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1. Az értekezés el6zményei és célkitiizései

A novényi eredetli természetes anyagok egyik jelentds csoportjat a flavonoidok
képviselik. Napjainkban a flavonoid Osszefoglaldé névvel nem csupan az 1,3-
difenilpropanvaza (Cg-Cs-Cg) O-heterociklusos vegyiileteket jelolik, hanem tagabban
értelmezve ezt a gylijténevet hasznaljak a szerkezeti felépitésében rokon O-heterociklusos
vegyiiletcsaladra: az 1,1-difenilpropanvazu neoflavonoidokra, az 1,2-difenilpropanvaza
izoflavonoidokra is. Az utobbi vegyiiletcsalad egyik biologiailag is értékes alcsoportjat

képezik az izokroman, izokromanon szarmazékok és glikozidjaik (1. abra).
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1. abra
Doktori munkamban izokromanok, izokromanonok (3,4-dihidroizokumarinok)
enantioszelektiv szintézisével és kiroptikai (CD) vizsgalataval foglalkoztam, azzal a
célkitlizéssel, hogy kiroptikai sajatsagaik feltarasaval lehetdséget teremtsek az abszollt
konfiguraciojuk meghatarozasara. E vizsgalatokat kiterjesztettem a p-metoxifenil

glikozidok naftil-metil-ketaljainak el6allitasara és kiroptikai vizsgélatara is.

2. Az alkalmazott vizsgalati médszerek

A kisérleti munka soran a modern preparativ szerves kémia makro-, félmikro- és
mikromddszereit alkalmaztuk. A reakcidk kovetésére, az anyagok tisztasaganak
ellenérzésére  vékonyréteg-kromatografiat (TLC), a reakcidelegyek tisztitasara
kristalyositast, = oszlopkromatografiadt és  preparativ  vékonyréteg-kromatografiat
hasznaltunk.

Az eléallitott vegyiiletek jellemzése, azonositasa és szerkezetilk igazoldsa a
klasszikus analitikai eljarasokkal (elemanalizis, olvadaspont és fajlagos forgatoképesség

meghatarozasa), valamint 'H- és *C-NMR spektroszkopias modszerekkel és egykristaly
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rontgendiffrakeios vizsgalatokkal tortént. Az NMR vizsgalatok soran a termékek teljes *H-
és ®C-NMR hozzarendelését kétdimenzios technikdk alkalmazisaval (*H-'H COSY,
TOCSY és BC-'H HSQC) végeztiik, a relativ konfiguracié meghatarozasara homo- és
heteronuklearis harom kotéses csatolasi allandokat és NOE effektusokat hasznaltunk. Az

ECD spektrumokat oldat és mikrokristalyos szilard pasztillas CD technikaval mértiik.

3. Uj tudomanyos eredmények

3.1.1. 3-Metilizokromanok enantioszelektiv szintézise és kiroptikai vizsgalata
Izokroman kromofor kiroptikai sajatsdgainak feliilvizsgalata érdekében a (3R,4S)-60
és (3S)-62a rogzitett konformacioji izokromanokat allitottuk el6 a (—)-(1R,2S)-59 és a (+)-
(S)-61a optikailag aktiv szekunder alkoholokbol MOMCI-dal ZnCIz jelenlétében. E
NMR vizsgalatokkal is igazoltuk. A kiroptikai vizsgalatuk egyértelmiien igazolta, hogy az
izokroman kromofor, jo egyezésben a kutatocsoportunk kordbbi megfigyelésével,
kiroptikai szempontbdl az aromas gyiirlin szubsztitualatlan kiralis tetralin szarmazékokkal
megegyez6 mddon viselkedik, azaz P-helicitasu heterogyiirii pozitiv, M-helicitast negativ

L, CE-t eredményez (2. abra).
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2. dbra

Ezen szabaly szubsztituens fliggésének tanulmanyoziséhoz a kereskedelmi
forgalomban koénnyen hozzaférhetd fenilecetsav szarmazékokbol (63, 64) kiindulva két
l1épésben a rac-61a-c alkoholokat allitottuk el6. A keletkezé szekunder alkoholok enzim-
katalizalt rezolvalasat Pseudomonas cepacia lipazzal (PCL) vinilacetat (VA) jelenlétében

végezve jutottunk a jobbra forgato alkoholokhoz [(+)-(S)-61a-c] (3. bra), melyek abszolut
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¢és munkatarsai altal kidolgozott cink porfirin dimer ECD (4. abra) és a modositott Mosher-

féle NMR modszerekkel is meghataroztuk.
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4. dbra
Az optikailag aktiv alkoholokat [(+)-61la-h] oxa-Pictet-Spengler gytrlizarasi
reakcioban a megfeleld (S)-3-metilizokromanokka [(+)-(S)-62a-g] alakitottuk (5. abra).
Megjegyzendd, hogy 61¢c MOMCI-dal végzett reakcidjaban a (+)-(S)-62c és 629 1:4 aranyu

keveréke keletkezett, melyek elvalasztasa és szerkezetigazoldsa nem jelentett problémat.
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5. abra

Az igy nyert aromas gydrin kiilonboz6 helyzetben nagy spektroszkopiai
momentuma csoportokat (OMe, —OCH,0—, Br) tartalmazé (S)-izokromanok ECD
vizsgalata alapjan megallapitottuk, hogy a fentebb mar emlitett kiralis tetralin kromofortél
eltéréen a kiroptikai sajatsagukat (a helicitdsi szabalyt) e szubsztituensek nem
befolyasoljak, azaz a heterogyfirti P/M-helicitasdhoz pozitivinegativ 'L, CE tartozik. igy ez
az Osszefiiggés a természetes izokromanok széles korében hasznalhatdé az abszolut

konfiguraciéo meghatarozasra.

3.1.2. Dihidroizokumarin szirmazékok

Az (S)-62a,c,d izokromanokbol Jones reagenssel vagy DMDO-val a megfeleld (S)-
76a-c 3,4-dihidroizokumarin szarmazékokat allitottuk el (6. abra). Ezek CD szinképében
a karbonil csoporthoz tartozo n—n* atmenetnél (252-268 nm) mért CE eléjele (pozitiv) a

heterogyiiri P-helicitasat és jo egyezésben kutatdocsoportunk korabbi eredményeivel a
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3.1.3. 1-Metoxiizokroman szarmazékok

Benzil helyzetii szubsztituens hatdsanak vizsgalatara az (S)-62a,d izokromanokat
DDQ-val metanolban a 80a,b 1-metoxi szarmazékokka alakitottuk (7. abra), melyekben a
haromkotéses szén-proton csatolasi allandok alapjan (3Jc.) a metoxicsoport axidlis
térallasat igazoltuk. Ez egyben azt is mutatta, hogy a (3S)-62a,d szarmazékokhoz
hasonloan a heterogyiirti P-helicitasti. Minthogy e vegyiileteknél is az 'L, ECD atmenetre
pozitiv CE-t mértiink, igy kimutattuk, hogy a benzil helyzetli axidlis szubsztituens sincs

hatéssal az izokroman kromofor kiroptikai viselkedésére.

R 45 Me R 4 3. Me H
]@@ DDQ Me—A2 OMe
20 MeOH 20 !
RO R?™ e 4 \O H
OMe 2
gg;—gg: (-)-(1R,3S)-80a,b ©Cga,c-1,0203> 0
‘ R R? P-helicitas
62a,80a| H H
62d, 80b| OMe OMe

7. abra
3.1.4. A dopamin D, antagonista aktivitisa optikailag aktiv 1,3-diszubsztitualt
izokromanok szintézise és CD vizsgalata
A dopamin receptorokon haté molekulak szamos betegség (pl. skizofrénia, fejfajas,
Parkinson kor, stb.) gyogyitasaban potencialis farmakonoknak tekinthet6k. A korabban
targyalt (3S)-metilizokromanok konnyl hozzaférhetésége jo lehetGséget kinalt arra, hogy
irodalmi analogiak alapjan a potencialisan dopaminerg (1S,3S)-81d és (1R,3S)-82d

izokroman szarmazékok eldallitasat is megkiséreljiik.

EtO OEt
H
MeO CHs NADPH NADP* MeO YN Meols ft
R g g s
o) Z. rouxii OH  TMSOTH y 20
MeO ketoreduktaz ~ MeO vizm.MeCN ~ MeOQ™ ="ty
73a (+)-(S)-61d

R
(+)-(18,3S)-81a-d

(+)-(1R,3S)-82a-d
8. abra: Reagensek: i: LiIOH, THF; ii: 4-metoxifenilpiperazin, EDC, vizmentes CH,Cly; iii:
BH, THF
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A  konnyen hozzaférhetd  (+)-(S)-61d  szekunder alkoholbdl  etil-3,3-
dietoxipropionattal végzett oxa-Pictet-Spengler gylriizarassal, trimetilszilil triflat
(TMSOTY) jelenlétében az (1S,3S)-8la és az (1R,3S)-82a epimerek 1:2 aranyu elegyét
kaptuk meg, melyek szerkezetét elvalasztisukat kovetéen 'H-NMR  vizsgalatokkal
igazoltuk (8. abra). J6 egyezésben a fentebb ismertetett helicitasi szaballyal (heterogytirii
helicitasa P/M, a benzol kromofor L, sav CE-a pozitivinegativ) mindkét szarmazék
[(1S,39)-81a, (1R,3S)-82a] esetében pozitiv 'L, CE-t mértiink (9. abra).

H R H
1 . Me=3 1 Me=3 H1 1 .
('Ly) CE: (+ 0,62) A <~ H s < R ('Ly) CE: (+ 0,30)
2 2
©c.g, C-8a,c-1,0> 0 ©c.g, C-8a,c-1,0> 0
P-helicitas P-helicitas
9. abra

Ezekbdl [(1S,3S)-81a, (1R,3S)-82a] a varhatoan dopaminerg aktivitasu (1S,3S)-81d
és (1R,3S)-82d izokroman szarmazékok szintézisét harom 1épésben oldottuk meg (8. abra).
A 8la-d és 82a-d vegyiiletek vizsgalatat dopamin Dy, D,4, D47 receptorokon a
Richter Gedeon Gyogyszergyarban végezték el. Ezek koziil az (1S,35)-81d szarmazék a
dopamin D,, receptoron mutatott figyelemre méltd (66 %) gatlast 10 uM-os

koncentracional (1. tablazat).

Gatlas (%) (10 uM-os koncentracional)
Vegyillet | Dopamin Dopamin Dopamin
Dy, Dayg Dy
83a 10 -1 6
84a 0 1 3
83¢ -2 3 -1
84c 6 1 4
83d 66 46 34

1. tablazat

Hatékonyabb szarmazékok eldallitasara iranyulo kisérleteink folyamatban vannak.

3.1.5. 3-Metil-1-arilizokromanok szintézise és kiroptikai vizsgalata

Az (S)-61d alkoholbol kiindulva oxa-Pictet-Spengler gytiriizarassal a megfeleld
aldehidekb6l (83b,d,f), illetve ketonokbol (83a,c,e) katalitikus mennyiségli kénsav
jelenlétében trimetilortoformiattal képzett acetalokkal (84b,d,f), illetve ketalokkal (84a,c,e)
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a megfeleld 85a-f és 86a-f 1-szubsztitualt izokroman szarmazékokat kaptuk meg. E
vegyiiletek szerkezetét *H-NMR és rontgendiffrakeios vizsgalatok alapjan hataroztuk meg.
Ezek alapjan kimutattuk: a) a heterogytiri konformacioja minden esetben P-helicitasu volt,
b) a fenil-, 1- és 2-naftil-metil ketalokkal (84a,c,e) végzett gylirlizaras soran a fenil- illetve
a naftil-csoportok axidlis allasban tartalmazo epimer keletkezése volt a kedvezményezett
(diasztereoszelektivitas: 84a — 85a: 86 %, 84c — 85c: 84 %, 84e — 85e: 100 %), c) a
reakcio diasztereoszelektivitasa a 84b,d,f acetilokkal végzett gylirlizarasnal megfordult
(diasztereoszelektivitas: 84b — 86b: 77 %, 84d — 86d: 70 %, 84f — 86f: 100 %). A
kisérleti eredményeinket irodalmi adatokra tdmaszkodd szemiempirikus kvantumkémiai

szamitassal végzett konformacidanalizis alapjan értelmeztiik.

j\ HC(OMe)s MeOXOMe 83-86| R' R2
it it NG R R
R'"” "R2 cc. H,SO4 R" "R2 a Ph  Me
vizment. MeOH b Ph  H
83a-f 84a-f ¢ |2-naft. Me
d |2-naft. H
H e |1-naft. Me
Meo;@/\{m\ f [1-naft. H
OH
MeO
(S)-61d
‘ 84a-f
l BF,-OEt,, EL,0, 24°C l
MeO._ A~ Me MeO. ;A ~_.Me
3 3
20 20
Meom MeO " 7
R "R? R? R
85a-f 86a-f
. Ph vagy Naft. | Heterogy.
Hozam (%)| Absz. konfig. |~ terallasa | helicitasa
85a 52 18,38 axialis p
86a 8 1R,3S ekvatorialis
85b 14 18,38 axialis P
86b 47 1R,3S ekvatoriélis
85¢ 42 18,38 axialis P
86¢c 8 1R,3S ekvatorialis
85d 25 15,3S axialis P
86d 60 1R,3S ekvatorialis
85e 62 1R,3S axialis p
86e —_ 18,38 ekvatorialis
8s5f | — 1R,3S axialis P
86f 40 18,3S ekvatorialis
10. abra

A C-1 helyzetben fenil-, 1- vagy 2-naftilcsoportot viseld (3S)-metilizokromanok

oldat és szilard fazisi CD vizsgilata egyértelmiien arrdl tanuskodott, hogy a C-1
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helicitasi szabaly alapjan mar nem lehetséges. E molekuldkban ugyanis két kiralis masodik
szféraju izolalt aromas kromofor van, melynek térbeli elrendez6dése hatarozza meg e

vegyiiletek kiroptikai viselkedését.

3.2.1. 1,3-Dioxolan tipusti naftiletilidén ketalok eléallitasa és sztereokémiajuk
vizsgalata Kkiroptikai médszerrel

p-Metoxifenil-o-L-ramnopiranozidbol (91) kiindulva a 2-(1,1-
dimetoxietil)naftalinnal (84c) nyert epimer ketalokat az acetatjaik [(1’R)-93 és (1°S)-93]
formé4jaban vélasztottuk el. Az 1-(1,1-dimetoxietil)naftalinnal (84e) végrehajtva a reakciot
csak az (1°R)-epimert kaptuk meg, melyet az acetatjaként [(1°R)-95] izolaltuk (11. &bra).

84e

11. abra i: 2-(1,1-Dimetoxietil) naftalin (84c) / (+)-10-kamforszulfonsav / vizment.

MeCN ii: Ac,0 / vizment. piridin, kristalyositas iii: 1-(1,1-dimetoxietil) naftalin (84e) /
PTS, vizment. MeCN iv: Ac,0 / vizment. piridin

E vegyiiletek oldatban mért CD szinképének elemzése megmutatta, hogy az (1°R)-93
és (1°S)-93 epimerekben a naftil és p-metoxifenil kromoforok kozotti exciton csatolasbol

szarmazod CE kozel tiikorképi exciton savparok elbjele (negativipozitiv) alapjan a C-1°

s



Kerti Gabor: O-Heterociklusos vegyiiletek szerkezetvizsgalata kiroptikai spektroszkopiaval

vegylilet egykristalydnak rontgendiffrakcios vizsgalata is megerGsitette. Minthogy az
(1’R)-93 és (1°S)-93 epimerek KCl-os szilard fazisa ECD spektrumai jo egyezést mutattak
az oldatban mérttel, és az (1°R)-93 epimer esetében a rontgenszerkezetére szamolt ECD
spektrum a szilard fazisban mért spektrummal egyezett meg, igy e vizsgalataink igazoltak,
hogy e vegyiiletek esetében az intramolekularis exciton kdlcsonhatasok hatarozzak meg
mind az oldatban, mind pedig a szilard fazisban a kiroptikai sajatsagokat.

Az (1’R)-95 oldat spektruméban gyenge pozitiv exciton sdvpart mértiink, ami
Osszhangban volt (a rontgendiffrakcios szerkezetb6l) a naftil és p-metoxifenil kromoforok
elektromos atmeneti momentumai altal meghatarozott pozitiv projekcios szoggel. A
rontgenszerkezetre és oldat konformerekre DeVoe mddszerrel szamolt ECD spektrumok is
jol reprodukaltak a kisérleti oldatban mért adatokat. A szilard fazisban mért ECD spektrum
viszont intenziv negativ savpart adott, amit a kristalyban 1évé konformer kromoforjainak

intermolekularis exciton kolcsonhatasaival tudtunk értelmezni.

150 T T
Detvoe szamitott C0
o0 51 == intramolekuldris kh.
PRIEEEES intermalekuléris kh.
=] I
= L, Mért CO
Ex ! PN —— oldat ECD (MeCH)
= ALY e silérd ECD (KCI)
g o A~ S
- e
g H ll.‘- #
- .. ] ,f
S 80 AP
= .
4 Vo
br
- 100 [N
- 180
0 Z20 20 260 zED =00
A Inm
12. abra

3.2.2. 1,3-Diox4n tipusi naftiletilidén ketalok eléallitasa és sztereokémidjuk vizsgalata
kiroptikai modszerrel

A 98 p-metoxifenil-B-D-gliikopiranozidbol a 84c reagenssel az ekvatorialis 2-naftil-
csoportot tartalmazo (1°R)-99 epimer keletkezett (13. abra), melynek oldat és szilard ECD
spektrumaiban a naftil 'By, és a fenil 'L,, B, atmenecteinek kélcsonhatasaként egy pozitiv
savpar jelent meg a 240-200 nm-es tartomanyban. Az (1°R)-99 rontgendiffrakcios
vizsgalata azonban azt is megmutatta, hogy a naftilcsoport az egykristalyban ekvatoridlis
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parhuzamos térallasu, jollehet az MMFF konformacios analizis szerint oldatban a naftil
ekvatoridlis merbleges orientdcid (¢ c.1v,c-2v .10 = £90° torzids szoggel) 2.2 kcal/mollal

alacsonyabb energiajti, mint az ekvatoridalis parhuzamos konformer.

e e

(1'R)-99 (1'S)-100: R'= 1-naftil, R?= CHs
(1'R)-100: R'= CHz R2= 1-naftil

13. abra: i: 84c, (+)-10-CSA, vizment. DMF ii: Ac,0 / vizment. piridin iii: 84e, PTS,
vizment. DMF iv: Ac,O / vizment. piridin

Az oldat ¢és szilard fazist ECD spektrumok Osszehasonlitasaval és a szilard
szerkezetre ¢és oldat konformerekre végzett ECD szamitdsokkal igazoltuk, hogy a
magasabb energidju ekvatoridlis parhuzamos konformaciot a kristalyosodas soran azért
veszi fel a molekula, hogy a szomszédos molekulak kozotti kedvezd szoros illeszkedés
kialakuljon. Az (1°R)-93-hoz hasonléan az intermolekulris kolcsonhatdsok a
kristalyracsban elhanyagolhatoak és az intramolekularis kdlcsonhatasok hatarozzak meg a
szilard ECD spektrumot. Az oldatban és szilard fazisban eltéré konformacids viszonyokat
az 'L, atmenet ellentétes eléjele tiikrozi.

A 98 reakcidja az 1-(1,1-dimetoxietil)naftalinnal (84e) PTS jelenlétében axidlis és
ekvatorialis 1-naftil ketalok keverékét szolgaltatta, melyeket acetilezés utan, mint (1’S)-
100 és (1’R)-100 valasztottuk el (13. abra). A termodinamikailag stabilabb (1°S)-100-
acetatbol rontgendiffrakcios vizsgalatokra sikeriilt egykristalyt el6allitani. Ez a naftil-
csoport kozel merdleges térallasarol tanuskodott. A konformacidanalizis alapjan oldatban
is ez a konformer valdsul meg, amit igazolt az oldat és szilard fazist ECD spektrumok

azonossaga ¢s az ECD szamitasaink is.
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4. Az eredmények alkalmazasi lehetdségei

1) Az izokroman kromoforra megadott kiroptikai szabaly alapjan a természetben
eléfordulé  bioldgiailag aktiv  izokroman szarmazékok abszolit konfiguracidja
meghatarozhatd ¢és ez lehet6séget ad a hatas-szerkezet Osszefliggések alaposabb

megismerésére.

2) Megallapitottuk, hogy e szabaly a 3-alkil-3,4-dihidroizokumarin szarmazékok és

az 1-metoxiizokroman szarmazékok korében is érvényes.

3) Az (15,35)-81d izokroméan szarmazék szintézise és farmakoldgiai vizsgalata
dopaminerg vegyiiletek hatas-szerkezet Osszefliggéseket is feltard ,felfedezé” kutatast

alapozott meg.

4) A 85a-f és 86a-f izokroman szarmazékok, az 1,3-dioxan és 1,3-dioxolan tipust
glikozidok [(1’R)-93, (1°S)-93, (1’R)-95 és (1°R)-99, (1°S)-100] szintézise és kiroptikai

vizsgalata pedig ramutatott a szilard fazisa CD alkalmazasanak korlataira.
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1. Antecedents and Aims

Flavonoids represent one of the most important groups of plant natural products of
biological activity. Nowadays, the term flavonoid includes heterocycles with as well as
related O-heterocycles such as neoflavonoids with 1,1-diphenylpropane skeleton and
isoflavonoids with 1,2-diphenylpropane skeleton. Isochroman, isochromanone derivatives

and their glycosides represent a bioactive subgroup of the latter category (Scheme 1).

SN O®!
O

flavonoid neoflavonoid isoflavonoid
5 4
6@@ 3
7 2 (0]
8a o
8 1
isoch o
Isochroman isochromanone

(dihydroisocoumarin)

Scheme 1
The aim of the dissertation was to carry out the enantioselective synthesis of
isochromans, isochromanones (3,4-dihydroisocoumarins) and determine their absolute
configurations by CD spectroscopy. The studies were also extended to the synthesis and

chiroptical properties of (naphtyl)ethylidene ketals of carbohydrates.

2. Applied methods
The macro, semi-micro and micro methods of modern preparative organic

chemistry 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, one- and
two dimensional *H and **C NMR spectroscopic methods (‘*H-'H COSY, “*C-'H
HSQC), mass spectrometry measurements were applied for the identification and
characterization of the prepared compounds. For the determination of the relative
and absolute configuration three-bond homo- and heteronuclear coupling

constans, NOE effects and CD spectroscopy were used.
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3. New results
3.1.1. Enantiselective synthesis and CD study of 3-methylisochromans

In order to study chiroptical properties of the isochroman chromophore, (3R,4S)-60
and (3S)-62a isochromans, having known conformation and configuration were prepared
from optically active secondary alcohols (-)-(1R,2S)-59 and (+)-(S)-61a with MOMCI in
the presence of ZnCl,. The absolute conformation of the hetero rings of these compounds
assumed by building the Dreiding model was proved with detailed NMR investigations as
well. Their chiroptical study confirmed unequivocally that in agreement with previous
observations of our research group the isochroman chromophore shows the same CD
helicity rule as unsubstituted chiral tetraline derivatives, i.e. P-helicity of its hetero ring
results in positive, while M-helicity in negative 'L, Cotton effects (CE) (Scheme 2).

" L,-CD
= OH
_MeOCH,CI _ o
ZnCly/EL,O W
H © 0°C
()-(1R,25)-59 3R4S “’C7CSaCGO<0
M-helicity
H H H
\Me  MeOCH,CI o A A J.Me Mo
©/\lH ZnCl/Et,0 @3 = 1 D
° AN
oc T o
2
(+)«(S)-61a (+)-(S)-62a ©c.8,c-8.C1,0> 0
P-helicity
Scheme 2

In order to study the effect of substitution on the helicity rule starting from readily
available commercial phenylacetic acid derivatives (63, 64), the alcohols rac-61a-c were
prepared in two steps (Scheme 3), whose enzymatic kinetic resolution was performed by

the lipase from Pseudomonas cepacia with vinyl-acetate as acetate donor.

R’ R’ R’
MeLi
o dry Et,0 o NaBH, OH
R? OH Ny-atm. R2 EtOH R2
63, 64 65, 66, 67 rac-61a-c

| R R2
6561a | H H

63, 66, 61b|OMe OMe
64,67,61c|OMe H

Scheme 3
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The absolute configurations of the remaining alcohols were deduced by the exciton
chirality circular dichroism (ECCD) method, which involved a derivatization by a
bidendate carrier molecule followed by complexation with zinc porphyrin tweezer. The
application of the modified Mosher's NMR method afforded the same conclusion as the

zinc porphyrin tweezer method (Scheme 4).

1. EDC,

2 Boc NHEoe —DMAPICH,Cly Me, s9.1
(+)-61ac + ho' ~ oc 5 TFA/ CH,Cl, OMe OMe
68 OMe
N/\/\NH
69a-c adduct
(i\ Zn Zn
- L
NI i
10\ NN Ei: 07 0™""0" 0
I I N (VZF\N 4 < .l\ N 70 Zn porphyrin dimer
zn zn NN \ N RS
= /IE AN Ar
(I] N1 N
X! \\ I/ Y
07 0™ "0 0 1 Me! H

70 Zn porphyrin dimer

ol\o/\/\/\o o
71a-c complex
Scheme 4

3-Methylisochroman derivatives (+)-(S)-62a-g were synthesized by an oxa-Pictet-
Spengler cyclization of the optically active secondary alcohols (+)-61a-h (Scheme 5). The
ring-closure of 61c resulted in a mixture of (+)-(S)-62¢ and 62g (1:4 ratio), wich could be
separated readily by column chromatography. The CD data of (+)-(S)-62a-g showed that
the presence of achiral substituents (OMe, —OCH,0—, Br) of large spectroscopic moment
in different positions on the benzene moiety did not change the original isochroman
helicity rule (P/M-helicity of the hetero ring results in positive/negative 'L, band CE), and
hence the 'L, band can safely be used for the configurational assigment of natural

substituted isochromans.
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R* H
R3' ) \Me  MeOCH,CI Me—L3
. 5 ZnCly/Et,0 = 1
2 OR 040 4 N

R
(+)-(S)-61a-h

(+)-(S)-62a-g

©c-8,C-8aC-10> 0

P-helicity

61.62|R" R? R® R* RS
a|H H H H H
b [OMe H OMe H H
c [OMe H H H H
d | H OMe OMe H H
e | H -OCH,0- H H
f [OMe H H Br H
62g| H H OMe H H
6th|OMe H H Br MOM

Scheme 5

3.1.2. Dihydroisocoumarin derivatives

Optically active isochromans (S)-62a,c,d can be converted to the corresponding 3,4-

dihydroisocoumarins 76a-c by oxidation with Jones reagent or dimethyldioxirane (DMDO)

(Scheme 6).
H
R \Me R:_A A Me H
Jones reagent 6 3 Me—=A3 1_0
0o or DMDOY ‘0 4 S
7
R i dry acetone R? g o 01 02
R © c.8a,c1,0,¢c3” 0
- -76a-
ggggi D . (Sy76a-c P-helicity
(S)-62d R _R2 R
62a,76a| H H H
62d,76b| H OMe OMe
62c, 76c |[OMe H H
Scheme 6

Since the n—n* transition (252-268 nm) is not sensitive to the substitution pattern of
the aromatic ring, the positive n—n* transition of 3-alkyldihydroisocoumarins derive from
P-helicity of the hetero ring and hence (S) absolute configuration in accordance with

previous results.

3.1.3. 1-Methoxyisochroman derivatives

The 1-methoxy derivatives (-)-(1R,3S)-80a,b were prepared by the oxidation of (+)-
(S)-62a,d with DDQ in methanol in order to study the effect of an axial substituent in the
benzyl position (Scheme 7).
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R’ L5 Me R! 43 Me H
]@@ DDQ Me—A3 OMe
20 MeOH 20 !
ROy R?™ e 4 \O H
OMe 2
g;—gg: (-)-(1R,35)-80a,b ©C8a,c-1,026-3> 0
P-helicity
| R R
62a,80a| H H
62d, 80b| OMe OMe
Scheme 7

The three-bond carbon-proton coupling constants (3Jcn) of (-)-(1R,3S)-80a,b were
measured, which proved that the methoxy group is axially oriented and thus the reaction
was diastereoselective. The hetero ring of (1R,3S)-80a,b have P-helicity and their ‘L, CE
are practically the same as that of (3S)-62a,d, which proved that the introduction of an

axial benzylic alkoxy group does not change the isochroman helicity rule.

3.1.4. Synthesis and circular dichroism of optically active 1,3-disubstituted
isochromans of dopamine D, antagonist activity

The easy access to (3S)-methylisochromans offered a good opportunity to synthetize
isochroman derivatives [(1S,3S)-81d, (1R,3S)-81d] with potential dopaminerg activity by
following a literature analogy. This was achieved by an oxa-Pictet-Spengler cyclization of
the optically active secondary alcohol (+)-S-61d with ethyl-3,3-diethoxypropionate in the
presence of trimethylsilyl triflate (TMSOTY), which resulted in a 1:2 mixture of epimers
(1S,35)-81a and (1R,3S)-82a and their structures were proved by "H-NMR measurements
(Scheme 8).

EtO. OEt
H
MeO CHs NADPH NADP* MeO T Moo e
eg it neg i IS e
o] Z. rouxii OH TMSOTf/ 7 20
MeO ketoreductase MeO dry MeCN MeO™ %4
73a (+)-(S)-61d

R
(+)-(15,3S)-81a-d

81,82 R :
iCg g(v-)qu Meo :

~
=N NOrome () iR asyazad

Scheme 8 Reagents: i: LiOH, THF; ii: 4-methoxyphenylpiperazine, EDC, dry CH,Cl,; iii:
BH, THF
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In agreement with the isochroman helicity rule (P/M-helicity of the hetero ring
results in positive/negative 'L, band CE), both derivatives [(1S,35)-81a, (1R,3S)-82a]
showed positive 1Ly, CE in the CD spectra (Scheme 9).

H R H
; Me—A3 ; Me—3 H1 ,
(Ly) CE: (+ 0,62) “M\o 9y “M\o R ('Ly) CE: (+ 0,30)
2 2

®c.g, c-8a,c1,0> 0 ©c.g c-8a,c-1,0 >0
P-helicity P-helicity
Scheme 9

The isochroman epimers (15,35)-81a and (1R,3S)-82a served as starting materials
for a three-step synthesis of isochroman derivatives (15,35)-81d and (1R,3S)-82d
possessing potential dopaminerg activity (Scheme 8). 81a-d and 82a-d compounds were
investigated on dopamine receptors Dy 5, D44, Dy 7 by the Richter Gedeon Pharmaceuticals.
Compound (18,3S)-81d showed 66 % inhibition with a dopamine Dy, receptor at 10 uM

concentration (Table 1.).

Inhibition (%) (10 M)
Compound Dopamin Dopamin Dopamin
Dis Das Dy,
83a 10 -1 6
84a 0 1 3
83c -2 3 -1
84c 6 1 4
83d 66 46 34
Table 1.

Derivatives for efficient experiments are in progress.

3.1.5. Synthesis and CD study of 3-methyl-1-arylisochromans

The acetals 84b,d,f and ketals 84a,c,e were prepared by the reaction of aldehydes
83b,d,f and ketones 83a,c,e with triethylortoformate in the presence of catalytic amount of
H,SO,. 3-Methyl-1-arylisochroman derivatives (85a-f, 86a-f) were synthesized by an oxa-
Pictet-Spengler cyclization of the optically active alcohol (+)-61d with acetals 84b,d,f and
ketals 84a,c.e in the presence of BF;-OEt, (Scheme 10) and their structures were

determined by *H-NMR measurements and X-ray diffraction.
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f]\ HC(OMe);  MeO.__OMe 83-86| R R?
R!"” "R2 cc. H,SO, R" 'R2 a Ph Me
dry MeOH b Ph H
83a-f 84a-f ¢ [2-napht. Me
d |2-napht. H
H e |1-napht. Me
MeOD/\‘_N‘ f [1-napht. H
OH
MeO
(S)-61d
‘ 84a-f
J BF5-OEty, EL,0, 24°C l
MeO._, A ~_.Me MeO._, A ~_.Me
3 3
20 20
Meom Meoj’(\g:(;
R R? R? R
85a-f 86a-f
. o . Orientation of [Helicity of the
Yield (%) | Abs. config. | the aryl group | _heteroring
85a 52 18,38 axial P
86a 8 1R,3S equatorial
85b 14 18,38 axial P
86b 47 1R,3S equatorial
85¢ 42 18,3S axial P
86¢c 8 1R,3S equatorial
85d 25 18,38 axial P
86d 60 1R,3S equatorial
85e 62 1R,3S axial p
86e — 18,3S equatorial
85f — 1R,3S axial p
86f 40 1S,3S equatorial
Scheme 10

The following conclusion could be drawn: a) In all cases the hetero ring had P-
helicity, b) the ring-closure with aryl-methyl ketals 84a,c,e afforded the epimers with axial
phenyl or naphthyl groups as the main products (diastereoselectivity: 84a — 85a: 86 %,
84c — 85c: 84 %, 84e — 85e: 100 %), c) in case of acetals 84b,d,f, the diastereoselectivity
of the reaction inversed (diastereoselectivity: 84b — 86b: 77 %, 84d — 86d: 70 %, 84f —»
86f: 100 %).

The experimental results could be supported and explained by semiempirical
quantum chemical conformational analysis aided by literature data. The solution- and
solid-state CD study of (3S)-methylisochromans containing a C-1 phenyl or aryl groups
were performed showing that determination of the absolute configuration of the C-1
chirality center was no longer possible on the basis of helicity rule discussed in previous

chapters. In these molecules, there are two aromatic chromophores with chiral second
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sphere, the spatial arrangement of which determines the chiroptical behavior of these

compounds.

3.2.1. Synthesis of 1,3-dioxolane type (1- and 2-naphthyl)ethylidene ketals and their
stereochemistry studied by circular dichroism

The reaction of p-methoxyphenyl o-L-rhamnopyranoside (91) with 2-(1,1-
dimethoxyethyl)naphthalene 84c resulted in the formation of two isomeric (2-
naphthyl)ethylidene ketals (1°R)-92 and (1°S)-92, while the reaction with 1-(1,1-
dimethoxyethyl)naphthalene (84e) provided only a single product (1°’R)-95 (Scheme 11).
The ketals were characterized as their acetates [(1°R)-93, (1°S)-93 and (1°’R)-95].

OMe /©/0Me /©/0Me
o~ : o o

(1'S)-93

O CHs MeO,
MeO Me
(1'R)-94:R = H
"’|:(1 'R)-95: R = Ac
84e

84c

Scheme 11 i: 2-(1,1-Dimethoxyethyl) naphtalene (84c) / (+)-10-camphorsulfonic acid/dry
MeCN ii: Ac,O / dry pyridine, crystallization iii: 1-(1,1-dimethoxyethyl) naphtalene (84e) /
PTS, dry MeCN iv: Ac,O / dry pyridine

The solution CD measurement of (1°S)-93 and (1°R)-93 gave a near mirror
(negative/pozitive) image spectrum below 240 nm, which confirmed that the absolute
configuration of the ketal carbon reflects the exciton coupling between the naphthalene and
the p-methoxyphenyl chromophores. The absolute configuration of (1°R)-93 was also
confirmed by X-ray diffraction. Thus the solid-state CDs of (1°R)-93 and (1°S)-93 were

measured with the KCI pellet technique, and correlated with the solid-state X-ray structures
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and the solution CDs. Since the results of DeVoe-type calculations proved that the X-ray
structure of (1°R)-93 was also dominant and/or determined the CD properties in solution.
In accordance, the solid-state CDs of (1’R)- and (1°S)-93 were almost identical with the
solution ones supporting prevalent intramolecular origin of the solid-state CD.

A weak positive exciton couplet was observed in the solution CD spectrum of (1’R)-
95 which was in accordance with the positive projection angle of the electrical transition
momentums of naphtyl and p-methoxyphenyl chromophores (determined from the X-ray
diffraction structure). ECD spectra calculated for the X-ray structure and solution
conformers with the DeVVoe method reproduced well the CD data the measured in solution.
The ECD spectrum measured in the solid state gave an intensive negative couplet, which
could be interpreted by the intermolecular exciton coupled interaction between the
chromophores of neighboring molecules in the crystal lattice (Scheme 12).

(1-naphthyl)ethylidene ketal

150 T T T T T
DeVoe-calculated CD
100 F ,2 ','"',. — — intra-molecular (probe only) |
R inter-molecular (probe + cluster
-E';", ,"-'}. Experimental CD
E sor { 1% —— CH.CN solution
s A% e solid state (KCl disc)
e —
- T a s o
IE -850 oa I T
3 VS
< '. H
-100 - if 1

150 L . . . .
200 220 240 260 280 300

adnm
Scheme 12

3.2.2. Synthesis of 1,3-dioxane type (1- and 2-naphthyl)ethylidene ketals and their
stereochemistry studied by circular dichroism

Reaction of p-methoxyphenyl B-D-glucopyranoside (98) with 84c resulted in the
formation of (1°R)-99 (Scheme 13), which gave a positive CE at 225 nm and a negative one
at 194 nm due to the interaction of naphthyl 'By, and phenyl B transitions. Their CD data
suggested that the naphthyl group of (1°R)-99 was oriented equatorially which was also
confirmed by its X-ray analysis. The X-ray diffraction analysis of (1’R)-99 also showed
that the naphtyl group adopts equatorial parallel conformation in the crystal. An MMFF
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conformational analysis of (1’R)-99 showed that all the calculated solution low-energy
conformers have a perpendicular orientation of the naphthyl ring (® c.» c.1* c-2".c-1» ® £90°).
By means of torsional energy scans, the parallel orientation was estimated to have a much
higher energy [2.20 kcal/mol (MMFF)] than the perpendicular one. The unfavourable
parallel orientation of the naphthyl group may have been induced during the crystallization
to produce a closely stacked head-to-head/tail-to-tail pairs in the single crystal. Similarly to
(1’R)-93, no ECCD was possible within each stacking pair. Thus the solid-state CD should
be mainly of intramolecular origin and derives from a different conformer from that being

predominant in solution.

(1'R)-99 (1'S)-100: R'= 1-naphthyl, R?= CH3
(1'R)-100: R'= CH; R?= 1-naphthyl

Scheme 13: i: 84c, (+)-10-CSA, dry DMF ii: Ac,0 / dry. pyridine iii: 84e, PTS, dry DMF
iv: Ac,0O / dry pyridine

The reaction of 98 with 84e in the presence of PTS afforded a mixture of the axial

and equatorial 1-naphthyl ketals which could be separated after acetylation as (1’°S)-100
and (1°R)-100, respectively. Due to steric crowding, (1’R)-100 was quite unstable and it
was slowly decomposing in solution and partially rearranging to the thermodynamically
more stable axial ketal (1°S)-100 (Scheme 13). Its X-ray data showed that its 1-naphthyl
group has axial orientation. The similarity of the solution and solid-state CDs, as well as
the CD calculations results, demonstrate that the solid-state CD of (1°S)-100 is mainly

determined by the same intramolecular effects that are prevalent in solution.
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4. Possible applications of the results

1) The isochroman helicity rule can be safely used for the configurational assignment
of the natural or synthetic substituted isochroman derivatives of pharmacological interest,
which may give a better understanding of the structure-activity relationship.

2) We found that this helicity rule can be also applied to the 3-alkyl-3,4-
dihydroisocoumarin derivatives and 1-methoxyisochroman derivatives.

3) Synthesis and pharmacological investigation of the (1S,3S)-81d isochroman

derivative provided a good basis for further research.

4) Synthesis and solution and solid-state chiroptical study of isochroman derivatives
(85a-f ¢és 86a-f), 1,3-dioxolane- and -dioxane-type glycosides [(1°R)-93, (1°S)-93, (1°R)-95
and (1°R)-99, (1°S)-100] were achieved.
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