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1. Az értekezés el6zményei és célkitiizései

A ndvényi eredetli természetes anyagok egyik farmakologiailag is jelentds csoportjat
az 1,4-benzodioxan vazas flavano- és neolignanok képviselik. Szamos képviseldjiiknek
figyelemre méltd majvédd, antioxidans, leukémia ellenes és gyulladas gatlo hatasa van. E
vegyliletcsalad hatékony szintetikus hozzaférhetésége érdekében doktori munkam célja
volt, hogy megfeleld szubsztitucidji 1,4-benzodioxanok enantioszelektiv szintézisét
kidolgozva olyan szintetikus épit6kovekhez jussak, melyekbdl a fent emlitett természetes
anyagok enantioszelektiv szintézise megvalosithato. E vegyiiletek
vizsgaltam. Azonositdsuk, valamint szerkezetfelderitésiik érdekében részletesen
tanulmanyoztam tomegspektrometriai  (MS)  viselkedésiiket. Optikai tisztasaguk
meghatérozésahoz kiralis dirédium komplexeik *H és 3C-NMR sajatsagait vizsgaltam

meg.

2. Az alkalmazott vizsgalati médszerek

A kisérleti munka sordn a modern preparativ szerves kémia makro-, félmikro- és
mikromoddszereit egyarant alkalmaztuk. A reakcidk kovetésére, az anyagok tisztasaginak
ellenérzésére  vékonyréteg-kromatografiat (TLC), a reakcidelegyek tisztitisara
kristalyositast,  oszlopkromatografiat és  preparativ  vékonyréteg-kromatografiat
hasznaltunk. Az eléallitott vegyiiletek jellemzése, azonositisa és szerkezetiik igazolasa a
klasszikus analitikai eljarasokkal (elemanalizis, olvadaspont és fajlagos forgatoképesség
meghatarozasa), valamint NMR és tomegspektrometriai spektroszkopias modszerekkel
tortént. Az ECD spektrumokat oldatban mértikk. Tomegspektrometrias vizsgalatokat APCI
(+)-QTOF-MS/MS  (atmoszférikus kémiai ionizaciés kvadrupol TOF tandem

tomegspektrometria) technikat hasznalva végeztiik el.

3. Uj tudomanyos eredmények

3.1.1. Kisérletek a 2-hidroximetil-3-(4-hidroxi-3-metoxifenil)-1,4-benzodioxanok
enzimkatalizalt rezolvalasara
A kutatocsoportunk kordbbi eredményei alapjan 7-formil- és a 6-formil-1,4-

benzodioxan szarmazékok (92, 93) alkalmas épitd kovekként szolgalhatnak a majvédo
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hatast (2S,2°R,3’R)-szilandrin (56a) és (2S,2°R,3’R)-izoszilandrin (55a) szintéziséhez (2.
abra).

HO (0]

(2S,2'R,3'R)-izoszilandrin (55a)

OH
" H
1 2 OCHjs 1 H
HO O M@[ j\/OH (—— 2 O
-

OH O
(2S,2'R,3'R)-szilandrin (56a) (2R,3R)-93

2. abra

Minthogy a tervezett tobblépéses atalakitas egyes 1épései az 1,4-benzodioxan
gylriirendszer kiralitdscentrumait nem érintik, igy a kutatocsoportunk korabbi eredményei
alapjan az is kézenfekvének latszott, hogy a racém 2-hidroximetil-3-(4-hidroxi-3-
metoxifenil)-1,4-benzodioxanok enzimkatalizalt rezolvalasat kovetbéen e természetes
anyagokat és sztereoizomerjeiket ezen az uton allitsuk eld.

A (£)-75, -76, -92, -93, -97 1,4-benzodioxan szarmazékok enzim katalizalt
acilezését vinil-acetattal (VA), mint irreverzibilis acil donorral vizmentes dioxanban,
Pseudomonas fluorescens (PsfL) és a Pseudomonas cepacia (PCL) enzimek jelenlétében

kiséreltilk meg.

H
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+
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H

(£)-75, -76, -92, 93, -97 (-(25)-75,76,92,93,97  (+)-(2R)-75-, 76-, 92+, 93-, 97-Ac
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B= (E)CH=CHCO,CH,CH3 92/CHO H A
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O  OCH,OCH; noene
97| ¢ H H
C= X
H3zCOH,CO OCH,0CH;
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3. abra
Meglepé modon a (+)-75, -76, -92, -93 aldehid szarmazékok azonban nem voltak
szubsztratjai sem a PsfL, sem pedig a PCL enzimeknek. Ugyanakkor a C-3 helyzetben 4-
hidroxi-3-metoxifenil csoportot nem tartalmazo, de az aromas gyliriin nagy térkitoltést
csoporttal szubsztitualt (+)-97 szarmazékbol PsfL enzim jelenlétében vizmentes dioxanban
(2S)-97] kaptuk meg. Ezen eredmények azt mutattak, hogy a 75, 76, 92, 93 szarmazékok
esetében a nagy térkitoltésti C-3 arilcsoport akadalyozta meg az enzim-szubsztrat komplex

kialakulasat.

3.1.2. A (+)-(2R,3R)-2-(4-hidroxi-3-metoxifenil)-3-hidroximetil-1,4-benzodiox 4n-6-
karbaldehid [(+)-(2R,3R)-93] szintézise I.

A kutatocsoportunk korabbi eredményeit felhasznalva a konnyen hozzaférhetd
racém 76 1,4-benzodioxan szarmazékbol indultunk ki. A p-D-gliikozil csoportot
trikléracetimidatos kapcsolassal vezettiik be és igy a kivant (+)-99a és -99b gliikozidok 1 :
1 aranyu keverékéhez jutottunk. Ezt kovet6en 4 1épésben a jobbraforgatd 2-(4-hidroxi-3-
metoxifenil)-3-hidroximetil-1,4-benzodioxan-6-karbaldehidet [(+)-(2R,3R)-93] kaptuk meg

(4. abra).
OCHj OCH3
OH Acor CC'a
o
EtO T TMsOTh N, \(\/@ O-p-D-GI(OAc),

vizment. CH,Cl,

)-()-76 E)-99a,b |2H 3H
aj| o B
b|B a
1. vizment.piridin OCH;, OCH3
ecetsav-anhidrid OH
2. 0504 NalO,,
dioxan, H,0, 25° /@ _ MeOH _ @[ j\/
3. NaOMe o
vizment. MeOH OHC o O-H-D-GI(OH), 10% HOLA” OH
4 frakcionalt H
kristalyositas )-102 )-(2R 3R) -93
OCH3 OCH3
% i Pd/C (10%), H, i
vizment. THF, N, OH vizment. THF OH
(+ )(2R3R )-103 2R3R -104

4. abra
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nyert (+)-103 és (+)-104 szarmazékok CD szinképe alapjan a kutatocsoportunk altal
felismert kiroptikai osszefiiggésre ['L, savnal (+) CE — heterogyiirli helicitisa P —
abszolut konfiguracié (R)] tdimaszkodva hataroztuk meg.

Kinai kutatok e vegyiilet [(+)-93] enantioszelektiv szintézisét kozelmultban
kozoltek. Az altaluk kidolgozott szintézis Ut magasabb Osszhozama (11 %, altalunk
kidolgozott bruttdé hozam: 2 %) miatt Ggy gondoltuk, érdemes lenne szintézisiiket

megvaldsitani.

3.1.3. A (+)-(2R,3R)-2-(4-hidroxi-3-metoxifenil)-3-hidroximetil-1,4-benzodiox4n-6-
karbaldehid [(+)-(2R,3R)-93] Pan-féle szintézisének reprodukciéja

A (+)-(2R,3R)-2-(4-hidroxi-3-metoxifenil)-3-hidroximetil-1,4-benzodioxan [(+)-
(2R,3R)-93] Pan és munkatarsai altal kozolt enantioszelektiv szintézisérdl kimutattuk, hogy
az nem reprodukalhatd. A szintézis elsd 1épésében azt talaltuk, hogy a benzilezett koniferil-
alkohol (107) aszimmetrikus dihidroxilalasakor ugyanis AD-mix-o jelenlétében az (1S,2S)-
108 triol nem balraforgatd, hanem a jobbraforgaté formaban keletkezett (5. 4abra). E
vegyiilet szerkezetét Lundgren és munkatarsai altal a (+)-(R)-glicerinaldehidbdl nyert (+)-
(1S,2S)-1-(4-hidroxi-3-metoxifenil)propan-1,2,3-triollal (111) végzett kémiai korrelacioval

is egyértelmiien igazoltuk.

OH
H.CO G AD-mix-ou ~2S
3 D/\/\OH MeSO,NH, o OH
viz : t-BUOH OH
BnO 0°C BnO e
107 8
irodalmi: (-)-(1S,2S)-108 {op.: 155-156 °C,
[0]?*p = —76 (c 1,50, metanol), ee = 92 %}
sajat: (+)-(15,25)-108 {op.: 87-88 °C,
[a]?p = +20 (c 1,50, metanol)}
5. abra

A reprodukeidnk sordn a (+)-(1S,2S)-108 triolbdl benzaldehid-dimetil-acetallal a

(+)-112 benzilidén szarmazékhoz jutottunk.
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Ph En
: PhyP, DEAD N
PN 3 ’ (o) 0O
? 0 CHO  penzol, Ar, 70 °C, OB
- 24 ¢ra n
z +
= o}
BnO OH OH BnO
OCHs OBn OCHs
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sajat: [a]**p = —4 (c 0,63, aceton)
irodalmi®’: [0]?%; = —22 (¢ 0,50, aceton)

CH3COOH : 36 % HCI HyCOOH - 36 % HCl
1:1 .
a) 65 °C, 1 ora 65 °C, 1 6ra

b) 40 °C, 1 6ra o
o
20
6 3\/ OCHjz
o. 7 2
OH O OH
8 1

OH H
119 (2R,3R)-93

6. abra
A szintézis kovetkezd 1épésében a (+)-112-nek a 115-tel végzett Mitsunobu
reakcioja a (-)-116 aril-alkil-étert szolgaltatta kozepes hozammal (57 %). A szintézis
utolso Iépésében a 116 vegyiilet koncentralt HCl-val ecetsavban végzett gyiiriizarasa soran
a keziinkben 1év6 célvegyiiletet [(+)-(2R,3R)-93] még nyomokban sem tudtuk kimutatni. A
keverék f6 komponensét pedig 3,4-dihidroxibenzaldehidként (119) azonositottuk.

3.14. A (4)-(2R,3R)-2-(4-hidroxi-3-metoxifenil)-3-hidroximetil-1,4-benzodioxan-7-
karbaldehid [(+)-(2R,3R)-92] Pan-féle szintézisének reprodukciéja

A kinai kutatok altal kozolt (+)-(2R,3R)-2-(4-hidroxi-3-metoxifenil)-3-hidroximetil-
1,4-benzodioxan-7-karbaldehid [(+)-92] szintézisének reprodukcidja is sikertelen volt (7.
abra). A (+)-(1S,25)-108 triolt N-tozilimidazollal, vizmentes tetrahidrofuranban, natrium-
hidrid jelenlétében csak szerény termeléssel (13 %, irodalmi: 71 %) tudtuk a megfelel6 120
epoxidda alakitani, melynek fizikai adatai azonban jelentdsen eltértek az irodalomban

megadottaktol.
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BnO

OH OH
H,CO - H,CO -
3 Y OH i 3 = i,
OH - [ HsCO
BnO BnO 3
108 120

irodalmi: [a]?* = -52 (c 1,00, CHCl3)

24 _
sajat: [ = +3 (c 0,84, CHCly) irodalmi: [a]**p = +10 (c 1,00, CHClIj3)

sajat: [oa]**p = —12 (c 1,00, CHCI3)

_Ir |
122‘ H 92 ‘
123| Bn

(i) N-tozilimidazol, NaH, THF, 25 °C, 2 éra

(i) 4-benziloxi-3-hidroxibenzaldehid (115), PhsP, DEAD, benzol, Ar, 70 °C, 24 6ra
(iii) Pd/C (5%), H,, EtOAc, 25 °C, 6 6ra

(iv) KoCO3 MeOH, 25 °C, 1 6ra

7. abra

A kovetkez6 1épésben az (1S,2S)-120-nak a 115-tel végzett Mitsunobu reakcidja

a megfeleld étert (1R,2S)-121 (38 %) szolgaltatta. Azonban e vegyiilet benzilcsoportjainak
katalitikus hidrogénezéssel torténé eltavolitasa soran nem a kivant terméket (121), hanem
NMR adata alapjan annak 123 benzil-éterét kaptuk meg. Ebbdl K,COs-tal vald kezelés
soran metanolban a 4’-benziloxi szarmazék [(2R,3R)-124] keletkezett. E vegyiilet optikai
tulajdonsagait CD spektrumaval karakterizaltuk {n — x" [307 nm (~1,00)], mind pedig a ©

— 7" [286 nm (~1,42)]}.

A konjugal6dd formil csoport jelenlétében az 1,4-benzodioxan helicitasi szabaly

lathatdan nem alkalmazhat6, mert (2R,3R)-124 esetén a heterogytiri P helicitast, melyhez
pozitiv 'L, CE-nak kellene tartoznia. Megemlitend, hogy az (1R,2S)-121 és (1S,2R)-116
CcDh spektrumaik a 250 nm alatti tar‘toményban kozel tiikérképi lefutastak, amely jol jelzi,

e
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: O "on
H;CO (@] OCH
BnO 3 = o 3
OCHj 0 H
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8. abra

3.15. A (+)-(2R,3R)-2-(4-benziloxi-3-metoxifenil)-3-hidroximetil-1,4-benzodiox4n-6-
karbaldehid [(+)-(2R,3R)-136] elsé enantioszelektiv szintézise

A kinai kutatok szintéziseinek reprodukcidja soran szerzett tapasztalataink
alapjan 3,4-dihidroxibenzoesav-metil-észteréb6l (126) indultunk ki, melynek a C-3
hidroxilcsoportjat benzil védécsoport helyett acetillel védtiik. Ezt kovetéen a 128 acetoxi
észtert kapcsoltuk a  (+)-(1S,2S)-120 epoxiddal, amely a 130 aril-alkil-éter
kulcsintermediert adta. Ennek natrium-metilat jelenlétében végzett gyiiriizarasa a reakciod
kromatografias kovetése szerint két termékhez (132, 133) vezetett. Ezek elvalasztasat csak
a litium-aluminium-hidriddel végzett redukciot kovetden sikeriilt megoldani. fgy 2 : 1
aranyban a (—)-134 1,5-benzodioxepin és a vart (+)-135 1,4-benzodioxan szarmazékot
kaptuk meg. Ezt kovetd 1épésben a (+)-135 benzil-alkohol szarmazék MnO,-dal végzett
oxidacioja a kivant (+)-(2R,3R)-136 aldehidhez vezetett (9. abra).
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COOCH,

B OAc

H4CO
W OH 128
BnO O "DIAD, Phyp, vizm. THF, N,

(+)-(18,25)-120

H3COOC\©[

OCH3;
1N NaOMe| (-)-134
vizm. OBn i
MOt : LiAIH, 2:1
vizm. THF, N,

OCH;,
OBn
(+)-2R,3R)-135
MnO,
CH,Cl,
(+)-(2R,3R)-136
9. abra

A (-)-134 ¢és (+)-135 abszolut konfiguraciojat a kutatocsoportunk altal felismert
kiroptikai osszefiiggést hasznalva a CD szinképiik L, savjdhoz tartozo Cotton effektus

(CE) elgjele alapjan igazoltuk.

3.1.6. Kisérletek a (+)-(2R,3R)-2-(4-benziloxi-3-metoxifenil)-3-hidroximetil-1,4-
benzodioxan-7-karbaldehid eléallitasara

E vegyiilet szintéziséhez kiindulasi anyagként a 4-acetoxi-3-hidroxi-benzoesav-
metil-észtert (141) is protokatechusav-metil-észterbdl (126) akartuk eldallitani, de a 4-
acetoxi-3-benziloxibenzoesav-metil-észter (138) benzilcsoportjanak katalitikus
hidrogénezéssel torténd eltavolitasa soran acetil vandorlas tortént és igy a korabban
elballitott acetil szarmazékhoz (128) jutottunk (10. &bra). A megfelelé6 kapcsolod
komponens eléallitdsa folyamatban van. Ennek birtokdban a 9. abran vazolt Gton a kivant

vegyiilet minden bizonnyal eléallithato.
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COOCH;3 COOCH;3 COOCH;3 COOCH,
) 1.10 % HCI,
vizment. THF M MeOH, A
NaH, benzil-klorid 2. vizment. piridin,

OH  CH,0CH,CI OH  \izment. DMF OBn  ecetsav-anhidrid OH
OH OCH,OCH; A OCH,OCH; 3.10% Pd/C, THF  OAc
126 137 138 141

10. abra

3.1.7. Deutériummal jelzett szilibin (53a,b) és izoszilibin (54a,b) szintézise

A gybgyaszatban forgalomban 1évé majvédd hatast (+)-szilibin (53a,b) és (+)-
izoszilibin (54a,b) fragmentacios viselkedésének részletes tanulmanyozasa érdekében a
(+)-(2R,3R)-taxifolinbol  [(+)-45] kiindulva C-2° helyzetben deutériummal jelzett
szarmazékukat [(+)-144a,b, -145a,b] allitottuk el6 (11. abra).

Ag,0 53a,b, 143, 144a,b, 146

OCH3  benzol-aceton
szobahdm. OH
R oy
\C[ j\/ o
A H
R R o ™0

+

a5 A 33| H H

71l 1 142 D 54a,b, 145a,b
HO_, S (‘) o | abszolut konfiguracid
A — 2] R" R?> C2 C- -2 C-3'
- s > oH 53a, 54a| A H R R R R
OH O 53b,54)A H R R S S
144a,1454 A D R R R R
144b,145A D R R S S
143 H H R* R*
146| H D R* R*

11. abra

A tomegspektrometriai vizsgalatainkhoz e vegyiiletek lignanrészét képezé 146
1,4-benzodioxan szarmazékot C-2 helyzetben deutériummal jelzett formaban is
eldallitottuk. Vegyiileteink deuteraltsagi fokat H-NMR adatokbol hataroztuk meg és a
mintank deutérium tartalma meghaladta a 92 %-ot, amely jo egyezést mutatott a vanillinbdl

(94) 5 1épésben elballitott deutero-koniferil-alkohol (142) deuteraltsagi fokaval.
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3.1.8. A (#)-szilibin (53a,b) fragmentaciéjanak tanulmanyozasa TOF tandem
tomegspektrometriaval (MS/MS)

A (+)-szilibin (53a,b), (+)-izoszilibin (54a,b), a (+)-deuteroszilibin (144a,b) és a
(+)-deuteroizoszilibin (145a,b), valamint e vegyiiletekben fellelhet6 153, 154, 155 O-
heterociklusok (12. abra) tomegspektralis viselkedését APCI (+)-QTOF-MS/MS technikat
hasznalva tanulméanyoztuk, és javaslatot tettiink a (+)-szilibin (53a,b) és a (+)-izoszilibin

(54a,b) fragmentalodasanak f6bb 1épéseire.

OCH;
OH
H
(0]
H H
HO o @ OCH; HO o -“‘©io L_OH
m ;
-VOH OH -YOH
H
OH O H OH O
53a,b, 144a,b IR 54a,b, 145a,b

53a,b, 54a,b | H
144a,b,145a,bl D

(0]
HO\Q;TJH;\Q HO\(;[:i\QO:[ HO

“NOH - OH
OH O OH O
153 154
12. abra

Az m/z 483, 465, 435, 329, 311 és 301 tomegszami fragment ionok esetében
jelentds intenzitas kiilonbségeket figyeltink meg, melybdl egyértelmiien a koniferil-
alkohol (33) kapcsolodasanak regioszelektivitasara lehet kovetkeztetni, azaz a (+)-szilibin
(53a,b) a (+)-izoszilibintél (54a,b) APCl (+)-QTOF-MS/MS spektrumaik alapjan

tudomanyos igényességgel megkiilonboztethetdk.

3.1.9. 1,4-Benzodioxan szarmazékok optikai tisztasaganak meghatarozasa dirédium
modszerrel

H. Duddeck professzorral (University of Hannover) egyiittmiikddve kiilonféle
funkcidés csoportban (éter, alkohol, észter, fenol) oxigént tartalmazd (£)-76 1,4-
benzodioxan szarmazék, mint ligandum (L) az enantiomertiszta dir6dium komplexszel (13.

abra) képzett (Rh*) adduktjainak NMR vizsgalatat végeztiik el.

10
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R* R R
O/\o : O/\o R" /\ .
| O/|/<o ' 0/’/40 o e,
FallN V. MR L 2t | o] e
o Lo | L+ o1l 0] L L o L
N R OYO RZ{ o)
L L b
OCH;
R'= —Copp L=(+)-76
CF,

13. abra
A nyert AS (*H és °C) értékek egyértelmilen azt mutattik, hogy a rédium az

észter karbonil csoportjahoz kot6dott legerésebben, melyet a CH,OH csoport oxigénjéhez

. .
]

5,08 5.00 2oz 1460 145.9 1458

valo kotodés kovetett.

14. abra
Az addukt C-2H 'H és C-8a °C jeleinek felhasadéasa alapjan a vizsgalt vegyiilet

enantiomer tisztasaga pontosan meghatarozhat6 (14. abra).

11
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1. Antecedents and Aims

Flavano- and neolignans possessing 1,4-benzodioxane moiety represent an
important group of natural products exhibiting significant hepatoprotective, radical
scavanging, antileucemic and anti-inflammatory activitiy.

In order to explore an effective approach to the synthesis of this type of
compounds, the aim of my dissertation was to develop enantioselective synthesis of
appropriately substituted 1,4-benzodioxane derivatives, which can serve as a suitable
building blocks for the synthesis of the above mentioned natural products. The absolute
configuration of the chirality center(s) of these molecules has been determined by
chiroptical spectroscopy (CD) and their mass spectrometry (MS) and NMR data have been
also studied for their simple and rapid identification and determination of their optical

purity, respectively.

2. Applied methods

The macro, semi-micro and micro methods of modern preparative organic
chemisrty were applied in the synthetic work. Reactions were monitored by thin layer
chromatography; isolation, purification and separation of the crude products were carried
out by preparative and column chromatography or crystallisation. Elemental analysis,
melting points, optical rotation, IR spectroscopy, NMR and CD spectroscopy, mass
spectrometry measurements were applied for the identification and characterization of the
prepared compounds. The fragmentation behavior of our compounds were investigated by
APCI(+)-QqTOF MS/MS (atmospheric pressure chemical ionization quadropole time-of-

flight tandem mass spectrometry in positive ion mode).

3. New results

3.1.1. Experiments for enzyme catalysed resolution of 2-hydroxymethyl-3-(4-hydroxy-
3-methoxyphenyl)-1,4-benzodioxanes

On the basis of recent results achieved by our research group the 1,4-
benzodioxane 6- and 7-carbaldehyde derivatives (92, 93) may serve as suitable building
blocks for the synthesis of the hepatoprotective (2S,2’R,3’R)-silandrin (56a) and
(2S,2°R,3’R)-isosilandrin (55a) (Scheme 2).
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Scheme 2

Since the configuration of chirality centres of the 1,4-benzodioxane ring

remained unchanged in these transformation, according to the recent results of our research

group, it was obvious to use the enzyme catalyzed kinetic resolution for the preparation of
the stereoisomers of 2-hydroxymethyl-3-(4-hydroxy-3-methoxyphenyl)-1,4-benzodioxanes

in optically pure form.

The lipase-catalyzed transesterification of (+)-75, -76, -92, -93, -97 has been

studied in dry dioxane with Pseudomonas fluorescens (PsfL) and Pseudomonas cepacea

(PCL) lipases using vinyl acetate (VA) as an irreversible acyl donor at room temperature.

R ol R R oJ R
m L ~Graais solvart D: I I:[ j\/
Torganic solvent H* 5 A
R? o i OH [¢] , O R2 o B OAc

(+)-75, 76, 92, 93, 97 (-)-(25)-75,76,92,93,97  (+)-(2R)-5, -76, -92, -93, 97-Ac
OCH;
o R1 2 3
75 B H A
= (E)CH=CHCO,CH,CH oHoBoA
B = (EYCH=CHCO,CH,CH, 92CHO H A
93
O OCH,OCH; H CHO A
97| ¢ H H
c= X
HsCOH,CO OCH,0CH;3
Scheme 3

Surprisingly, (£)-75, -76, -92, -93, and -97 derivatives could not be resolved by PsfL
and PCL enzyme. In the same time, the PsfL lipase-catalyzed acetylation of racemic 2-
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hydroxymethyl-1,4-benzodioxane [(+)-97], possessing no substituent at C-3 and a bulky
group on its aromatic ring, provided the leavorotatory alcohols of (2S) absolute
configuration and optical purity over 98 % in good yield in dry dioxane at room
temperature. This results has clearly shown that in case of 75, 76, 92 and 93 1,4-
benzodioxane derivatives, the presence of the 4-hydroxy-3-methoxyphenyl group at C-3

hindered their binding to the active site of the enzyme.

3.1.2. Synthesis of (+)-(2R,3R)-2-(4-hydroxy-3-methoxyphenyl)-3-hydroxymethyl-1,4-
benzodioxane-6-carbaldehyde [(+)-(2R,3R)-93] I.

Since the 1,4-benzodioxane derivative 76 could be prepared in racemic form in a
simple scheme using the recent results of our research group, it can be used as a suitable
starting material for (+)-(2R,3R)-93. For the resolution of 76, a B-D-glycosyl moiety was
introduced to the molecula. The glucoside 99a,b could be synthesized by regioselective
glucosylation with trichloroacetyl imydate as a 1: 1 mixture of diastereomers, from which
the dextrorotatory 2-(4-hydroxy-3-methoxyphenyl)-3-hydroxymethyl-1,4-benzodioxane-6-
carbaldehyde [(+)-(2R,3R)-93] could be gained in 4 steps (Scheme 4).

OCHs OCH3

o
OH AcOr o CC'B
CO OAc
7‘/\/E:[ TMSOTf, N, O-B-D-GI(OAc),
dry CH,Cl,
_|2H 3H 3H
E)-99a,b aja B
b| B «
1. dry pyridine OCH;, OCH3
acetic anhydride OH
2. 0s0, NalO,,
dioxane, H,0, 25 °C _ MeOH _
gr;ﬁggﬁ o O-B-D-GI(OH), ,10% HCI, A oH
4.repeated H
crystall. )-102 )-2R, 3R -93
OCHs OCHj
LiAIH, | Pd/C (10%). H, ©/
dry THF, N, OH dry THF OH
(+)-(2R, 3R -103 )-2R, 3R -104

Scheme 4
The reduction of aldehyde group of (+)-93 by LiAIH, resulted in the (+)-103
benzyl alcohol derivative, whose catalytic hydrogenation in the presence Pd(C) gave the
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corresponding (+)-104 derivative. The absolute configuration of these compounds has been
determined by CD to be (2R,3R) using the 1,4-benzodioxane helicity rule reported by our
group [*Ls-CD (+) — heteroring helicity P — absolute configuration (R)]. Therefore the
absolute configuration of (+)-(2R,3R)-93 must also be as (2R,3R).

Recently enantioselective synthesis of (+)-93 was also reported by Chinese
researchers. The Chinese researchers developed synthetic route with higher total yield
(11%, we have developed gross yield: 2%), because we thought, it would be executed their

synthesis.

3.1.3. The (+)-(2R,3R)-2-(4-hydroxy-3-methoxyphenyl)-3-hydroxymethyl-1,4-
benzodioxane-6-carbaldehyde [(+)-(2R,3R)-93] Pan’s synthesis of reproduction

The enantioselective synthesis of (+)-(2R,3R)-2-(4-hydroxy-3-methoxyphenyl)-3-
hydroxymethyl-1,4-benzodioxane-6-carbaldehyde [(+)-(2R,3R)-93] reported by Pan and
co-workers could not be reproduced. In the first step, the Sharpless asymmetric
dihydroxylation of benzylconiferyl alcohol (107) with AD-mix-a resulted in a
dextrorotatory triol in our hand, whose physical data have been found to be total by
different from that published by Pan et. al (see in Scheme5). According to the Sharpless
rule, the absolute configuration of our compound [(+)-108] must be (1S,2S), which was
also confirmed by chemical correlation with  (+)-(1S,2S)-1-(4-hydroxy-3-
methoxyphenyl)propane-1,2,3-triol (111) prepared by Lundgren et al. from (+)-(R)-

glyceraldehyde.
OH
H.CO G AD-mix-ou ~2S
3 D/\/\OH MeSO,NH, N OH
BnO Hzo:(;;léuOH BnO OH
107 OCH,
own: (+)-(1S,2S)-108 {mp.: 87-88 °C,
[]?*p = +20 (c 1.50, methanol)}
literature: (-)-(15,25)-108 {mp.: 155-156 °C,
[a]?*p = ~76 (c 1.50, methanol), ee = 92 %}
Scheme 5

In the course of our reproduction, the transformation of (+)-(1S,2S)-108 with

benzaldehyde dimethyl acetal provided the (+)-112 benzylidene derivative (Scheme 6).
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o. 7 2
OH Z 0 OH
OH H !
119 (2R.3R)-93
Scheme 6

In the next step of the Pan’s synthesis, compound (+)-112 was subjected to
Mitsunobu reaction with 115. In this transformation a mixture is formed whose main
component could be isolated in 57 % yield. The structure of this compound (116) has been
determined by combination of different spectroscopic methods. The last step of Pan’s
synthesis could not be reproduced at all. The TLC monitoring of the cyclization of 116
upon heating in acetic acid in the presence of 36 % HCI did not resulted in even traces of
the target molecule (+)-(2R,3R)-93, which was alredy in our hand (see 3.1.1.). Our TLC
examination has clearly shown that instead of the proposed ring-closure the formation of
3,4-dihydroxybenzaldehyde (119) was the main process.

3.14. The (+)-(2R,3R)-2-(4-hydroxy-3-metoxyphenyl)-3-hydroxymethyl-1,4-
benzodioxane-7-carbaldehyde [(+)-(2R,3R)-92] Pan’s synthesis of reproduction
The synthesis of (+)-(2R,3R)-2-(4-hydroxy-3-metoxyphenyl)-3-hydroxymethyl-1,4-
benzodioxane-7-carbaldehyde [(+)-(2R,3R)-92] reported by Chinese researchers could not
be reproduced either(Scheme 7).
In our hand, the treatment of (+)-(1S,2S)-108 triol with N-tosylimidazole in dry

THF in presence of NaH resulted in 120 oxirane in low yield (13 %, literature: 71 %).
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Scheme 7

In the next step, the Mitsunobu reaction of (1S,2S)-120 with 115 gave the
corresponding ether (1R,2S)-121 in 38 % yield. Removal of the benzyl groups of (1R,2S)-
121 by hydrogenolysis did not result in (1R,2S5)-122 in our hand and instead of 123 its
monobenzyl derivative could be obtained whose structure was identified by NMR. This
structure has been also confirmed by its treatment with K,CO3 in MeOH resulting in the 4’-
O-benzylether derivative of 92 [(2R,3R)-124].

Its optical property could be characterized by its CD spectrum {n — =" [307 nm
(-1.00)], = — =" [286 nm (-1.42)]}. The conjugated formyl group in the presence of 1,4-
benzodioxane helicity rule apparently does not apply, because of (2R,3R)-124, the
heteroring P helicity, which has a positive 'L, CE should have covered. It is interesting to
note,that the CD of (1R,2S)-116 and (1S,2R)-121 are mirror image below 250 nm due to

the opposite configurations of their stereogenic centres (Scheme 8).
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Scheme 8

3.15.  First enantioselective  synthesis of  (+)-(2R,3R)-2-(4-benzyloxy-3-
methoxyphenyl)-3-hydroxymethyl-1,4-benzodioxane-6-carbaldehyde [(+)-(2R,3R)-
136]

On the basis of experiences earned in the course of the reproduction of Pan’s
synthesis, we supposed that 3,4-dihydroxybenzoic acid methylester (126) can be a suitable
starting material for the preparation of the (2R,3R)-136 1,4-benzodioxane building block if
acetyl protecting group is used instead of the benzyl one. Therefore methyl 3-acetoxy-4-
hydroxybenzoate (128) was reacted with the corresponding (+)-(1S,2S)-120 epoxide under
conditions of Mitsunobu reaction to give 130 aryl alkyl ether as a key intermediate. The
TLC monitoring of cyclization of 130 with NaOMe has shown that a mixture of two
compounds was formed, which could not be separated. Afterword the ester derivatives
were reduced by LiAlH, to afford the (—)-134 1,5-benzodioxepine and the expected (+)-
135 1,4-benzodioxane derivatives with 2 : 1 ratio. In the next step, the (+)-135 benzyl
alcohol was oxidized with MnO, to get the required (+)-(2R,3R)-136 aldehyde derivative
(Scheme 9).
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Scheme 9
The absolute configuration of the (-)-134 and (+)-135 was confirmed by CD on
the basis of the helicity rule published by our group.

3.1.6. Experiments for synthesis of (+)-(2R,3R)-2-(4-benzyloxy-3-methoxyphenyl)-3-
hydroxymethyl-1,4-benzodioxane-7-carbaldehyde

Starting from protocatechuic acid, we wanted to produce the methyl 4-acetoxy-3-
hydroxybenzoate (141) for the synthesis of the target compound. Surprisingly after
methoxymethylation of 126 followed by benzylation, cleavage of methoxymethyl group,
acetylation and catalytic debenzylation 4-acetyl-protochetechu acid methyl ester has been
obtained instead of 141 due to an unexpected acetyl migration took place under the

conditions of catalytic hydrogenation. The modification of this sequence is in progress.
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Scheme 10

3.1.7. Synthesis of deuterium labeled silybin (53a,b) and isosilybin (54a,b)

In order to study the fragmentation behaviour of the hepatoprotective (+)-silybin
(53a,b) and (+)-isosilybin (54a,b), derivative [(+)-144a,b, -145a,b] have been synthesized
with deuterium labelling on its C-2” starting from (+)-(2R,3R)-taxifolin [(+)-45] (Scheme
11).

___A9O _ _ 53ab,143,144a,b, 146
OCH3; benzene-acetone
r

T * OH
o e arlX
R R
1009
R R o0 - OH

(A 33 H H

71 H 142 D 54a,b, 145a,b
HO_, 8 (1) - | absolute configuration
A = 2 R" R? C2 C3 C2 C3
6 «NoH 53a, 54a| A H R R R R
50H & 53b,54A H R R S S
144a, 1453 A D R R R R
144b, 145b A D R R s S
143| H H R* R*
146| H D R* R*

Scheme 11

We could prepared the 146 1,4-benzodioxane derivative for mass spectrometry
analysis. The deuteration degree of (+)-144a,b, -145a,b was confirmed by their H-NMR
data and the deuterium content of our samples was found higher than 92 %, which

corresponds well to that of deuteroconiferyl alcohol (142) prepared in five steps starting

from vanilline (94).
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3.1.8. (+)-Silybin (53a,b) fragmentation studies by atmospheric pressure chemical
ionization quadrupole time-of-flight tandem mass spectrometry

The fragmentation behaviour of (+)-silybin (53a,b), (+)-isosilybin (54a,b), (+)-
deuterosilybin (144a,b) and (+)-deuteroisosilybin (145a,b) as well as their flavanone-3-ol-
type building blocks such as 153, 154 and 155 (Scheme 12) were investigated by APCI
(+)-QTOF-MS/MS. Based on our experimental results, fragmentation pathways for (+)-
silybin (53a,b) and (+)-isosilybin (54a,b) are proposed.

OCH;
OH
H
O
H
HO o) H@[ HO o -“‘©[o A_OH
m ;
-YOH - OH
H
OH O H OH O
53a,b, 144a,b l R 54a,b, 145a,b

53a,b, 54a,b | H
144a,b,145a,bl D

(0]
HO\Q;TJH;\E) HO\(;[:i\QOj HO

5 OH ~TOH
OH O OH O
153 154
Scheme 12

We have observed that the relative intensities of product’s ions m/z 483, 465,
435, 329, 311 and 301 of (+)-silybin (53a,b) were significant different those of (+)-
isosilybin (54a,b), therefore these characteristic MS data can be safety used for
differentiation of the regioisomers of this type of natural products.

3.1.9. Determination of optical purity of 1,4-benzodioxane derivatives with dirhodium
method

In collaboration with H. Duddeck Professor (University of Hannover), NMR
examinations of dirhodium complexes in situ prepared from the (+)-76 1,4-benzodioxane
derivative possessing oxygen in various functional groups (ether, alcohol, ester, phenol)
with rhodium-acetate and methoxytrifluoromethylphenylacetic acid (MTPA-H) in CDCl;

have been performed (Scheme 13).
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The obtained values A8 (*H and 3C) have clearly showed that the Rh was
coordinated stronger to the carbonyl oxygen of the ester function of (+)-76 than to the
oxygen of CH,OH group, but in both cases a significant splitting of 2H *H and C-8a *C
signals could be observed.

L (.
|

146.0 1458 1458

Scheme 14
On the basis of the splitting of C-2H 'H and C-8a *3C signals of the adduct, the
enantiomeric purity of the tested compounds can be safely determined (Scheme 14).
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