14 Novenber 2003 -1 PRODUCTI ON OF | SOFLAVONE DERI VATI VES I ntroduction 5 The
present invention relates to the hydrogenati on of |soflavones and g @ﬂucts
thereof. The invention also relates to the synthesis of é

I sof | avone netabolites and derivatives fromthe hydrogenatron products of

| sof | avones. Background of the Invention 10 |Isoflavone netabolites possess..
a. very wde range of inportant biological -properties including oestrogenic
effects (WO 98/ 08503). |sofl avone netabolites can be isolated from the
urine of human vol unt eTROBUGEONOF IS@FEAVONEDERIVATIVESSOf | avanoi ds
such as soya, lentils, peas and beans. 15 In spite of the recently

di scovered. biological significance of isoflavone netabolites there is not
at present Introdwegionl net hod suitable for the large scal e synthesis of these
nmetabolites. The few reported syntheses of these nmetabolites utilise either
catal ytic hydrogenation or hydrogen transfer reduction of the corresponding

| sof | avorteThe plesse invedt6 | i‘élﬂei RARE b &ﬁgéﬂa?loﬁ%f Es%ﬂg\gon ga.a{iz" _P*O%?lgtﬁ eCttlo\é‘ﬁH .

extrenely dlfflcult to control and to mxtures o
The reduct frysatsm glsg. tﬁlﬂwr@xtye S-‘Uhttamylmﬁllphmbstmghmtasbﬂﬂbn&eﬁ@fdbSHIeEW ve

m Xt ures Offey Q4 av s and isoflavans. The indivi dual
conpounds ar é)a%%f | cuI i éi ﬁf W‘é"‘%ﬁﬁ‘seﬁ YOB®S obt ai ned only in | ow
yi el ds. Sodi um bor ohydri de reduct ions of. isoflavones are known, see Adam

Maj or et a Liebigs, Ann. . (1985) 555-558, however the reactions are
| ow yi el di %g kg{m{ﬂ‘g‘éﬁ%r}ﬂof bq"ean and substituents on the basic isoflavone

ring strldcture require tedious protective groups not affected by netal

hydri des. aﬁo Chromat ography is often required to separate the reaction
products aefiRyARs ’P%tﬁg‘?}lté? P9swss & yerny audeomags of sidipagtanh -bielogisal pspeitiesenes

and i sof | a4éidingoestiYeic Gitets (WO, 98/08503). Isoflavone metabolites can be isolated from
the urine of human volunteers subjected to diets rich in plant isoflavanoids such as soya,
lentils, peas and beans.

15

In spite of the recently discovered biological significance of isoflavone metabolites there is
not at present a general method suitable for the large scale synthesis of these metaboﬁtes-
The few reported syntheses of these metabolites utilise either catalytic hydrogenation or
hydrogen transfer reduction of the corresponding isoflavones. These reduction reactions are

20 found to be non-selective, extremely difficult to control and lead to mixtures of different
products.

The reduction of 5,7-dihydroxyisoflavylium salts have been reported to give mixtures of
isoflav-2-enes, isoflav-3-enes and isoflavans. The individual compounds are difficult to
25 separate and can be obtained only in low yields. Sodium borohydride reductions of
isoflavones are known, see Adam Major et al. Liebigs Ann. Chem. (1988) 555-558, however
the reactions are low yielding, typically not clean and substituents on the basic isoflavone

ring structure require tedious protective groups not affected by metal hydrides.

30 Chromatography is often required to separate the reaction products and only low yields of
isoflavanones, isoflavan-4-ols, isoflavenes and isoflavans are obtained. The
chromatography required is tedious and often impracticable for large scale reactions.

Furthermore, attempts to improve the yield and purity of products obtained from



chromat ography required is tedious and often inpracticable for |arge scale
reactions. Furthernore, attenpts to inprove the yield urit

products obtai ned from 14 Novenber 2003 -2 hydrogenatioﬂ‘P 6??%%%ﬂﬁ§§ been
met with limted success as evidenced by published results which are

| argely contradictory. Solvents used in hydrogenation reactions of

i sof | avones reported in the literature intlude N~ 5 nethyl pyrrolidi none, see

Li epa, A'lh’ Aust. J. Chem , 1981, 34, 2647-55. However this solvent is
unsui t abl e YUPEFREPAERAEIRNsIAS Dernamat with Hmited sucressas avidprcedy ayblishedsreaylts

derivativeamﬁﬁquﬁﬁgg§gaﬁﬂng%%yoIidinone is a severe eye irritant and a
possi bl e carci nogen. ~ Furthernbre the high boiling point of the sol vent

makes it extrenely difficult to renove after the reduction. 10

| sof | avan- 4- e K i nternediates ip.the synthesis. of i.sofl aven nd
accor di ngl §°lt9 @‘F’ ggﬁdsm%%dﬁo@grémfogrmﬁ%ﬁpgs 8? PP@‘?V«?H S rgﬂ‘ﬁfl‘?‘jse‘l“itg% *‘g"r% W&E’gg 5f
i sof | aval- dethlypynolidinont, estLiep)nATAb6r. RlCHeANAIORYE34, 2008 alevdlernhishose
known in the art, There is also a need for synthetic_ nethods for isoflavone
hydr ogenat ?l’E‘f?%ﬁSc Kngittable s fors pharpceutisal ravenegations ] jsoffgyenel metabalitesaiand

yer oge . EREE PR .
than t hosegdpaiiQUskiusk w&g@%ﬂzgg@pﬁgﬁ%@rﬁ deberk Sy@ihifahi ﬁf&ép&tsfyg@cmﬁﬁgéﬁ.

invention to overcome or _ _ eviate one or nore o

above- nent Fusthetmgresthd \hagh hoiding gfointhef the sblyentamakes|it extseragly aliffeultolo] motovef

t he presenf..i gvenhi to synt hesi se novel isoflavone netabolites and
derivativég@kgﬁlgg%%?PSingly hydr ogenati on condi ti ons have been found by the
present 1Dnventors which enable the synthesis of isoflavone derivatives in

good to excellent yields. In particular the caonditions fqgund by the present
i nvent or s Ig?ﬂl%nf“a 159%%%&?85@51%? Hhtﬁsm%fswﬁm%gwa and gpegr %Fyy&s{f-‘rlé
t et rahydr of s&d foY doré -ePliciBit OMdTeRat 8 sPrth&el 8N lsolh®IndfolsaBe ai"'lctﬂg'loéﬁm%zﬂﬁbl@e‘w

for pharmaceutically unsuitable solvents and extensive chromatography in the
25 hydr ogegmagnes. eseentahie thag thesg ynewn imehe arierfilieonis also a need for synthetic:

methods for isoflavone hydrogenation which utilise solvents pharmaceutically more
15 acceptable than those previously reported. Therefore it is an object of the present invention
to overcome or at least alleviate one or more of the above-mentioned disadvantages of the
prior art. It is an other object of the present invention to synthesise novel isoflavone

metabolites and derivatives.

20 Surprisingly hydrogenation conditions have been found by the present inventors which
enable the synthesis of isoflavone derivatives in good to excellent yields. In particular the
conditions found by the present inventors allow for the hydrogenation of isoflavones to
relatively pure tetrahydroisoflavan-4-ol products in excellent yields, and without the need
for pharmaceutically unsuitable solvents and extensive chromatography in the

25 hydrogenation reactions.
Summary of the Invention

Thus the present invention provides a method for the hydrogenation of 2 compound of
30 formulal




Thus the present invention provides a nethod for the hydrogenation of a
conpound of 30 formula |I 14 Novenber 2003 (I) 5 wherein 10 Rl, R2, R3, R4,
R5, R6, R7 and R8 are independently hydrogen, hydroxy, OVG!H'!S"R'@ 03
OS(O R9, al kyl, hal oal kyl, aryl, arylalkyl, thio, alkylthio, am no,

al kyl am no, dial kylam no, nitro or halo, and RO is al kyl, hal oal kyl, aryl,
arylal kyl or alkylaryl, to prepare a codpound of fornmula Il 15 20 wherein
Rl, R2, R3, R4, R5, R6, R7, Rs and RO are as defined above. 25 The present
invention also provides a nethod for the dehydration of a conmpound of
formula 11, which nethoddmy optionally include deprotection or
transformati on steps, 7epare a conpound of the formula 11l 30 14
Novenber 2003 4 5 whig Rg R3, R4, R5, R6, R7 and Ra are

i ndependent |y hydr ogen, , OC(OR9, OS(ORg, alkyl, haloalkyl,
aryl, a ylalkyl,;tbio, a am no, Ral kyl am@b, diallcylamnro, nitro
or haI 0,s5and R9 is aRK a , arylal kyl or alkylaryl.

Rs A R,

wherein

10 R;, Ra2, R3, R4, Rs, Rs, Ry and Ry are independently hydrogen, hydroxy, ORs, OC(O)Ry,
OS(O)Ry, alkyl, haloalkyl, aryl, arylalkyl, thio, alkylthio, amino, alkylamino, dialkylamine,
nitro or halo, and o
Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,
to prepare a compoﬁnd of formula I1

15

(i

20

wherein

Ri1, Ry, R3, Ry, Rs, Re, Ry, Rg and Ry are as defined above.
25

The present invention also provides a method for the dehydration of a compound of formula

II, which method may optionally include deprotection or transformation steps, to prepare a
compound of the formula III

30



15 The present invention also provides a nmethod for the hydrogenation of a
conpound of formula | to prepare a conpound of formul a 20 2 n R1,
R2, R3, R4, R5, 'R 6, R7, R8 and RO are as defined abovel ‘{I\'IPI'Q SF&%&
invention also provides a nethod for the hydrogenation of a conpound of
formula Il to prepare a conpound of fornHIa V 30 14 Novenber 2003 -5 N) 5
wherein 10 Rl, R2, R3, R4, R5, R6, R7, RB™and RO are as defined above. The
present invention also provides conpounds of formulae I, II1l, 1V and V when
prepared by a method descri bed above and conpositions conprising same. 15
The present invention al sogprovi des novel conpounds of the formulae I, 11,
11, IV and V and conposi fjfons conprising same. Detail ed Descrlptlon of the
I nvention 20 In the d Ohe _MRgesent invention, the starting

i sofl avone of formula I, hydrfogenati on products isofl avan-4-ol of
fornula 11, isoflavan-4- Rand i sdlllavan of formula V, and

t he dehydBatlon prodiRy i Sy gnformula 111 preferably have the
R4, R5, R6, R7 and Re are

i ndependent |y hydrogen, byoﬁoxy, CR9 , 25 O5(OR9, alkyl, aryl,
arylal kyl, thio, alkylthio, brono, R¢hloro or2fluoro, and R9 is aIkyI,
fluoroal kyl or arylalkyl; nore preferably they have the foll ow ng
substituents wherein R, is hydroxy, OR9 or OC(O R9,

wherein

10 Ry, Ry, Ry, Ry, Rs, Rs, Ry and Ry are independently hydrogen, hydroxy, ORs, OC(O)Ks,
OS(O)Rs, alkyl, haloalkyl, aryl, arylalkyl, thio, alkylthio, amino, alkylamino, dialkylamino,
nitro or halo, and
Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl. -

15 The present invention also provides a method for the hydrogcnation of a compound of
formula I to prepare a compound of formula IV '

20

25 wherein
Ri, Rz, R3, Ry, Ry, Rg, Ry, Ry and Ry are as defined above

The present invention also provides a method for the hydrogenation of a compound of

formula III to prepare a compound of formula V
30




30 R2, R3, R4, R5, R6 and R7 are independently hydrogen, hydroxy, OR9,
OC(OR9, alkyl, aryl or arylalkyl, Rg is hydrogen, and is neth et hyl,
propyl, isopropyl or trifluoronmethyl; and 14 Novenber 2 %’em?r%¢% erably
they have the follow ng substituents wherein Rl is hydroxy, OR9 or OC(O R9,
R2, R3, R4, R5 and R7 are independently hédrogen, hydr oxy, OR9, OC(O R9,

al kyl, aryl or 5 arylalkyl, R6 and Rs aré-hydrogen, and R9 is nethyl. The
particularly preferred conpounds of fornmula | are 4',7-di acet oxyi sofl avone
(daidzein 10 diacetate) and 7-acetoxy-4'-nethoxyi sofl avone; the
particularly preferred conpouygds of fornula Il are

4' , 7-di acet oxyi sof | avan- 4- ol '(tet rahydr odai dzei n di acetate) and

7acet oxy- 4' - met hoxyi sof Ry O thbBgparticularly preferred conpounds of
formula I'll are 4',7-di acet (dehy equol di acetate),

4' , 7-di hydr oxyi sof | av- 3- eng R&- acet oXy-4' - 15

met hoxyi sef | av- 3-ene an®g Oxyi sof | av-3-ene; the particularly
preferred conpounds of formnul i

(di acet oxydi hydr odai dzei n) aricE ) )
(di hydr odai dzein); and the particul arR pr ef er?ed corrpounds of fornula V are
4' | 7-di acet oxyi sof | avan (equol diacetate) and 4', 7-di hydroxyi sof | avan
(equol). 20 The novel conpounds of the fornulae I, 1, 111, 1Vand V
preferably have the follow ng substituents wherein R is hydroxy, OR9,

OC( O Ro, t BPEeMY| kyl thio, or halo, Rz, R3, R4, R5, R6, R7 and Ry are

i ndependgmRl R RIRY S, RIKI Rind 1% s DeRIbove.

The present invention also provides compounds of formulae II, III, IV and V when prepared

by a method described above and compositions comprising same.

15 The present invention aiso provides novel compounds of the formulae I, II, IlI, IV and V and

compositions comprising same.
Detailed Description of the Invention

20 In the methods of the present invention, the starting isoflavone of formula I, the
hydrogenation products isoflavan-4-ol of formula II, isoflavan-4-one of formula IV and
isoflavan of formula V, and the dehydration product isoflav-3-ene of formula Il preferably
have the following substituents wherein
Ri, Rz, Rs, Ry, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORs, OC({O)Rs,

25 OS{O)Ry, alkyl, aryl, arylalkyl, thio, alkylthio, bromo, chloro or fluoro, and
Ry is alkyl, fluoroalkyl or arylalkyl;

more preferably they have the following substituents wherein
R; is hydroxy, ORg or OC(O)Ro,
30 Rz, R3, R4, Rs, R and Ry are independently hydrogen, hydroxy, ORs, OC(O)Rs, alkyl, aryl
or arylalkyl,
Ry is hydrogen, and
Ry is methyl, ethyl, propyl, isopropyi or trifluoromethyl; and



25 OS(O R9, alkyl, aryl, thio, alkylthio or halo, and RO is alkyl,

fluoroal kyl or arylalkyl wth the proviso that at |eas e of R5 and
R7 is not hydrogen, or when R5, R6 and R7 are all hydro@% ,OVPH&”R%O&

hydroxy, OR9, OC(O R9, OS(OR9, alkyl, 30 aryl, thio, alkylthio or halo;
and nore preferably they have the foll ow ng substituents wherein Rl is

hydr oxy, OR9 or OC(O) R9, 14 Novenber 2003-¢7 R2 and R3 are independently
hydr ogen, hydroxy, OR9 or OC(OR9, R4, R5, R6, and R8 are hydrogen, R7 is
hydr oxy, OR9, OC(O R9, alkyl, aryl or halo, and RO is nethyl, ethyl, propyl,

I sopropyl, £ Luar hyl, _or.benzyl. or wherein R is hydroxy, OR9,

0C( O RO, o T AT (e e %H’é‘gﬂﬁvnﬁﬁ?’%‘g‘éﬁ?}s Wherfisy. RO or GO RO, RS
is ORI, OC(®)®hydrbagylORsarYOC@)Rhal o, R4, R6, R7, and R8 are hydrogen, and
10 R9 is nethyl, et:ﬁyl, propyl, isopropyl, trifluoronethyl or benzyl. Most
preferably theRndte Séaﬁﬁ’dmﬁén%emgmﬁwlaérqunq hydsewy, IQRs, SGO)R4, alky), aryl or

8- Tri acet oxyh3gkyiavone 7, 8 -Diacetoxy -4'-nethoxyisoflavone 15
4' | 7-Di acet oxy- 8- net hyl i sof | avone 3',7-Di acet oxy-8-net hylisofl avone

7- Acet oxy- 4Rs and Rerse-lodmegehydnds of | avone 4',
7-Di acet oxykg'igl;{%t}pxy- 8-nmet hylisofl avone 4',5,7-Triacetoxyi sofl avone

The particularly preferred compounds of formula I are 4',7-diacetoxyisoflavone (daidzein
10 diacetate) and 7-acetoxy-4'-methoxyisoflavone;

the particularly preferred compounds of formula II are 4',7-diacetoxyisoflavan-4-ol

(tetrahydmdaidz—eig diacctate) and 7-acetoxy-4'-methoxyisoflavan-4-ol;

the particularly preferred compounds of formula IIl are 4',7-diacetoxyisoflav-3-ene

{dehydroequol ;iiacetatc), 4',7-dihydroxyisoflav-3-ene  (dehydroequol), 7-acetoxy-4'-
15 methoxyisoflav-3-ene and 7-hydroxy-4'-methoxyisoflav-3-ene;

the particularly preferred compounds of formula IV are 4',7-diacetoxyisoflavan-4-one

(diacetoxydihydrodaidzein) and 4',7-dihydroxyisoflavan-4-one (dihydrodaidzein); and

the particularly preferred compounds of formula V are 4 7-diacetoxyisoflavan (equol

diacetate) and 4',7-dihydroxyisoflavan (equol). -
20

The novel compounds of the formulae I, 1L, III, IV and V preferably have the following

substituents wherein

R} is hydroxy, ORg, OC(O)Ry, thio, alkylthio, or halo,

Rz, Ri;, R4, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rs,
25 OS(O)Ry, alkyl, aryl, thio, alkylthio or halo, and

Rs is alkyl, fluoroalkyl or arylalkyl

with the proviso that

at least one of Rs, Rg and R4 is not hydrogen, or

when Rs, R¢ and Ry are all hydrogen, then R; is hydroxy, ORy, OC(O)Rs, OS(O)Rs, alkyl,
30 aryl, thio, alkylthio or halo; and

more preferably they have the following substituents wherein
R, is hydroxy, ORg or OC(O)Rs,




20 4',7, 8-Triacetoxyisoflavan-4-ol 7, 8-Di acet oxy-4-net hoxyi sof | avan- 4- ol
4' , 7-Di acet oxy- 8- net hyl i sof | avan- 4- ol

3', 7- Di acet oxy- 8- met hyl i sof | avan- 4-ol 25 14 November 2003
7- Acet oxy-4' - met hoxy- 8- net hyl i sof | avan-4-ol 4",
7- Di acet oxy- 3' - met hoxy- 8- net hyl i sof | avan- 4- ol
4',5,7-Triacetoxyi sof | avan-4-ol 4', 7, 8- r'i hydroxyi sof | avan-4-ol 30

7, 8- Di hydr - 4- et ho fl avan-4-ol, 4 Di hydr oxy- 8- net hyl i sof | avan- 4- ol
3', 7-Di Kyd%%{z‘é §3ﬁ&‘ﬂ§¥ ReagenthyyArogen, h.vdroxy, ORy or OC(O)Ro,

7- Hydroxy R,: @m%@é}gh bsof tavan-4-ol 14 Novenmber 2003 -8
4' , 7-Di hydroxy - met hoxy- 8- net hyl i sof | avan- 4- ol

4' |5, 7-Tri Ryds kpdpoeORay Q@6 (Q)Rsl alkyl, 31738@il'hzulacatdoxydehydLoquolh . I

4 ,7,8-Tr e av3ee 't hoxydehydr oequo

E?, 8- Di acelt}%%‘yéj%%ét%ﬁjgxfr%pgfl’ll ?:Pyé’n ?luowmgfﬁﬁoigﬁ?%ﬁf 8- met hyl i sof | av- 3- ene
3", 7- DiSam‘emx:y 8-nmet hyl i sofla¥| 3-ene

7- Acet ox oxy |.i sofl av-3 -ene

4", 7-Di a>c/e ’0%92%n§cé6}?9t hyl i sof | av- 3- ene

4,5, 7-Tri Rggﬁ&whéqﬁa?én&nag%g&%géﬁ ﬁl/xérd%x?lf‘ cVch Rd, 0!

4' - Met hoxyi sof | av- ene- 4', 7-di of 15
8- Met hyl i sBf issORg QGHE)Bs, atkyd; agy] or halo,

R4, Rg, Ry, and Rg are hydrogen, and
10 Ro 1s methyl, ethyl, propyl, isopropyl, trifluoromethy! or benzyl.

Most preferably the novel compounds of formulae I, II and ITI are:
4',7,8-Tnacetoxyisoflavone
7,8—D§acetbxy—4'-mejhoxyisoﬂavone

15 4',7-Diacetoxy-8-methylisoflavone
3',7-Diacetoxy-8-methylisoflavone
7-Acetoxy-4'-methoxy-8-methylisoflavone
4',7-Diacetoxy-3'-methoxy-8-methylisoflavone

4',5,7-Triacetoxyisoflavone

20
4',7,8-Triacetoxyisoflavan-4-o]
7,8-Diaqetoxy#metﬁoxyisoﬂavan—#ol
4',7-Diacetoxy-8-methylisoflavan-4-ol
3',7-Diacetoxy-8-methylisoflavan-4-ol

25 7-Acetoxy-4'-methoxy-8-methylisoflavan-4-o}

4',7-Diacetoxy-3'-methoxy-8-methylisoflavan-4-ol

4',5,7-Triacetoxyisoflavan-4-ol

4,7, 8-Trihydroxyisoflavan-4-ol

30 7,8-Dihydroxy-4-methoxyisoflavan-4-ol
4',7-Dihydroxy-8-methylisoflavan-4-ol
3',7-Dihydroxy-8-methylisoflavan-4-ol
7-Hydroxy-4'-methoxy-8-methylisoflavan-4-oi




4' - Met hoxy- 8-net hyl i sofl av-3 -ene-7-o0l

3' - Met hoxy-8-net hyli sofl av-3-ene-4',7-diol | soflav-3 -gne-4',5, 7-11jol 20
4' | 7- Di hydr oxy- 8- net hyl i sof | avan- 4- ol 1£NSvemiber 23

7- Hydr oxy-4' - met hoxy- 8-net hyl i sofl avan-4-ol The term"alkyl"™ is taken to
mean both straight chain and branched chain al kyl groups such as nethyl,
ethyl, propyl, isopropyl, butyl, isobutyr?‘secbutyl, tertiary butyl, and the
like. 25 Preferably the alkyl group is a |ower alkyl of 1 to 6 carbon atons.
The al kyl group 4véPihpgroxpramiethole-8smerbyiisofievat-b9l one or nore of fluorine,

chlorine, brom iadi n rhoxyl, . C |1 - C4-al koxycarbonyl,
Cl- C4- al kyl am n%g’grﬁ%gyﬁ?xyg%}%&{&! al kyl ) -am no-carbonyl, hydroxyl, C 1
- C4- al koxy, fornyloxy, C 1 -C4-al kyl -carbonyl oxy, C i-C4-al kylthio,
C3- C6-cyl coal kyl or _phenyl ., 3Q The term"aryl" is_taken to include phenyl
and napht hyl an&%véy"ffl!?ée@ﬁfﬁ‘%wgmeﬁ“%‘dﬁQE%'EFDP%’GP"YW%W@'W) nore G - C4-al kyl ,
hydroxy, £i-CA- @',ﬂﬁ%éeto%?mﬂ@iﬁf)x@y%éﬁld%%g—%&w|-4-me§lo‘xyisoﬂav-3-ene

v

C4- al kyl carbonyl oxy or hal o. Novenber 9 The“term "halo” is taken to
mean one or nor & hdhagptoxy-Saiethilisoay-2ened from fluoro, chloro, brono, iodo

and m xtures th%“?-‘ﬁiac.ﬁ?&&f-ﬁ.hfe%ﬁfsﬁ#‘4;95-811 nd chloro, nore preferably fluoro.
’ e’ halo lky &

Ref erence to for ’exanp i ncl udes nonohal ogenat ed, di hal ogenat ed
and up to 5 per Tahcgenstemehbky-B-methylipeflaBeher red per hal ogenat ed groups are

trifluoronethyl ._pentaf |l uoroethyl .. The, coppounds of the invention
include all sal t‘@?’g)é X¥s %?téo’ﬁ’dg’h‘ﬁﬂy;[‘sg%q"f s*0%ni onic salts and
zwitterigni c salgt $7-BidelotyRaNdv-guhar include pharnmaceutically acceptable
salts. 10 Throughout this specification and the clains which follow, unless

the context requires otherw se, the word "conprise”, and variations such as
"conprises" or 'ié?)?ﬂp-rs"-'éﬂéﬂﬂf’i’,s-ﬁ‘idll be

4'-Methoxyisoflav-3-ene-7,8-diol

8-Methylisoflav-3-ene-4',7-diol

15 8-Methylisoflav-3-ene-3',7-diol

4'-Methoxy-8-methylisoflav-3-ene-7-ol

3'-Methoxy-8-methylisoflav-3-ene-4',7-diol

Isoflav-3-ene-4',5,7-triol

20 4',7-Dihydroxy-8-methylisoflavan-4-ol
7-Hydroxy-4'-methoxy-8-methylisoflavan-4-ol

The term "alkyl" is taken to mean both straight chain and branched chain alkyl groups such
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secbutyl, tertiary butyl, and the like.
25 Preferably the alkyl group is a lower alkyl of 1 to 6 carbon atoms. The alkyl group may
optionally be substituted by one or more of fluorine, chiorine, bromine, iodine, carboxyl, C;-
Ca-alkoxycarbonyl, C,-C;-alkylamino-carbonyl, di-(C;-Cs4-alkyl)-amino-carbonyl, hydroxyl,
C)-Cs-alkoxy, formyloxy, C;-Cs-alkyl-carbonyloxy, C;-Cs-alkylthio, C3-Ce-cylcoalkyl or
phenyl.
30
The term "aryl" is taken to include phenyl and naphthyl and may be optionally substituted
by one or more C)-Cs-alkyl, hydroxy, C,-Cs-alkoxy, carbonyl, C;-Cs-alkoxycarbonyl , C;-

C4-alkylcarbonyloxy or halo.




understood to inply the inclusion of a stated integer or step or group of
I ntegers or steps but not the exclusion of any other I’Q#ﬁ F'ﬁ?r

group of integers or steps. 15 The hydrogenation is ide 3 Yr
hydrogen in the presence of a reduction catalyst and a solvent The
reaction is preferably conducted under hygrogen at a pressure of 1-20
at nospheres, nore preferably 1-5 atnospherées. The reacti on may be perforned
from 10 to 60C and is typically carried out at roomtenperature. 20 The
reaction tinme may range from 12 hours to 96 hours or nore and is typically
about 55  NTHEEmAMhATBY B-takedNB nidah)onb 8F Bﬁﬁ"e Hﬂ@éeﬂ%&cﬁ%s AIEARE FrohfAGL OB oY, ©
achieved with |Ionger reaction tines. w | [~ be appreciated that reacti on
condi ti ons hﬁﬁ'}ﬂob@dﬂaﬂﬂdemﬂﬂemﬁhm@f Glll'ﬁfeltahhf ﬂlmio eind ichfornamere pofferably fluoro.

conpounds [P " Wdr ogenat i o eact,i 5 Th reduction
catal ysts ?%Qellgg&qu ecte rorlﬁa[%a ké/ 6‘8&’@ i\ g'oggé]’tag gy%?tg (‘?m P%W dé'&? a9 yst
is insol uﬁlperharlbgelnmed eyl grioup®e diRieferrod peeik@RRAE groufsairy SEFIUOYAREBYY ahd1e
cat al yst is | ubl n the reaction nediun). Exanples of heterogeneous
reduction d’&?’éﬁ)‘)‘g'@ﬁ'ﬂyhcl ude Raney nickel, palladium bl ack, palladium

hydr oxi de on carbon, palladiumon activat ed 30 carbon (1% Pd to 30% Pd),

pal I adi um on al um na _powder, palladiumon various barium salts, sodium
bor ohydr i detheewpmnaunas efde inysintion Anetndeealhsaltspsush iam aeidiiddition saltas imiomic salts

activated ¢g ?th t 'El?ﬂ

rut heni um sa ré’ {%Jegljt? ﬁgﬁﬁ%sgﬁ@éﬁ% Zi ﬁééhg%l 8& e?%llg y the

catal yst 1&s pal | adi um on acti vat ed carbon (1% Pd 14 Novenber 2003 -10 to 10%
Pd), nore eferab about..5% pal | adi um.on ¢ ati num oxi de (Adam s
catal yet oreEeRnl 8 AesincoR i AR SRR dPeys St T Eofies st
the prese ntomsawa;at lh@ rwora Occpﬁmbec Qmﬂ rvﬁﬂﬁfﬂnﬂ@ii\i]ﬂ a¢ "EArfipHieONBF ‘coiprising”, will be

i sof | avan- 4- | es. of hog&geneous reducti on cat alfyst s i ncl ude

chlorotris?® 3 rls'ﬁo}ga é%ypblp{dgepmc}“é)op integer or step or group of integers or steps but
chl or o(tri saheRxEReRBE B HNEY inSREMSIED df Frduplof if€krs or steps.

15

The hydrogenation is ideally preformed with hydrogen in the presence of a reduction

W|th

catalyst and a solvent. The reaction is preferably conducted under hydrogen at a pressure of
1-20 atmospheres, more preferably 1-5 atmospheres. The reaction may be performed from
10 to 60°C and is typically carried out at room temperature.
20

The reaction time may range from 12 hours to 96 hours or more and is typically about 55
hours or more. Generally better yields and cleaner reactions are achieved with longer
reaction times. It will be appreciated that reaction conditions may be varied depending on
the individual nature of the compounds and the progress of the hydrogenation reaction.

25
The reduction catalysts may be selected from heterogeneous catalysts (whereby the catalyst
is insoluble in the reaction medium) or homogenous catalysts (whereby the catalyst is
soluble in the reaction medium). Examples of heterogeneous reduction catalysts include
Raney nickel, palladium black, palladium hydroxide on carbon, palladium on activated

30 carbon (1% Pd to 30% Pd), palladium on alumina powder, palladium on various barium
salts, sodium borohydride reduced nickel, platinum metal, platinum black, platinum on
activated carbon (1% Pt to 10% Pt), platinum oxide, rhodium salts, ruthenium salts and their

chiral salts and zinc oxide. Preferably the catalyst is palladium on activated carbon (1% Pd



pent acyanocobaltate (l11). The solvents suitable for use in the present

I nvention include but are not limted to CI-C8 10 al cohol s a'r_llﬂ%épo%gilﬁ,
al kyl acetates, tetrahydrofuran, ethers, dioxane and cild¥oxemper erably
the solvent is a Cl-C6 al cohol or C -C6 al kyl acetate, nore preferably

met hanol, ethanol or ethyl actate, as we as propanol, isopropanol,

but anol, isobutanol, secbutanol, tertia?é/ but anol, nethyl formate, ethyl

formate and rrgl‘?lly acetate. Mst preferably the solvent_is absolute

met hanol , ePhi N8I P8y mars preferalysgout 55 patladiprasemn carban.e rRlavinwn fxéds Ghdamishat
with a judig ' I o8k 564

gr oups, isoﬁ&gg%)nglsag g?g’e%%%gggllﬁél gﬁtﬁl)ﬂacnﬁ%ﬁfoﬁ:&%hm%ae?sos t%)igmg%r?&es p(gilr%gi ng
i sof | ava. | preduce predeminanty gsdsafieralof sofleennbolsanol or ethanol as a
sol vent provided for very clean catalytic hydrogenati on over 5% pal | adi um on
charcoal of 20 isoflavones to afford up to quantitative yields of

I sof | avangl Bxampleset hefds Wogddgendddks eXxadiutien 10%tBkisadi URtiaRe ChagRR@btrisS
enpl oyed, the reaction, can cgroceed nore rapi dl at times being conplete

within 12 H&tphsnylphesphineirpodipme| schlfsrﬁﬁriﬁmnxlphéiymméﬁd@w@wm| allBin- apdo|

hydrogenati&gmgygggggaltg@ru%ary w th the choice of catalysts and the nature
of the isoflavone substitute. By varying the nethods of the present
invention it is possible to 25 influence the isoneric ratio achieved during

t he reducti S rLi r_jinterest. ar.e i sofl avones w. 0X
Subst 1t oM AEE Rtk 8P (b8 prdsth EERaRRehe b Y 1] nitiled (8408
7- posi t i e0lasholsesidc pbleblsp alkyh eretatamatihgdrofigas]Sethers] déoxahié An@oCHa: | akids.

i mportant dehydroequol, or pregursors thereof. A convenient starting materi al
o7 50" e dTEFIRE e olventis adr 1§ G%PB?irfgoClb?e %vb?HCFﬂé%éaOdemfgg;b‘M mehanpl. pe

under st 0od ekaabl SOBRyNMMRE] &5 well dsSropafl,! RYRBFanbl, NARardTRYisbRHAJ1 EsdRbAaREE | ON
or derivatisation prior to being subjected to hydrogenation. For exanplé it

may be desiter&Bebtanol meEdyt ferata orsby]- formpte andomethbve acatater IXpstnpretratdy thet h
groups sucgoﬁ@n@i?a&%ﬁh@fﬂét gygtthh{golqﬁg{@q adefhid e solubility of the
of err s

substituted 1soflavones an usceptibility to hydrogenation.
Protecti by groups

The preseni inventors have found that with a judicions choice of catalysts, solvents and
optionally protecting groups, isoflavones are reduced cleanly and in high | yields to
corresponding 1soflavanols. In particular the use of absolute methanol or ethanol as a
solvent provided for very clean catalytic hydrogenation over 5% palladium on charcoal of
20 isoflavones to afford up to quahtitative yields of isoflavanols. In methods where, for
example, 10% palladium on charcoal is employed, the reaction can proceed more rapidly, at
times being complete within 12 hoﬁs. The ratio of cis- and trans-isomers of the isoflavan-
4-ol hydrogenation product can vary with the choice of catalysts and the nature of the
isoflavone substitute. By varying the methods of the present invention it is possible to

25 mfluence the isomeric ratio achieved during the reduction process.

Of particular interest are isoflavones with oxygen substitution (or precursors to oxygen
substitution) at the 4'- and 7-positions as reduction of these compounds leads to the
biologically important dehydroequol or precursors thereof. A convenient starting material is

30 daidzein which is readily obtained by established routes.

It will be understood that some moieties on the isoflavone rings may require protection or

derivatisation prior to being subjected to hydrogenation. For example it may be desirable to



can be carried out be well established nethods known in the art, for exanple
as described in Protective Goups in Organic Synthesis -E[{?W Gref& 51In
particul ar the present inventors have found it is usef uf4 V&’BP%’C ﬁ%/droxy
groups when present as esters or ethers prior to reduction, with acetoxy or
met hoxy groups nost favoured. Acylation is preferably carried out with the
hydr oxy conpounds in a solvent m xture of &- car boxylic acid anhydri de and
base. Protecting free hydroxy groups prior to hydrogenation 10 increases

yi el ds up t profesd fiep bydraxymoiplighwithgroups sychedschn actioxy rgseun togssipirin thecrodubiliey
general ly Lre. . [ LOQr D iR the.

ar 1 cat i oft Sadupeuiteq FEnRhe] e BeP siebENR U5 Ao apleiny Brdibling groups
sur pri si ngl yan beataivdty el b avellzatablishedanéthbds kapsvndhttaé agdot exaale bhs daatiibal in
yield when the 15 catalytic hydro ena;ljg? of di acetoxydai dzein in ethanol
was cont i nubtPiecsve SZoups in Lrganit SWHREYS dndY 4f31e€M% st abl i shed the product to be
a 1:1 mxtgre of cis- and trans-isoners. Pleasingly, no further reduction
of tetrahydrodai dzein was observed even if the reduction was continued for

| onger per i buparti€ulai the présent imventersphiava fomthitds usafulitespratest hxdroypy gedupgwhen

found that ¢ rotected isofl. e./,ace ' | hky
and cl eanl yp %ﬁ%’g Psvv%sg?rg ﬁ&ﬂb%‘g@k’g{%&ﬁd&ﬁ%g‘tﬁﬁﬁﬁfé?ﬁ g’ﬁ’%@éﬁggﬂ Ogég}r?tg |Stt a %8‘5 )
yield of a Acilatidx isuprefeedbly carried ot Wwithnthe ihy iy onipodndsciat X0l vedit mixture of a
met hoxyi . sof | avan-4-pol . Thi,s reactiop appears to be quite general ~and was
epeat ed’ oncaHRYlic AEk s HSESG BEototing ferg VAT HBURPHIN do RYMPEERiFRand
nore. 25 jNjnkithsesy88ad &b toéhd inMBdIE 'ghamtiSve |etas. TRE edacli®n frodiéts hrea%dneyau&or
the | arge scal e generation of c]ean and near quantitative yields o

i sof | avan- 4cleanst @ashsleund sepijreny ghaogatoatarty ¥ep it ther BaHintion god dilatiopoplethe | n
particul ar, 44 . nafound that kilogramquantities of diacetoxy

dai dzei n un]cmf}e&rr%%&?rlr%g@ﬁdgﬂg efficient reduction to the isoneric cis- and
trans 30 4',7-di acet oxyi sofl avan-4-ols.” The isonmeric ratios can be

influenced By [t he REISS NERAE ddaiddRin' AMletR Wis bDRiRalA  iRltadve NOMSIRSG! 12003

15 catalytic hydrogenation of diacetoxydaidzein in ethanol was continued for 55 h.

Spectroscopic analysis established the product to be a 1:1 mixture of cis- and trans-isomers.
Pleasingly, no further reduction of tetrahydrodaidzein was observed even if the reduction

was continued for longer periods of time.

20 In a similar manner it was also surprisingly found that the protected isoflavone 7-acetoxy-4'-
methoxydaidzein smoothly and cleanly underwent hydrogenation in ethanol to afford a
quantitative yield of a 1:1 mixture of cis- and trans-isomers of 7-acetoxy-4'-
methoxyisoflavan-4-ol. This reaction appears to be quite general and was repeated on many
different substrates in amounts of up to one half gram and more.

25
In this regard the inventors have found conditions which allow for the large scale generation
of clean and near quantitative yields of isoﬂavan-4-ols compounds by hydrogenation of
corresponding isoflavones. In particular, it has been found that kilogram quantities of
diacetoxy daidzein undergo smooth and efficient reduction to the isomeric ¢is- and trans-

30 4',7-diacetoxyisoflavan-4-ols. The isomeric ratios can be influenced by the percentage of

palladium in the catalyst.



|2 The cis-(trans-isoneric mxtures are able to be dehydrated to

| sof | av-3-enes without the need for separation. However, is desift a t he

m xtures are able to be separated by a variety of met ﬁ&&%%mgsﬂﬁ 2 bel ow.
" 5 The m xture of cis- and trans-tetrahydrodai dzein conmpounds are able to

be separated by preparative HPLC. This node of separation is quite tedious

and linmted to small amounts of materiall2Since reasonabl e quantities of

t he di acetoxy isoflavanols were able to be prepared, fractional

cryst al | i sathogiswirgnaisoorepicentixtares apanblt do theedabydratednid ibofiavs3-esasmeithoutithe

single rec tallisation. of the.l.1.mxture from ethanol gave, predom nantly
Crans 10 dn B B teRH ey ARwveS B dbe iuts® BRI B e SPHELRLY 8 SaBED
279 . Subsesfuasthody Beeysiitdeldwat i ons from et hanol afforded the pure trans-

i somer in 25% overall yield. Likew se the 7-acetoxy-4'-nmethoxyisoflavan-4-ol
was able to be fractionally recrystallised to give the pure trans-isoner,
with the fs ; i L DG : ' i i S- ' R
VoSt hydr ogomart Sl BF Blstald 1 (EERGHoRLARAA coABouls O a0E @ he RpatAli¥ly
However oneprepsaiiveatiPLE. dfhinmobde nhseparatignlisapaite £diovsahd kini®d ne smgll aswuntwdne,
t he hydrogenat [. f _which afforded edonmi pantly the, trans;, i.sqQmer in
excel | ant yPaRha! sihes fiieadpR asRRfEs o ERR e Akl VR RS R rord s
was achi evefiladtipnilecrpstallisatfior has apempRd!to @pate! th \isd rd peanstisstherd | A single
condi ti ons, _Qreéﬁrabl y wi.th imdazole in gjhanol as reflux., .

Tet r ahydr odSFEPR@IFa4RL PEo g edl nmidey; BPm o5thanol ¢ 29¥e aPTedemEnagys r &avs-
aqueous 16t Habx &ih%liﬁliﬁﬁéiho?so@{ yisRf I BvaAnafinD! fcit-Reaer tBrohie BOs@buLAt ed
i sof | av-3-enes. Thus reaction of a 'cis-(trans-m'xture of isoflavan-4-ols

wi t h benzoyecaysbispiéansdrare ethanelaffaadaddbe pure 1oBE isemer inddt evepdlyield- i n t he
literature by Liepa to give the desired isoflav-3-ene dehydration product.
However this reaction could only be repeated in |ow yield. Dehydration may
al so 30 be lgkéwst gt bycdtoxgasd meethoxyisdflanai-do] svas hbla so bafréctionalharkcrystallised to

hydr ochl or 'g‘ive""%edpm%")rg%hﬁ&%gﬁ "With the filtrate containing increased proportions of the cis-

15 isomer.

Most hydrogenations yielded 1:1 mixtures of cis- and frans-isoflavan-4-ols. However one
derivative of note was 7-hydroxy-4'-methoxy-8-methylisoflavone, the hydrogenation of
which afforded predominantly the trans- isomer in excellent yield. ’

20
Synthesis of tetrahydrodaidzein and related derivatives was achieved by removal of the
protecting acetoxy groups under mild conditions, preferably with imidazole in ethano] at
reflux. Tetrahydiodaidzein was isolated in 80% yield after crystallisation from aqueous
ethanol.

25 |
Dehydration of isoflavan-4-ols leads to the unsaturated isoflav-3-enes. Thus reaction of a
cis-/trans-mixture of isoflavan-4-ols with benzoy! chloride/dimethylformamide at 100°C has
been reported in the literature by Liepa to give the desired isoflav-3-ene dehydration
product. However this reaction could only be repeated in low yield. Dehydration may also

30 be efiected by treatment with acids such as sulfuric acid, hydrochloric acid, polyphosphoric
acid, thionyl chloride and the like. Alternative methods of dehydration using p-
toluenesulfonic acid or trifluoroacetic acid in refluxing dichloromethane were also

investigated, but these methods also afforded the isoflavenes in low yields.



acid, thionyl chloride and the like. Alternative nmethods of dehydration
using p- toluenesulfonic acid or trifluoroacetic acid i,n refluxin

di chl oronet hane were al so investigated, but these net HQ&!O&?@&@@;&PQPded t he
i sofl avenes in | ow yields. 14 Novenber 2003 -.13 Cenerally the present

I nventors found the dehydration reagent ofl choi ce to be phosphorus

pent oxi de in di chl oronet hane, which can vyi é'd | sof | avenes in yields of
greater than 60% The dehydration reactions can be carried out on the

hydr ogenati on products directly, or 5 deprotected derivatives thereof.

Synt hesi s OfGéii@f&YlSjrtﬁ@‘iﬁ%l:ntvﬁﬁerﬁ@l}gifﬁwmgﬁeﬁfﬁﬁmﬁl refdent BE cREiRE 86 bk HhoQGRRHAXY

groups under m|d conditions as described Tor the Synthesis of
t et r ahydr oddeutesida, inghehloromethapeqwhichwas yighd dsoflivedeshin yieddsoefy greater than 60%.

crystalli saty ven l xtures such_as ethangl /water. Other isof]av-3- 10
ene deri vat if\}lggd eﬁg{j/m 18}' ﬁgﬁgﬁeamb??escf’ﬂeﬁa?mn@t 8&?’%%&%%’56%095%Cfillﬁegﬂybf’r
4' | 7- di acef deprdeaicttdalenvadives tigesfl s cat al yst (pl ati nun(lV)oxide) in ethyl
acet at e under an at nosphere of hydrogen afforded

4' | 7-di acet oxyt etrahydrodai dzein. However unlike the palladi um on-charcoal

reduction irsyﬁﬂahﬁglgf deHyREdEGhbIONSs MhidVed BF MRovallof the bR cting WR¥Bx P Wixaes |y

the cis-isoner of , 7-di acet oxyt et rahydr odai dzei n. I n anot her ‘enbodi nent of

t he i nvent i oxld sopditinps aadrssnibed Tor the syrjtbesis efitgtrandredaidreini and dpfrydroequol was
|l adi - ' b .
Py ogen gagutiig 65 Sinddta Bt BOGA 801fedd xS, M iRnc ottt TERRTGAAS,

condi t i onk0 pnoddrdatisecasy bt prep2@d bg airhidarametedsnes from t he correspondi ng

i sof avones in good to excellent yields. Access to isoflavan derivatives
such as equol is possible by hydrogenation of isoflav-3-enes wth,

pref erabl y, Hyadtdgesliredaction @iff ar, T-dddcetory dild 2k with adenat et gdt (PRtinuAd™oxibe) in

at nrosphere of hydrogen. Excellent yields of 75% and_npre of th C.
hydr ogenat eS8y} BRRLE Indpoat BimesphERe ofiydrogsn iaffarded MMFOW%@%%G@#@% e

clean and ap@weoadivhike' 8! YaHadiuhl-68harddl? rédichbh $4 Rehah6E Ybditiohd Aiheddripd he
present inventors are in sharp contrast to those reported in the literature

f or ot herl3afatelyptasye pydondeantlyithmeis-dfomes of f'frdipastoxytaahydredaidzpin k ed
advantage is the use of al kyl acetates or al cohol solvents such as absolute

net hanol
In another embodiment of the invention, hydrogenation of 4',7-diacetoxy daidzein with 5%

paliadium-on-charcoal in ethyl acetate as solvent under an atmosphere of hydrogen gave
4',7-diacetoxydihydrodaidzein in excellent yield (80%). These conditions provide access to

20 isoflavan-4-ones from the corresponding isoflavones in good to excellent yields.

Access to isoflavan derivatives such as équol is possible by hydrogenation of isoflav-3-enes

with, preferably, palladium-on-charcoal in an alkyl acetate solvent under an atmosphere of

hydrogen. Excellent yields of 75% and more of the hydrogenated products are obtainable by
25 these methods. The products are clean and are readily recrystallised.

The surprising results obtained by the present inventors are in sharp contrasi to those
reported in the literature for other attempted hydrogenations of isoflavones. One such
marked advantage is the use of alkyl acetates or alcohol solvents such as absolute methanol
30 or ethanol in the hydrogenation reactions. The isoflavanols prepared by the methods of the
present invention are typically very crystalline and can be isolated in good purity, and

without the need for chromatography. The isoflavanols can be converted to isoflav-3-enes

by dehydration. Further deprotection or derivatisation steps can be employed by those




30 or ethanol in the hydrogenation reactions. The isoflavanols prepared by
the nmethods of the present invention are typically very crystalline and can
be isolated in good purity, and without the need for dérNa¥e A3 The

i sof | avanol s can be converted to isoflav-3-enes by dehydration. Further
deprotection or derivatisation steps can b4 enpl oyed by those 14 Novenber
2003 -14 skilled in the art to obtain natural isoflavan-4-ones, isoflavans,

i sof | avenes, t.abol ites agnd n&\éaell, rivatives thereof as required. The
i nvent i on i SKifdRdPe FELLPhB eyl dsflavan-dsanes: iseflaypns isollexsnes g tabelisandss

The 5 Exanp{oeg“ﬁr,ﬁa@@tstﬁ@colf%g&nﬁw_ued as limting the invention in any
way. EXAMPLES Acetyl ation Reactions 10 Exanple 1 4',7 Di acetoxydai dzein

Met hod A A mixture of daidzein (1.0g, 3.9 ranvol), ;acetic anhydride (5 m)

and pyridin 5. . 40, the dark at omtenperature for 24 _h..
The reacti oﬁrh% lxnt%'}ueo\ﬂawgssh%g%rr ‘eiééf'h?% lwgrmﬁtﬁﬁe%%y%gt PHYRHEs gFarQchﬁndTFﬁen
extracted fvBxanpiahironanebdeonstroa as 1nhit#e Xhe hventiodiis ahpwayet hane | ayer was
washed with water, dried over anhydrous sodium sul fate and evaporated. The
white residue was crystallised fromnethanol to yield daidzein diacetate as
white prismeXAMpigEs83%9. 'H NVR (CDC13): S 2,32 (s, 3H OCOCH3 ), - 2.3 6
(s, 3H, 20 OCOCH3), 7.18 (d, 2H, J 9.2 Hz, ArH), 7.19 (d, 1H, J 9.0 Hz, H6),
7.31 (d, 1H, J 2.0 Hz H8), 7.59 (d, 2H,J 9.2 Hz, ArH), 8.00 (s, 1 H H2),
8.33 (d, 2H44d Heeac .. Method B A mixture of daidzein (2.0 g, 7.9
mol ), aceti 0 mM) and pyridine (2 mM) was 25 heated on an oil
bath at 1086-110 C for | h. After cooling the mxture to roomtenperature, it
was stirredfor . Purther 30 min during which tinme the diacetate
crystallise "I"F'Uﬂf he

4',7 Diacetoxydaidzein .

Method A : : :
A mixture of daidzein (1.0g, 3.9 mmol), acetic anhydride (5 ml) and pyridine (5 ml) was left
15 in the dark at room temperature for 24 h. - The reaction mixture was poured into water (100
ml), stimed for 2h and then extracted with dichloromethane (3 x 50 ml). The
dichloromethane layer was washed with water, dried over anhydrous sodium sulfate and
evaporated. The white residue was crystallised from methanot to yield daidzein diacetate as
white prisms (1.1 g, 83%). - '"H NMR (CDCl): § 2.32 (s, 3H, OCOCH;), 2.36 (s, 3H,
20 OCOCHzy), 7.18 (d, 2H, J 9.2 Hz, ArH), 7.19 (d, 1H, J 9.0 Hz, Hé6), 7.31 (d, IH, 2.0 Hz
H8), 7.59 (d, 2H, } 9.2 Hz, ArH), 8.00 (s, 1H, H2), 8.33 (d, 2H, J 8.2 Hz, ArH).

Method B : _

A mixture of daidzein (2.0 g, 7.9 mmol), acetic anhydride (10 mi) and pyridine (2 ml) was
25 heated on an oil bath at 105-110 C for 1h. After cooling the mixture to room temperature, it

was stirred for a further 30 min during which time the diacetate crystallised from the

solution. The product was filtered, washed thoroughly with water and recrystallised from

methanol to yield daidzein diacetate as colourless prisms (2.4 g, 90%).

30 Example 2
7-acetoxy-4'-methoxyisoflavone
A mixture of 7-hydroxy-4'-methoxyisoflavanone (2.0g, 7.5 mmol), acetic anhydride (10 mi)
and pyridine (2 ml) was heated on an oil bath at 105-110 C for 1 hour. Afier cooling the



solution. The product was filtered, washed thoroughly with water and
recrystallised from nethanol to yield daidzein diacet a;‘té as c ogdﬁns
prisms (2.4 g, 90%. 30 Exanple 2 7-acetoxy-4'-m et hoxy ! I Xt ure
of 7-hydroxy-4'-nethoxyisoflavanone (2.0g, 7.5 nmol), acetic anhydri de (10
m)  and pyridine (2 m) was heated on an Qil bath at 105-110 C for 1 hour.
After cooling the 14 Novenber 2003 - 15 ri'Xture to roomtenperature, it was
poured into water (100 ml), stirred for 2 hours and then extracted with

di chl or omet HAXBIE & seowcmraurrﬁét WrEPRUEbinte watse (108yab, stisedides Rdwurs and then
vater, drieGxQ¥&Qtd ¥MRYHENNInRAAE T SWof %i)e mddxaﬂ%g{eﬁ;a%g lagyI Vs Léhel G UE

was cryst allised fromnethanol to yield 7-acetoxy- nmet ho avone as
col ourl ess pvﬁtgwsirsd(@felgpngxd@us 'spliNVR sUICIE 2hd) evapBrafed36 Tis vﬂﬂte m:%i)vas

g. 24H§S Hg;_l eP 01}16-0 étgémf)% I_Yié]lg%jwetofyszg-nel_%hoxiﬁog\?\gorg 3s ﬁglouﬁpﬁ_s‘) pnsgnsbo
(s, | H HX21 § B2;Y dH MM, (Gb@lﬁ §2.360)3H, ©EODHS, 3.83Qs, 3H, OCH,), 6.98 (d, 2H,

3', 7-Di acet oxyi sof | avone 3',7-Di acet oxydai dzein was prepared from

3", 7-di hydr ¥yf %ﬂﬁl&@eﬁé%@mg%J 19 ¥z ﬁqéo&!; H&c 880 ¢d, dhhydr%h;fm, 5P (rH, J

pyr| di ne (I ) d aidzein. Yield: (1.0g,
77% mp. 1§%7le%8?%%2 ’%r'}?@lfgh%gﬁi%#'gach s, 3H, OCOCH3), 7.14
(m I H AH, 7.18 (dd, IH J 2.0 Hz 8.6 Hz, H6), 7.31 (d, | H J 2.0 Hz
H8), 7.37- 743 fprﬂ 15 3H, ArH), 8.03 (s, I H H2), 8.32 (d, I H J 8.6 Hz,
H5). Mass specfll n? mz 338 (M 8/a); 296 (53); 254 (100); 253 (60).

Exanpl e 41(73Aw1ﬁee¢ox3qsuﬂmﬂwxyi sof | avone 20 7- Acet oxy-3' - net hoxyi sof | avone
was prepared, from 7- h rox -3' - et hoxyl sof | avaone ( nmol ), acetic

anhydri de ( acah"efy fr@S( prepacgd jfrom Hé!s@hymm%lamne A0.98g, 3.9 mmol),
acetic anhydride (6 ml) and pyridine (1.1 ml) as described for 4',7 -diacetoxydaidzein. Yield:

(1.0g, 77%) m.p. 152°C. TH NMR (CDCI3): & 2.31 and 2.36 (each s, 3H, OCOCH;), 7.14
(m, 1H, ArH), 7.-18 (dd, 1H, J 2.0 Hz 8.6 Hz, H6), 7.31 (d, 1H, J 2.0 Hz H8), 7.37-7.45 (m,

15 3H, ArH), 8.03 (s, 1H, H2), 8.32 (d, 1H, J 8.6 Hz, H5). Mass spectrum: m/z 338 (M, 8%);
296 (53); 254 (100); 253 (60). |

Example 4
7T-Acetoxy-3'-methoxyisoflavene

20 7-Acé:toxy-3'-mcthoxyisoﬂavone was prepared from 7-hydroxy-3'-methoxyisoflavone (1.7g,
6.3 mmol), acetic anhydride (6 ml) and pyridine (1.0 ml) as described for 4',7-
diacetoxydaidzein. Yield: (1.6g, 81%) m.p. 118°C. H NMR (CDCl3): & 2.36 (s, 3H,
OCOCH3), 3.85 (s, 3H, OMe), 6.95 (dd, 1H, J 2.0 Hz 8.3 Hz, H6), 6.70-7.40 (m, 5H, ArH),
8.01 (s, 1H, H2), 8.32(d, 1H, J 8.7 Hz, H5).

25
Example §
4',7-Diacetoxy-3'-methoxyisoflavone

4',7-Diacetoxy-3'-methoxyisoflavone was prepared from 4',7-dihydroxy-3'-

methoxyisoflavone (0.37g, 1.3 mmol), acetic anhydride (2.5 ml) and pyridine (0.4 ml) as
30 described for 4',7-diacetoxydaidzein. Yield: (0.36g, 75%) m.p. 197°C. TH NMR (CDCl3):
& 2.33, 2.36 (each s, 3H, OCOCH3), 3.88 (s, 3H, OMe), 7.06-7.17 (m, 2H, ArH), 7.19 (dd,




di acet oxydai dzein. Yield: (1.6g, 81% mp. 118C. 1H NWR (CDC13): 8 2.36 (s,
3H, OCOCH3), 3.85 (s, 3H, Ow), 6.95 (dd, 1H J 2.0 Hz Hz. . H6
6.70-7.40 (m 5H ArH), 8.01 (s, 1H H2). 8.32 (d. 1H,1‘§"§°"f"ﬂ9‘?r%%9:’f
Exanple 5 4',7-Di acet oxy-3' - nmet hoxyi sof | avone
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rret hoxyi sof | avone (0.37g, 1.3 mmol), acetié&®anhydride (2 5 m) and pyridine
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was prepare frolg1 7- hydr oxyi sof | avone (2.6g, 10.9 mml), acetic anhydride
(16 m) andl"pﬂﬂ"i' fe (3.0 mM) as described for 4',7-di acetoxydai dzei n.
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Example 7

4',7,8-Triacetoxyisoﬂavone

A mixture of 4',7,8-trihydroxyisoflavone (1.4g, 5.2 mmol), acetic anhydride (8.4 m!) and
15 pyridine (2 ml) was heated on an oil bath at 105-110°C for 1h. After cooling the mixture to

room temperature, it was stirred for a further 30 min during which time the diacetate

crystallised from the solution. The préduct was filtered, washed thoroughly with watér and

recrystallised from ethyl acetate to yicld 4'7,8-triacetoxyisoflavone as colourless prisms

(1.49g, 73%) m.p. 190-192°C.- IH NMR (CDCl3): & 2.32, 2.36, 2.42 (each s, 3H,
20 OCOCH3), 7.18 (d, 2H, J 8.6 Hz, ArH), 7.28 {(d, 1H, J 8.9 Hz, H6), 7.56 (d, 2H, J 8.6 Hz

HS8), 7.98 (s, 1H, ArH), 8.18 (d, 1H, J 8.9 Hz, H5).

Exampie 8
7,8-Diacetoxy-4'-methoxyisoflavone
25 7,8-Diacetoxy-4'-methoxyisoflavone was prepared from 7,8-dihydroxy-4'-
methoxyisoflavone (0.82g, 2.9 mmol), acetic anhydride (4.9 ml) and pyridine (0.9 ml) as
described for 4',7,8-triacetoxyisoflavone. Yield: (0.9g, 85%) m.p. 165°C. !'H NMR
(CDCl3): & 2.36, 2.42 (each s, 3H, OCOCHj3), 3.84 (s, 3H, OCHs), 6.98 (d, 2H, J 9.0 Hz,
ArH), 7.25 (d, 1H, 1 8.7 Hz, H6), 7.48 (d, 2H, J 9.0 Hz H8), 7.95 (s, 1H, H2), 8.20 (d, 1H, J
30 9.1 Hz, H5). Mass spectrum: m/z 368 (M, 20%); 326 (15); 312 (18); 284 (80).

Example 9




(1.49g9, 73%9 mp. 190-192C. - 1H NMR (CDCI 3): 8 2.32, 2 36 2.42 (each s
3H, 20 OCOCH3), 7.18 (d, 2H, J 8.6 Hz, ArH), 7.28 (d, 8"@%54
7.56 (d, 2H, J 8.6 Hz H8), 7.98 (s, 1H, ArH), 8.18 (d Npvembeg HS) .
Exanpl e 8 7, 8-Di acet oxy-4'-m et hoxyi sof | avone 25

7, 8- Di acet oxy-4' - met hoxyi sof | avone was preggred from 7, 8-di hydr oxy-4' -

rret hoxyi sof | avone (0.82g, 2.9 nmol), aceti'c’anhydri de (4 9 m) and pyridine
(0.9 mM) as . described for 4',7, 8-triacetoxyisoflavone. Yield: (0.9g, 85%
mp. 165C 1 fiNacefapdrmethyispflavone 42 (each s, 3H, OCOCH3), 3.84 (s, 3H,
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After cooling the nixture to roomtenperature, was stirred for a further

30 min duri nBafRieeh resrygallised drom gl éﬁ@atertygtléﬂl‘} zé'epcr’:%bh&weﬂ%mﬂqveﬁe #Fhe
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ethyl acetate Vone as

prisms (3. 293%6&&)0}4# NW(&QJ@lBM 1@:,3{6%17@ (4.3, J&BHz, ArB2,.7.9 &8 Aeach 7s,
3H, OCOCH3), 7.13 (d, 1H, Hz 717d214 J 8.7 H, ArH), 7.59

(d, 2H, J 8.Hz, MH), AOH(S, lél @172)(&,19(Ld+11 11@)7H8 (d, 1 H J 8.7 Hz, H5). 10
Exanpl e 10,,3', 7-Di acet oxy-8-m et hyli sofl avon e

3',7-Di ace oxy-8- nmet hyl i sof | avone was prepared from

3", 7-di hydr okyarpketthy| i sof | avone (1.39, 4.8 mmol ), acetic anhydride (8 m)

and pyridi neS'(%Dlacnlc)xy- -meﬁlsy iso E\gonef or 4°,7-

3',7-Diacetoxy-8-methylisoflavone was prepared from 3',7-dihydroxy-8-methyliscflavone '
(1.3g, 4.8 mmol), acetic anhydride (8 m!) and pyridine (1.5 ml) as described- for 4.7~

15 diacetoxy-8-methylisoflavone. Yield: (1.2g, 70%) m.p. 112°C. H NMR (CDCl3): & 2.31
(s, 3H, CHj), 2.32, 2.39 (each s, 3H, OCOCH3), 7.13 '(m, 2H, ArH), 7.37-7.45 (m, 3H,
ArH), 8.1 (s, 1H, H2), 8.18 (d, 1H, J 8.7 Hz, H5). Mass spectrum: m/z 352 (M, 6%); 310
(35); 268 (100); 267 (60).

20 Example 11
7T-Acetoxy-4'-methoxy-8-methylisofiavone
7-Acetoxy-4'-methoxy-8-methylisoflavone was prepared from 7-hydroxy-4'-methoxy-8-
methylisoflavanone (3.0g, 10.6 mmol), acetic anhydride (10 ml) and pyridine (2.0 ml) as
described for 4',7-diacetoxy-8-methylisoflavone. Yield: (2.0g, 58%) m.p. 190-192°C. H
25 NMR (CDCl3): & 2.31 (s, 3H, CH3), 2.38 (s, 3H, OCOCHa;), 3.84 (s, 3H, OMe), 6.98 (d, 2H,
J 8.7Hz, ArH), 7.12 (d, 1H, J 8.6 Hz, H6), 7.52 (d, 2H, ] 8.7 Hz, ArH), 8.03 (s, 1H, H2),
8.18 (d, 1H, J 8.6 Hz, H5). Mass spectrum: 325 (M + 1, 13%); 324 (M, 58%),; 282 (100);
281 (42).

30 Example 12

4',7-Diacetoxy-3'-methoxy-8-methylisoflavone




15 di acet oxy-8-net hylisoflavone. Yield: (1.2g, 709 mp. 112C. 1H NWR
(CbC13): 5 2.31 (s, 311, CH3), 2.32, 2.39 (each s, 3H, '%El 7@% (m 2H,
ArH), 7.37-7.45 (in, 3H ArH), 8.1 (s, | H H2), 8. 181?55,0‘13 bej 2903"
H5). Mass spectrum mlz 352 (M 6% ; 310 (35); 268 (100); 267 (60). 20
Exanmpl e 11 7- Acetoxy-4'-nmeth oxy-8-m ethylisoflavone

7- Acet oxy-4' - net hoxy- 8- net hyl i sof | avone Wl ‘prepared from

7-hydroxy-4'-net hoxy-8- nethylisoflavanone (3.0g, 10.6 mmol), acetic

anhydri de (1‘br7r§PI?°%Wa’-%)w#tb?’fyes-(@ﬂwhﬁ?ﬂavase easc rprepated offrom  4',7-dihydroxy-3'-

4'  7-di acet - JTRL ' Yi : . 9. ) 0- .
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8.7 Hz, ArH) 8.03%és | H H22_I, 8.18 (d,. 1H, 3 8.6 Hz H5£1 Mass_spectrum
325 (M + 1, NMECDOL):&d-22 e, 6Bb), 2150739 (each 144, OCOCEh A% (s13H, OMe),

4',7-Diaceo,x(y,' t Bgx - I s Qf,l avo 1 3.-
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4' | 7-di hydr ai2); 818 (deth o 8y* Bz,[H3)hyl i sof | avone (0.42g, 1.4 mmol ), acetic

anhydride (2.6 m) and pyridine (0.5 ml) as described for

4' , 7-di acet oxy-8-nethylisofl avone. Yield: (0.4g, 74% mp. 209C. 1H NWR

(CDC13): 5 2.22 (s, 3H, CH3), 2.32, 2.39 (each s, 3H, OCOCH3), 3.89 (s, 3H

Ove), 5 7.07-7.11 (m 2H, ArH), 7.13 (d, 1H, J 8.6 Hz, H6), 7.32 (d, 1H, J
dzogenatian Regtions [avarse f; @7 Hz, H5). 1Y dro enation

1.5 Hz, Ar £ -

React i oNns;g | so.avone = I so avan-4-ol 10 Exanple 13

4' | 7-di ace(g oxyt et rabydr odai dzein (4' 7- Di acet oxyi sof |l avan-4-o0l) Method A
Example 13

4',7-diacetoxytetrahydrodaidzein (4'7-Diacetoxyisoflavan-4-ol)

Method A )

Palladium-on-charcoal (5%, 0.08 g) was added to a suspension of 4',7-diacetoxydaidzein
15 (0.5 g, 1.5 mmol) in absolute ethanol (400 ml) and the mixture was stirred at room

temperature under a hydrogen atmosphere for 55 hours. The catalyst was removed by

filtration through Celite and the filtrate was evaporated in vacuo to yield 4',7-

diacetoxytetrahydrodaidzein (0.51 g, 100%) in quantitative yield. A nuclear magnetic

resonance spectrum revealed the product to be a clean 1:1 mixture of cis- and frans-4',7-

20 diacetoxytetrahydrodaidzein.

-The ¢is- and frans-isomers were able to be separated by fractional recrystallisation. A 1:1
mixture of cis- and trans—4',7-diacetoxytetrahydrodaidzein (0.17 g), prepared as above, was
dissolvéd in excess absolute ethanol and concentrated on a rotary evaporator. At the first
25 sign of crystallisation, further concentration of ethanol was stopped and the flask was cooled
in an ice-bath. The resulting crystals were filtered and washed with a small amount of cold
absolute ethanol. A nuclear magnetic resonance spectrutmn of the product (0.08 g) revealed it

to be a mixture (frans-4',7-diacetoxytetrahydrodaidzein (73%) and cis-4'7-

diacetoxytetrahydrodaidzein (27%). Further recrystallisations of the mixture from ethano}
30 yielded the pure trans-4',7-diacetoxytetrahydrodaidzein (0.04 g, 24%).




Pal | adi um on-charcoal (5% 0.08 g) was added to a suspension of

4", 7-di acet oxydai dzein 15 (0.5 g, 1.5 nmol) in absol ut t hangl ( m )
and the m xture was stirred at room tenperature under ﬁ?ﬂpﬂﬁﬁfé&ﬁ%sphere
for 55 hours. The catal yst was renoved by filtration through Celite and the
filtrate was evaporated in vacuo to yield 4',7- diacetoxytetrahydrodai dzein
(0.51 g, 100% in quantitative yield- A nt1 ear magneti c resonance spectrum
reveal ed the product to be a clean 1:1 mixture of cis- and trans-4',7- 20
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evaporator. At the first 25 sign of crystallisation, further concentration
of ethanol was stopped and the flask was cooled in an ice-bath. The
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absol ute ethanol. A nucleaf magnetic resonance spectrum of the pro%uct ?5 08
g) reveal ed3iHOC@GHPe3 .44 (ddd; dHe) 8.7 74 HZ 9di Hedtok ¢2ét(danylirdothitlez &1.8 Hz39)
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t [1 anfs- I4 , - Hsﬁcﬁa:ngu%,tm,a?wﬁapmaimz giol, 1.6 @ 2H, J 34°%Hz, Ad)NO.28 (BL2H 2088 Hz,19
The filtrate yi ed .pr m_nant cis-Is r t n
spectr oscop‘ﬁE‘x)’ iﬁ‘él (§l§i ]slirjg%aﬁ?e(f-‘%/ﬁé’ %ﬁbs? gﬁgéfﬂl}\l ngg?é EE@Q gr(b%ééﬁﬁ’ 32%@
cis-4', 7-1¢ gest ox @1 odan) dps. 374, 6), 121.96, 128.96 (ArCH), 129.40
trans-4' ,@-g?ggbgﬁ(g‘}(%@?:ag?;drodaiﬁg}zg 5@?2%/3 glW(S: ?:or (ArCH)
trans-4, 7- DiGet oxyi sof | avan-4-ol; 'H NVR (CDC13): 8 2.28 (s, 3H, OCOCH3},
2.29 (s, 3H OCOCH3), 314 (ddd, 1H, 3 3.7 Hz, 7.9 Hz, 9.1 Hz, H3), 4.24
(dd, 1H, J 9.1 Hz, 11.3 Hz, H2); 4.35 (dd, 1 H J 3.7 Hz, 11.3 Hz, H2),
4.87 (d, 1 For ds-F,BDhizetokiidofldvasli-old H NMR (COX13): Bi2:28 48 3H, QQ0CHY, 2.29 I, J

25, 2 ipcbh g 1 R At 500 LS Pl Bt
46. 18 1016G3y, HP8 4546 @&2AH, BR0.9 HoA{ ©48 HA Q82)564.76 @@, 1H,141.3H£, XY Hz] HK)96.66
128.96 (Ar C('j)d,’ 11},2192'.?(1)&, ggg’ﬁz, Hé), 6.69 (d, 1H, J 2.3 Hz, H8), 7.08 (d, 2H, J 8.6 Hz, ArH]), 7.26
(d, 1H, 8.4 Hz, H5), 7.29 (d, 2H, J 8.6 Hz ArH). ">C NMR (CDCL); 20.98 (OCOCH3y),
43.52 (C3), 64.10 (C2), 66.46 (C4), 110.08 (C6), 114.09 (C8), 121.82, 129.40 (ArCH),
131.10 (C5).
20
Method B ‘
Palladium-con-charcoal (5%, 3.1 g) was added to a suspension of 4',7-diacetoxydaidzein
(30.0 g) in absolute methanol (3600 'ml) and the mixture was stirred at room temperature
under a hydrogen atmosphere for 55 hours. The catalyst was removed by filtration through
25 Celite and the filtrate was evaporated in vacuo to yield 4',7-diacetoxytetrahydrodaidzein
(29.5g, 96%). A nuclear magnetic resonance spectrum revealed the product to be a clean

2:1 mixture of cis- and frans-4',7-diacetoxytetrahydrodaidzein.

Method C
30 Palladium-on-charcoal (10%, 3.0 g) was added to a suspension of 4',7-diacetoxydaidzein
(30.1g) in absolute methanol (3600 ml) and the mixture was stirred at room temperature

under a hydrogen atmosphere for 15 hours. The catalyst was removed by filtration through

Celite and the filtrate was evaporated in vacuo to yield 4',7-diacetoxytetrahydrodaidzein




For cis-4',7-D acetoxyisoflavan-4-ol: '"H NVR (CDC13): 6 2:28 (s, 3H,
OCOCH3), 2.29 (s, 3H, OCOCH3), 3.30 (dt, 1H, J 3.4 Hz, ), 4.31
(ddd, 1H, J 1.4 Hz, 3.6 Hz, 10.5 15 Hz, H2): 4.56 (dd, f[]NP"ﬁmﬂ?’E?‘ 7 11.8
Hz, H2), 4.75 (dd, 1 H J 1.3 Hz, 3.2 Hz, H4), 6.66 (dd, | H J 2.3 Hz, 8.7
Hz, H6), 6.69 (d, 1 H J 2.3 Hz, H8), 7.08 (d, 2H, J 8.6 Hz, ArH), 7.26 (d,
111, 8.4 Hz, H5), 7.29 (d, 2H, J 8.6 Hz A-Ef- '3C NMR (CDCL13); 20.98
(OCOCH3), 43.52 (C3), 64.10 (C2), 66.46 (C4), 110.08 (C6), 114.09 (C8),

121. 82, 129. @B.5gABCH)., A hddledOmagifRtic resbnidiichdculiatyaaltdunt produbeiochal d&%
3.1 g) was aﬂged to a.suspension f 4' 7-di acetoxydaidzein (30.0 g) in
absol ute met HB?‘“’(%%E)@S'# éh?ﬁei\"("éﬂegab)&g'%%“ilﬁcﬂbd at room tenperature
under a hydrogen at nosphere for 55 hours. The catal yst was renoved by
filtration through 25 Celite and the filtrate was evaporated in vacuo to
yield 4 ,7-dM&€”§géth etrahydrodai dzein (29.5g, 96%. A nuclear magnetic

resonance uct t e, a_cl ean. Ixt.ure of, Cis.-
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filtrate was _evaporated in vacuo to g /- di acet oxyt et rahydr odal dzel n
14 Novenber Dasstpxyietrabydrodgidzein 820z h%él éaruc}mgwegmcmom@ee@mmmd
reveal ed t t {

trans-4', Ibﬁh@é@? gﬁtyt?tgtg ra a?eil r%ggﬁ%ﬁfjrﬂaﬁwgﬁﬁg 7§a?ﬁm’§q%rn%h gﬁrogﬁxg l8al
(5% 1009) was added to a suspension of 4',7-di acetoxydaidzein (980g) in
absol ute nmethanol ég‘OOL) and the m xture was stirred at roomtenperature
under a hydr oge"ﬁl tnmosphere for 78 hours. The catal yst was renoved by
filtration tSynehegls ¢f 7-Acetoxy-4'-methoxyisoflavan-4-ol

Palladium-on-charcoal (5%, 0.08g) was added to a suspension of 7—aceioxy-4'—

p—

15 methoxyisoflavone (0.5g, 1.6 mmol) in absolute ethanol (400 ml) and the mixiure was
stirred at room temperature under a hydrogen atmosphere for 55 hours. The catalyst was
removed by filtration through Celite and the filtrate was evaporated in vacuo to yield 7-
acetoxy-4'-methoxyisoflavan-4-ol (0.51g, 100%) in quantitative yield. A nuclear magnetic
resonance spectrum revealed the product to be a clean 1:1 mixture of cis- and frans-7-

20 acetoxy-4'-methoxyisoflavan-4-ol.

The cis- and trans-isomers were able to be separated by fractional recrystallisation. A 1:1

mixture of cis- and trans-4',7-diacetoxytetrahydrodaidzein, prepared as above, was

recrystallised three times from ethanol to yield pure tfrans-7-acetoxy-4'-methoxyisoflavan-4-
25 ol. The filtrate yielded predominantly cis-isomer.

For trans-7-Acetoxy-4'-methoxyisoflavan-4-ol; 1H NMR (CDCl3): & 2.31 (s, 3H,
OCOCHS3;), 3.14 (dt, 1H, J 3.8 Hz, 8.6 Hz, H3), 3.82 (s, 3H, OCH,), 4.25 (dd, 1H, J 9.4 Hz,
11.3 Hez, H2); 4.37 (dd, 1H, j 4.1 Hz, 11.3 Hz, H2), 4.93 (d, 1H, ] 7.8 Hz, H4), 6.63 (d, 1H, J

30 2.3 He, H8), 6.73 (dd, 1H, J 2.3 Hz, 8.3 Hz, H6), 6.93 (d, 2H, ] 8.7 Hz, ArH), 7.19 (d, 2H, J
8.7 Hz, ArH), 7.51 (d, 1H, J 7.9 Hz, H5).



ceramic candle filtratation apparatus and the filtrate was evaporated in
vacuo to yield 4',7- diacetoxytetrahydrodai dzein (820g, ‘gé% %%{'#\dij
magneti c r esonance spectrumreveal ed 10 the product tol ep

m xture of cis- and trans-4',7-di acetoxytetrahydrodai dzein. Exanple 14
Synt hesi s of 7-Acetoxy-4'- rret hoxyi sof | avagé)4- ol Pal |l adi um on-charcoal (5%

0.08g) was added to a suspension of 7-acétoxy-4' 15 net hoxyi sofl avone (0. 5g,
1.6 mol) in absolute ethanol (400 m) and the mixture was stirred at room

t enper at ur e Fagn d@ﬁ*é%%i’ﬂ)'gé?ﬂl%ﬁm%ﬁ@?‘é OLO H DMRIGDC 133 He2 38t(8 33+ OGENHs),

renmoved b LioR4t f e t [

vacuo to % elzlg (9?1a¢e ﬂﬁ)ggﬁ lcﬁ%’ sof I a’varf (gbﬁﬁﬁﬁgié‘é@ﬁd Wga}ﬁg?’ §Hz,
quanti tati vaoyilet,di2)pd. ﬁmc(ﬂd:dr}l ri‘am“lbﬂzcll Bd%z)ﬂ{ﬂ)péﬂsIﬁb’s;tlmﬂclér)ﬁﬁﬁal(é,dlﬂhéz 3
product to cle : ] e of .Cis- rans-7-, 20

Dot oxy- 4 - A A8t Eoidfattint $315 80 2t Thidd PHRL BieBrerundos Pl 86 be
separ at ed by f hag) 7aaqs, earysHel Hspation. A 1:1 mxture of cis- and
trans-4', 7-di acet Oxyt et r ahydr odai dzei n, prepared as above, was

recrystal i sed three times from et hanol to yield pure

trans-7-ace o 14TEL hoxyi sof | avan-4- 25 ol. The filtrate yiel ded

predom nant y CI pae |sorrer For trans-7-Acetoxy-4'-nethoxyisoflavan-4-ol; 1H
NMR ( CDC 13)5 7-a)|ﬁce36xyﬁmﬂa8th-4-cmCOCI—B) 3.14 (dt 1H J 3.8 Hz, 8.6 Hz, H3),

fi' EZHES Ly St s Gk ot aSadhelo  giberiibsur 2 gl dbibgliymtthe,

6. 731 (( g!hg,l) 4mmbl)inIndtBanoB (5P i) andithe, mBin®8 wad stirtktl atlroBm/ tehﬁmraoﬁirH)tmd%r 19
(d ZHJ Hz, ArH) d, 1H J 7.9 Hz, H5). 14 Nove
For cis-7-A8 éxe/éseﬁmmmmﬁrsf(m Aherratalyt wag Wd( ion @14

OCOCH3), 3428 , 3 i
oy, ?H Sug fj(tﬁﬁe ww’cv%zo%atéd i vaéuol?ol %34#@)7%?%5%& a31311'~|81 b ntén?eﬁ

Hz, H2), 4.7®ld.bs nuglearimygnetic sesopance ispectoum revealed thpimrodet 16 heqe clean 11 Jl
2.3 Hz, 8.3 Hg . H, 7.25 (d, 2H, 8.6 5 Hz,
AH), 7.3 4 (raxt'ufc #&i agd gﬁéﬁt 7%%5‘0&8}(}%30@1&%-4%1

For trans-3'-7-diacetoxyisoflavan-4-ol; 1TH NMR (CDCl3): 8 2.31 and 2.32 (each s, 3H,
OCOCH3), 3.17 (ddd, 1H, J 3.6 Hz, 8.6 Hz, ]1‘.2 Hz, H3), 4.26 (dd, 1H, J 9.2 Hz, 11.6 Hz,
H2); 4.33 (m, 1H, H2), 4.91 (d, 1H, J 7.9 Hz, H4), 6.60-6.73 (m, ArH), 6.97-7.16 (m, ArH),
7.25-7.48 (m, AtH). '
20
For cis-3'-7-diacetoxyisoflavan-4-ol; 'H NMR (CDCl3): & 2.30 and 2.31 (each s, 3H,
OCOCHS3), 3.31 (8, 1H, J 3.3 Hz, J 11.6 Hz, H3), 431 (m, 1H, H2); 4.57 (dd, 1H, J 10.6
Hz, 11.9 Hz, H2), 4.79 (bs, 1H, H4), 6.60-6.73 (m, ArH), 6.97-7.16 (m, ArH), 7.25-7.48 (m,
ArH).
25
Example 16
7-Acetoxy-3'-methoxyisoflavan-4-ol
Cis- and trans-T-acetoxy-3'-methoxyisoflavan-4-ol was prepared from 7-acetoxy-3'-
methoxyisoflavone (0.5g, 1.6 mmol) and palladium-cn-charcoal (5%, 0.12g) in methanol
30 (100 ml) by the method described above.




Exanpl e 15 31-7-D acetoxyi sofl avan-4-ol Pal |l adi um on-charcoal (5% 0.03g)

was added to a suspension of 3',7-di acet oxyi sofl avanone 0.2g9, Q.6 nmol)

in methanol (50 m) and the m xture was stirred at rooﬁ#@ﬂ%@?ﬁ%ﬁr@@nder a
hydrogen at nosphere for 55h. The catal yst was renoved by filtration through

Celite and the filtrate was evaporated in vacuo. to yield

3'-7-di acet oxyi sofl avan-4-ol in quantitati%e vyield. - A nuclear magnetic
resonance spectrumreveal ed the product to be a clean | : 1 mxture of cis-
and trans-3' Fo?{rﬁhﬁdacamxygafrie&rmmrsdﬂmanélﬁol%ﬂ NMR (CDCl3) & 2.28 (s, 3H,. OCOCHs3),
trans-3' -7-di acet ox I sof | avan-4-ol; | CDC13 31 and 2.32 (each

s, 3H, ocoél—lé) H{éléoHZl&-ﬁH},éZéH:ﬁH?é 80ifs, WF—)Z421§3(}” AH269(4&1éﬁz

[14°9,9.2 Hay st e st uf 30 OVl s ), el 158, g, 95
ci s-3'-7-di dmeAolyi7s6f(dal &7-He, dirH).1H NIVR (CDC13): 5 2.30 and 2.31 (each s,

3H, ococn?,) 3.31 (dt, 1H, J 3.3 Hz, 3 11.6 Hz, H3), 4.31 (m 1H, H2): 4.57
(dd, 1H, J°10.6 Hz, 11.9 Hz, H2), 4.79 (bs, | H H4), 6.60-6.73 (m ArH),

6.97-7. 16 (Por Afst- ace?m?y% Fndfo X%oﬂaé&:}:h-ol 2'2{ RANCDAD: 5 2.28 (s, 3H, OCOCH3),

7- Acet oxy- 3' - met hoxyi sof | avan-
t rans- 7- aceB8d0yds' 1HyethivKyl $01.7d¥aHY; 81 (ms 1 Hr H@sresk fddphl,/} &e.Stix\1-137 Hz,

rot hanl - 362020 §5 By B SRR Grs D) 73 Ao At AL RS b,
For trans-7-acet oxy-3' - net hoxyi sof |l avan-4-ol; 1H NVR (CDC13): S 2.28 (s,
ddd, I H J 3.8 Hz, 8.3 Hz, 12.0 Hz, H3), 3.80 (s, 3H,

tﬂ?aampf 1] 9.4 Hz,
4',7-Diacetoxy-3'-methoxyisoflavan-4-ol
Cis- and trans-4'-7-diacetoxy-3'-methoxyisofiavan-4-ol was prepared from 4'-7-diacetoxy-
3'-methoxyisoflavone (0.25g, 0.7 mmol) and palladium-on-charcoal (5%, 0.06g) in methanol
{50 mi) by the method described above.
15
For trans-4'-7-diacetoxy-3'-methoxyisoflavan-4-ol; 1H NMR (CDCl3): § 2.29, 2.31 (each s,
3H, OCOCH3), 3.17 (ddd, 1H, J 3.8 Hz, 8.7 Hz, 12.5 Hz, H3), 3.79 (s, 3H, OMe), 4.26 (dd,
1H, J 9.4 Hz, 11.3 He, -H2); 4.32 (m, 1H, H2), 4.93 (d, 1H, J 7.9 Hz, H4), 6.62-6.73 (m,
AfH), 6.81-6.91 (m, ArH), 6.99-7.b5 (m, ArH), 7.30 (4, J 8.3 Hz, ArH), 7.48 (d, ] 9.0 Hz,
20 ArH).

For cis-?-acetoxy—B'-méﬂloxyisnﬂavan~4-ol; !'H NMR (CDCls): 8 2.31,2.32 (each s, 3H,

OCOCH3), 3.33 (dt, IH, J 3.3 Hz, J 11.3 Hz, H3), 3.83 (s, 3H, OMe}, 4.31 (m, 1H, H2);

4,58 (t, 1H, J 10.5 Hz, H2), 4.82 (bs, 1H, H4), 6.62-6.73 (m, ArH), 6.81-6.91 (m, ArH),
25 6.99-7.05 (m, ArH), 7.30 (d, J 8.3 Hz, ArH), 7.48 (d, J 9.0 Hz, AtH).

Example 18

7-Acetoxyisoflavan-4-ol

Cis- and trans-7-acetoxyisoflavan-4-ol was prepared from 7-acetoxyisoflavone (0.4g, 1.4
30 mmol) and palladium-on-charcoal (5%, 0.09g) in absolute methanol (60 ml). m.p. 90°C.

Mass spectrum: m/z 284 (M, 10%); 226 (42); 138 (100); 137 (58).



11.3 Hz, H2); 4.32 (m 1H, H2), 4.95 (d, 1H J 7.9 Hz, H4), 6.60-6.93 (m
ArH)y, 7.23-7.33 (m ArH), 7.49 (d, J 8.7 Hz, ArH). 5 For

ci s-7-acet oxy- 3' - nmet hoxyi sof | avan-4-ol; | H NWR (CD013)14®|°2’92@b?r52°%?l-|
oCcoCcH3), 3.30 (dt, 1H, J 3.3 Hz, J 11.7 Hz, H3), 4.31 (m 1H, H2); 4.58
(dd, I'H 3 10.5 Hz, 11.7 Hz, H2), 4.81 (bs, 1H, H4), 6.60-6.93 (m ArH),
7.23-7.33 (m ArH), 7.49 (d, J 8.7 Hz, ArHB- 10 Exanple 17

4' | 7-Di acet oxy-3' - met hoxyi sof | avan-4-ol Cis- and

trans-4' - 7- dbapaheyacaox s avaN4ss1f Ilavramrm(cxbcwg% meqﬁrm bCcowH;), 3.17 (m,
4' -7-di acet oxy- 3'-nethoxyisoflavone (0.25g, O. 1)
pal | adi um ohHcHE),dedl (t,(1544] 1@. @HQ)HEh4r3ﬁt(hlahHl H?-I S@‘?lﬁi)lfbyl & thnHﬂhcﬁcﬁO 6.73

R (Coos) IRgRery 0836 £ PR el 2420 Sp sy Tab 018 20 A1 o
8.7 Hz, 12.5 Hz, H3),3.79 (s, 3H, Ow), 426(dd | H, J94Hz 113Hz

H2); 4.32 (m 114, H2), 4.93 (d W3 7.9 H4), 6.62-6.73 (in, E}
6.81-6. 91 Y Rer w%ace@xmoﬂam 4(-% ﬂrTﬂ)’lR (ﬂm@ﬂ(éﬂﬁ(s BLIOCOAHS),, 3$3z(9t( J

9.0 Hz, 20 t \ Vv

(CDC13): 8 55341%’%. 3@%5@@%%& M%éﬁ ? %ﬁﬁﬁz 43803(Jgﬁizw\ﬁ\lﬂﬂ 3
Hz, H3), 3.880{673 G AENEY.084d,318.1 Mz, AH), Iﬂ&)m 3R A, 7.49 (d, J 3.710, AdHE). H2),
4.82 (bs, I'll, H4), 6.62-6.73 (m ArH), 6.81-6.91 (m ArH), 25 6.99-7.05
(m ArH), 7.30 (d, J 8.3 Hz, ArH), 7.48 (d, J 9.0 Hz, ArH). Exanple 18

7- Acet oxyi spihmpsnrgt-ol G s- and trans-7-acetoxyisoflavan-4-ol was prepared
from 7-acet oxyi sof | avone (0.4g, 1.4 30 mol) and pal |l adi um on-charcoal (5%
0. 09g) i nlUat'sod-liriacetaxtiise #W(IBQ-OM) mp. 90C. Mass spectrum mlz 284 (M

109 226 ( ﬂé)aduﬁﬁ-%n(cﬁgﬁ})al (]53’67, 0(@%3 Wa}édm\{g qt&ﬁgpcgs%}? of @% ,8-triacetoxyisoflavone

(0.5g, 1.3 mmol) in methanol (100 ml) and the mixture was stirred at rcom temperature
under a hydrogen atmosphere for 55h. The catalyst was removed by filtration through Celite
and the filtrate was evaporated in vacuo to yield 4',7,8-triacetoxyisoflavan-4-ol in

15 quantitative yield. A nuclear magnetic resonance spectrum revealed the product to be a
clean 1:1 mixture of cis- and frans-4',7,8-triacetoxyisoflavan-4-ol. Mass spectrum: m/z 400
(M, 5%); 358 (12); 298 (12); 256 (24); 196 (20); 162 (70); 154 (100); 120 (80).

For trans—4',7,8—t1iaceioxyisoﬂaﬂn-4-61; 'H NMR (CDCl3): § 2.28, 2.29. 2.31 (each s, 3H,

20 OCOCH3), 3.20 (m, 1H, H3), 4.27 (dd, 1H, H2); 4.37 (m, 1H, H2), 4.93 (d, 1H, J 7.9 Hz,
H4), 6.78 (d, 1H, J 8.3 Hz, H8), 7.09 (m, ArH), 7.11-7.31 (m, ArH), 7.39 (d, 1H, J 8.7 Hz,
ArH). |

For cis-4',7,8-triacetoxyisoflavan-4-ol; 1H NMR (CDCl3): 6 2.30, 2.31, 2.32 (each s, 3H,

25 OCOCH3), 3.35 (m, 1H, H3), 4.38 (m, 1H, H2); 4.57 (t, iH, ] 10.6 Hz, H2), 4.75 (bs, 1H,
H4), 6.78 (d, 1H, J 8.3 Hz, HR), 7.09 (m, ArH), 7.11-7.31 (m, ArH), 7.39 (d, 1H, J 8.7 Hz,
ArH).

Example 20
30 7,8-Diacetoxy-4-methoxyisoflavan-4-ol



For trans-7-acetoxyisoflavan4-ol; 1H NVR (CDC13): S 2.29 (s, 3H OCOCH3) ,
3.17 (m 1 H H3), 4.27 (t, 1 H J 10.6 Hz, H2); 4.3 Oéﬁ‘ b 'ﬁ034 97
(d, 1 H J 8.3 Hz, H4), 6.60-6.73 (m ArH), 7.08 (d, PVRMbE
7.23-7.37 (tn, ArH), 7.49 (d, J 8.7 Hz, ArH). 5 For

ci s-7-acet oxyi sofl avan-4-ol; 1H NWMR (CDC13); 8 2.30 (s, 3H, OCOCH3), 3.33
(dt IH, J 3.4 Hz, J117Hz,H3)436'( T H, H2)462(t 1H, J 10.5

Hz, 142), 1H 114 60-6.73 (m ArH), 7.08 (d, J 8.7 Hz, Ar
3-7.37 (n? gﬂslﬁﬁﬁﬂv'ﬂr@ xyigoflavanid,ol o pps Exprepared 19 fign  7,8-dihydroxy-4'

, 7,8-Triac 0 d
o' & suspensheRoKEAENTR0 0L L noB In e lBnS A RY by pludfidn ﬁﬂ%&?{%ﬁ%‘ol
100 nl) and(5Uhd.08gx by the metbodddscriead above.oom t enperature under a hydrogen
t rosphere for 55h. The catal yst was renoved by filtration through Celite
and the filtrate was evaporated in vacuo to yield
4' , 7, 8-11i 3CRIrORAsSRE a0 xfia Ghethdiyld flAVANE ol AkH mm'(@btl )Aarmbe@r:so%%lﬁy c
r esonance spectrum reveal ed the product to be a clean 1 i m xture of cis-
and trans- 4'3H, GEO0H . bk{dd d,olfHdv&a?nHi, BLHz)VHE S HepHBY,3u78 (spdH, @01)13)(4&458@,,

Crans- 4 7. o] SbSbol bR S FRhinty 1R Pkl ettt 78 2o by, €98 58, 1, 506
(each s, 3H Hg, )\%F%gﬁmfﬁ) 2@3(1&2%&'4&:‘5@ 73&53'4 s(dsz,ﬂ;flgig)) H2); 4.37 (m 1H,

H2) , 493(d 1H, , 7.09 (m ArH),
7.11-7.31 (m ArH), 7.39 (d, 1HJ87Hz Ar H)

CLo i T DR SR, A o LI %%*%&CD% FAUPEITC CEET
%01? $Z31H(237?C?r z{)fa) (3 glelH HA3.0 &ﬁ&i@'l{z,lﬁs) J3 8o Esxhln dt@lga 4.38%mh, niHAHb? 1

7, 8-Di acet o>®5'h(tnéthi94ﬁsfét,I}é2)aﬁ7ﬂ(bﬂ 1H1 H&)véﬂﬁe{d IZI@,O.BS»‘SZHZ, H6) 6.90 (m, ArH),
7, 8- Di acet OX%Iﬁ?.rﬁt(ﬂoﬂﬁf“?Hﬁﬁ,aﬁ.é}ﬂm prepared from 7, 8-di hydroxy-4' -

7.
4'
t
(
a

15 Example 21
4',7-Diacetoxy-8-methylisoflavan-4-ol -
Palladium-on-charcoal (5%, 0.12g) was added to a suspension of 4',7-diacetoxy-3-
methylisoflavone (1.0g, 2.8 mmol) in methanol (200 ml) and the mixture was stirred at room

. temperature under a hydrogen atmosphere for 55h. The catalyst was removed by ﬁltration

20 through Celite and the filtrate was evaporated in vacuo to yield 4',7-diacetoxy-8-
methylisoﬂavan—4—ol in quantitative yield, m.p. 135-37°C. A nuclear magnetic resonance
spectrum revealed the product to be a clean 1:1 mixture of cis- and trans-4',7-diacetoxy-8-
methylisoflavan-4-ol. Mass spectrum: 356 (M, 53%); 254 (86); 253 (100); 240 (80); 196
37).

25 , _
For trans-4',7-diacetoxy-8-methylisoflavan-4-ol; 1H NMR (CDCl3): 8 2.02 (s, 3H, CHj),
2.30, 2.31 (each s, 3H, OCOCH3), 3.15 (ddd, 1H, J 3.8 Hz, 8.6 Hz, 11.7, H3), 4.27 (d4, 1H,
1 9.4 He, 11.3 Hz, H2); 4.39 (m, 1H, H2), 4.92 (d, 1H, ] 7.5 Hz, H4), 6.64 (d, 1H, J 8.0 Hz,
Hé6), 7.06-7.32 (m, ArH).

30
For cis-4',7-diacetoxy-8-methylisoflavan-4-ol; 'H NMR (CDCl3): & 2.02 (s, 3H, CHj3), 2.31,
2.32 (each s, 3H, OCOCH3), 3.28 (dt, 1H, J 3.4 Hz, J 11.7 Hz, H3), 4.40 (m, 1H, H2); 4.58




met hoxyi sof | avone (0.4g, 1.1 rnnol) in nmethanol (120 m) using

pal | adi um on-charcoal (5% 0.08g) by the nethod descri aboye
trans-7, 8-di acet oxy- 4- met hoxyi sof | avan-4-ol; 1H NWR (Cﬂ%i@ \ﬁf @052 30

(each s, 3H, OCOCH3), 3.14 (ddd, 1H, J 3.9 Hz, 9.2Hz, 12.5 Hz, H3), 3.79
(s, 3H OCH3), 4.24 (dd, | H J 9.6 Hz, 5%2 Hz, H2): 4.35 (m | H H),
4.92 (d, 1H J 7.8 Hz, H4), 6.78 (d, | 8.6 Hz, H6),6.90 (m ArH),

113722 (g Aty aal 89 £l B o o Hh 0 o am g 5.4, 1) 306,732

(each s, 3H(m@ﬁqp-|3,329(dt | H, J30H2J120Hz H3), 3.80 (s; 3H,
OCH3), 4.36 (m IH H2); 4.57 (t, I H J 10.6 Hz, H2)475-(bsIHIH4),
6.77 (d, IH J 8.6 Hz, H6), 6.90 (m ArH), 7.13-7.22 (m ArH), 7.38 (d, J
8.6 Hz,, Ar @mwﬁeﬁarrpl e 21 4',7-D acet oxy-8-nethylisofl avah-4- ol

Pal | adi um on-charcoal (5%, 0.12g) was added to a suspension of

4' | 7-di acel 3%T-Bacetexty8-metipfisefloma-4-8l 0g, 2.8 mml) in methanol (200 m) and

the m xture rogm t erat ure dro for
55h. The. cad e pircel SRyt FET Faf pishist RER AR R RS e
filtrate wag 25207 HuB6l) il nvclidhd! (50 HilEhsing’ paﬂadihﬂctﬁi-ﬂiﬁycc&i (5%, 0.06g) by the
met hyl i sof avan-4-ol in quantitative yield, mp. 135-37C. A nuclear magnetic
resonance Sstodrdesirihed abe¥ed the product to be a clean 1:1 mixture of cis-
and trans-4',7-di acet oxy-8- nethylisoflavan-4-ol. Mass spectrum 356 (M
53%; 254 (86) 253 (100); 240 (80); 196 (37). 25 For

trans-4', mﬁmam.ﬁxw&amwyyhmﬁ)ﬂlwﬂwan-ﬁebl IHI—NM\RR(CDQQEB)’S 2.83 As.03( €H3BH,

e 9 taei o G B 1l 148 i B il
-3 7o Dol OB b o (B, Bl £84 o JuOPRE L2 AR oBs 150 7,

CH3), 2. 31, Hz2HBR 6(38aT:30 &m, B#H). OCOCH3) , 3.28 (dt, IH J 3. 4 Hz, J 11.7 Hz,
H3)., 4.40 (m 1H, H2): 4.58

15 For cis-3',7-diacetoxy-8-methylisoflavan-4-ol; 'H NMR (CDCl3): 6 2.05 (s, 3H, CH3), 2.30,
2.32 (each s, 3H, OCOCH3), 3.32 (dt, 1H, J 3.4 Hz, J 12.0 Hz, H3), 4.39 (m, 1H, H2); 4.59
(dd, TH, J 10.5 Hz, 1L 7Hz, H2), 4.80 (bs, 1H, H4), 6.68 (d, 1H, J 8.3 Hz, H6), 6.98-7.39
(rn ArH)

20 Example 23
7-Acetoxy-4'-methoxy-8-methylisoflavan-4-ol
7-Acetoxy-4'-methoxy-8-methylisoflavan-4-ol was prepared from 7-hydroxy-4'-methoxy-8-
methylisoflavone (0.25g, 0.8 mmol) in methanol (50 ml) using palladium-on-charcoal (5%,
0.08g) by the method described above. This hydrogenation reaction predominantly yicided

25 the trans-isomer.

For trans-7-Acetoxy-4'-methoxy-8-methylisoflavan-4-ol; TH NMR (CDCl3): & 2.02 (s, 3H,
CHa3), 2.32 (s, 3H, OCOCH3), 3.11 (ddd, 1H, J 3.8 Hz, 5.4 Hz, 12.1 Hz, H3), 3.80 (s, 3H,
OMe), 4.25 (dd, 1H, ] 9.4 Hz, 11.3 Hz, H2); 4.40 (dd, 1H, J 3.8 Hz, 12.6 Hz, H2), 4.92 (bd,

30 1H, H4), 6.67 (d, 1H, J 8.3 Hz, H6), 6.89 (d, 2H, J 8.7 Hz, ArH), 7.16 (d, 2H, J 8.7 Hz,
ArH), 7.34 (d, 1H, ] 8.3 Hz, HS).




14 Novenber 2003 -25 (dd, 1 H J 10.1 Hz, 11.7 Hz, H2), 4.78 (bs, | H H4),
6.67 (d, 1H, J 8.0 Hz, H6), 7.06-7.32 (m ArH) . Exarrpl 5

31, 7- Di acet oxy-8-net hyl i sof | avan-4-ol 3',7-Di acetoxy-8 %ﬁﬁ%l‘k‘?ﬁﬂ%ﬁﬂi‘n-m ol
was prepared from 3", 7-di acet oxy- 8- net hyI i soflavone (0.25g, 0.7 mml) in
met hanol (50 m) using palladium on-charcgg (5% 0.06g) by the nethod
descri bed above. 10 For trans-3',7-di acef 6Xy-8-net hylisofl avan-4-ol; 1H NWMR
(CbC13): S 2.03 , 3H, CH3), 2.30, 2.32 (each s, 3H OCOCH3), 3.18 (ddd,
1H, J38I—Exa‘BP 442 12.1 Hz, H3), 4.28 (dd, IH J 9.0 Hz, 10.9 Hz, H2);
4.39 (m 4. . , 6.65 (d, I H J 7.9 Hz,
H6), 6. 98 7. 39 nﬁmﬁF% ng%go*—"oh mgth?&@#-{’g?gé%lt oxy- 8- net hyl i sof | avan-4-ol ;

I H NMR (CDOl,’?)-Dla’Bethf}B'—(nsthOSHS rﬁbt&)rhsa’nasm-ﬁr-oz 82s (wemaneds , fr@hi, 4CDdI§H&)JXy3 -32

dt, IH J 3.4 . HOHD): 4
I(-lz, 11. 7 HZmefoyy- 31“%‘%%‘(%5@3"%2% : 67 ‘E% in “12-3&“81 E:‘l?%mll?z"‘3111%)"‘?‘14 %d“:b%‘ G/“ 39
(m ArH) . s28aRwRIpe 0287g )Bﬁ/ﬂs&h@%dﬂesdmwew@ met hyl i sof | avan- 4- ol

7- Acet oxy-4' - et hoxy 8- et hyl i sof | avan-4-ol was prepared from
7- hydr oxy-4' - thoxy 8- - thyI i sof | avone (0.25g, 0.8 nmmol) in nethanol (50

m) using pall Uo0lad eu%{,f? Msn%t@ﬁgg)g%nm Wﬁtxﬂ ) )bsdzam]age-

Thi s hydroge%a{?'gn om-nan d 25t ans- sorrer

trans-7-Ac ejl@WH§) 2158t @gzxea%h @remyd)cmf}kﬁvws &ml 1H| 1 3‘18 Ms(mglﬁ)z; HS, B3§)2
(s, 3H CH3)’, 2732 (s OCOCH3) d, J 3. Hz, 12.1
Hz, H3), 3. B9 ((s 3H%I€?Me ,(dd, PH, { ad) He, H 3 BIZQHZ) Hz41 fDL !ﬁ,l—EZ), (d4 155 J

(go H'e) gy 1 g, 3850 B ﬁ%ﬁ)%y@% G2 eyl g oy 8 i”ﬁ% e A

1 H J 8.3 M6 (d9H, J 8.3 Hz, ArH).

For cis-3',7-diacetoxy-8-methylisoflavan-4-ol; TH NMR (CDCl3): 6 2.05 (s, 3H, CH3), 2.30,
2.32 (each s, 3H, OCOCH3), 3.29 (dt, 1H, J 3.4 Hz, J 11.7 Hz, H3), 4.40 (m, 1H, H2); 4.5

15 (t, 1H, J 10.5 Hz, H2), 4.81 (bs, 1H, H4)}, 6.67 (d, 1H, ] 7.9 Hz, H6), 6.75-6.92 (m, ArH),
7.03 (d, 1H, J 8.3 Hz, ArH), 7.33 (d, 1H, J 8.3 Hz, ArH).

Dehydration Reactions

20 Example 25
4',7-Diacetoxydehydroequol (4',7-Diacetoxyisoflav-3-ene)
Method A
Distilled trifluoroacetic acid (0.1 ml) was added to a solution of cis- and rrans-4'.7-
diacetoxytetrahydrodaidzein (0.1g) in dry distilled dichloromethane (15 ml) and the mixture
25 was refluxed under argon. Progress of the reaction was monitored by thin layer
chromatography and further 0.1 ml portions of trifluoroacetic acid were added. Afier
refluxing for 4 hours, the reaction mixture was cooled and washed successively with

saturated sodium bicarbonate solution, water and brine. The resulting organic phase was

dried, concentrated, chromatographed and crystallised to yield 4',7-diacetoxydehydroequol
30 as colourless prisms (0.034g, 35%). 'H NMR (CDChL + ds-DMSO): & 2.29 (s, 3H,
OCOCH;), 2.31 (s, 3H, OCOCHa), 5.15 (s, 2H, H2), 6.62 (bs, 1H, H4), 6.65 (dd, 1H, J 2.1
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4' , 7-Di acet oxy- 3' - net boxy- 8- net hyl i sof | avan- 4- ol

4" 7-Di acet oxy- 3' - net hoxy- 8- et hyl i sof | avan-4-ol was priéddip¥empes2003

4' | 7-di acet oxy=3"' - net hoxy-8-nethylisoflavone (0.25g, 0.7 mmwol) in methanol
(50 M) using palladiumon 5 charcoal (5% 0.07g) by the nmethod descri bed
above. For trans-4', 7-di acetoxy-3' -nmet hoxy2’- met hyl i sof | avan-4-ol; 1H NVR
(CDC13): 8 2.05 (s, 3H, CH3), 2.30, 2.32 (each s, 3H, OCOCH3), 3.18 (ddd,

| H, J 3.8 HAlz 823134H6).16.75 (bsz IHHBIB), 7.06 @ 16} 8HHzG\D) 7.12 (Q.2H,d8.2 Hi, AYH), 0
Hz, 11.3 Hz, oA 1 112), 4.93 (d, IH J 10 7.9 Hz, H4), 6.64 (d,
| H J7.9 ﬂ&%iz‘ﬁa}é’ﬂ&%%@'(m ArH). 7.00 (d, 111, J 7.9 Hz, ArH), 7.16
(d, I H J 8.3 Hz, ArH). For cis-3",7-diacetoxy-8-nethylisoflavan-4-ol; IH
NVR (CDC13): .8 285 (s, 3H, CH3), 2.30, 2.32 (each s, 3H, OCOCH3), 3.29
(dt, 1H, J MethedB 3711 7 Wz, H3), 4.40 (m 1H, H2): 4.59 15 (t, | H, J 10.5
e, FD), s Bindmendiitic Mg BBT gk Hideh T Eotudfh) qr0BS f1e° 7.
AH), 7.03§_(d, I Jw8.3_Hz(_,@ 2 s Bl o % oo ot Al
Dehydr at i on dRéeiokytemahydeodaideaip (8.128) in'drydiBiibekdicdomateiume ¢ifunl) and the mixture
(4',7-Di acet.oxyi] V- 3-en Mephod A Distilled trifluoroacetic acid (0.1
n) was addé%ét%)e?]g&é‘%luﬁg Fror?? %01“' ci igmg&eﬁﬁ Tr Affs FRCHO was monitored by fhin lag'er
di acet oxyt ethrematygshy ool ofter Othlg) refluxclthe fHasfidd hicturd ohd piRe thratgh @lshom )

and the mxture 2 s refluxed under argon. Progress of .the reaction was
noni t or ed bﬁgl_f’ﬂ'r“n 9§a§ Wcﬁ?br?&god'ﬁ%pﬁva%tng“?rﬁ?‘f%‘?‘{ Oé‘immeﬂ‘ﬁﬁ?lt itBné”%‘? 4;_"'
trifl uor ops alakétoRfdetly Y8t fuat dsl&lourfst §Fisms gj_bzl_:}(%%%)pr 4 hours, the reaction
m xture was cool ed and washed successively wt saturated sodi um

bi carbonate solution, water and brine. The resulting organi c phase was
dried, concepipfted, chroonatographed and crystallised to yield ‘

4' , 7-di acet oxydehydroequol 30 as col ourless prisnms (0.034g, 35%. 'H NWR
(CDCA 3 + d6Phipliprous pentegidesSgBMas added with stirring to a solution of cis- and trans-4',7-

diacetoxytetrahydrodaidzein (1.0g) in dry dichoromethane (80 ml). The mixture was stirred
15 at room temperature for 2 hours and filtered through a pad of Celite. The dichoromethane

solution was concentrated and chromatographed on silica gel to yield 4',7-

diacetoxydehydroequol as colourless prisms (0.64g, 67%).

Example 26
20 7-Aéetoxy—4'-methoxyisoﬂav-S-ene
Phosphorus pentoxide (1.0g) was added with stirring to & solution of cis- and #rans-7-
acetoxy-4'-methoxyisofiavan-4-ol (0.1g, 0.3 mmol) in dry dichloromethane (20 mli). The
mixture was stirred at room temperature for 2 hours and filtered through a pad of Celite.
The organic phase was concentrated and chromatographed on silica gel to yield 7-acetoxy-
25 4'-methoxyisoflav-3-ene (0.04g, 42%). 1H NMR (CDCl;); & 2.28 (s, 3H, OCOCHS3), 3.83
(s, 3H, OCH3), 5.14 (s, 2H, H2), 6.61 (dd, 1H, J 2.3 Hz 6.4 Hz, H6), 6.65 (d, 1H, J 2.3 Hz,
HR), 6.69 (bs, 1H, H4), 6.92 (d, 2H, 1 9.0 Hz ArH), 7.04 (d, 1H, J 7.9 Hz, H5), 7.37 (d, 2H, J
9.0 Hz, ArH).

30 Example 27
3',7-Diacetoxydehydroequol (3',7-Diacetoxyisoflav-3-ene)
3',7-Diacetoxyisoflav-3-ene was prepared from cis- and trans-3',7-diacetoxyisoflavan-4-ol

(0.2g, 0.6 mmol) in dry dichloromethane (50 ml) using phosphorus pentoxide (2.0g). Yield:




OCOCH3), 2.31 (s, 3H, OCOCH3), 5.15 (s, 2H, H2),6.62 (bs, 114, H4), 6.65
(dd, 111, J 2.1 14 Novenber 2003 -27 Hz 8.2 Hz, H6), 6.75 (bs, 1H_H3), 7.06
(d, i H J 82 H 1-15), 7.12 (d, 2H, J 8.2 Hz, ArH), 1A Novembes 2003 g >
Hz, ArH). Method B 5 p-Tol uenesul fonic acid (0.02 g) was added to a solution
of cis- and trans-4'7- diacetoxytettahydrodaidzein (0.1 g) in dry distilled
di chl oronet hane (15 mM) and the nixture -@8s refluxed under argon. Progress
of the reaction was nonitored by thin | ayer chronatography and after 4h at

reflux, the (0.094864). HHXUMR(CBSI;RISEBaid 2, gygéacﬁssmr(bcomhglrmmts SHI, 19,
gel and the el uant recrystallised from ethanol o yield 4
di acet oxydelyfdr@etfdol 2.3 41z B8 frbleld, i shd Hzol. @21‘1 46).26.99 (bsvéthﬂ),d 02-7.15

Phosphorous with stirring to a solution of cis- and
trans-4', rﬁ acéliglL te?ra‘h @frio aqﬁﬂél n (1.0g) in dry dichoronethane (80
m). The mxture was stlrred 15 at roomtenperature for 2 hours and

filtered through a ad of Celite. The dichoronet hane sol ution was
concent r atb§XaMPIEE} onat ographed on silica gel to yield 4",

di acet OXydebyﬂ&@ﬂU?Lm@ﬂm ﬁ&iﬂ'ﬂk@é@owlﬁéﬁnfﬁ3%ch(ﬁ?ls@ﬂav@%%@| e 26 20

7- Acet oxy-4' - met hoxyi sof | av-3 hosphorus pentoxi de (1.0g) was added with
stir-ring taé-4e inprthaxyissflev-3zand  MaAs prepatedetfonn - 4is- mand ofynsdfaceiezni=%- ol

(0.1g, 0.3 I at
room t enper g{aﬂ C)xy SlaﬂgJ h‘ghlf@ﬁ @%gié%agh%lﬂaﬂo%ﬁ%%? é?%fﬂﬁé pﬁ&%ﬂo‘é&
organi ¢ phapanmae qmog)e NYTedd: €0l 1 8#06304)r CFBEN®R aQDEN;)08 2528 @s:&l—lgelcocmwg elss
7-acetoxy 25 4' -net hoxyi sofl av-3-ene (0.04g, 42% . 1H NWR %CDClS

(s, 3H O8o&H3H, MeB 5.105(s, 2l HAig60;6.67 {Lm, 24, , 628 (bsg 1153 Hedy, 8411406\](%

JHZg.604HzHZAr|l§§l)’q‘?ﬁb?%(5(a[ii '1}#4686]9@"9@5!@,2 H5) 7.276(9d,(bZ’14! H:J Hg) 06Hg,2 ,(A?H) .2H

Example 29
4',7-Diacetoxy-3'-methoxyisoflav-3-ene

15 4',7-Diacetoxy-3"-methoxyisoflav-3-ene was prepared from cis- and trans-4',7-diacetoxy-3'-
methoxyisoflavan-4-ol (0.20g, 0.5 mmol) in dry dichloromethane (20 ml) using phosphorus
pentoxide (2.0g). Yield: (0.11g, 58%).

Example 30
20 7-Acetoxyisoflav-3-ene
7-acetoxyisoflav-3-ene was prepared from cis- and trans-7-acetoxyisoflavan-4-ol (0.4g, 1.4
mmol) in dry dichloromethane (60 ml) using phosphorus pentoxide (5.0g). Yield: (0.2g,
53%). -!H NMR (CDCl3): & 2.29 (s, 3H, OCOCH3), 5.18 (s, 2H, H2), 6.61-6.67 (m, 2H,
ArH}, 6.79 (bs, 1H, H4), 7.07 (d, 1H, ] 7.9 Hz, H5), 7.23-7.45 (m, 5H, ArH).
25
Example 31
4',7,8-Triacetoxydehydroequol (4',7,8-Triacetoxyisoflav-3-ene)
Phosphorus pentoxide (5.0g) was added with stirring to a solution of cis- and rrans-4',7,8-
triacetoxyisoflavan-4-ol (0.5g, 1.3 mmol) in dry dichloromethane (50 ml). The mixture was
30 stirred at room temperature for 2h and filtered through a pad of Celite. The resulting
solution was concentrated and chromatographed on silica gel to yield 478-

triacetoxyisoflav-3-ene (0.3g, 63%). 'H NMR (CDCl3): & 2.29, 2.31, 2.32, (each s, 3H,



30 Exanple 27 3',7-Di acet oxydel i ydroequol (3',7-Di acetoxyisofl av-3-ene)
3',7-Di acet oxyi sof | av- 3-ene was prepared fromcis- and

trans-3', 7-di acet oxyi sof | avan-4-ol (0.2g, 0.6 rnnol) i 14 prem%{lz&ognet hane
(50 m) using phosphorus pentoxide (2.0g). Yield: 14 Novenber 2003 -28-
(0-09g, 48% . 1H NMR (CDC13) 6 2.29 and 2.32 (each s, 3H, OCOCH3), 5.14 (s,
2H, H2), 6.61 (d, 1HJ .3 Hz, HB), 68(dd,IH,J2.3Hz7.9Hz, H6) ,
6.79 (bs, 7.02- 7.25-7.44 (m_ 2H, Arl14). 5
Exanpl e 28 p%éd'{dé}(); Iél(srﬁﬂ myé@]@d,lgehgéﬂz, Hb), 6.75 (bs, fH, H4), 6.97 (d, %H,J7.9
(7- Acet oxy S ofy| oxyi sof | av- 3- ene was:
pr epar ed frg{nz’f gi:gihﬁa ?lfflaﬁgﬁ’[ %ﬁ)b'?h@:%ﬁ))jt%h@? %gl avan-4-ol (0.25g, 0.8
mol ) in dry di chI oronet hane (20 m ) using phosphorus pentoxide (2.09).
Yield: (0.1 y /g "H NWR (CDC13): 8 2.28 (s, 3H, OCOCH3), 3.85 10 (s, 3H,
oVe), 5. 15 40), 6.60-6.67 (m 2H, ArH), 6.78 (bs, 1H 144),

6.84-7.06 i"!}S-DﬂJéet -H)-meﬁmﬁ Jlﬂ'dH'équt;l qBﬁDiﬂetﬁmme%%bﬁag—g—ene)

4'  7-Di acet oxy- 3' - met hoxyi so -ene
4 7-Di acet B»SyD@cetm-ﬂmh@mﬂo@w-é—e@newaﬁasrepareqbefmd cisr gard orans-ahdiacetoxy-4-

t 4'

e eBRS) k45 QAL N by Qo ATDllnd PPl
589%) . ExanpbmtBﬂdQQS'ﬂgP\CY‘icmw(DS@g,l a7%3}- elie Waceu:p&w)sefi asr 33en@ayms, 3H,
prepared fromcis- and trans-7-acetoxyisoflavan-4-ol (0 1.4 mmol) in

dry dichl or@t@ﬁ@ﬂﬂe-”@é(ﬁs AH, QlngSphés b HD, @éﬂt(bﬁxﬂb?efi% ©3} (4, Vith| 1i8.3(z,2g,
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Example 33

4',7-Diacetoxy-8-methylisoflav-3-ene |
Phosphorus pentoxide (3.0g) was added with stirring to a solution of cis- and trans-4",7-
15 diacetoxy-8-methylisoflavan-4-o0l (0.55g, 1.5 mmol) in dry dichloromethane (25 m!).r The
mixture was stirred at room temperature for 2h and filtered through a pad of Celite. The
resulting solution was concentrated and chromatographed on silica gel to yield 4',7-
diacetoxy-8-methylisoflav-3-ene (0.25g, 48%). m.p. 140°C. !H NMR (CDCl3): & 2.04 (s,
3H, CH3), 2.31, 2.32 {each s, 3H, OCOCH3), 5.16 '(s, ZH; H2), 6.61 (d, 1H, J 8.3 .Hé, H6),
20 6.75 (bs, 1H, H4), 6.94 (d, 1H, J 8.3 Hz, HS), 7.13 (d, 2H, J 8.7 Hz, ArH), 7.45 (d, 2H, J 8.7
Hz, ArH). Mass spectrum: m/z 339 (M+1, 6%); 338 (M, 26); 296 (48); 254 (90); 253 (100).

Example 34
3',7-Diacetoxy-8-methylisoflav-3-ene

25 3,7-Diacetoxy-8-methylisoflav-3-ene was prepared from cis- and frans-3',7-diacetoxy-8-

methylisoflavan-4-ol (0.25g, 0.7 mmol) in dry dichloromethane (20 ml) using phosphorus
pentoxide (2.0g). Yield: (0.13g, 54%) m.p. 116°C. 'H NMR (CDCls): 8 2.04 (s, 3H, CH3),
2.31, 2.32 (each s, 3H, OCOCH3), 5.16 (5, 2H, H2), 6.61 (d, 1H, J 8.3 Hz, H6), 6.79 (bs, 1H,
H4), 6.92 (d, 1H, J 8.3 Hz, ArH), 7.05 (dd, 1H, J 2.0 Hz, 8.0 Hz, ArH), 7.15 (s, 1H, ArH),

30 7.26 (d, 1H, J 8.0 Hz, ArH), 7.37 (1, 1H, J 8.0 Hz, ArH). Mass spectrum: m/z 339 (M+1,
15%); 338 (M, 22); 296 (54); 254 (30).




Exanple 31 4',7,8-Tri acet oxydehydroequol (4',7,8-Triacetoxyisofl av- 3 ene)
Phosphorus pentoxide (5.0g) was added with stirring to oI ution CI S-
and trans-4',7,8- triacetoxyisoflavan-4-ol (0.5g, 1.3 Wt{?ﬂ?

di chl oronet hane (50 m ). The m xture was 30 stirred at roomterrperature for
2h and filtered through a pad of Celite. The resulting solution was
concentrated and chromat ographed on si Iicéogel to yield 4, 7, 8-
triacetoxyisojlav-3-ene (0.3g, 63%9. 'H NWR (CDC13): 8 2.29, 2.31, 2.32,
(each s, 3I—Exa1:ﬂpmc3\5errber 2003 - 29 OCOCH3), 5.15 (s, 2H, 112), 6.72 (d, |1

H J 83 H 75 97 (d, 1 H J 7.9 Hz, H5), 7.12 (d,
oH, 3 8.7 I—EARF y%nﬂ‘l?)gf-&mmgf%"- “’“"AﬁH) Exanple 32 5 : (

7, 8- Di acet Oxy{mémﬂ’ja.mh@&mdﬁm%aﬂgﬁﬁdﬂa@ﬁ-&mﬁt@mélffdmthIQWﬂgU&ﬂsaTﬁa&tmqe)
7, 8- Di acet oxy-4- met hoxyi sof | av- 3-ene was gdm%a ed fr mcis- 9
trans-7, 8- d‘i-&@é‘t‘@‘% - W%‘Ph@\?&ﬂmg ph ingry dichloramg al}e( o) using

T MR VBRI OIS G S5
OCH3), 5. 144 SCHZ)HQ 3'1*%); ﬁ)@ @@o(ctﬂai;sﬁ(s Hﬂ,,oﬁeyls K6Ks, mHi{zJ @ss (424 H,108. B|6)

6.90 (d, 2H | )y 7530, (020 ] 8.6
Hz, ArH). Eﬂarﬂﬂ)efiﬁ& (bls, 11, BdadePbid; 184 mse'iﬂ%lﬂébﬁﬁé\id eI BH@?SWB@U%” (d,

Penton i 00t ASE A Rkt 0 AP (IO BQEN 0 oy 100 152

di chl or onetdggna362&)n) ). The mxture was stirred at roomterrperature for 2h

and filtered through a pad of Celite. The resulting solution was

concent rdfed and chromat ographed on silica gel to yield 4',7-

di acet oxy- Spfhh I3iﬁsoflav 3-ene (0. 25g, 48% mp. 140C. |H NWR (CDCl3): 6

2.04 (s, 3H, ), 2.31, 2.32 (each s, 3H OCOCH3), 5.16 (s, 2H, H2), 6.61

(d, 1H, J o4'J-Piscetasy-3'-methoxysSmethylisoffavihsne 6 o4’ (4, 1 H J 8.3 Hz, H5),

7.13 (d, 2 . -cheB refll ﬁlbm VRS Sangip Aahs 4 T-

mz 339 (M TJ%%J‘”%%('@F%V gz‘é‘ghgﬁgs) abj'zg’S%e(‘é%z 53 (10
diacetoxy-3'-methoxy-8-methylisoflavan-4-ol (0.25g, 6 mmol) m dxy dichloromethane (25

15 ml) using phosphorus pentoxide (2.0g). Yield: (0.14g, 58%) m.p. 123°C. IH NMR
(CDCla): § 2.05 (s, 3H, CH3), 2.31. 2.32 (each s, 3H, OCOCH3), 3.88 (s, 3H, OMe), 5.16 (s,
2H, H2), 6.61 (d, 1H, J 8.3 Hz, H6), 6.73 (bs, 1H, H4), 6.94 (d, 1H, J 8.3 Hz, H5), 6.97 (dd,
1H, ] 1.9.Hz., 8.3 Hz, ArH), 7.03 (d, 1H, J 1.9 Hz, ArH), 7.05 (d, 1H, J 7.9 Hz, ArH).

20 Deprotection Reactions

Example 37

Dehydroequol (Isoflav-3-ene-4', 7-6101)

Imidazole (0.09 g) was added to a suspension of 4' 7-diacetoxydehydroequol (0.03 g, 0.09
25 mmol) in absolute ethanol (2.0 ml) and the mixture was refluxed for 45 min under argon.

The solution was concentrated under reduced pressure and the product was precipitated by

addition of distilled water (10 ml). The mixture was left overnight in the fridge and filtered

to yield dehydroequol. The crude product was reprecipitated from methanol by addition of

benzene to yield dehydroequol as fluffy white solid (0.012 g, 55%). 'H NMR (CDCl; + dg-
30 DMSO): 8 4.93 (s, 2H, H2), 6.26 (bs, 1H, H4), 6.29 (dd, 1H, J 2.0 Hz, 8.2 Hz, H6), 6.50 (bs,

1H, H8), 6.73 (d, 2H, J 8.2 Hz, ArH), 6.76 (d, 2H, ] 8.2 Hz, H5), 7.13 (d, 2H, ] 8.2 Hz,

ArH).



Exanple 34 3',7-D acetoxy-8-nethylisoflav-3-ene 25

3',7-Di acet oxy 8- net hyllsoflav 3-ene was prepared fromcis- and

trans-3', 7-di acet oxy- 8- met hylisoflavan-4-ol (0.25g, 0.1 Neyemhes 2003

di chl ororret hane (20 m ) using phosphorus pentoxide (2.0g). Yield: (0.13g,
54%9 mp. 116C. 1H NWR (CDCl1l3): 8 2.04 (s, 3H, CH3), 2.31, 2.32 (each s,
3H, OCOCH3), 5.16 (s, 2H, H2),6.61 (d, 1+§13 8.3 Hz, H6), 6.79 (bs, 1H,
H4), 6.92 (d, I H J 8.3 Hz, ArH), 7.05 (dd, IIl, J 2.0 Hz, 8.0 Hz, ArH),
7.15 (s, I H ArH), 30 7.26 (d, 1H, J 8.0 Hz, ArH), 7.37 (t, IH J 8.0 Hz,
ArH). Ivasslf ectrggn mz 339 (M+l, 15%; 338 (M 22); 296 (54); 254 (30).
14 Novenber 0 Exanple 35 7-Acetoxy-4'-meth oxy-8-nethylisoflav-3-en

e 7- Acet oxyr.Ay ﬂp@,j.bpmeﬁb@gmw@.gﬁéav 3-ene was prepared fromcis- and
trans-7- acet oxy- hoxy- 8- net hyl i sof | avan-4-ol (0.25g, 0.7 mml) in dry

di chl or onetlhradazoleX©.151) was a%:d ® pinsperisinmuel bemt@mﬂﬁne(ﬂzoxygspﬂawﬂ &ng (0068119,

385 (5. pé@%%aa&“g%lﬁ*@%l (52 5 gt il sptxed i35 i)
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i acet oxy- 3'pigRd Qﬁ&ym&r&?tt@é‘xélaoi%ﬁéﬁr -Befé) €The crude product was, recrystall:sed from
4'  7-Di acet o:ﬁ\{- met hoxy- 8- et hyl i sof | av- 3- ene_was pr fromgis-

trans- 4 . 7-methanebbenagng o rrigléh Fxhydsoxsf' wﬁhgwlp@twrﬁ-mfo(do 30‘22@6%) 0.8 HMI‘S

Y 9 oML GIERRLIANE RRRGIPS s U AIGRIRSIIS U8 LA 99§ 319923 etk
(each s, 3H.290aaCHR)J 23. BA &3 Hz3H6), @) (bsHIHEHE 6.8524, 11412;5361:5_1{5();16 86 (8, J
8.3 Hz, H6)2H,§'8?73Hg,bﬁfl:l)[-7;|§|3(cs_,MQH,"J%;‘)gﬁz.(XfH)% H J 8.3 Hz, H5), 6.97 (dd,

Example 39
15 Isoflav-3-ene-3',7-diol
Isoflav-3-ene-3',7-diol was prepared from 3',7-diacetoxyisoflav-3-ene (0.09g, 0.3 mmol) and
imidazole (0.3g) in ethanol (2.0 ml) as described for isoflav-3-ene-4',7-diol. Yield: (0.04g,
60%). 'H NMR (CDCIl3 + dg-DMSO): & 4.94 (s, 2H, H2), 6.21 (d, 1H, ] 2.0 Hz, H8), 6.29
(dd, 1H, J 2.3 Hz, 8.3 Hz, H6), 6.62 (m, 1H, ArH), 6.64 (bs, TH, H4), 6.75-6.82 (m, 3H,
20 ArH), 7.07 (1, 1H, J 7.9 Hz, ArH), 8.99-9.17 (bs, 2H, OH).

Example 40

3'-Methoxylsoflav-3-ene-7-ol

3'-Methoxylsoflav-3-ene-7-ol was prepared from 7-acetoxy-3'-methoxyisoflav-3-ene (0.1g,
25 0.3 mmol) and imidazole (0.15g) in ethanol (2.0 ml) as described for isoflav-3-ene-4',7-diol.

Yield: (0.06g, 70%) m.p. 75°C. TH NMR (CDClI3): 8 3.84 (s, 3H, OMe), 5.12 (s, 2H, H2),

6.38 (d, 1H, J 2.0 Hz, HB), 6.40 (dd, 1H, J 2.0 Hz, 8.3 Hz, H6), 6.76 (bs, 1M, H4), 6.84 (dd,

1H, J 1.9 Hz, 8.3 Hz, ArH), 6.95 (m, 3H, ArH), 7.29 (t, 1H, J 8.3 Hz, ArH).

30 Example 41
3'-Methoxylsoflav-3-ene-4',7-diol



I J 1.9 Hz, 8.3 Hz, ArH), 7.03 (d, IIl, J 1.9 Hz, ArH), 7.05 (d, I H J
7.9 Hz, ArH). 20 Deprotection Reactions Exanple 37 Dehydr uol

(1sofl av-3-ene-4',7-diol) Imdazole (0.09 g) was added ﬁﬁageﬁgbﬁé&q% of
4' 7 dlacetoxydehydroequol (0.03 g, 0.09 25 nmol) in absolute ethanol (2.0
m) and the m xture was refluxed for 45 m n under argon. The solution was
concentrated under reduced pressure and tkhe- product was precipitated by
addition of distilled water (10 m). The m xture was | eft overnight in the
fridge and fiMegoedsoflay-3-end-d, 'le&ﬂoydmmqpmbd frdied’ Grdiatetqxyotiurthosdoflav-3-ene

ae 1 Fuf Py, wiitle. Sof ey pargumigieobsfl 1o SRl (BHCRY o RsCabrRBOyLag o

5, 214 19388 S g, 8,00, e o 80 B

7.13 (d 2|‘H2)! 633 1(dHEH, J Az, H, m@iﬂpen JZQQOHZ 3:5 IE%,&F!@) 6.73qbs, IH H4) 6.83

7- Hydr oxy- 4’ - rret hexyi sof | av- 3-en gﬁ% s added 't

suspensi o @ 1H. 4 cge'{H%yAﬂ'l)- ﬁeqtzﬁéﬁyzliao‘fl Q\HZ\BBé‘n@Z’(@T 3145(%IH2JH1‘1%W ki z
absol ute etﬁ@@qlﬁ(@a&snﬁi pg the mixture was refluxed for 45 mnutes under
argon. The sol'uti was concentrated under reduced pressure and the product
was preci pltated by addition of distilled water (10 mM). The m xture was

| ef t overnlﬂ { fridge and filtered to yield isoflav-3-ene. The crude
product was ?%IEPE} allised from nethanoll benzene to yield

7- hydr oxy- 4isofietI3ceneiBelf | av- 3- ene (0.034g, 669 . 'H NWR 10 (CDC 13 +

d6-DVsO): S 3,74 (s, .3H, OCH3), 2H, H2 21 (
He), 6. 29 leatiav-dmnei-o ¥appPieBsd 5o ﬂgH%)ac%OW%fkﬁ-ﬂﬁ (812@) &% slgmeﬁ agd
8.3 Hz, H5)1m1§a§ff’e f(ﬂMg%?erthan@ (55 |ﬂﬂ) aﬁldﬁ%nbea f8Bisofav-2idne B, B-diolHzy ie ¥ (h.11g,
Exanmpl e 39 15 [ sof ene- 3
66%) m.p. 120°C. 1H NMR (dﬁ-DMSO) & 5.07 (s, 2H, H2), 6.24 (d, 1H, J 2.2 Hz, H8),
6.33 (dd, 1H, J 1.9 Hz, 7.9 Hz, Heé), 6.96 (d, 1H, ] 7.9 Hz, H5), 7.00 (s, 1H, H4), 7.26-7.47
(m, SH, ArH), 9.65 (bs, 1H, OH). Mass spectrum: m/z 224 (m, 74%); 223 (100), 175 (28);

15 165 (23); 147 (41).

H
9
SO

Example 43

Isoflav-3-ene-4',7,8-triol _

Imidazole (0.6g) was added to a suspension of 4’,7,8—}riacet§xyisoﬂav-3~ené (0.16g,.0..4
20 mmol) in absolute ethanol (5.0 ml) and the mixture was refluxed for 45 min under argon.

The solution was concentrated under reduced pressure and the product was precipitated by

addition of distilled water (10 ml). The mixture was left overnight in the fridge and filtered

to yield isoflav-3-ene. The crude product was recrystallised from methanol/benzene to yield

Isoflav-3-ene-4' 7-8-triol (0.08g, 75%). 1TH NMR (CDCl!3 + dg-DMSO}): 6 4.97 (s, 2H, H2),
25 6.30 (d, 1H, J 8.2 Hz, H6), 6.36 (d, 1H, J 8.3 Hz, H5), 6.55 (bs, 1H, H4), 6.72 (d, 11, J 8.7

Hz, ArH), 7.17 (d, 2H, ] 8.7 Hz, ArH).

Example 44
4'-Methoxyisoflav-3-ene-7,8-diol

30 4'-Methoxyisoflav-3-ene-7,8-diol was prepared from 7,8-diacetoxy-4-methoxyiscflav-3-ene
(0.15g, 0.4 mmol) and imidazole (0.4g) in ethanol (1.6 ml) as described for isoflav-3-ene-
4',7-8-triol. Yield: (0.73g, 61%). 'H NMR (CDCl; + dg-DMSQ): 6 3.83 (s, 3H, OCH3),




| sof | av-3-ene-3',7-diol was prepared from3', 7-di acet oxyi sof | av- 3-ene

(0.09g, 0.3 mol) and imdazole (0.3g) in ethanol (2.0 as des ed for
i sof | av-3-ene-4'-, 7-diol. Yield: (0.04g, 60%. 1H NVR ( oyembgr S
4.94 (s, 2H, H2), 6.21 (d, IH J 2.0 Hz, H8), 6.29 (dd, 1H J 2.3 Hz; 8.3
Hz, H6), 6.62 (rn, 1H, ArH), 6.64 (bs, 1H, H4), 6.75-6.82 (m 3H 20 ArH),
7.07 (t, I H J 7.9 Hz, ArH), 8.99-9.17 (%3.; 2H, OH). Exanple 40

3' - Met hoxyl sof | av- 3-ene-7-0l 3' - Met hoxyl sof | av- 3-ene-7-0l was prepared from
7- acet oxy- 351 iés. ok HB06.5h¢d.3LH 8.3 Blz1 HG), 2 @, $Hm‘rﬁl3) Hand5), fitddbsl 141,(14)159)

I n et hanol f n o]

(0. 069, 70%32?%W%§?79%M?%6§3%H %%ﬁéﬁ’(@ ﬁs Si’ﬁgﬁ“m §“’f\297?§]e‘5
142), 6. 38256d,100); 255 §70); 239H20);H8) (2%. 40 (dd, | H J 2.0 Hz, 8.3 Hz, H6)
6.76 (bs, IH H4), 6.84 (dd, 1 H J 1.9 Hz, 8.3 Hz, ArH), 6.95 (m 3H,
ArH), 7.29 (t, 1 H J 8.3 Hz, ArH). 30 Exanple 41 3 -Meth

oxyl I sof | avp3sipR-45  7-di al 14 Novenber 2003 -32

3' - Met hoxyl sof l av- 3-ene-4', 7-di ol was prepared from

4' | 7- di acet bMetByhiwilapdyeneod’|7adioB- ene (0.11g, 0.3 mmol) and i ni dazol e

0.3 I n hanol ' I I el d:
(0 060, 7LoAmanss (62 fH)acBa REF SlspRSitg: T e, ABaeBi R ROy Sral- P 035
6.31 (d, 1 ¢ mme)dn :HlisoldtBéthaxﬁ:l Q:DO efdtandthd-mixtug2. vgaaslrlzgllx_lnﬁada"ot-&s rriﬂﬁ)mdeﬁaﬂﬁm( bs
1 H H4), 6,83 6. 92 :
ArH), 7) 14 [%F 0?'54’11 waacvwﬁatﬂ H)‘de’ Wfil%‘éf’ BTEgrg @adcwes"“@“%waaafém%ﬁ% 42
| sof | av- aﬁeﬂm@ﬂmp&f&Q;lieaqidtawisﬂﬁerﬂeﬂxm&rdan&pamﬂlghf ﬁﬂﬂae fnd e and filtered
7- acet oxyi sof |l av-3-ene (0.2 0.75 nmmol) and i m dazole i n et hanol

(3.5 nl) aswd'edérlsqﬂéwf@e §{cruslg Produgiewas regrygtaliised frpg) e l@fn@ene g gigld
mp. 120C. - 5. Sago) ) 108 (d H8) ,
6.33 (dd, |§1F‘ %@%&%%7@&#@)?3%@6’2%ﬁ H,’@%’?g ﬁz&%%@bo&&, |
H HA), 7. 26M&0H7 & 1.94 (s, 3H, CH3), 4.98 (s, 2H, H2), 6.32 (d, 1H, J 7.9 Hz, H6), 6.58 (bs, 1H,
H4), 6.67 (bd, 1H, H5), 6.72 (d, 2H, J 8.7 Hz, A1H), 7.21 (bd, 2H, ArH). Mass spectrum:
15 m/z 255 (M+1, 16%); 254 (M, 79); 253 (100); 161 (32).

Example 46

8-Methylisoflav-3-ene-3',7-diol

8-Methylisoflav-3-ene-3',7-diol was prepared from 3',7-diacetoxy-8-methylisoflav-3-eéne
20 (0.12g, 0.4 mmol) and imidazole (0.3g) in ethanol (2.5 ml) as described for 8-methylisoflav-

3-ene-4',7-diol. Yield: (0.07g, 77%) m.p. 130°C. 'H NMR (CDCl3 + dg-DMSO): 6 1.95 (s,

3H, CHg3), 4.98 (s, 2H, H2), 6.34 (d, 1H, J 8.0 Hz, H6), 6.61-6.94 (m, 5H, ArH), 7.08 (bt,

1H, ArH). Mass spectrum: m/z 254 (M, 100%); 253 (96); 161 (45).

25 Example 47
4'-Methoxy-8-methylisoflav-3-ene-7-ol
4'-Methoxy-8-methylisoflav-3-ene-7-0l  was prepared from 7-acetoxy-4'-methoxy-8-
methylisoflav-3-ene (0.11g, 0.3 mmol) and imidazole (0.14g) in ethanol (1.5 ml) as
described for 8-methylisoflav-3-ene-4',7-diol. Yield: (0.05g, 53%) m.p. 103°C. 'H NMR
30 (dg-acetone): & 1.99 (s, 3H, CHz), 3.81 (s, 3H, OMe), 5.11 (s, 2H, H2), 6.43 (d, 1H, J 8.3
Hz, H6), 6.77 (bs, 1H, H4), 6.80 (d, 1H, J 8.3 Hz, H5), 6.95 (d, 2H, J 9.0 Hz, ArH), 7.44 (d,
2H, J 9.0 Hz, ArH). Mass spectrum: 282 (M, 9%); 267 (100); 268 (95); 134 (52).



(m 5H, ArH), 9.65 (bs, 1H, OH). Mass spectrum mz 224 (m 74%; 223 (100),
175 (28); 15 165 (23); 147 (41). Exanple 43 |soflav-3-ene-4' .7 8:d1.i Ol

| m dazol e (0.6g) was added to a suspension of 4, 7,8-tﬁ€@8¥8me§§‘qdv-3-ene
(0.16g, . 0.4 20 mmol.) in absolute ethanol (5.0 m) and the m xture was
refluxed for 45 mn under argon. The solyélon was concentrated under
reduced pressure and the product was preCrpitated by addition of distilled
water (10 ml). The mixture was |eft overnight in the fridge and filtered to
yield isoflav-3-ene. The crude product was recrystallised from

met hanol fbeg;g,gglet@ yield Isoflav-3-ene-4, 7-8-triol (0.08g, 75%. 1H NWR
(CDC13 + d6- DV5 6 4.97 (s, 2H, H2), 25 6.30 (d, I H J 8.2 Hz, H6), 6.36
(d, I H J S'rMCFbIYHSI)IFthiSGIﬁ(vbé-,enHI—V-diM) 6.72 (d, 1 H J 87 Hz, ArH)

30" Vet oy MelpPal farebhbaalS ARy b b i o A1 SR S n'

7, 8- di acetsomyth¢tisetlahOxahe (021 8v0.8 neel) aﬁ@uﬁﬁgzol@(mﬂﬁ}q}xkthﬁﬁﬂ (urﬂxg%g%scr{&d%)
in ethanol (1.6 m) as described for isoflav-3-ene- 7-8-triol. Yiel

(0. 73g, 61(%Or Srmpthwﬁotlw@ﬂe-# >a6lighvSipid: €0.82.863%)s , ‘PBHMmtﬂs’Fls)lﬁ Méemﬁéi

o, +E). 6 Bk B4 (it ssﬁgésdwlﬁw%é Y81y Do e) o8 @ 13 ankYs

51 {90 Do) e ka0 0 0 01

was added t@Hh suspension of 4' , 7- di acet oxy- 8- net hyl i sof | av- 3- ene (0 259,
0.7 mmol )4i n absol ute et hanol (54.0 m) and the m xture was refluxed for 45
m n under "argon. The solution was concentrated under reduced pressure and
t he productDepmetepiecRaictiored by 10 addition of distilled water (10 m). The
m xture was left overnight in the fridge and filtered

Example 49 X
cis- and trans-T etrahydrodaidzein

15 Imidazole (0.2 g) was added to a suspension of 4',7-diacetoxytetrahyrodaidzein (0.10 g, 0.3
mmol) in absolute ethanol (4.0 mi} and the mixture refluxed for 45 min under argon. The
solution was concentrated under reduced pressure and distilled water (10 ml) was added.
The mixmre was left overnight in the fridge and the crystalline product was filtered to yield
cis- and trans-tetrahydrodaidzein (0.06 g, 80%).

20
Example 50
trans-Tetrahydrodaidzein (trans-4',7-Dihydroxyisoflavan-4-ol)
Trans-4',7-dihydroxyisoflavan-4-ol wés prepared from frans-4',7-dihydroxyisoflavan-4-ol
and imidazole in ethanol as described for cis- and frans-tetrahydrodaidzein. 'H NMR (dg-

25 acetone): 8 2.99 (ddd, 1H, J 3.4 Hz, 6.8 Hz, 10.6 Hz, H3), 4.13 (dd, 1H, J 7.0 Hz, 10.9 Hz,
H2); 4.24 (dd, 1H, J 3.8 Hz, 11.3 Hz, H2), 4.70 (d, 1H, J 6.4 Hz, H4), 6.20 (4, 1H, ] 2.6 Hz,
HS), 6.38 (dd, 1H, J 2.3 Hz, 8.3 Hz, H6), 6.71 (d, 2H, J 8.7 Hz, ArH), 7.04 (d, 2H, ] 8.7 Hz,
ArH), 7.18 (d, 1H, J 8.3 Hz, H5).

30 Example 51 _
cis- and trans-7-Hydroxy-4'-methoxyisoflavan-4-ol




to yield isoflav-3-ene. The crude product was recrystallised from

net hanol / benzene to yield 8-nethylisoflav-3-ene-4',7- d| o] Jbi;g %

mp. 190-93C I|H NWVR (CDC13 + d6- DMSO: S 1.94 (s, 3H Veﬂ' %&i

H2), 6.32 (d, i H 17.9 Hz, H6), 6.58 (bs, i H H4), 6. 67 (bd, 1H, H5)
6.72 (d, 2H, J 8.7 Hz, ArH), 7.21 (bd, 211, ArH. Mass spectrum 15 mz 255
(M, 16%; 254 (M 79); 253 (100); 161 {32). Exanple 46

8- Met hyl i sof| av- 3-ene-3',7-di ol 8-Mthylisoflav-3-ene-3",7-dial was prepared
from3',7- dlnad@towgﬂ-%ghWamdedm hamﬂnamaﬂﬂ-a(:&aiﬁ-grm@ﬂﬂxﬁ%ﬂa)vaﬁm%l ijoizdazol e

0.3 1., (2.5 b d 8- net hyl fI -

0,29, 45800y 081 e i B e
1.95 3the ad% , 1.8-.94
LEC o e sy B e o B4 105

(96); 161 (aééy Php waw waypft oyemight i she- dgenhoj'lthestufﬂttaﬂnn@pmdecthul filtered

h |
£7l acl\:/g': 02;34@;;%& gxy g“% ﬁvﬁggoglr% e‘%"g{a(vg‘.%rg,(&d.g%’ 7%) and i m dazol e

(0.14g) in ethanol (1.5 m) as described for
8-nmet hyl i sgél av-IS-SSne- 4' ,7-diol. Yield: (0.05g, 53%9 mp. 103C. 111 NWR 30
(d6- acet on 9 (s, 3H CH3), 3.81 (s, 3H Ow), 5.11 (s, 2H H2), 6.43

(d, 1H, J &LﬁanWranHmHyﬁer}ls@hﬁvarﬂ-hiolH4) 6.80 (d, IH J 8.3 Hz, H5), 6.95
(d, 2H, J 9.0 Hz, ArH), 7.44 (d, 2H, J 9.0 Hz, ArH).I\/asssectrum282(l\/l

99 : 267 (oByroximiiayin-4-of sves pseparedifiomciaeimiyisfowan-44l (5 ke 05 waol) and
3" - Met hoxy 'Igudﬁ&%}(b'l?@}c 15%\&15\0?(3% :4‘11) a% _dg%c?ibcd for cis- and tra ans %etrart#drodaldzem

3' - Met hoxy- 8- et hyl i sof | av- 3- ene-4 was prepare
4' | 7- dlacetoxy 3' - met hoxy- 8 5 nethylisoflav 3-ene (0.21g, 0.6 nmol) and

L dazole By R 7Rt B BB, S S om b, e . W) 14
|(42) 3? 6401%)82 H3. ﬁzb @%o GH1HOYR), 4.81 1, 18 1210 '1H2)H4)86 43-6(43 (), "Ar1S, 888 (8%
S (3 Hz,A:H)’JO (d, ] 8.3 Hz, AtH), 7.22-7.64 (m, ArH). ‘
15
For cis-7-acetoxyisoflavan-4-of; TH NMR (dg-acetone): & 3.20 (m, 1H, H3), 4.36 (m, 1H,
H2); 4.57 (dd, 1H, J 10.2 Hz, 12.0 Hz, H2), 4.68 (bs, 1H, H4), 6.25-6.43 (m, ArH), 6.89 (d, J
8.3 Hz, AtH), 7.07 (d, J 8.3 Hz, ArH), 7.22-7.64 (m, ArH). '

20 Example 53
cis- and frans-4',7-Dihydroxy-8-methylisoflavan-4-ol
4',7-Dihydroxy-8-methylisoflavan-4-ol was prepared from 4' 7-diacetoxy-8-
methylisoflavan-4-ol (0.4g, 1.1 mmol) and imidazole (1.0g) in ethanol (7.0 ml) as described
for cis- and trans-tetrahydrodaidzein.

25
For trans-4',7-dibydroxy-8-methylisoflavan-4-0l; 'H NMR (dg-acetone): & 1.98 (s, 3H,
CH3), 2.98 (ddd, 1H, J 3.8 Hz, 10.9 Hz, 12.0 Hz, H3), 4.18 (m, 1H, H2); 4.27 (m, 1H, H2),
4.75 (4, 1H, ] 6.4 Hz, H4), 6.42 (m, ArH), 6.75 (m, ArH), 7.05-7.19 (m, ArH), 7.66 (bs,
OH).

30



6.80 (d, 1 H J 7.9 Hz, ArH) 6.94 (m 2H, ArH), 7.12 (m 1 H AM, 7.26,
7.70 (each bs, 1 H OH). 10 De ,protection Reactions Exanple 49 cis- and
trans- Tet rahydr odai dzei n 15 | midazole (0.2 g) was added4 No¥embey on of
4" 7-di acet oxyt etrahyrodai dzein (0.10 g, 0.3 mml) in absolute ethanol (4.0
m) and the m xture refluxed for 45 m n under argon. The solution was
concentrated under reduced pressure and dastilled water (10 m ) was added.
The m xture was | eft overnight in the fridge and the crystalline product was
filtered toFgticed-g 7.8 . % {WA [RTeTakeY } N . %

Exanpl e 50 trans-%L%PZ%?%?gh%%%ggﬁgﬁ%%?gﬁg-igﬁyﬁéﬁﬁVﬁ%g§§?§%¥ngﬁﬁﬁkagp?L

Trans-4' , 7-X0hydir thlyJ 3af Hay N0 HlH)ek3 p(epAIEd2). G (dd, 1H, J 10.2 Hz, 12.0 Hz
trans- 4' as descri bed

, 7-di.h i van-4-ol __and_i m dazole in ethanol
for cis- an‘%i)t %fghiﬁ% éﬁ? %Lﬁoé%ﬁ?déﬁhﬁ-"ﬁ iy, 44591 Kt Ab) 7-66 (bs, Y. ddd,
114, J 3.4 Hz, 6.8 Hz, 10.6 Hz, H3), 4.13 (dd, 1H, J 7.0 Hz, 10.9 Hz, H2);
4.24 (dd, |I_H, J 3.8 Hz, 11.3 Hz, H2),4.70 (d, | H J 6.4 Hz, H4), 6.20 (d,
| H J Z.QEJE',IBPIF@)‘, 6.38 (dd, 1H, J 2.3 Hz, 8.3 Hz, H6), 6.71 (d, 2H, J 8.7

Hz, ArH), 7,04 A 8f e AnH 7. 18 (d, 1 H J 8.3 Hz, H5). 30

Exampl e 51’(:%9'?-7('9?{82‘%#%%5%7- xﬁrso&nfgfm'ﬁ%‘iﬂaﬂﬁgoflavan-4-o| 14 Novenber 2003

- 35 | m dazatazs{7oHAdgxy-vamentote B-inetiglisofkpansiod Wadbrepared from t;ranis—’i-acctc%xr?r-4'—l
in_absol ute et hano

(5265 ar i Gepso e Aceh (021 29 Fimeil ast imdbols gaRe) im@aseh C1 on
Was  concentuilphedestBa for QfLaRdlrBhe itk RiréMiiAInS th b! Aghoa N Lss GpOetilin: 248SM,
10 5%); 268 (10); 151 (20); 135 (20); 134 (100); 119 (20). 'H NMR (dg-acetone): 5 1.97 (s,
3H, CH3), 3.00 (ddd, 1H, J 3.4 Hz, 7.2 Hz, 10.2 Hz, H3), 3.72 (s, 3H, OMe), 4.20 (dd, 1H. J
7.5 Hz, 10.9 Hz, H2); 4.27 (m, 1H, H2), 4.73 (d, 1H, J 6.8 Hz, H4), 6.45 (d, 1H, ] 8.3 Hz,
H6), 6.85 (d, 2H, 1 8.6 Hz, ArH), 7.10 (d, 1H, J 8.7 Hz, H5), 7.18 (d, 2H, ] 8.6 Hz, ArH).

15 Hydrogenation Reactions:— Isoflavone - cis-Isoflavan-4-ol

Exampie 55

cis-4‘,7-Diac§toxyisoﬂa_van-4-ol

Platinum(IVjoxide (Adam's catalyst) (0.05g) was added to a solution of of 4'7-
20 diacetoxyisoflavanone (0.25g, 0.7 mmol} in ethyl acetate (40 ml) and the mixture was stirred

at room temperature under a hydrogen atmosphere for 55h. The catalyst was removed by

filtration thrbugh Celite and the filtrate was evaporated in vacuo to yield predominantly the

cis-4',7-diacetoxyisoflavan-4-ol.

25 For cis-4',7-diacetoxyisoflavan-4-ol; TH NMR (CDCls): & 2.28 (s, 3H, OCOCHS3), 2.29 (s,
3H, OCOCH3), 3.30 (dt, 1H, J 3.4 Hz, J 11.8 Hz, H3), 4.31 (ddd, 1H, J 1.4 Hz, 3.6 Hz, 10.5
Hz, H2); 4.56 (dd, 1H, J 10.5 Hz, 11.8 Hz, H2), 4.75 (dd, 1H, J 1.3 Hz, 3.2 Hz, H4), 6.66
(dd, 1H,J 2.3 Hz, 8.7 Hz, H6),6.69 (4, 1H, J 2.3 Hz, HR), 7.08 (d, 2H, J 8.6 Hz, ArH), 7.26
(d, 1H, 8.4 Hz, HS), 7.29 (d, 2H, J 8.6 Hz, ArH). 13C NMR (CDCls): & 20.98 (OCOCHj),

30 43.52 (C3), 64.10 (C2), 66.46 (C4), 110.08 (C6), 114.09 (C8), 121.82, 129.40 (ArCH),
131.10 (C5).



added. The mi xture was left overnight in the fridge and the crystalline
product was filtered 5 to yield cis- and

trans- 7- hydr oxy- 4' - net hoxyi sof | avan-4-ol (0.16g, 799%. 1@(’&9{5?@@5 2&0§ and
trans- 7- Hydr oxyi sof | avan-. 4-ol 7-1iydroxyisoflavan-4-ol was prepared from
7- acet oxyi sof | avan-4-ol (0.14g, 0.5 mmol )__and 10 |Im dazole (0.17g) in
ethanol (3.0 m) as described for cis- arﬁi"trans-tetrahydrodai dzein. For
trans- 7- hydr oxyi sof | avan-4-ol; 1H NWR (d6-acetone): S 3.08 (m 114, H3),
4.00 (t, | Hiyddogenation Regctidpy:— IsoBofren— Usdflavei¥.onk. 81 (d, | H J 7.2 Hz,
H4), 6.25-6.43 (m ArH), 6.89 (d, J 8.3 Hz, ArH), 7.07 (d, J 8.3 Hz, ArH),
7.22-7.64 (m ArH). 15 For cis-7-acetoxyisoflavan-4-ol; 1H NMR (d6-acetone):
5 3.20 (m ExbmptB3e 4.36 (m 1H H2) 4.57 (dd, IH J 10.2 Hz, 12.0 Hz,
H2), 4.68 (bs  1H, lrI;’Ilf;ﬂ) 6.25-6.43 (m ArH), 6.89 (d, J 8.3 Hz, ArH), 7.07
(d, J 8.3 HaT-Diacetoxydilpiredwdzein(4'g-Pjacetaxyiseiayancd-9neki s- and

trans-4' YA | _
o 270y P A b R 3¥6, 03B} BUPHIEIh a solurion of 4.7 digeetaxydaidzeln (0.50g,

met hyl i sof 1 émﬂ}mleﬂ(ym adcgatc 18A minavad the ammicttiirerivels gtirrasl a(t]ro@g)temperatuhsaumier(a? 0
m) as des bed for cis a tetrah dr od 5 FQr. ..
T hnas 405 RdREeh Ao aer fon Ph Db Sy mmop R Egfion BRpdal Cotitgand g5
3H, CH3) , rofuleB (ﬂidﬁ!tc vle ev&p&a&dHﬂ,va&&b 91Hé,re51&30w&§2red5i31}alﬁked8ro(tﬂbthhhbl t2) ;

4.27 IH H2
ArH), ( 7 05¥Fld6, %wwewdlhyﬂrmckzs@ (0 8% awhax)'é%ﬁéweszog% NMR @EL)

S Gy 10 S22 R OPFICIR. A (R d‘%&*ﬂ' Fy X 55 CEE TS BR H R e

| H J 10. gnt2H, HI2),(61-EZ-682(m 2H, ArH), 7.08 (d, 2H, J92Hz A.H) 7.30 (4, 2H '7182 Hz,
ArH), 7.98 (4, 1H, J 9.2 Hz H5). '

Hydrogenation Réactions:- Isoflavan-3-ene — Isoflavan
15
Example 57
0,0-Diacetylequol
Palladium-on-charcoal (5%, 0.02g) was added to a solution of 4',7-diacetoxyisoflav-3-ene
{0.20g, 0.06 ml) in ethyl acetate (60 mi) and the mixture was'stirred at room temperature
20 under a hydrogen atmosphere for 24h. The catalyst was removed by filtration through Celite
and the resulting filtrate was evaporated in vacwo. The residue was recrystallised from
dichloromethane/light petroleum to yield O,0-diacetylequol (0.15g, 75%). 'H NMR
(CDCl): 8 2.29 (s, 3H, OCOCHas), 2.31 (s, 3H, OCOCH;), 3.00 (d, 2H, J 8.3 Hz, H4), 3.25
(m, 1H, H3), 4.00 (t, 1H, H2), 4.34 (dd, 1H, J 3.4 Hz, 10.9 Hz, H2)}, 6.61 (d, J 7.5 Hz, 1H,
25 ArH), 6.60 (s, 1H, ArH), 7.06 (bd, 3H, J 8.3 Hz, ArH), 7.24 (d, 3H, J 8.3 Hz, ArH).

Deprotection Reactions

30 Example 58
Dihydrodaidzein (4',7-Dihydroxyisoflavan-4-one)
Imidazole ((.63g) was added to a suspension of 4',7-diacetoxydihydrodaidzein (0.26g, 0.08

mmol) in absolute ethanol (5.0 ml) and the mixture was refluxed for 45 min under argon.




H2), 4.60 (bs, I H H4), 6.42 (m ArH), 6.75 (m ArH), 7.05-7.19 (m ArH),
7.66 (bs, OH). 5 Exanple 54 trans-7-Hyd '

roxy-4' - met hoxy- 8- net hyl i sof | avan-4-ol 14 November 2003
trans- 7- Hydr oxy- 4' - net hoxy- 8- nmet hyl i sof | avan-4-ol was prepared from
trans-7-acet oxy-4'- nethoxy-8-nethyli sofl%van-4-ol (0.23g, 0.7 mml) and

I mdazole (0.28g) in ethanol (2.1 m) asdescribed for cis- and

trans- tetrahydrodal dzein. mp. 162C. Mass spectrum 285 M 10 5% ; 268 (10);
151 (20); 145 sphgpn %&%%Wedym@er(rmed presspaRrdodistilledtwates) (10gnl) vaip a(ids:d

a0 (o o e refete. Tnd iy s Ten plortiahfFip s rfgkang s df pledipicdid pil'))

6.8 Hz, HA)ite@dd5T el crudle idrodiic8 was IrEc,ryst&lﬁéed feon® Bthyd acéitb/dllh&nﬁnéﬂhan&td‘%élﬂ .10
(d, 1H, J Hz, ArH. 15 enat i on

React i ons: % ;F%F@éﬁh%‘zm‘}%déﬁ‘% (‘%%3 IH\/QH“SZP UP“E)P&WSF% 5"5 v (de-acetone): &
cis-4",7- 93%93&%"161)@'@ ?4496((1 B'HatJlerwna,(llzié) 82948, iﬁdﬁﬁ*oslqﬁqii %?)(%

(0. 059) was a to a sol ution of 20 ‘di acet oxyi sof | avan

0.7 mmol ) ilH, &8R4V 24t Heatd), ﬁ(80rfﬁ92iéerﬂcﬁ Elﬁk AH, Or 1l (\daéHsi B2rkdz| Ar&{) 7 3értyl,
tenperature upgeer drogen at nosphere for 55h. The catal yst was renoved by
fiItration hrough ite and the filtrate was evaporated in vacuo to yield
predonminantly the cis-4',7-diacetoxyisoflavan-4-ol. 25 For

cis-4',7-diacet ox soflavan 4-0l; 1H NWMR (CDC13): 8 2.28 (s, 3H OCOCH3),
229(5 m@&%—lﬁ: 3.30 (dt, IH, J 3.4 Hz, J 11.8 Hz, H3), 4.31 (ddd,

1H, J 1mﬁquoe{467rmh ag)xilsoﬂﬁvaﬂ')iz) 4.56 (dd, 1 H, J 10.5 Hz, 11.8 Hz, H2),
4.75 (dd, | H, o H4), 6.66 (dd, IH J 2.3 Hz, 8.7 He,

H6) 6 69 (hﬂldmleﬁ %)wr-#zaddqd)to ¥ sgpension oH(*.Q- dsacstnlaquom(%wg 70.98 mngl) 1,

36 43 52 (%:ffym%}ﬂ%gm @ rﬂ%a‘mgam%dﬂﬁ%ﬁh‘ﬁ%?’gﬂ% ?‘@% i3 ?f&%? a?%ﬁm@g%) |

129.40 (Ar @IH)‘CJOH W3s gorkentfal] nundet rédcedrpessi?O @3] didilléd wdreo (Ehmd} was added to

Reactions: .1 305 aVaHE & tllrgo\i]rasa]\éﬁnov%mQ&Ei

in the fridge and the resuiting product was
15 filtered to yield equol (0.09g, 80%) as a white powder. 'H NMR (dg-DMSO0): & 2.70 (d, 2H,
J9.2 Hz, H4), 2.92 (m, 1H, H3), 3.73 (t, 1H, J 16.3 Hz, H2), 4.06 (dd, 1H, J 3.0 Hz, 11.2
Hz, H2), 6.16 (bs, 1H, ArH), 6.21 (bd, ] 8.2 Hz, 1H,A1'H) 6.63 (d, 2H, J 8.2 Hz, ArH), 6.69

(d, 1H, J 8.2 Hz, ArH), 6.87 (d, 2H, JSZHZ,ArH)

20
Those skilled in the art will appreciate that the invention described herein is susceptible to
vaniations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The inventions also
mcludes all of the steps, features, compositions and compounds referred to or indicated in

25 the specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.




Exanpl e 56 4',7-Di acet oxydi hydr odai dzein (4',7-Di acet oxyi sof| avan-4-one) 5
Pal | adi um on-charcoal (5% 0.02g) was added to a sol uti f

4'  7-di acet oxydai dzein (0.50g, 1.5 rnnol) in ethyl acef'gpgw(e%b?ﬁ 30%% t he
m xture was stirred at roomtenperature under a hydrogen atnosphere for
72h. The catal yst was renoved by filtration through Celite and the
resulting filtrate was evaporated in vacugq’9 The residue was recrystallised
fromethanol to vyield 4',7-diacetoxydi hy odai dzein (0.40g, 80% as
colourless plates. 'H NI\/R (CDC13): 10 8 2.29 (s, 3H, OCOCH3), 2.23 (s, 3H,
OCOCH3), 3.98 (dd, 1H, } 6.2 Hz, 8.2 Hz, H3), 4.69 (m 2H H2), 6.78-6.82
(m 2H, Ar H)Theklfighs(ddfinitid thd irffeftiddzare As Ftlows: 30 (d, 2H, J 8.2 Hz, ArH),
7.98 (d, I H J 9.2 Hz H5). Hydrogenation Reactions:- |soflavan-3-ene -#

| sof | avan 15 Exanple 57 O O Di acetyl equol Pall adi umon-charcoal (5%
0.02g) was added fgndq &R lafif seszefbrep%radio%@fa% Mip5@id affomenal (0. 20g, 0.06
m) in ethyl acetate (60 m) and the m xture was® stirred at room
tenperature 20 under a hydrogen at nosphere for 24h. The catal yst was renoved
by filtration through Celite angd_the resulting filtrate was evaporated in
vacua. The residue was recrystallfised from dichloronethane/light petrol eum
to yield O, 0-di acetyl equol R4Q, M. SR NVR (CDCLl3): 5 2.29 (s, 3H,
OCOCH3), 2.31 (s, 3H, 0OCOCH3), H J 83 Hz, H4), 3.25 (m 114,
H3), 4.00 (t, 1H 142), 4.34 .4 Hz, R10.9 Hz, (IR), 6.61 (d, J 7.5
Hz, 1H, 25 ArH), 6.60 (s, gyH, - 3H, J 8.3 Hz, ArH), 7.24 (d,
3H, J 8.3 Hz, ArH). Deprot ectl on ReaC| ons anpl e 58 Di hydr odai dzei n
(4',7-Di hydroxy| sof | avan- 4- one) Rei da2bl e pUas added to a suspension
of 4 , 7- di acet oxydi hydr odai dzein (0.26g, 8308 mmof) in absol ute et hanol
(5.0 n1) and the m xture was refluxed for 45 mn under argon. 14 Novenber
2003

wherein

Ry, Ry, Ry, Ry, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORs, OC(O)Ry,
OS(O)Re, alkyl, haloalkyl, aryl, arylalkyl, thio, alkylthio, amino, alkylamino,
dialkylamino, nitro, or halo, and

Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,

in high to quantitative yield and without the need for chromatographic purification,

comprising the step of hydrogenating a compound of formula I

M

wherein
Ry, Ry, R, Ry, Rs, Re, Ry, Rg and Ry are as defined above
to prepare a compound of formula 11, and wherein the hydrogenation step is performed

with hydrogen in the presence of a reduction catalyst selected from palladium, palladium

hydroxide, platinum or platinum oxide and a solvent.




-38 The solution was concentrated under reduced pressure and distilled water
(10 M) was added to the residue. The m xture was | eft erni ght |J he
fridge and the resulting precipitate was filtered. The1£)<{ﬂ}'§"&’%rd#@ﬁ was
recrystallised fromethyl aceate/dichloronethane to yield

4' | 7-di acet oxydi hydr odai dzein (0. 14g, 71% as a white powder. 'H NWR
(d6-acetone): 55 3.83 (t, IH J 7.2 Hz, H3), 4.60 (d, 2H, J 6.2 Hz, 112),
6.39 (d, IH J 2.0 Hz, H8), 6.55 (dd, | -¥4%-3 8.2, J 2.0 Hz, ArH), 6.80 (d,
2H, J 8.2 Hz, AL H, 7.10 (d, | H J 8.2 Hz, ArH), 7.74 (d, IH J 8.2 Hz,
H5). Exanple 59 10 Equol (4',7-D hydroxyisoflavan) |Im dazole 0.5g) was added
to a suspensi onAGhethod of Eaith ¢ @hyteankiddgrif.qhaaritid, d8hermwhpound ofdbgoilatibare
ethanol (5.0 m) and the mi xture was refluxed for 45 mn under argon. The
sol uti on wagremrdent rat ed under reduced pressure and distilled water (10 m)
was added to the residue. The m xture was left overnight in the fridge and
the resulting product was 15 filtered to yield equol (0.09g, 80% as a white
powder. 'H NVR AgGetBdE6) ¢ladn 2, Whereit, the kductiorDcaallit, is paljadien @2 achyated parbes) |
3.73 (t, 1 H J 10.3 Hz, 112), 4.06.(dd, | H J 3.0 Hz, .11. H2), 6.16
(bs, IH, ArHplagumon hagiuny Slé%aie, Hﬁl,?aqﬂgw OFalyyming pRYdprOr I:E‘ﬁ,muﬁnz(é\./ g’%‘ﬁ‘ze; ArH)
6.69 (d, I H J 8.2 Hz, ArH), 6.87 (d, 2H, J 8.2 Hz, ArH) 20 Those skill ed
inthe art will appreciate that the invention described herein is

suscepti bl e 4 0 Aviarihatli ohslaimd3,mediefeir abé seduction eratalysinist Héspaliadetn ftoc b0%oy
described. It _is to be .undﬁrstbood that the invention includes all such
variations P3HadHR; 9 HVREREAOe i nventions al so includes all of the
steps, features, conpositions and conpounds referred to or indicated in 25
the specification, individually or collectively, and any and all .

conbi nat i onss. of A angthodvof etaimnbreherkinstie deduction aatalysh s é%l/ewll@mmdmeﬁ%@ﬁteéoos
-39- The cl %iarrg%ndefi ning the invention are as follows:

6. A method of claim 1, wherein the solvent is a C,-Cjg alcohol, a C;-Cs alkyl acetate or a

C,-C; carboxylic acid.
7. A method of claim 6, wherein the solvent is a methanol, ethanol or ethyl acetate.

8. A method of claim 7, wherein the solvent is absolute methanol, absolute ethanol or

absolute ethyl acetate.

9. A method of any one of claims 1 to 8, which further comprises the step of dehydrating
and optionally deprotecting or transforming a compound of formula II to prepare a

compound of formula III

Ra (IID)

Rg | -
Rs /\)\ R




1. Anethod for the | arge scale preparation of a conpound of fornula II
wherein R 1, R2, R3, R4, R5, R6, R7 and R8 are indepen_iign I %drg&ﬁl,
hydroxy, OR9, OC(O)R9, OS(O)R9, alkyl, haloalkyl, aryl’ WA‘P §1<%hi o,

al kyl t hi o, am no, al kylam no, dialkylam no, nitro, or halo, and R9 is

al kyl, hal oal kyl, aryl, arylalkyl or alkylaryl, in high to quantitative
yield and wi thout the need for chronmatographic purification, conprising the
step of hydrogenating a conpound of formil4d -l (1) wherein Rl, R2, R3, R4,
R5, R6, R7, R8 and RO are as defined above to prepare a conpound of formula
1, and wherein the hydrogenation step is perforned wth hydrogen in the
presence of Ry, RedRgIROMR e REARY ahd Rglaee irepéndomly dlytmgemnhydoesy, £#RuRC(O)Ro,

hydr oxi de, platinumaqr platin oxi de an sol.vent . .Novenher -. 2.

A et hod. of QSGRe. tker SPRBS b odirdm GuIEY | BYSor alkhBibonBbiny SR Raid o

Il are pr e%lﬁ?]zm%noéﬁit%to AsoOfnc! @i m 2, wherein the reduction catalyst is.
t k3 H

pal | adi um on actt1va carbon,” palladiumon bariumsulfate, palladi um on

al umi na powdgyis alkyh/hatdatioyiy(ari) anyiadieyl o4 alk&lamgt hod of claim 3, wherein the
reduction catalyst is 1% palladiumto 10% palladiumon activated carbon. 5.
A method of claim4, wherein the reduction catalyst is 5% palladium on

activated capboR.m&hodolBh)8k 6f cigin® Midlo, Whaeri e tbmpsehdsasttfotsula [OI-dCdIl
al cohol, a Cl-C6 al kyl acetate or a Cl1-C3 carboxylic acid. 7. A nethod of

cl ai m 6, whénee thetfoBownlgwsuhstithentss net hanol , et hanol or ethyl acetate. 8. A
thod of clai.m 7, wh i I t i bsol ut th | , absol ut
g?hagol Oorclﬂllg}lydroxy,eéﬁ'ggrbE?Ofﬂ%,Ven i s absol ute net hanol, absolute

Rz, Ry, R4, Rs, Rs and Ry are independently hydrogen, hydroxy, OR,, OC(O)Ry, alkyl, aryl
or arylalkyl,

Ry is hydrogen, and

Ry is methyl, ethyl, propyl, isopropyl or trifluoromethyl.

11. A method of claim 10, wherein the compounds of formula I, II or III have the

following substituents

R, is hydroxy, ORg or OC(O)R,

R», Ri, Ry, Rs and Ry are independently hydrogen, hydroxy, ORs, OC(O)Ry, alkyl, aryl or
arylalkyl,

Rs and Rg are hydrogen, and

Ry is methyl.

12. A method of any one of claims 1 to 11, wherein the compound of formula I is 4',7-

diacetoxyisoflavone (daidzein diacetate) or 7-acetoxy-4'-methoxyisoflavone.

13. A method of any one of claims 1 to 12, wherein the compound of formula II is 4',7-
diacetoxyisoflavan-4-ol (tetrahydrodaidzein diacetate) or 7-acetoxy-4'-methoxyisoflavan-

4-ol.

14. A method of any one of claims 9 to 13, wherein and the compound of formula IIT is

4'7-diacetoxyisoflav-3-ene  (dehydroequol  diacetate), 4, 7-dihydroxyisoflav-3-ene




absol ute ethyl acetate. 9. A nethod of any one of clains | to 8, which
further conprises the step of dehydrating and optional depr qt ectd or
transformng a conpound of fornmula Il to prepare a coni%”ﬁéfgm qrgd[{ﬁ’qga 111
(I'11) 14 Novenber 2003 -41 R1, R2, R3, R4, R5, R6, R7 and R8 are

i ndependent |y hydrogen, hydroxy, OR9, OC(O Rq, OS(O R9, alkyl, haloalkyl,
aryl, arylalkyl, thio, alkylthio, am no, alkylam no, dialkylamno, nitro,
or halo, and RO is alkyl, haloal kyl, aryl-4Zarylal kyl or alkylaryl. 10. A
met hod of any one of clainms 1 to 9, wherein the conmpounds of formula I, IT
or Il have the follow ng substituents Rl is hydroxy, OR9 or OC(O R9, R2,
R3, R4, R5, (BéhyainekqBsl)ar BatdiclepandembiyisdiladtDen, orhyihyityxy-ORActhQO(ie) IRe-3-
al kyl, aryl ~or ar;/]l alkyl, R$ is hydrogen, and 99 is nethyl, ethyl, propyl
i sopropyl orengyifluoronmethyl. 11. A nmethod of claim 10, wherein the
compounds of formula I, Il or Ill have the follow ng substituents Rl is
hydroxy, OR9 or OC(OR9, R2, R3, R4, R5 and R7 are independently hydrogen,
hydr oxy, OR9,5. QUMM ofdlkiy 14,avhereinthe amyjoahit v forRGilalbisR8hpdreequpdr ogen,
and RO is nethyl. 12. A nethod of any one of clains 1 to 11, wherein the
conpound of forrmula | is 4',7- diacetoxyisoflavone (daidzein diacetate) or

7-acetoxy. 4Tl hndat LR W8 raribdord RIBRAL B foRitave of claims 1 to 12,

wher ei n t he conpoun

av)

wherein

R:, Rs, R3, Ry, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORs, OC(O)R,
OS(O)Ry, alkyl, haloalkyl, aryl, arylalkyl, thio, alkylthio, amino, alkylamino,
dialkylamino, nitro, or halo, and |

Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,

comprising the step of hydrogenating a compound of formula I

wherein
Ri, R, R;, Ry, Rs, Rs, Ry, Rg and Ry are as defined above

to prepare a compound of formula I'V.



di acet oxyi sof | avan-4-ol (tetrahydrodai dzein diacetate) or
7-acet oxy-4'-met hoxyi sofl avan- 4-ol. 14. A net hod of anécgne of cl 9to
13, wherein and the conpound of formula Il is 4', 7-di PHﬁmbﬁff - 3-ene
(dehydr oequol diacetate), 4',7-di hydroxyisoflav-3-ene 14 Novenber 2003 -42
(dehydroequol ), 7-acetoxy-4'-nethoxyisoflav-3-ene or
7- hydroxy-4' - net hoxyi sofl av-3 ene. 15. A nmet hod of claim 14, wherein the
conmpound of forrmula Il is dehydroequol. 436. A nethod for the preparation
of a compound of fornmula IV wherein Rl, R2, R3, R4, R5, R6, R7 and R3 are
i ndependently hydrogen, hydroxy, OR9, OC(O)R9, OS(O)R9, al kyl , hal oal kyl,
aryl, arylalikyl A nidthad o1k 1 @imerammhycabgeplaam stop is phirfdringl aviinigydrogerrio,
or hal o, and RO is al kyl, haloal kyl, ary yl al kyl or al kyl aryl,
conpri si ng tﬂlffépfﬁ@seGfafﬁﬂ&fﬁ%@bﬁﬁﬁé‘wﬁg’mﬁaée%%hnd of formula 1 (1) wherein
Rl, R2, R3, R4, R5, R6, R7, Rg and RO are as defined above to prepare a
corrpound of forrrul a |V. 14 Novenber 2003 -43 17. A nethod of cl aim 16,
wher ei n t he 18y dx egsinat oforiaiat €h virlﬁer«fia thiorettectioni datnlyry domgasesipallading, palksiswse
of a reduction catal and a solv 18 A nmethod of claim 17, wherein the
reduction caydroxude, B%Hﬁ‘t@%é’l%‘& Bﬁﬁ ®pal | adi um hydroxi de, pl atinum or
platinun(lV)oxide. 19. A nethod of cI aim 18, wherein the reduction catal yst
is 1% palladiumto 10% palladiumon activated carbon.

19. A method of claim 18, wherein the reduction catalyst is 1% palladium to 10%

palladium on activated carbon.

20. A method of claim 19, wherein the reduction catalyst is 5% palladium on activated

carbon.

21. A method of claim 17, wherein the solvent is a C,-Cs alcohol, a C,-Cs alkyl acetate or

a C;-C; carboxylic acid.

22. A method of claim 21, wherein the solvent is absolute methanol, ethanol or ethyl

acetate.

23. A method of any one of claims 16 to 22, wherein the compound of formula I is 4',7-

diacetoxyisoflavone (daidzein diacetate) or 7-acetoxy-4'-methoxyisoflavone.

24, A method of any one of claims 16 to 22, wherein the compound of formula IV has the
following substituents

R, is hydroxy, ORg or OC(O)Ry,

R,, R;, Ry, Rs, R and Ry are independently hydrogen, hydroxy, ORy, OC(O)Ry, alkyl, aryl
or arylalkyl,

Rs is hydrogen, and

Ry is methyl, ethyl, propyl, isopropy! or trifluoromethyl.

25. A method of claim 24, wherein the compound of formula IV has the following

substituents




20. A method of claim19, wherein the reduction catalyst is 5% palladiumon
activated carbon. 21. A nethod of claim 17, wherein the sgl vent

al cohol, a C1-06 al kyl acetate or a Cl-C3 carboxylic a4 ovﬁ@beﬂszr@rzhod of
claim 21, wherein the solvent is absolute nethanol, ethanol or ethyl
acetate. 23. A nethod of any one of clains 16 to 22 wherein the conpound of
formula | is 4',7- diacetoxyisoflavone (daidzein di acet ate) or

7- acet oxy-4' et hoxyi sof | avone. 24. A net$bd of any one of clains 16 to 22,
wherein the conpound of formula IV has the follow ng substituents R is
hydroxy, OR9 or OC(O R9, R2, R3, R4, R5, R6 and R7 are independently

hydrogen, hgdy ro@?@Rgm(@R al kyl, aryl or arylalkyl, R8 is hydrogen,
and RO is math et hyl , propyl, |soropl or trlfluoronethyl 2 mr=thod
of claim 2432,\/%@@4 Rs chmm@dmnémﬂyd?m@m Iy drasy 1 PR, 1 (D Re- n?gkyl
substituents iLﬁﬂ/Elovenber 2003 -44 Rl is hydroxy, OR9 or OC(OR9, R2, R3, R4,
R5 and R7 af'€d ‘ependent | y hydrogen, hydroxy, OR9, OC(O RO, alkyl, aryl or

aryl al kyl, RbamiR; ¢ iddodenndgen, and R9 is nethyl. 26. A nethod of claim
25, wher ei n_t he conmpound of formula IV is 4',7- diacetoxyisoflavan-4-one

(di acet oxydRhypdnelEk dzei n) or 4, 7- di hydr oxyi sof | avan- 4- one
(di hydr odai dzein). 27. A nethod for the preparation of a conpound of fornula

26. A method of claim 25, wherein the compound of formula IV is 4.7-
diacetoxyisoflavan-4-one (diacetoxydihydrodaidzein) or 4',7-dihydroxyisoflavan-4-one
(dihydrodaidzein).

27. A method for the preparation of a compound of formula V

R4 (V)

Rg I \j\
Rs ARF Ry

wherein

R, Ry, Ry, Ry, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rs,
OS(O)Ry, alkyl, haloalkyl, aryl, arylalkyl, thio, alkylthio, amino, alkylamino,
dialkylamino, nitro, or halo, and

Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,

comprising the step of hydrogenating a compound of formula IlI



(V) wherein Rl, R2, R3, Rg, R5, R6, R7 and R8 are independently hydrogen,
hydroxy, OR9, OC(O R9, OS(OR9, alkyl, haloalkyl, aryl ryl al kyl i 0,
al kylthi o, amino, alkylamno, dialkylanno, nitro, or ﬁé&eamﬁﬁ%Péi:
al kyl, hal oal kyl, aryl, arylalkyl or alkylaryl, conprising the step of
hydr ogenati ng a conpound of fornula |1l 14 Novenber 2003 - 45 R2 wherein
Rl, R2, R3, R4, R5, R6, R7, Rs and RO are as defined above to prepare a
compound of formula V, wherein the hydrogéfation step is performed with
hydrogen in the presence of a reduction catalyst selected from pall adi um
pal I adi um hydroxide, platinumor platinun(lV)oxide and a sol vent sel ected
froma Cl-C5 al cohol, a Cl-C6 &kyl acetate or a' Cl-C3 carboxylic acid. 28.
A nmet hod of claim 27, wherein t an catalyst is 1% palladiumto 10%
pal | adi um on activated carDO= 84108 of claim 28, wherein the
reduction catalyst is 5% pall § on & tivateqacarbon. ﬁﬂ. A nmet hod of any
one of clains 27 to 29, wherg B.sgbvent-is & net hanol,” et hanol or et hyl
acetate. 31. A nethod of cf&ai m 30, i ‘;éihiolvent is ethyl acetate. 32.

lEF €

quo

A met hod of any one of clains 2% _to 31, d? and the conpound of fornula
11 is 4',7-diacetoxyisoflav-3- &ne (deh R, di acetate),

4' , 7-di hydr oxyi sof | av- 3-ene (dehydr oequ%eﬁ) ,

7- acet oxy-4' - met hoxyi sof | av- 3-ene or 7-hydroxy-4'-nmethoxyi sofl av-3- ene. 33.
A met hod of any one of clains 27 to 31, wherein the conmpound of formula V
has t he wherein

Ry, Ry, R;, Ry, Rs, Rs, R7, Rg and Ry are as defined above

to prepare a compound of formula V, wherein the hydrogenation step is performed with
hydrogen in the presence of a reduction catalyst selected from palladium, palladium
hydroxide, platinum or platinum(IV)oxide and a solvent selected from a C;-Cy alcohol, a

C,-Cs alkyl acetate or a'C,-C; carboxylic acid.

28. A method of claim 27, wherein the reduction catalyst is 1% palladium to 10%

palladium on activated carbon.

29. A method of claim 28, wherein the reduction catalyst is 5% palladium on activated

carbon.

30. A method of any one of claims 27 to 29, wherein the solvent is a methanol, ethanol or

ethyl acetate.
31. A method of claim 30, wherein the solvent is ethyl acetate.

32. A method of any one of claims 27 to 31, wherein and the compound of formula III is
4'7-diacetoxyisoflav-3-ene  (dehydroequol  diacetate), 4',7-dihydroxyisoflav-3-ene
(dehydroequol), 7-acetoxy-4'-methoxyisoflav-3-ene or 7-hydroxy-4'-methoxyisoflav-3-

€ne.

33. A method of any one of claims 27 to 31, wherein the compound of formula V has the

following substituents




foll ow ng substituents 14 Novenber 2003 -46 Rl is hydroxy, OR9 or OC(O)R9,
R2, R3, R4, R5, R6 and R7 are independently hydrogen, fl‘ﬂ g 0 O R9,
al kyl, aryl or arylalkyl, R8 is hydrogen, and R9 is 6‘ EIWI opyl ,

i sopropyl or trifluoronethyl. 34. A nethod of claim 33, wherein the conmpound
of fornmula V has the followng substituents R is hydroxy, ORI or OC(O) Rg,
R2, R3, R4, R5 and R7 are independently hydrogen, hydroxy, OR9, OC(O R9,

al kyl, aryl or arylalkyl, R6 and R8 are'f'@/drogen, and R9 is nmethyl. 35. A
nmet hod of claim 34, wherein the conpound of forrmula Vis 4',7-

di acet oxyi sof | avan (equol diacetate) or 4',7-di hydroxyisoflavan (equol). 36.
A conpound Rj igtheiréxy, ORae QCO)RLI, |V or V, wherein R is hydroxy, OR9,

ORg, thio, alkylthi h R3, R4, R5, R6,
kg i o ey by e e SR e oo

al kyl thio o§ ;;}?aﬁk jand RO is alkyl, fluoroal kyl or arylalkyl wth the
provi so tha eyast one of R5, R6 and R7 is not hydrogen, or when R5, R6

and R7 are Rh[sl’(whlmgmﬁmdthen R3 is hydroxy, OR9, OC(OR9, OS(O R9, alkyl,

aryl, thio, Rg 15 et h %th% prllgllay 1s lnrrggjffldo?'ctin}lgo%m%ﬁlnpounds of the formila

34. A method of claim 33, wherein the compound of formula V has the following
substituents

R, is hydroxy, ORg or OC(O)Rs,

Rz, Rs, Ry, Rs and R; are independently hydrogen, hydroxy, ORy, OC(O)Ry, alkyl, aryl or
arylalkyl,

Re and Rg are hydrogen, and

Ry is methyl.

35. A method of claim 34, wherein the compound of formula V is 4.7-

diacetoxyisoflavan (equol diacetate) or 4',7-dihydroxyisoflavan (equol).

36. A compound of the formulae I, II, IV or V,

wherein

R; is hydroxy, ORg, OC(O)Rs, thio, alkylthio, or halo,

R;, Rs, Rs, Rs, Rs, Ry and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rs,
OS{O)Ry, alkyl, aryl, thio, alkylthio or halo, and

Ry is alkyl, fluoroalkyl or arylalkyl

with the proviso that

at least one of Rs, Rg and R; 1s not hydrogen, or

when Rs, Rg and R7 are all hydrogen, then R; is hydroxy, ORg, OC(O)Rg, OS(O)Rs, alkyl,
aryl, thio, alkylthio or halo,

provided that compounds of the formula




14 Novenber 2003 _47_ wherein R is hydroxy or acetoxy, R2 is hydrogen,
hydr oxy, acetoxy, nethoxy, nethyl, isopropyl or hal o, i s hydroge

met hoxy, methyl, halo or trifluoromethyl, R6 is hydrogéﬁ?NHV8F§%V Gk
acetoxy, and R7 is hydrogen, hydroxy, nethyl or nmethoxy are specifically
excl uded, provided that conpounds of the fornmula wherein R3 is hydroxy or
nmet hoxy, and R4 is hydrogen or nethoxy are specifically excluded, provided
t hat conpounds of the formul ae 14 Novenbeft? 2003 - 48 wherein Rl is hydr oxy,
nmet hoxy, ethoxy, methylthio or halogen, and R2, R3 R4, R5, R6, and R7 are

i ndependently hydrogen, hydroxy, methoxy, ethoxy, nethylthio or hal ogen,
are specifically excluded, and proviRled that the conpounds

4' , 7- Di hydroxy-3', 5'-dinethox%is ofIavaE;4-one 4",
5- Di met hoxy- 7- hydr oxy- 8- met hyl T1sg QAR 2', 7-D ihydroxy-4',
8- di net hoxyi sof l avan- 3 -ene are §
cl ai m 36,

U

1
o
-}
D

wherein

R, is hydroxy or acetoxy,

R; is hydrogen, hydroxy, acetoxy, methoxy, methyl, isopropyl or halo,
R; is hydrogen, methoxy, methyl, halo or trifluoromethyl,

R is hydrogen, hydroxy or acetoxy, and

Ry is hydrogen, hydroxy, methyl or methoxy

are specifically excluded,
provided that compounds of the formula

HO. O

wherein
Rj; is hydroxy or methoxy, and
R, is hydrogen or methoxy

are specifically excluded,

provided that compounds of the formulae




wherein R is hydroxy, OR9 or OC(OR9, R2 and R3 are independently hydrogen,
hydroxy, OR9 or OC(OR9, R4, R5, R6, and R$ are hydro R7 is

OR9, OC(O R9, alkyl, aryl or halo, and RO is nmethyl, %NOVSNRWI

i sopropyl, trifluoronmethyl or benzyl. 38. A corrpound of claim 37, wher ein
Rl is hydroxy, OR9 or OC(O R9, R2 and R3 are independently hydrogen,
hydroxy, OR9 or OC(OR9, R5 is OR9, OC(OR9, alkyl, aryl or halo, 14
Novenber 2003 -49 R4, R6, R7, and R8 are-#ydrogen, and RO is nethyl, ethyl,
propyl, isopropyl, trifluoronmethyl or benzyl. 39. A conmpound of fornula I
sel ected fromthe group consisting of: 4', 7, 8-Triac etoxyiso flavone

7, 8-Di acet oxy-4' - met hoxyj sof | avone 4', 7- D| acet ORY- 8-met hyli sof | avone 3 ',
7-Di acetoxy-8 -nethyli po f‘l:)avone 7- Acet oxyz 4' - npt hoxy-8-net hyl i sof | avone

4' , 7-Di acet oxy-3' - et hyli sofl avo i acet oxyi sof | avone

40. A conpound of for Jel ect eﬁ fromthe p corsi stingof: 4, 7,

8 -Triac etoxyisof NY- A cet OXyg : Qi an- 4- ol 4'

7- Di acet oxy- 8- net ﬁlsolavn4P 3, 7- y\jgflavan4ol
R =

wherein

R, is hydroxy, methoxy, ethoxy, methylthio or halogen, and

Rs, R; R4, Rs, Ry, and Ry are independently hydrogen, hydroxy, methoxy, ethoxy,
methylthio or halogen, ‘

are specifically excluded, and

provided that the compounds
4',7-Dihydroxy-3',5'-dimethoxyisoflavan-4-one
4'.5-Dimethoxy-7-hydroxy-8-methylisoflavan-4-one
2',7-Dihydroxy-4',8-dimethoxyisoflavan-3-ene

are specifically excluded.

37. A compound of claim 36,

wherein

R is hydroxy, ORs or OC{O)R,

R; and R; are independently hydrogen, hydroxy, ORs or OC(O)Ry,
R4, Rs, Rg, and Ry are hydrogen,

R; is hydroxy, ORg, OC(O)R,, alkyl, aryl or halo, and

Ry is methyl, ethyl, propyl, isopropyl, trifluoromethy! or benzyl.

38. A compound of claim 37,

wherein

R; is hydroxy, ORgy or OC(O)Ro,

R; and R; are independently hydrogen, hydroxy, ORg or OC(O)R,,
Rs is ORs, OC(Q)Ry, alkyl, aryl or halo,



7- Acet oxy-4' - met hoxy-8-net hyl i sofl avan-4-0l1 4! , 7-D acetoxy-3'-nethoxy- 8

-nmethyli soflavan-4-ol 4',5,7-Triacetoxyiso flavan-4-o0|,4' , 7, 8
-Tri hydroxyi soflavan-4-o | 7, 8-Dihydroxy-4'-nethoxyi JS%NPX?E?P%—%QW 4,

7- D hydroxy-8-nethyliso flavan-4-ol 3',7-D hydroxy-8-nethylisoflavan-4-ol

7- Hydr oxy-4' - met hoxy- 8- net hyl i soflavan 4-0 1

4' | 7- D hydroxy-3' - net hoxy- 8- net hyl i sof | avap-4-ol 415 , 7-Trihydroxyiso
flavan-4-ol 41. A conpound of forrmula Il r4%el ected fromthe group consi sting
of; 4',7,8-Triacet oxydehydroequol (4',7,8-Triacetoxyisoflav-3-ene) 14
Novenber 2003 -50 7, 8-Di acet oxy-4'-net hoxydehydr oequol

(7,8-D acet Rx,yRé%;midiRyatbhsaddogm anéne) 4' 7 Di acetoxy-8-nethyli so

fl av-3-ene 3' net h |ISO
7- Acet oxy- 4R 9%??@9(? gwﬁarw 1seprpex] @methyl or%enzyl

4'  7-Di acet oxy-3' - met hoxy- 8- net hyl i soflav 3 -ene

4' |5, 7-Tri acet oxyi sof | av-3-ene |soflav-3-ene-4',7,8-triol 4'-Methoxyiso
fl av- 3- ene- 39. & codipolnd 8f Metninid I Sh‘bted\ﬂ:(ﬁﬂ thoesrdup Gondistihg of:

8- Met hyl i sof | av- % gg,B 7- d| - Met hoxy- 8-nethyliso flav-3 -ene-7-a 1
3' - Met hoxy- 8- et yf S‘@F%WX}@S Oﬂe 7-diol Isoflav-3-ene-4',5, 7-triol

7,8-Diacetoxy- 4'-methoxylsoﬂavone
4',7-Diacetoxy-8-methylisoflavone
3',7-Diacetoxy-8-methylisoflavone
7-Acetoxy-4'-methoxy-8-methylisoflavone
4',7-Diacetoxy-3'-methoxy-8-methylisoflavone

4'.5,7-Triacetoxyisoflavone

40. A compouﬂd of formula II selected from the group consisting of:
4',7,8-Triacetoxyisoflavan-4-ol
7,8-Diacetoxy-4'-methoxyisoflavan-4-ol
4',7-Diacetoxy-8-methylisoflavan-4-ol
3',7-Diacetoxy-8-methylisoflavan-4-ol
7-Acetoxy-4'-methoxy-8-methylisoflavan-4-ol
4' 7-Diacetoxy-3'-methoxy-8-methylisoflavan-4-ol

4'5,7-Triacetoxyisoflavan-4-ol

4',7,8-Trihydroxyisoflavan-4-ol
7,8-Dihydroxy-4'-methoxyisoflavan-4-ol
4',7-Dihydroxy-8-methylisoflavan-4-ol
3',7-Dihydroxy-8-methylisoflavan-4-ol
7-Hydroxy-4'-methoxy-8-methylisoflavan-4-ol
4',7-Dihydroxy-3'-methoxy-8-methylisoflavan-4-ol
4'.5,7-Trihydroxyisoflavan-4-ol

41. A compound of formula III selected from the group consisting of:

4'7,8-Triacetoxydehydroequol (4',7,8-Triacetoxyisoflav-3-ene)
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7,8-Diacetoxy-4'-methoxydehydroequol (7,8-Diacetoxy-4'-methoxyisoflav-3-ene)
4' 7-Diacetoxy-8-methylisoflav-3-ene

3',7-Diacetoxy-8-methylisoflav-3-ene
7-Acetoxy-4'-methoxy-8-methylisoflav-3-ene

4 7-Diacetoxy-3'-methoxy-8-methylisoflav-3-ene

4'5,7-Triacetoxyisoflav-3-ene

Isoflav-3-ene-4',7,8-triol
4'-Methoxyisoflav-3-ene-7,8-diol
8-Methylisoflav-3-ene-4',7-diol
8-Methylisoflav-3-ene-3',7-diol
4'-Methoxy-8-methylisoflav-3-ene-7-ol

3'-Methoxy-8-methylisoflav-3-ene-4',7-diol
Isoflav-3-ene-4',5,7-triol




