University of Szeged
Faculty of Pharmacy

Doctoral School of Pharmaceutical Sciences

Programme director: Prof. Dr. Ferenc Fulop

Institute of Pharmaceutical Chemistry

Supervisors: Prof. Dr. EnikForro

Prof. Dr. Ferenc Ful6p

Laszl6 Schonstein

ENZYMATIC RESOLUTION OF TETRAHYDROISOQUINOLINE
DERIVATIVES IN BATCH AND CONTINUOUS-FLOW
SYSTEMS

Final examination committee:

Head: Prof. Dr. Arpad Molnar
Members: Prof. Dr. Gyoérgy Dombi
Prof. Dr. Géza Toth

Reviewer committee:

Head: Prof. Dr. Judit Hohmann

Reviewers: Prof. Dr. Laszl6 Poppe
Prof. Dr. Géza Toéth

Members: Prof. Dr. Janos Wolfling

Dr. Zsuzsanna Hajdu



1. Introduction and aims

Tetrahydroisoquinoline derivatives are importargnmbers of the family of the
naturally-occurring alkaloids, as well have a griegtortance in synthetic chemistry and
drug research for their potential pharmaceuticaltivilg. Some of the
tetrahidroisoquinoline derivatives in enantiomdhic@ure form are important building
blocks in drugs such as the antitussive noscapi,antitumor agent trabectedin (as
Yondelis®), the expectorant emetin. Some other drugs withaligdroisoquinoline
skeleton such 1-methyl- and 1-phenyl-tetrahydraigogjine have an important role in
the prevention of Parkinson’s diseases. The tethaigoquinoline skeleton is a basic
structural unit in a large number of naturally-oting alkaloids: calycotomine was
isolated fromCalycotome spinosand crispine A fronCarduus crispusCrispine A has a

high biological activity against SKOV3, KB and Hehaman cancer cell lines.
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Figure 1.

The primary aim of my thesis was to develop a ee&ymatic strategy in batch
and continuous-flow system for the preparation othbenantiomers of calycotomine,
homocalycotomine and crispine A (Figure 1.). Wenpkd to prepare the enantiopure
intermediates of the desired compounds through rayneatic O-acylation of the
correspondindN-Boc protected primary alcohols [(#)-(+)-6] with a remote stereogenic

centre.
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Scheme 1

Another aim was to perform a systematic study lom éffect of the remote
stereogenic centre on the reaction rate and ersaheidivity through enzyme-catalysed
acylation of primary alcohols (#—(z)-6, when the distance between the reaction centre
and stereogenic centre was one HKk)-two [(x)-5] and three [(x)8] carbon atom
(Scheme 1).

2. Methods

The starting compounds used in the enzyme catalselic resolutions were
prepared according to literature methods. The enzgtalysed preliminary experiments
were performed in milligram scale. The preliminayperiments were performed in a
continuous-low reactor in an H-Cube system in ‘Ng Hode. (Figure 2). The main
components of the flow reactor were the HPLC punmpthe heat- and pressure-resistant
holder equipped with a stainless-steel CatCatedfilvith different enzymes. The HPLC
pump pumped the reaction mixture through the Cat&aa the products were collected
and analysed on HPLC.
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Figure 2. EnzymaticO-acylations in a flow reactor

The preparative scale resolutions were performe@ &stch reaction and the
enantiomeric excess of the obtained product estdr umreacted aminoalcohol were
dermined by chiral column equipped HPLC.

In the preliminary experiments we tested the ¢féé¢he enzymes, solvent, acyl-
donor, additive and temperature and in case oftimmaperformed in continuous-flow

(CF) the effect of pressure on the reaction rateerantioselectivity.

3. Results and discussion

3.1. We determinated the optimum conditions for theyame-catalysedD-acylation of
(¥)-4 in CF systemHE > 200). The preparative scale resolution of calyeone was
performed as a batch reaction under the optimadiions [CAL-B (Candidaantarctica
lipase B), vinyl acetate, toluene, 60 °C]. We prepathe desired calycotomine
enantiomers with Boc deprotection and ester hydesdyof the enantiomeric products
[(R)-4 and ©)-7] obtained in preparative scale resolution (Sch@m&oth calycotomine

enantiomers were characterised with excellent émraetic excessee> 99%).
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3.2. We combined the CF technique with batch in thesphaf preliminary experiments
for the enzyme catalysdéd-acylation of (x)5. The reaction preformed under the optimal
conditions (CAL-B, vinyl acetate, B, NaSQ,, toluene, 3 °C) was characterised with a
good enantioselectivityE = 88). Homocalycotomine enantiomers were prepavitd
Boc deprotection and ester hydrolyses of the ¢8e8 and the unreacted alcoh®)-6
and the obtained enantiomers were characterisdd guibd enantiomeric excesse(>

94%).
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3.3.We have developed the first such total synthesiteréor the preparation of crispine

A enantiomers which contains an enzymatic key stamely theS-selectiveO-acylation

of N-Boc protected 1-(3-hydroxypropyl)-6,7-dimethoxy-B,4-tetrahydroisoquinoline

(¥)-6 (E = 59). The reaction was performed with lipase B8rkholderia cepacipas

enzyme, vinyl decanoate as acyl donogNEand NaSQO, as additive intBuOMe at 45

°C. Boc deprotection and the cyclization 8-6 and §)-6 were performed in one step.

The obtained crispine A enantiomerS{B8 és R)-3] were characterised with good

enantiomerically excese€> 94%).
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3.4. We have performed a systematic study to investighe effects of the remote

stereogenic centre (n = 1, 2, 3) on the converamaE in case of six different enzymes.

We have concluded that the enantioselectivityrengly dependent on the used enzyme.

In case of CAL-A Candidaantarcticalipase A), PPL (porcine pancreas lipase), lipase

AY (Candida rugospand lipase AK Pseudomonas fluorescorthe distance between

the reaction centre and stereogenic centre dithane effect on enantioselectivity, while

in case of CAL-B (vinyl acetate at 80 bar, 60 °@ &1 mL min' flow rate in toluene

after one run) a significant decrease in enantasieity (E = 200— 1) with increases of

distance was observed.
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In case of lipase PS (batch reaction, vinyl dectnaa acyl donor itBuOMe at 45 °C
and catalytic amount of BN and NaS(Q,) a significant decrease in enantioselectivity was
observed fronk = 59 (n = 3) tcE = 4.8 (h = 2) and when n = 1 was no reaction olesker

with decrease of distance between the reactiorsndogenic centre.

MeO ”pase PS MeO MeO
vinyl decanoate +
MeO NBOC “BuOMe, 45T MeO NBoc MeO NBoc
( Et3N + Na2804 ( (
OH OCO(CH,)gMe OH
#H-4n=1 No product, n =1 (H-4,n=1 = -
(*)-5,n=2 (S)-10,n=2 (R)-5,n=2 E= 48
(#-6,n=3 (S)9,n=3 (R)-6,n=3 E=59
Scheme 6.



4. Publications and lectures

Papers related to this thesis

I. E. Forro,L. Schonstein F. Ful6p
Total synthesis of crispine A enantiomers throudduekholderia cepacidipase-
catalysed kinetic resolution
Tetrahedron: Asymmet®011, 22, 1255-1260.

II. L. Schénstein E. Forro, F. Fulop
Continuous-flow enzymatic resolution strategy toe icylation of amino alcohols
with a remote stereogenic centre: synthesis otoabynine
enantiomers
Tetrahedron: AsymmetR013 24, 202-206.

lll. L. Schonstein E. Forr6, F. Fulép
Enzymatic reaction for the preparation of homooatgmine enantiomers
Tetrahedron: Asymmet013 24, 1059-1062.

IV. Schonstein L, Forro E., Fulép F.
Tetrahidroizokinolin-vazas vegytletek enzimes realdisa szakaszos és aramlasos
kémiai modszerrel
Magy. Kém. Foly2014 120, 26-31.

Other papers

V. E. Forro,L. Schonstein L. Kiss, A. Vega-Pefnaloza, E. Juaristi and FOpul
Direct enzymatic route for the preparation of Harentiomerically enriched
hydroxylated3-amino ester stereoisomers
Molecules201Q 15, 3998-4010.



Lectures related to this thesis

VI.

VII.

VIIl.

Schoénstein Laszlg Forrd Eniks, Fulép Ferenc

Kriszpin A enantiomerek szintézise enzim katalkif#itikus rezolvalassal
“Szegedi Ifju Szerves Kémikusok Tamogatasaertpilaany 10. tudomanyos
elbado Ulése, 5 May, 2010, Szeged, Hungary, oral ptatsen.

Schonstein Laszl$ Forré Eniks, Fulép Ferenc

Kriszpin A enantiomrek totalszintézise enzim kaédtlikinetikus rezolvalassal
“Szegedi Ifju Szerves Kémikusok Tamogatasaértplaany 11. tudomanyos
eléadod Ulése, 18 April, 2011, Szeged, Hungary, oresgmtation.

Schonstein LaszIo Eniko Forrd, Ferenc Ful6p

Kriszpin enantiomerek enzimes szintézise

MTA Alkaloidkémiai munkabizottsaganak ulése, 16May, 2011,
Balatonalmédi, Hungary, oral presentation.

La&szl6 SchonsteinEniks Forrd, Ferenc Fulop

Total synthesis of crispine A enantiomers throudguegholderia cepacia lipase
catalysed kinetic resolution

XIV" Conference on Heterocycles in Bio-organic Chemjstt§ September,
2011, Brno, Czech Republic, poster presentatie29)P

Schonstein Laszl¢ Forré Eniks, Fulop Ferenc

Kalikotomin és homokalikotomin enzimes rezolvalsanlasos kémiai
modszerrel

MTA Alkaloid- és Flavonoidkémiai Munkabizottsagkse, 14-15 May, 2012,
Balatonalmédi, Hungary, oral presentation.

Schonstein Laszlg Forré Eniks, Fulop Ferenc

Kriszpin A enantiomerek totalszintézise enzimkad#lkinetikus rezolvalassal
Kutat6egyetemi kivalésagi kozpont létrehozasaegedi tudomanyegyetemen,
Molekulatol a gydgyszerig, 24-25 May, 2012, Szed@ahgary, poster
presentation (P-03).

Schonstein Laszl¢ Forré Eniks, Fulop Ferenc

Homokalikotomin enantiomerek enzimef#itasa folyamatos és szakaszos
tuzemmodban

MTA Alkaloid- és Flavonoidkémiai Munkabizottsagkse, 13-14 May, 2013,
Balatonalmadi, Hungary, oral presentation.

Laszl6 SchonsteinEniks Forrd, Ferenc Fulop

Continuous-flow enzymatic preparation of calycotoerénantiomers

15" Blue Danube Symposium on Heterocyclic Chemist#y, 3eptember, 2013,
Olomouc, Czech Republic, poster presentation (P-67



Other lectures

IX.

L4&szlo SchonsteinEniks Forrd, Lorand Kiss, Ferenc Fulop

Enzymatic hydrolysis of hydroxylated alicy@fi@amino esters

Foldamers: building blocks, structure and functi®i26 September, 2009,
Szeged, Hungary, poster presentation (P-04).

L4&szl6 SchonsteinEniks Forrd, Lérand Kiss, Alberto Vega Pefaloza, Eusebio
Juaristi, Ferenc Fulop

Direct enzymatic route for the preparation of nogentiomerically enriched
hydroxylated-amino ester stereoisomers

Foldamers: Synthesis and Structure of FunctiorateMals, 7-9 April, 2011,
Barcelona, Spain, poster presentation (P-06).

-10 -



