conpri si ng L&D 'lé]lg(’mGW&éfJﬂglgﬁiQrfﬂh%léi%ng!ﬁa’{lﬂ YdRlcrbeBYlyd & -diol or a

derivative or analogue thereof In an organic solvent wth a suiatable agent
t o obtai n ndgnolook kopbizn dér-dipapiardlobispiwadiogleeadivh @efte OO UX0%C| n yet

anot her e 1 R R-€ d [
magnol of ( Soarg b s bk 2 SRR ASA An JR AR BlorBE AR et her
of 5,5 -dialhw :bxqﬂmmyﬂol@n@mmmuh grovretimgno khevpirtshnoe of pedigiisd bane chl oride

to obtain ”"H@”% &kopro%x.lﬁi“\%n&ﬁm &9919'\[}?{1 ethel REs b1 tfrm% 9% % REIRES°=>. 2

conposition CcoO maceuti'ca acte e carrier,
and an ef f eotlifwehearmonty tof \dﬁn\@nmbmi 301’«&@&1131& Qabusp&enmma;nalubgmmcd her eof
pr oduced accordln n anot her

P oo oot oS Rk bt o R Bl RS inat iy 2o et 1y or

phar maceut i mahaleyma&a@Bmalhhauﬁiaw tfese thanshipng aid e obkainevi@NDeihdr o0F Sagnol ol

produced ac t t.he met hods, des her.ei n PECI FI C

P EVBOD! NENTGT I e 3 RO e TG B TRG e B PO R st BT | st r at e
specific e”h@@l'i%ﬂﬁxﬁd@fst\ﬂﬁnm%hﬂda iR PR OJUGLAY, REGNRlAle ke mOder i vative or
anal ogue thereof. [000421 Preparation of 5 5 -dibrono-2, 2 -hi sphenol

(formla | 1§iher o B cAa IFEeRy 4 f TR T o HRHnCORPoRIds Wil SHHENBI (L. 0g, 5, 3

mmol ) in chghe@ri%grnmea&u%k) yinRsyaddednslawt Ma-c3phuh boRsRkshEAM ne (1. 97
m." 16. mm ) in chloroform (10 int.,) in dropvvl se nmanner at room

t enper at Ui CRg Byl e Bt AT wilsvar e wagelegrstedRad Megrrlaoge sodi um
bi sul phi t e angvadhen «B¥SLRAAD Wt Bl RERLALL(RADRaly or

pharmaceutically acceptable salis by a person having ordinary skill 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
3.5 -dibromo-2 2 -bisphenol, subsequently protecting the two hydroxyl groups of
3.5 -dibromo-2,2 -bisphenol with methoxymethyichloride (MOM-Ch in
dichioromethaneg m the presence of ditsopropylethylamine to obiain MOM ether of
5,5-dibromo-2,2 -bisphenol, farther reacting the MOM ether of 5.5 -dibromo-2.2"-
isphenol with allvl bromide i tetrabydroformm with magnesium and ethvl bromide 1o
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 methanel to obtain magnolol. Magnolol can optionally be
converted o its orally or pharmaceutically acceptable salis by a person having

ordinary skall 1 the agt,



The conbi ned extracts were washed with brine, dried over anhydrous Na2, SO4
and concentrated under reduced pressure. The resulting crude residue was
purified w9 2bi1awboosol umm chr onat ography to give 5,5' -di pcams2@0825308 sphenol
in 1.72 g, (93%yield) as a white solid, mp.186-189Qc Preparati on of MONI
et her of 5,5'-dibrono-2, 2t-bisphen (fornmula 1V) 1V [0004=11 A solution of
5,5"' -di brono- 2, 2% bi sphenol (1.0 4, 2.9 mmol) in dry diehl oronet hane was

added di i sowwl et Dylandiiis r&@x J(sgan%mlﬂu%Q&mﬁl;dﬂ@i‘)mﬁfske@ a métRgr esul ting
solution was stirred over mn and then MOM Cl was added (1.7 10.75

annol ) at tiﬁéﬂ“ﬁfrmhfe”@éh‘fi@?f@f nﬁe&dﬁ‘sﬁ*@m&ﬁnx%u? aliggr aMPHREHE ¢ongioREe f or
over ni ght ac'ﬁ&e%ﬂbr RN eh&s, ~VE§ %;«%&%mﬂ Bﬁnfﬁﬂ“ﬁ%{ﬁ% Ly @Jmm gxtracted

twice with dic rrethane ) .). The conb gani c |l ayers were
dried over (aghyfdm‘wst *slghlﬁwhkgmaphat@umé Scotvoent-rat- @dphsi‘n@ler reduced

b sour o AR L PO e PR AR ATL LB MR
mp. 120- 12®¢1§1Pﬁepdnaﬁlmadﬁ dﬁﬂm)en hepreafic 5016 dichké cbphetyte & 2cdi ni
the presence of an organic base such as ditsopropyiethyvianune to obtamm MOM ether
of 3,5 -dibromo-2,2 -bisphenol, and further veacting the MOM ether of 3,5-dibromo-
2,2"-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 obtain MOM ether of 5 F'-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-diglyibiphenyi-2,2"-diol comprising reacting 2.2 -btsphem}i with
bronune at room temperature in chloroform to obtam 5.5 -dibromo-2,2 -bisphenol,
and sebsequenily protecting the two hydroxy! groups of 3.5 -dibromo-2,2 -bispheno!
with methoxymethylchloride (MOM-CH in dichlovomethane i the presence of
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 alivi tvomide in
tetrabvdrofuran through the invelvement of magoesiwm tamings and ethy! 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 -datyibiphenyl-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-diallyibiphenyl-2,.2-diol or a

derivative or analogue thereof to magnolol or & denvative or analogue thereof.

{00038]  In vel another embodiment, the invention encompasses a method of
producing magnolol comprising oblaming MOM ether of 8,8 -diallvibiphanyl-2.2'-
diol and converting the MOM ether of 3 8-diallvibiphenyl2 2'-diol with

rimethylsilane chloride (TMS-CH in methanol to obtain magnolol.



[ 000451 A solution of ethyl bromde (0.34 niL, 4.64 mnol) was added in
portions to magnesiumturnings (0.222 g, 9.3 mmol) in tetrahydrofuran (10
nm.) underwoizbriogenn3at nosphere. when all the ethyl brom #eT(usadi/oes37s he
magnesi um present) had reacted, the reaction mxture was chilled in ice
bath and a solution of MOM ether of 5,5 - dibrono-2,2 -bisphenol (1.0g.
2.32 nmmol) in dry THF (20 M) was added slowy dl opwi se under nitrogen
at nospher e. ;g r @5 Wi kAo Mnbh kAR iSkhifSe@hphQNulomagrat ure for 24h
and then allyl bronmide (2 m1. ) was add'ed‘ slowy at 0 C. The m xture was
al | oned t o wWogringrazapiet Ber-dBRY A eobht-Enper attpetieny aptesreqievidhed with
anmmoni um chy 9{&%1%%! Mhl@R bR bt s s TRALAGURAUS, T a8 5y YASHEIlS @ct ed twice
w th ethyl acet at 8 fx_58gm . The c?)nﬁ?ng'dq%rg'ani‘c I{af{nérs %/‘\‘/er‘\eL dried over
anhydr ous swadicgnt Galephate owatic eonge ntib atedizblsder! iedddedeprégdsure. The
resul ting cgude. product ~purified by flash col um chromat ography to give
pure allyl %glgi%vgto?\g}[g&%“ﬁ’wg&g%%g, 80% yield as colourless |liquid.
Preparati on of MOM et her of 5, 5t-di é( E) -but--2-enyi)-2,2 -bis(Inethoxyl net
hoxy) - bi phi@agdt] 1opassatharebegnenediesngpliqhaonmses Aakihod of
of 5, 5" - di ( (£ aRUL - RrSR%! J<. \ 280 S8l a3 i lanlyaeagried out as
;Q)&RH%, hiRBY a H\tﬁﬁ{%)&{\ﬁ 1% ijg? g%‘.ﬁgﬁ?}&g%&{?ﬂ Sin g

described for t synt hesi's o et her and” t he MOM et her of

5, 5' - di RE) -bler023 Sngikihibiplvenyd.2 Riid in diedknodasthotmeihdeheichionggyi el d.
Preparati On(fb?z{ix}";' h@ﬁ%lh ‘fzam%ﬁu_?exgl%%{%%{zWQ@M&Q#IQEQE@%}:@L%& (g}!n%l sifi LL 000471 The
synthesis o e et'her or 5.5 -dici hnanyl biphenvi-2, 2"-"di 01 was al so
simlarly camfredgostrads odgsonidbadaflorcckiiiebls yntibresidsinefiedastlvar of
gg,[gg?Lng’ i ﬁﬂ ﬁ{%gglf;ecfrd} EhD8L 9 an5:z§05gué ALELP ;Q%%L‘(?L&Q%@Qﬁ) :211‘15,»'20? Lol was

methods described herein. In another embodiment, the invention encompasses a

composition comprising an orally or pharmaceutically acceptable carrier, and an

effective 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)

{11

{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 ml., 16,1 mumol) in chloreform (16
oL} i dropwise manner al room temperature. Afler 2b, the reaction puxtore was
quenched with 10% sodiom bisulphite and then extracted with ethyl acetate (2x30

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

212



Preparation of 5,5 -diallyibiphenyl-2,2'"-dial (magnolol) OHOH [000481 To a
stirred solution of MOM ether of 5,54-diallyl-2,2"-bisphenol g, 2.8 mnor)

i n met hareD 20@opdoy and was added TMSCLt 0. 35 nal . " 2.8 modigS2aoopsrse at 0
"C. The resulting solution was stirred at 25 C for H After conpletion, as
i ndi cated by TLC, the m xture was quenched wth a solution of saturated
sodi um bi carbonate and extracted twice with ethyl acetate (2x50 nlL). The
combi ned or ganiGeeh AUES S1BlBu A BREG ML RO AC o k88 OV ARRYEY ous sodi um
sul fate and concentrated under reduced pressure. The resulting crude
product wastphepipmeghippatoaehy Balivnh direnatogbiaphyolis L givel%he pure

magnol ol i n‘!\,igfiﬁa‘ggi,Wlﬁ%@%ﬁé{Ing%qgﬁ_‘@@)ag. “white solid, mp. 1.01-103 C
Preparation of 5,5 -di ((E)-bat-2-enyi)bipitenyi-2,2%dioi OH [000491 The
synthesis of 5,.5 -dkg@- but - 2- enyl ) bi phenyl-2 2'-diol was also simlarly
carried outPuBatisgerof MOMresheroh 855 ihrwaei2e isphenot (formula 1V)

magnol ol , . and. 5.,5 -di ((E) 7, but 2- enyl ) bi phenyl . Z. -di ol was obtained in
9.1%ield".. Preparation of 5,5'-di&f*hnafi®™

j00044] A solution of 8 ¥ -dibromio-2,2-tusphenol (1.0 g, 2.9 mmol) in dry
dichloromethang was added disopropylethyl amine (7 3ml, 21.5 mmoli at 0 °C . The
resulting solution was stirved over 30 min and then MOM-Cl was added (1.7 mL,
.75 mmeol) 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
sodim sulphate and concentrated under reduced pressure. The resulting crude
product was purified by flash coluren chronwtography to afford MOM etherin 1,19 &

(95% vield) as a white solid, m.p. 120122,

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

LR OR CRpEN

[00045] A selution of ethyl bromide (0.34 mb., 4.64 nunol} was added in portions to
magnesim turnings {0.222 2. 9.3 nunol) 1 tetrabydrofuran (180 ml) under mitrogsn
atmosphere. when all the ethyl bromide (half of the magnesium present) had reacted,
the regction nuxiure was chilled 1 ice bath and a solution of MOM ether of 5,3

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

-13 -



OHOH [000501 The synthesis of 5,5 -dicinnanyl bi phenyl-2,2'-diol was al so
simlarly carried out as described for the synthesis of nagnolol, and

5, 5" - di ciwopam/ts@henyl- 2,2' -di ol was obtained in 89% yrelu$2010003341 The

i nventi on has been descri bed above with reference to illustrative Exanpl es,
but it is to be understood that the invention is not limted to the

di scl osed enbodi nents. Alterations and nodifications that would occur to

one of Ski | krehisd MRIeARtroROMNGSALE MG tRGHBPRGLTHCRLL QR AL Goh SO Wi thin the
scope of the invention, Wwhich is defined in the appended clainms. W

claim, |.ACHBEHGY Of 24irwddennlyidrasrpsunl) ves wdentipuly@f § "Cvifer ei n R
repr ensent Sml_\Juit@l\xKy ionR ﬁdﬂ?ﬁtﬂr aHEiﬁ ”‘?Jat !'H&IS}HQX% rtu'tﬂ'eeﬁtd RRG Qgﬁi‘mh&{ a

pharmaceutically or orally acceptable salt reof, conprising: (a)
reacting a cdhpondnioh chiprigebaotiopl()$ mL). The aqueous {aver was extracted twice

with ethvl acetate {2x30 mL}. The combined organic lavers were dried over
anhydrous sodmum sulphate and concentrated under reduced pressure. The resulting
crude product was purtfied by flash column chromatography to give pure albvi

dertvative 1w 0.59 g 80% vield as colowriess Biguid,

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

100046]  The synthesis of the MOM ether of 5.3 -di{({E)}-but-2-enyDibiphenyl-2,2'-
diol was simularly carvied out as described for the synthesis of MOM ether of
magnoiol, and the MOM ether of 8 3-di({E)-bui-2-enylibiphenyi-2 2-diol was

oblamed in 70%: vield.

Preparation of MOM cther of 5.5 -dicinnamylbiphenyl-2.2"-diol

Ol O jedtiwi




OHHO ii with bromine in an organic solvent to obtain a conmpound of
formula MO OHHO III (b) reacting the conpound of fornmula Il with MO Cl
i n an or gaoi2elgebanent in the presence of an organi c baseCrwsSotariz7a

conmpound of formula (1V); 61-

[00047]  The synthesis of the MOM ether of § F-dicinnamylbaphenyvi-2 2'-diol was
also similarly carried out as descoribed for the synthesis of MOM ether of maguotol,

and the MOM ether of 5 5 -dicinnamylbiphenyh-2 2'-diol was obtained in 72% yield.

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

jog] 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 sodivm bicarbonate
and extracted twice with ethyl acetate {2550 mL}. The combined organic lavers were
washed with brine, dried over anhvdrous sodwum sulfate gnd 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.

FHO1-103 °C.

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

{00049]  The synthesis of 5,5-d{{E)-but-2-enyDbiphenyl-2 2'-diol was also similarly
carried out as described for the synthesis of magnolol, and 3.5-di{E)-but-2-

enybbiphenyl-2, 2'-diol was obtained i 914 vield.
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It V (c) reacting the conpound of fornula IVwith RCie-Cl-1-01,-Br,
wherein R is defined as above, in an organic solvent with magnesi um and
et hyl br owDde1ttwe®bt ai n a conpound of fornula V;, (d) ceavas2eg/ozises
conmpound of formula V with an suitable deprotecting agent in an organic
solvent to obtain a conpound of formula L and (e) optionally, convening
the conmpound of fornmula | to its pharmaceutically or orally acceptable
sal ts. 2, TherpRidaed o228 i Gmt Miglalim b .gperein Ris hydrogen. 3. The
met hod according to claim| whérein Ris nethyl. 4. The nethod according to
claiml wherein Ris phenyl 5. Theosret hoesaccoring to claiml| wherein the
organic solvent in (a) is chlorotbgin. 6| The nmethod according to claim!]l
wherein the organic solvent in i dr of ur an.

Fh

[08050]  The synthesis of 5 F-dicinnamyibiphenyl-2 2-diol was also similarly
carried out as described for the synthests of magnolol, and 3 3 -dicinnamyibiphenyi-

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

{00031 The ivention has been described above with reference to Hlusirative
Examples, but it is 1o be understood that the invention 13 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.
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7. The nmethod according to claim5 wherein the organic solvent in (c) is
tet TO hydro furan. 8. The nethod according to claim|l wherein the suitable
depr ot ectwogoagemio3M (d) is trimethylsilane chloride. WOI/US2010/025378

2011/ 106003PCT/ US2010/ 025378 9. The nethod according to claim7 wherein the
sui tabl e deprotecting agent M (d) is trinmethylsilane chloride, 10. A nethod
of produci ng magnol ol (5,5' -diallyl bi phenyl-2,2"-dioll conprising: (a)
reacti ng 22y5Rkissphenol with bromne in chloroformto obtain 5,5 -

di brono- 2, 2' - bi sphenol." (b) reacting 5,5 -di bronp-2, 2"-bi sphenol with

met hoxynet hyl chl oride (MOMCl) in dichloronethane with

di i sopropyl gt hyla db Al w( @it - di brono- 2, 2' - bi sphenol ;
(c) reacting the {sygfﬁgitl\)/%\ﬂggkhé{h 5}@% b?;o Y ]5(2)‘5 - bi sphenol with al Iyl

brom de in tetrahydrofuran with magneS| um and ethyl brom de to obtain MOM
ether of 5,5'-diallythiphenyl-2,2"- elh @k; (d) converting the said MOM et her

of 5,5 -diallyibiphenyl-2.2"-diol with \? sui tablie deprotecting agent to
obt ai n magnol ol ; and // X——&_\

4 \

" ‘
"

wherein R reprensents H, alkyl, a substituted or unsubstituted phenyl; ora
pharmaceutically or orally acceptable salt thereof, comprising!
{a} reacting a compund of formula (),

oW HO

H

with bromine in an organic solvent to obtain 8 compound of formuda (11);

GHOHO
4

_/ \_/

i

{b) reacting the compound of formula HI with MOM-Cl 10 an organic solvent

i the presence of an organic base to obtain a compound of formula (IV);



(e) optionally, converting mainolol to its pharmaceutically or orally
acceptabl e salts. The nethod accordim to claim 10 wherein the reaction of
c) iIs carwpDediigwsooat Mom tenperature. 12. The net hod acecrdisagowes3es ai m 10
wherein the suitable deprolecting agent in (d) is trinethylsilane chloride.
13. A method of producing conmpound of formula conprising reacting a
conpound of forrmula IV OMOMOMOM Br | Vwith RClI-Cl1.-Cl1-.B.r, wherein R
.reprensents H alkyl:, a. substituwved ormwasubstituted phenyl, in an

organi c solvent for a sufficient anpunt df tinme to obtain a conpound of
formula V. and optionally converfﬁ t he/ ound of

_/ \/

B

w
=

iV

(¢} reacting the compownd of formuda IV with R-CH=CH-CH-Br, wherein R
is defined as above, in an organic solvent with magnesium and ethyl bromide

to obfain a compound of formula ¥,

SEOM CRATH AY

[

N
4 )

{cd) converting the compound of formula V with an suitable deprotecting agent
m an organic solvent to oblain a compound of formmda I; and
{e} optionally, converting the compound of formula § to iy pharmaceutically

or orally acceptable salis.

2. The method acoording to claim 1 wherein R is hvdrogen.

3 The method according to claim 1 wherein R i3 methyl

4, The method according to claim 1 wherein R i3 phenyl

8. The method accoring to claim | wherem the organmic selvert in{a) is
chloroform.

6. The method according to ¢laim | wherein the organic solvent in {¢} 15
tetrohydrofisran,

7. The method according to elaim 5 wherein the organic solvent in {¢) is
tetrohydrofuran.

8. The method according to claim 1 whereain the suttable deprotecting agent in

{d} is trimethyvlsilane chioxide.



formula V to a. conmpound of fornmula I \ 14. The nethod according to claim
13, wherein the organic solvent is tetrahydroluran, 1.5The nmethod accordi ng
to clai mwo20es@3n the reaction is carried out w th negmaseanio23sds et hyl
brom de to affect the coupling. 16. The nethod according to claim 15,
wherein the reaction is carried out at roomtenperature 17. The net hod
according to claim5, wherein the nolar ratio of nmagnesium and et hyl

brom de is @boutyiR plhod adud ;Ih@; Jrﬁﬁlhqdh@tqﬁ%dh@@zmpm@lm ARnwherein Ris
hydrogen, 1.9.The nethod according to claim 13, wherein %e conmpound of
formula Vi8 {d) is mimethylsilane chloride.

10, A method of producing magnolol {5, ¥ -diallylbipheny]-2 2 diol) comprising:

(a} reacting 2,2 -bisphenol with bromme in chioroform to obtam 3.5«

dibrommo-2,2°-bisphenot;

{b} reacting 5,5 -dibromo-2.2"-bisphenol with methoxymethyichlionde (MOM-
Ch in dichloromethane with ditsopropylethviannne to obtain MOM ether of

3, 8-dibromo-2,2"-bisphenol;

{c) reacting the said MOM ether of 5,5 -dibromo-2,27-bisphenol with aliyl
bromide in tetrabydrofuran with magnesiom and ethyl bromude to obtain
MOM ether of 3,5 -diallylbipbenyl-2 2-diol;

{d) converting the said MOM ether of 5 5 -diallvibiphenyl-2 2-diol with a

suitable deprotecting agent to obtain magnolol; and

{e} optionally, converting magnolol (o ds pharmacentically or orally

acceptable salts.

11, The method according to claim 10 wherein the reaction of {¢} is carried out at
TOOR: temperatine,

12, The method according to claim 10 wherein the suitable deprotecting agent in
{d} is trimethyisilane chlonde.

13, A msthod of producing compound of formula V,

oMOM GO ¥

/m\ {m )



reacted with trinethylsilane.chloride in nmethanol to obtain a conmpound of
formula I. 20. The nmethod according to claim 19, wherein Ris hydrogen. 21.
A conposiwpaniicossi sing an orally or pharmaceutical |y &crapstabloesscarri er,
and. an anti-bacterial effective anount of a conpound of fornula.’

prepared according to the method of claiml ,wherein wherein R reprensents
H alkyl, a substituted or =substituted phenyl, A conposition conprising an
ef fective anount of nagnol ol preparedoaesgording to claimand an orally or
pharmaceutically acceptable carfi

B gr

v

with R-CH={H-CH>-Br, wherein R veprensents H, alkyl, a substituted or
unsubstitoted phenyl, o an organic sobvent for a sufficient amount of ime to
ghtain a compound of fonmula V, and optionally converting the compound of

formuda Vo s compound of formada §

)

R

14, The method according to claim 13, wherein the organic solvent is
tetrabydrofisran.
18, The method according to claim B4, wherem the reaction is carvied out with

magnestum and ethyl bromide to affect the coupling.

16.  The method according to claim {8, wherein the reaction is carried out at room
temperabure
17 The method according to elatm 13, wherein the molar ratio of magnesium and

ethyl bronude is abowt 2 to 1.

18,  The method according to claim 16, wherein R 15 hvdrogen.

12, The method accordimg to claim 13, wherein the compound of formuda V is
regoted with trimethvisitane chloride in methanol to obtain & compound of
formula L

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

2%, A composition comprising an orally or pharmaceutically aocepilable carrier,

and an auti-bacterial effective amount of a compound of formula |

-2~
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prepared according to the method of claim 1, wherein wherein R reprensents

H, alkyl, a substituted or unsubstituted phenyl,

e
e

. A compostiion comprising an effective amount of magnolol prepared

according 1o claim 1, and an orally or pharmacentically acceptable carvier.
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