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APZIMEJUMU SARAKSTS

1,4-DHP — 1,4-dihidropiridins;

BC-KMR - oglekla kodolu magnétiska

rezonanse;

'H-KMR - tdenraza kodolu magnétiska

rezonanse;
AESH — augsti efektiva $kidruma
hromatografija;

CAL-B — Candida antarctica lipase B;

¢ — konversija;

CAL-B - lipaze Candida antarctica B;

de — diastereomérais parakums;
DMSO - dimetilsulfoksids;
CHCI; — hloroforms;

H,O — tidens;

ep — enantiomgérais parakums;
EtOH — etanols;

IPA — izopropanols;

IPE — diizopropiléteris;

IS — infrasarkana spektroskopija;
Pi — piperidins;

PSH — planslapa hromatografija;

SH-MS — $kidruma
hromatografija/masspektrometrija;
st. — stunda;

MeOH — metanols;

DHM - dihlormetans;
K,COj3 — kalija karbonats;
NaOH —natrija hidroksids;
HCI — salskabe;

KCI — kalija hlorids;

mg- miligrams;

g — grams;

M — molars;

ml — mililitrs;

T — laiks;

t — triplets;

kv. — kvartets;

m — multiplets;

MeCN — acetonitrls;

K.t. — kusanas temperatiira;

THF — tetrahidrofurans.



IEVADS

Misdienu organiskas un medicinas kimijas aktuals jautajums ir jaunu regio-, Stereo- un
enantioselektivu metozu izstrade biologiski nozimigu heterociklu sintézei. Jaunajam metodém
jabut vienkarSam, &rtam, ar viegli pieejamiem reagentiem, videi draudzigam un ar péc
iespejas zemakam produktu izmaksam. Gandriz obligata prasiba ir farmaceitiski nozimigo
produktu, kas satur hiralo centru, sadaliSana pretéjos enantiom&ros. Optiski aktivus
savienojumus var iegiit, izmantojot gan hiralus katalizatorus vai hiralas paliggrupas, gan arf -
enantioselektivus enzimus. Pielietojot hiralos katalizatorus, metodes ieguvums ir sp&ja sadalit
enantiomé@ros plasu klastu substratu, augsta katalitiska aktivitate, minuss — ilgstoSs process un
iesp&jama vides piesarnosana ar smagajiem metaliem. Enzimatiskas katalizes metodes plusi ir
augsta selektivitate, maigi reakcijas apstakli un augsta katalitiska aktivitate, bet tas minusi ir
limitéts substratu daudzums (jasatur enzimatiski labila grupa) un pagaidam vairuma gadijumu
ieglst tikai vienu enantioméru, jo sakotngja struktiira satur prohiralo centru. Lai
1,4-dihidropiridinus (DHP) sadalitu enantiome@ros, pielietojot enzimatisko metodi, tiem
jasatur aktivéjosas grupas. Hidrolazes grupas enzimi ir izmantojami enzimatiskajas reakcijas,

ja DHP satur estera, glikozidazes, &tera, peptida, halogenida vai amida grupu.

Temas aktualitate. Ir zinams, ka farmaceitiski nozimigu vielu enantiom&riem noveéro
ipasibu atSkiribas: viens optiskais izomérs var biit daudzkart aktivaks par otru optisko
izoméru, tiem var novérot pat pretéju biologisko aktivitati, ka ari iesp&jama atSkiriga
toksicitate. Ja abiem enantiomériem ir atSkirigas farmakologiskas ipasibas, tad racemats
uzskatams par vielu maisfjumu ar 50% tiribu. Sadas atskiribas novéro amlodipina un
felodipina  enantiomériem. Abos  gadijumos (S)-enantiom&ri ir aktivaki par
(R)-enantiomériem un, lietojot aktivako izoméru, pacientiem nenovéro tik daudz blaknes ka

tad, ja pielietots racemats.

o 0
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Foridons Cerebrokrasts Kardiovaskularas ip. MDR modulators

Latvijas  Organiskas sintézes institita = Membranaktivo savienojumu un
[—diketonu laboratorija ir raditi preparati foridons (antihipertensiva aktivitate) [1] un

cerebrokrasts (uzlabo un veicina atminas procesus) [2, 3]. Tie ir simetriski 1,4-dihidropiridini.
6



Vairaki nozimigi arstniecibas lidzekli ir raditi asimetrisku 1,4-dihidropiridinu rindas: bez
amlodipina un felodipina vél klevidipins, lekanidipins, nikardipins, nimodipins u.c.

Farmakologiski nozimigi ir ari 6-alkilsulfanil-1,4-dihidropiridini. Tiem piemit mazak
izteikts Ca antagonisms un ta ka tie kopuma noraksturoti ka maztoksiskaki savienojumi, tad
tieck pétitas So savienojumu pielietoSanas iesp€jas Jaundabigo audzgju arstéSana. Aktuala
probléma ir zalu multirezistence (MDR — multidrug resistance), un tas ir galvenais Skérslis
kimijterapijas lietoSanai véza arstéSana [4]. Galvena multirezistences pazime ir parmériga
P-glikoproteina (P-gp) un citu transporta proteinu ekspresija, kas izsauc aktivas zalu vielas
uzkrasanas samazinajumu $una [5, 6]. P-gp inhib&joSas ipaSibas piemit dazadam vielu
grupam, tai skaitd, Ca®* kanalu blokatoriem, pieméram, verapamilam, daudziem
1,4-dihidropiridiniem (1,4-DHP) [7, 8]. Pamatskérslis So savienojumu izmanto$ana MDR
novérsanai ir t0 kardiotoksiskums. Ta ka pasaul€ joprojam nav §is indikacijas preparatu, tad ir
aktuali izstradat maztoksiskus multirezistences modulatorus.

A1 6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes esteru  individualajiem
enantiomériem sagaidamas atSkirigas farmakologiskas ipasibas. Ja izstradajot potencialo
kardiovaskularo preparatu, uzdevums ir atrast aktivako enantioméru, tad konstrugjot
multirezistences modulatorus uz DHP bazes, pielietojumu varétu atrast pret€jais mazak
aktivais enantomérs. Miisu piedavatie pret€jo enantioméru iegiiSanas celi ir izaicino$i, jo
hiralais centrs no reakcijas centra atrodas 6 saiSu attaluma, un tas ir pilnigi originals p&tijums.
Ta ka ieplanoto reakciju rezultata genereti optiski aktivs reagétsp&jigs 1,4-dihidropiridin-
6-tiolats, tad metode varetu paveért iesp&jas &rti ieglt plasu klastu enantiotirus

(enantiobagatinatus) séru saturosus 1,4-DHP.

Darba meérkis - izstradat metodes S saturoSu 1,4-dihidropiridinkarbonskabju esteru
enantiosadaliSanai un rast risinajumus praktiski nozimigo kardiovaskularo aktivitati uzradoso
6-metilsulfanil-1,4-dihidropiridinu  iegiiSanai individualu enantiomé&ru veida. Meérka
sasniegSanai tika izvirziti vairaki uzdevumi:

- sintezét 6-alkilsulfanil-1,4-DHP, kuri 3.vieta satur enzimatiski hidroliz&ties sp&jigas
estera grupas (COOCH,COOR un COOCH,0OCOR), ka ari 6-alkilsulfanil-1,4-DHP-3-COOH
vai 1,4-DHP-6-SCH,COOH un veikt enantiosadaliSanu ar enzimiem vai komerciali
pieejamiem optiski aktiviem aminiem.

- sintezet 1,4-DHP-SCH,OCOR un 1,4-DHP-SCH,CH,COOR un izvértét, vai lidz Sim
nepétitas merkaptometiloksikarbonil- un merkaptopropionskabes esteru grupas uzrada
pietickoSi augstu hidrolitisko aktivitati, kas lautu veikt farmaceitiski perspektivo

1,4-dihidropiridinu atvasinajumu enantioselektivo enzimatisko hidrolizi.
7



- izvertet vai hiralajam centram 1,4-DHP-S(CH;),COOR tipa savienojumos atrodoties 5
- 9 saiSu attaluma no reakcijas centra, iesp&jama optiski aktivo savienojumu rasanas un dot
hipotétisku skaidrojumu.

- izstradat preparativu metodi ka veikt enantiotiru (enantiobagatinatu) 1,4-DHP-
SCH,0COR (1,4-DHP-SCH,;CH,COOR) hidrolizi, deformilésanu (deakrilaciju) un
alkilesanu, lai iegiitu optiski aktivus mérka produktus.

- iegtt optiski aktivus savienojumus, veicot 1,4-dihidropiridin-

6-merkaptoetikskabes esteru aminolizi enzimu klatbiitné.

Darba praktiska nozime
- Sagaidams, ka jaunsintez€o enantiotiro savienojumu kardiovaskularo un

multirezisrences modul&joso Tpasibu izpete laus radit izejas platformu, lai raditu potencialos
preparatus.

- lIzstradatas divas jaunas metodes kardiovaskularo aktivitati uzradoSo 5-ciano-
6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes esteru ieguiSanai individualu enantiomé&ru
veida.

Viena metode ietver 1,4-dihidropiridin-6-merkaptopropionskabes esteru sintézi, to
enantioselektivo hidrolizi enzima klatbuitng, deakrilaciju un alkiléSanu.

Otra metode ietver 6-alkilkarboksimetilsulfanil-1,4-dihidropiridinu ~ sintézi, to
enzimatisko hidrolizi, 6-alkilkarboksimetilgrupas noSkelSanu un alkiléSanu.

Sim metodeém sagaidama liela praktiska nozime, jo tiek generéts hirals, loti reagétspgjigs
tiolats, kur§ savukart reag€jot ar elektrofilajiem reagentiem, paver iesp&jas €rti iegiit plasu

klastu enantiobagatinatus (ideali enantiotirus) s€ru saturosus 1,4-DHP.
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1. LITERATURAS APSKATS

Literattira ir aprakstita simetrisku 1,4-dihidropiridin-3,5-dikarbonskabju
dietoksikarbonilmetilesteru 1 sintéze un to kimiska un enzimatiska hidrolize.

Enantiotiri 1,4-DHP iegiti pielietojot gan kimiskas, gan kimiski enzimatiskas metodes.
Enzimi sekmigi pielietoti tados gadijumos, kad DHP gredzena 3. un 5. vietas ievestas

enzimatiski labilas grupas - dubultesteru (sav. 1) vai apgriezto esteru grupas (sav. 2) [9, 10].

(e} Ar O (0] (0] Ar O (0]
: : A A
\/ Y\O | | O/ﬁr V R O/\O | | O/\O R
O O
H N
1 2

1.1. 1,4-Dihidropiridin-3,5-dietoksikarbonilmetilesteru iegtiSana

Galvena 1,4-dihidropiridin-3,5-dietoksikarbonilmetilesteru 1 iegtiSanas metode ir Hanca
sintéze. Divu ekvivalentu etoksikarbonilmetilacetoacetata 3 reakcija ar vienu ekvivalentu
aromatisko aldehidu amonjaka klatbiitné ilgstoSi varot etanola $kiduma, veidojas 1,4-DHP-

3,5-dikarbonskabes dikarboksimetilesteri 1 ar 42-67% iznakumiem [9].

2

o 0 R 0
RYO Wov[ko/\ \/O o | o Ov
* NH,/EtOH | |
H (e} O o) o)
1

a) R = 4-Cl-CgHq; b) R = 2-OCHF,-CgHa; ¢) R = 2-Cl-CgHa;
d) R = CgHs: e) R = 3-NO,-CgHg4

Iznakumus izdodas paaugstinat, ja reakcijas maisjjumam pievieno pakapeniski
amonjaku. Ja viss nepiecieSamais amonjaka daudzums tiek pievienots jau reakcijas sakuma,

tad laika gaita tas iztvaiko, ka rezultata nenotiek 1,4-dihidropiridina cikla saslégsanas [9].
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1.2. 1,4-Dihidropiridin-3,5-dietoksikarbonilmetilesteru hidrolize

4-Aril-2,6-dimetil-1,4-dihidropiridin-3,5-dietoksikarbonilmetilesteru Kkimiska
hidrolize. Esteru 1 hidrolize norit natrija vai kalija hidroksidu tidens Skidumos istabas
temperatiira un tas rezultata iegust 2,6-dimetil-1,4-dihidropiridin-3,5-dikarbonskabes esterus
4, pie tam hidrolize notiek pie ,,galéjam” esteru grupam abas pusés. Hidrolize nenotiek pie

,,iek§€jam” esteru grupam stérisko un elektronisko faktoru dél [9].

0 R 0
\/orowoﬁjo\/ NaOH HOW}A w ﬁ(
N
H

8) R = 4-CI-CgHs; b) R = 2-OCHF-CeHy; €) R = 2-CI-CeH;
d) R = CgHs;: E) R = 3-NO,-CgHg4

4-Aril-2,6-dimetil-1,4-dihidropiridin-3,5-dietoksikarbonilmetilesteru  enzimatiska
hidrolize. Plasi pétita 2,6-dimetil-1,4-dihidropiridin-3,5-dietoksikarbonilmetilesteru 1
enzimatiska hidrolize. Piemeklgjot attiecigos enzimus un reakcijas apstaklus, ir iesp&jams
1,4-DHP 1 sadalit enantioméros.

Simetrisku 1,4-dihidropiridin-3,5-dietoksikarbonilmetilesteru 1 gadijuma, svarigi ir
piemekleét tadus reakcijas apstaklus, kur enzims hidroliz€ vienu estera grupu, iegustot

enantiotiru 1,4-DHP 5.

O R (0] H
Enzims 5
\/0 o o o) ~— -
| | 45°C +
(0]
N
1 (0] R (0]

Iz

a) R = 4-Cl-CgHy; b) R = 2-OCHF,-CgHy; C) R = 2-Cl-CgHy;
d) R = CgHs; e) R = 3-NO,-CgH,4
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Esteru grupu enzimatiskajai hidrolizei 1,4-dihidropiridin-
3,5-dietoksikarbonilmetilesteriem ir izmantotas hidrolazes: Proteaze P6 (Aspergillus melleus),
Acilaze 30000 (Aspergillus sp.), Candida antarctica lipaze B (CAL-B), lipaze AH
(Pseudomonas sp.) un lipaze PS (Pseudomonas cepacia).

Proteazes P6 un Acilazes 30 000 gadijuma dietoksikarbonilmetilesterus 1 hidrolizé
fosfata bufer§kiduma ar pH = 7,5, tam pievieno 15% acetonitrila un uztur 45 °C temperatiiru.
Abi enzimi $ados apstaklos hidrolizé estera grupu no abam pusém, veidojot diskabi 4, kas ir
racemisks savienojums [9].

Lipazes AH (Pseudomonas sp.) gadijuma, mainot S$kidinatajus, mainas enzima
stereoselektivitate. Savienojuma 1e hidrolize ar lipazi diizopropiléterT (IPE), kas piesatinats ar
tdeni, reakcijas laiks ir 1 st., iznakums ir 83% un enantioselektivitate ir 68%. Reakciju veicot
20 °C temperatiira cikloheksana, kas satur tideni, reakcijas laiks ir 17 st., kimiskais iznakums

ir 57%, savukart enantioselektivitate palielinas Iidz 91% [10].

0 o

Enzimatiska hidrolize ar lipazi PS (Pseudomonas cepacia) notiek lidzigi ka ar lipazi
AH. Veicot enzimatisko hidrolizi ar lipazi PS, ir pétita divu Skidinataju ietekme uz
stereoselektivitati, reakcijas laiku un iznakumu. Enzimatiska hidrolize veikta savienojumam
1e IPE un cikloheksana Gidens klatbiitné 20 °C temperatiira. Izmantojot ka $kidinataju IPE,
reakcijas laiks ir 24 st., iznakums 86% un enantioselektivitate 99%. Ja tiek lietots
cikloheksans, tad reakcijas laiks ir 72 st., iznakums tikai 31% un enantioselektivitate 92%
[10].

Ka viens no labakajiem enzimiem literatira ir minéts Candida antarctica lipaze B
(CAL-B, Novozym 435®). CAL-B ir loti efektivs katalizators dazadu substratu
enantioselektivam transformacijam. Esteru 1 hidrolizes procesa rodas gan v€lamais produkts
5, gan ar1 diskabes 4. Hidrolizes ierobezojoSais faktors ir substratu la-e Skidiba tidens
saturoSos Skidumos. Sajaucot fosfata buferskidumu (pH = 7,5) ar acetonitrilu un uzturot
maistjumam 45 °C temperatiiru, paaugstinas substrata 1 $kidiba, bet tik un ta sakuma reakcijas

maisijums ir heterogéns. Ir griiti savstarp&ji salidzinat enzimatiskas reakcijas ar dazadiem
13



substratiem, ja p&tamais objekts $kist reakcijas gaita, ka tas ir ar 1a,c savienojumiem. Enzima
stereoselektivitate ievérojami izmainas, ja izmanto dazadus Skidinatajus. Izmantojot enzimu

CAL-B un mainot organiskos skidinatajus, iegtiti atskirigi rezultati (skatit 1.1. tabulu).

1.1. tabula
Enzima CAL-B katalizéta hidrolize savienojumiem la-e dazados $kidinatajos 45 °C
Nr. Substrats Reakcijas laiks, st. Enantiom@rais parakums
(ep) skabei 5, %
1. la 197 5T
2 la 27 =
3. 1b 28" =gt
4. 1b 282° 973
o. 1c 20! =1
6. 1c 168° 673
7. 1d 06! 68!
8. 1d 287 55
o le 28" =1
10. le 138° 935

1 — acetonitrila fosfata buferskidums

2 — terc-butilspirta fosfata buferskidums
3 — diizopropilétera §kidums tdent

4 — acetona fosfata bufer§kidums

5 —20% DMSO fosfata buferskidums

Standarta  tiek  izmantots  acetonitrila  modificétais  buferSkidums. Laba
enantioselektivitate iegiita savienojumam 5b (97%), kad reakcija veikta IPE, kas satur tideni,
bet savienojumam 5c tikai 67%. Reakciju veicot 20% dimetilsulfoksida (DMSO), fosfata
buferskiduma ar pH = 7,5 savienojuma 5e enantioselektivitate ir 93%. Eksperimentos ar
acetona fosfata buferskidumiem iegiti 5d ar 69% enantioméro parakumu. Ar terc-butilspirta
fosfata buferskidumiem iegtti sliktaki rezultati neka ar acetonitrila modificéto buferskidumu,
savienojums 5a iegits ar 55% enantioméro parakumu [9].

CAL-B katalizétas reakcijas produktus 7 iegiist ar labu enantioselektivitati un 1saka
laika, salidzinosi ar pargjiem enzimiem. Kimiskie iznakumi savienojumiem 5a-e ir 29-87%,
reakcijas laiki 18-96 st. un enantioselektivitate 68-93%, par skidinataju izmantojot acetonitrilu

[9].
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Ja enzimatiskajai hidrolizei izmanto enzimu seaprose S (Aspergillus melleus), tad
hidrolize notiek tikai pie vienas no esteru grupam, kas atrodas pie piridina gredzena, iegiistot
attiecigo karbonskabi 6. Ar seaprose S neizdodas ieglt ne dubultesteru monoskabes 5, ne
diskabes 4. Reakcija tiek veikta 2% DMSO, fosfata buferSkiduma ar pH = 7,5, istabas
temperatara. Reakcijas laiks ir 72 st., savienojumu 6 kimiskie iznakums ir ~ 60% un

enantioselektivitate ir virs 99% [11, 12].

0 R 0 (0} R [0}
(0]
\/O\n/\o O/\H/OV seaprose S  HO 0/\[]/ N
|| - |
o) o) o
N N
H H
1 6

8) R = 4-CI-CgHa; b) R = 2-OCHF,-CeHy; ¢) R = 2-CI-CoH;
d) R = CgHs; E) R = 3-NO,-CgH4

Seaprose S katalizé ari 1,4-DHP etoksikarbonilmetilesteru paresterifikaciju, ja
$kidumam pievieno 5% metanola un maistjumu silda 30 °C temperatiira. Rodas metilesteris 7
ar 52% kimisko iznakumu un 99% enantiom&ro parakumu. DiemZzel publikacijas autori —

japani nav uzdevusi "H-KMR un IS spektru datus [13].

0 seaprose S
O/ﬁr ~
—_—
o MeOH

1.3. 5-Ciano-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes esteru iegiisana

Mums vairak interesé séru saturo$i 1,4-DHP. Pasreiz literatiira ir atrodami dati par
6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes etil- vai metilesteru sintézi. Sada tipa
savienojumus var iegiit gan pakapeniska sint€z€, gan daudzkomponentu viena reaktora

sintéze.

Cetru komponentu viena reaktora metode, par izejvielu izmantojot

2-(arilmetilén)acetetikskabes etilesterus. Literatiira [14, 15] 5-ciano-4-(2-hlorfenil)-2-metil-
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6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes etilesteris 8 iegiits péc tris metodém, ka
viena no tam ir Cetru komponentu viena reaktora metode. Ka izejas savienojumi izmantoti
2-(arilmetilén)acetetikskabes esteris 9 un 2-cianotioacetamids. Reakcija noris istabas
temperatiira. 6-Metilsulfanil-1,4-dihidropiridinu 8a iegiist ar 80% iznakumu, savienojumu 8b

ar 86%, savienojumu 8c ar 80% un savienojumu 8d ar 90% iznakumu.

(0} Ar
CN O (o) Ar
R
\O = + /Q + INI Mel H+ R\ CN
= (0}
o H,N S EtOH | |
9

a) R = Et, Ar=Ph; b) R = Et, Ar = 2-CI-C¢Hy; ¢) R = Me, Ar = Ph; d) R = Me,
Ar = 2-C|-C6H4

Cetru komponentu viena reaktora metode, kur ka izejvielas izmanto 3-arilmetilen-
2-cianotioakrilamidus. Izmantojot par pamatizejvielam 3-arilmetilén-2-cianotioakrilamidu
10 un acetetikskabes etilesteri un pielietojot Cetru komponentu viena reaktora metodi, iegiist
5-ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes etilesteri 8.
A1l Saja gadijuma reakcija noris istabas temperatiira. 6-Metilsulfanil-1,4-dihidropiridinu 8a
iegiist ar 91% iznakumu, savienojumu 8b ar 86%, , savienojumu 8c ar 87% un savienojumu
8b ar 89% iznakumu [14, 15].

||
EtOH -

a) R = Et, Ar=Ph; b) R = Et, Ar = 2-CI-CgHy4; ¢) R = Me, Ar =Ph; d) R = Me,
Ar = 2-C|-C(3H4

5-Ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes etilestera

iegiiSana, izmantojot 1,4-dihidropiridin-2-(3H)-tionu. 6-Metilsulfanil-1,4-dihidropiridinu
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8a var iegit ar no ieprieks uzkonstruéta tiona. 1,4-Dihidropiridin-2-(3H)-tiona 11 alkilésanas
reakcija ar metiljodidu piperidina  klatbiitneé etanola Skiduma  6-metilsulfanil-
1,4-dihidropiridins 8a izkristaliz&jas ar 76% iznakumu [14, 15].

o CN H A~ CN
| EtOH |
N~ s N 57
H H
11 8a

Piecu komponentu viena reaktora metode. Labaka metode 6-metilsulfanil-
1,4-dihidropiridinu 8 iegt$anai ir piecu komponentu viena reaktora metode, kur neizdala
starpproduktus. Zinot pareizo reagentu pievienosanas secibu, savienojumus 8 var ieglt ar
augstiem iznakumiem. Aromatiska aldehida, acetetikskabes estera, 2-cianotioacetamida,
piperidina un metiljodida reakcija ar sint€zes summaro iznakumu 96% iegiist savienojumu 83,
ar 78% iznakumu — savienojumu 8b, ar 81% iznakumu — savienojumu 8c un ar 88%

iznakumu — savienojumu 8d [14, 15].

Tz

a) R = Et, Ar=Ph; b) R = Et, Ar = 2-CI-C¢Hy; ¢) R = Me, Ar = Ph; d) R = Me,
Ar= 2-C|-C(3H4

1.4. Racemisku 1,4-DHP-karbonskabju sadaliSana enantioméros ar hiraliem
aminiem

Literatiras avotos atspoguloti pétijumi, kad 1,4-DHP-karbonskabes tiek sadalitas

enantioméros, pielietojot hinina alkaloidus: cinhonidinu un cinhoninu (pseidoenantioméru

parus) un hinidinu. Tie ir komerciali pieejami, salidzinosi 1€ti optiski aktivi amini:
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Cimhonidins

Racemiskas karbonskabes 17 sadaliSana enantiom@ros veikta, kristaliz&jot skabes
attiecigos diastereoméros aminu salus. Ka piemé&rotaka skidinataju sistéma piemekléta DMF-
tidens maisijums attieciba 8 pret 5. Talak apstradajot salus ar skabi, izol€ enantiotiras skabes
17a (84%, ep = 99,5%) un 17b (93%, ep = 99,5%) (skat. 1.1. att.). Cinhonidinu un hinidinu
regenere atpakal no reakcijas filtrata, bet tie zaud@ aktivitati. Svariga ir $kidinataja ietekme,
etanola un acetona kristalizacijas iznakumi un skabju enantiotiriba nav augsta (ep = 63-72%).

DMF paaugstina enantiotiribu, savukart tidens pievieno$ana — kimiskos iznakumus [16].

Cinhonidins 0,5 M HCl

— > 17-cinhonidina sals B —

Hinidins 0,5 M HCI

N 17-hinidina sals
H >

(-)-(R)-17b

1.1. att. 1,4-DHP-karbonskabes sadali§ana enantioméros péc frakcionétas Kkristalizacijas ar

optiski aktivajiem aminiem — cinhonidinu un hinidinu

Zinots par 1,4-DHP-karbonskabes sadaliSanu, kur hinidina vieta par sadaliSanas
agentu lieto cinhoninu. SadaliSanas procesa 1,4-DHP bija nepiecieSams ieviest
NH-aizsarggrupu. 1-Etoksimetil-aizsarggrupu nonem, apstradajot ar IM HCI, un iegust
skabes 17a un 17b ar augstu enantiotiribu (> 99%) [17].

Lidzigi ka sadalita skabe 17, strukturali nedaudz atSkirigu nesimetrisku 1,4-DHP-
karbonskabi 18 sadalijja enantiom&ros ar cinhonidinu un cinhoninu. SadaliSanas sh&ma

att€lota 1.2. attela. Skabes attiecigais izopropilesteris ir antihipertensivs preparats nilvadipins:
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nilvadipins

Cinhonidins (-)-18-cinhonidina sals —> (-)-18 — (-)-nilvadipins
1) PCl,
2) i-PrOH
Cinhonins
(+)-18-cinhonina sals ——> (-8 —— (+)-nilvadipins

1.2. att. Nilvadipina pretéjo enantioméru iegiiSana, sadalot 1,4-DHP-karbonskabi

enantioméros ar sadaliSanas agentiem — cinhonidinu un cinhoninu

Analogi arT §aja gadijuma diastereomérie sali kristalizéti frakcionéti. Sakuma uz
racemisko skabi 18 iedarbojas ar cinhonidinu, varot metanola Skiduma 15 miniites,
kristalizgjot diastereoméru (-)-18-sali no metanola, un ta iznakums ir tikai 30%. S1 sals
suspensiju etilacetata apstrada ar 2M HCI ddens skidumu, un organisko slani apstradajot,
ieglist enantiotiro skabi (-)-18. Uz atlikuso filtratu iedarbojas ar otru sadaliSanas agentu —
cinhoninu, analogi tiro (+)-18-sali iegust tikai ar 25% iznakumu. Lai no enantiotirajam
skabém (-)-18 un (+)-18 iegitu aktiva preparata atseviskos enantiomérus, skabes ar fosfora
trihloridu parveér§ skabes hloridos un tad ar izopropanolu esterificé tos, ieglstot
(-)-nilvadipinu un (+)-nilvadipinu ar 98% un 95% iznakumiem attiecigi [18].

Optiskajos izom&ros sadalits arT 4,7-dihidrotieno[2,3-b]piridins 19 (1.3. att.).
Savienojums 19 parvérsts ta 7-metoksimetil-aizvietota atvasinajuma 20, tadgjadi mazinot
B-aminovinilkarbonilgrupas konjugacijas elektronisko efektu. Savienojumu 20 p&c tam
hidrolizg, iegiistot skabi 21, kuru sadala enantioméros ka aprakstits augstdk min&tajos
pieméros. Enantiotiras skabes tad alkilé ar diazometanu un NH-aizsarggrupu nonem ar HCl

Skidumu, produktu absoliitas konfiguracijas noteiktas ar rentgenstrukturanalizi [19]:
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CH,0OH/KOH HO
—_—

CH,N, HCI
21 —— D20 — (H)-19

b CH,N, HCI
()21 —> (920 —> ()-19
a = cinhonins/EtOH
b = cinhonidins/EtOH

1.3. att. 4,7-Dihidrotieéno[2,3-b]piridina sadali§ana enantiméros

Visos lidz $im mintajos gadijumos tika pétita 1,4-dihidropiridinkarbonskabju
sadaliSana enantioméros, un karboksi-(skabes)-grupas oglekla atoms $ajas molekulas tiesi
piesaistits 1,4-DHP gredzenam un attalums no reakcijas centra lidz hiralajam centram ir 2-3
saites. Tacu $ada diatercoméru kristalizacijas metode enantiotiru karbonskabju ieglisana
varétu biit veiksmigs risinajums ari tadu 1,4-DHP sadaliSana enantioméros, kur skabes grupa
nav tiesi piesaistita 1,4-DHP gredzenam. Misu pétijuma objekti ir ar1 séra saturoSas 1,4-DHP-
karbonskabes, kur skabes grupa neatrodas pie 1,4-DHP gredzena. Patenta [20] atspogulota
racemisku s€ra atomu saturosu karbonskabju 22 sadaliSana optiskajos izoméros.

SadaliSanas procediiras apstakli tiek variéti. Par §kidinatajiem lieto acetonu, hloroformu,
benzolu, izopropiléteri u.c. Tiek pievienoti tadi hiralie amini ka brucins, hinins, strihnins,
hinidins, cinhonidins, cinhonins, (S)-(-)- vai (R)-(-)-a-feniletilamins u.c. Diastereomérie sali
frakcion&ti kristaliz&ti un parversti par attiecigajiem skabes 22 pretgjiem enantiomeriem. Ta
pieméram, (+/—)-S-benzoil-2-merkaptopropanskabi vara etanola, pievieno cinhonidinu un
skidumu dzesg diennakti. Kristaliz&tais cinhonidina sals apstradats un iegtita (—)-S-benzoil-
2-merkaptopropanskabe ar 35% iznakumu. Citu min€to piemeru iznakumi svarstas no 21%

11dz 62%.

R-S-(CH,),CH(CH,)COOH n=0, I; R = H, benzoil, acetil, benzil
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1.5. Enzimu katalizéta 1,4-DHP esteru aminolize

Plasi pétita literatiira un musu laboratorija ir esteru sadaliSana enantiomeéros, pielietojot
enzimatisko hidrolizi. Alternativs variants hidrolizei savienojumu sadaliSanai eantiom&ros,
literatlira ir aprakstitas dazadu substratu enzimu katalizétas aminolizes reakcijas [21-26].

Aminolize ir Klasisks piemérs karbonilgrupas mijiedarbibai ar nukleofiliem, ka ari plasi
pielietota reakcija peptidu saiSu veidoSanai. Literatara ir daudzi kiné&tiskie un teorétiskie
pétijumi par So reakciju [27]. Balstoties uz Siem pétijjumiem var izdalit tris iesp&jamos
reakcijas norises mehanismus: (a) pakapeniskais mehanisms caur cviterjona starpproduktu,

(b) pakapeniskais cel$§ caur neitraliem starpproduktiem un (c) saskanotais cel$ (1.4. att. ).

! L \
Qo o | D | A
or> _® R "'}{Ra NHR®

R — 7 | —F
+ RPEN +
RNH, - il R’0OH
9 e
\ Rl » /
7 o2
3 OR
RHN
5'H

1.4. att. Aminolizes reakcijas mehanisms.

Hidrolazu visparpienemtais darbibas mehanisms ir redzams 1.5. attéla [28]. Katalitiski
aktivo vietu enzima veido katalitiska triade (serins, asparginskabe un histidins). Serina
atlikumam pievienojas estera acilgrupa, izveidojot acilenzima aktivétu starpproduktu. Sis
acilenzima starpprodukts reagg ar nukleofilu (aminu), ka rezultata iegiist gala produkta amidu
un atbrivojas enzims briva forma, kas var atkal iesaistitites katalitiskaja cikla. Aspartata sanu
k&de aktive histidina atlikumu, kas ir atbildigs par protonu parneSanu, katalizes procesa. Vel
viens svarigs faktors ir oksianjona caurums, ko veido dazadi aminoskabju atlikumi, kas
stabilizé negativi ladeto skabekli gan parejas stavokli, gan tetraedriskaja starpstavokla
veidoSanas procesa. Sarezgita enzima struktiira uzrada loti lielu substrata/enzimu
mijiedarbibas specifiskumu, kas var novest pie augstas regio vai stereoselektivitates. ST
iemesla del biotransformacija miisdienas ir lielisks risinajums organiskaja kimija.
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1.5. att. Serina hidrolazes katalizéts aminolizes reakcijas mehanisms.

Laba metode racemisku esteru sadaliSanai enantioméros ir transformét tos par amidiem,
izmantojot lipazes kataliz&tu aminolizi. Par substratiem ir iesp&jams izmantot ne tikai esterus,
bet ar1 skabes. Augstus enantiom@ros iznakumus iegiist, izmantojot tadus Skidinatajus ka
metilizobutilketons, tercbutanols, heksans, diizopropiléteris, heptans un metiltercbutil&teris
[29-34]. Literatiira piemingts, ka enantioselektivas aminolizes reakcijas tiek izmantots plass
klasts enzimu, bet ka viens no effektigakajiem enzimiem tiek aprakstits - Candida antarctica

lipaze B. Ar tas palidzibu tiek iegiiti augsti enantiomérie iznakumi 80-99% [21, 22 un 35].

0 Ar Ar Ar
)k . )\ CAL-B )\ + k
N H,N —>  ROCHN HN
23 24 25 26

Autoriem izdodas iegiit amidus 25 ar >98% enantioméro parakumu, veicot aminolizi
istabas temperatiira, pielietojot enzimu CAL un ka skidinataju izoproponolu [31]. Ari

neizreaggjusajam aminam ir sasniegs >91% enantiomerais parakums.
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MeO,C
2 R! 5 CAL-B MeO,C |
+ RNH, - R
2
MeO,C RHNOC
27 28 29
Savienojumus 29 autori ieglist ar Joti augstiem enantiomérajiem parakumiem >99%,
reakcijas veicot dioksana, 30°C temperatiira [29].
Literatura ir aprakstiti petijumi par enzimu pielietotam aminolizes reakcijam, kur tiek
pétiti diasterioméri 32. Enzimatiskas aminolizes reakcijas norit IPE, MTBE un heptana

skidinatajos, 24-40 °C temperatiiras amplitiidas, ka rezultata iegiiti savienojumi 32 ar > 80%

de.
O\)\

NHCO, Bu
NC \ 0 HE
\—O o i
N o Me
30 Enzims W ’\“/
+ —_— NC \ 0
N
NHCOZBU 32
H,N H
NN coMe

Augstakais rezultats, veicot aminolizi ar enzimu CAL-B metiltercbutiléteri 24°C temperatiira,

iegtits mérksavienojumus (R,S)-32 ar 92% de [35].

1.6. Attalinata hirala centra ietekme uz enantioselektivitati

Vairuma gadijumu enzimatiskas hidrolizes, esterifikacijas, aciléSanas u.c. reakciju
substratu hiralais un reakcijas centrs atrodas tikai vienas vai divu kimisko saiSu attaluma. Ir
minéti pieméri, kad Sis attalums ir tris vai vairak saites [36]. Lipazes PS (Pseudomonas
cepacia) katalizeta Botriodiplodina acetata 33 deaciléSanas reakcija iegiits Botriodiplodins 34

ar augstu enantioselektivitati (e.p. >80%) [37]:

(0)
.

\ Lipaze PS +
AcO™” :0: AcO™ :o:
33 (+)-34 (+)-33
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Pétita y-aizvietotu pirméjo spirtu enantioselektiva aciléSana lipazu Chirazyme® L-6, L-7
un L-10 promotetas reakcijas. To enantioselektivitate (E) sasniedz 11,6 vienibas.

4,4-Dimetil-3-fenil-1-pentanola 35 gadijuma, veicot enantiosadaliSanu
izopropiléteri/vinilpropionata, vari€jot temperatiiru, paradits ka visaugstako enantioméro
parakumu izdodas sasniegt 0 °C temperatira. Acilétais produkts 36 ieguts ar 60%, bet
neizreagejosais spirts (S)-35 ar 66% enantioméro parakumu. Citu y-aizvietotu pirm&jo spirtu
ka substratu gadijuma (varicti visdazadakie reakcijas apstak]i) enantiom@rais parakums ir

robezas no 2% lidz 41% [38].

v
OH Chirazyme L-7 ©/\A OH 4 OCOEt
_—
35 (8)-35 (R)-36

Tapat enantiosadaliSana veikta lipazes Kkatalizétas reakcijas, esterificgjot 3-aril-
3-hlorpropanolus 37 ar vinilacetatu. Augstakais enantiomérais parakums spirtam (+)-37 un
esterim (-)-38 (ep. 29% un 31%) sasniegts lipazes CCL (Candida rugosa) promotéta reakcija
cikloheksana istabas temperatiira. Tikai p&c otrreiz&jas spirta (+)-37 lipazes katalizétas

esterifikacijas izdodas sasniegt 78% enantioméro parakumu. [36]:

Cl OH Cl~_* OAc Cl_* OH
CCL
—_— +
o
/lL RN
. 07N ()3 437

IepriekSminéto tris piem&ru gadijuma substratu hirala un reakcijas centra attalums ir tris
kimiskas saites.

Lipazes CCL katalizétas 5-(1,2-ditiolan-3-il)pentanskabes (39) esterifikacijas reakcijas
ar alifatiskiem spirtiem (skabes 39 hiralais centrs ir attalinats no reaggjosas karbonilgrupas par

5 kimiskajam saitém) produktus 40 iegiist ar 12% lidz 75% augstu enantiom&ro parakumu
[39]:
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(Y\/\/COOH
COOH §—S (-)-39
ccL N
+ ROH ——>
COOR

S—S
(+)-40

Enzimatiski hidroliz§jot esterus 41 lipazes CAL-B vai PS promotétas reakcijas,
sasniegta skabes 42a 99% enantiotiriba. Atrasti optimalie apstakli: fosfata buferSkiduma un
dioksana attieciba 1 pret 2 un 30 °C temperatiira. Sai gadijuma reakcijas centrs no hirala
centra atrodas 5 saiSu attaluma. Autori paradijusi, ka enantioselektivitati bitiski ietekmé
cikloalkilaizvietotajs. Interesanti, ka atkariba no pielietotas lipazes izdodas iegiit dazadas
konfiguracijas produktus. Tapat novéro produktu konfiguracijas atSkiras atkariba no
pielietotas lipazes. Enzimu enantioselektivitate atkariga no cikloalkilaizvietotaja. Autori to

skaidro ar substrata sp&ju saistities ar enzima aktiva centra hidrofobisko vietu.

O

CALBva1PS
an—l e.p. 97%
bn=2,ep. 5%, 66%

CN o cn=3,e.p. 8%, 40%

41 (-)-42 (+H)-41

1,4-DHP-3,5-dietoksikarbonilmetilesteru 1 gadijuma CAL-B promotétas reakcijas,
atkariba no reakcijas apstakliem un substrata 1 aromatiska aizvietotaja DHP gredzena 4. vieta,
1,4-DHP 5 ieguti ar 55-99% enantioméro parakumu. Augstakais rezultats sasniegts, ja Ar
aivietotajs ir 2-OCHF,CsH,4. Enantioselektivitati ietekme arT reakcijas vide — $kidinataji un
temperatira [9]. 1,4-DHP esteru 1 molekulas transform&jama grupa atrodas 5 saisu attaluma

no hirala centra:
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HO OFEt
YOO Y Y

(0] Ar (0] 0 0 a) R =C¢Hy;
N = .
EO OFt N b) R = 2-OCHF,C,H,;
\n/\ ¢ O/\n/ CAL-B 5 ©) R=3-NO,CH,;
o | | o — > + d)R=4-CIC,H,;
N o A O ¢) R=2-CICH,;
H f) R = 3-pyridyl
1 HO OH
Y YT T
(6] (6]
N
H
4

Literat@ira ir Joti maz pieejama informacija par lipazu kataliz€to reakciju substratu
hirala centra attalumu no reakcijas centra un to ietekmi uz enantioselektivitati. Mingtie saisu
attalumi ir viens no faktoriem, kas ietekmé enantioselektivitati. Literattiras dati liecina, ka

butiski ir arT reakciju apstakli un individuala substrata mijiedarbiba ar atseviskiem enzimiem.
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2. REZULTATI UN TO IZVERTEJUMS

1,4-Dihidropiridinu sadaliSana optiskajos izom&ros ir svarigs uzdevums, jo biezi vien $o
savienojumu enantiom&riem piemit dazada biologiska aktivitate, novéro farmakologisko
ipasibu atskiribas: viens optiskais izomérs ir daudzkart aktivaks par otru optisko izoméru,
tiem ir pretéja biologiska aktivitate vai ari viens izomers ir toksiskaks par otru izoméru.
Darba mérkis ir izstradat metodes S saturoSu 1,4-dihidropiridinkarbonskabju esteru
enantiosadaliSanai, ka arl rast risinajumus praktiski nozimigo kardiovaskularo aktivitati
uzradoSo 5-ciano-4-aril-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes esteru 8
[14] sadaliSsanai enantiom&ros. Lai iegltu abus optiski aktivos 6-metilsulfanil-
1,4-dihidropiridinu 8 enantiome&rus, teorgtiski iesp&jami vairaki risinajumi:

1. iesp€jamais cel$ (2.1. att€ls) ir tadu s€ru saturoSu 1,4-dihidropiridin-3-karbonskabju
atvasinajumu sintéze, kuri saturétu enzimatiski labilo etoksikarbonilmetilestera grupu,
to enantioselektiva hidrolize enzimu klatbutng, attalinatas karbonskabes
dekarboksilacija un pie cikla tuvakas karbonskabes alkilésana. ST metode darbojas séru
nesaturoSo simetrisko DHP gadijuma. Nav sistematiski pé&tita attalinatas karbonskabes

dekarboksilacija.

2.1. att. Shéema mérkprodukta iegiiSanai

2. iesp&jamais cel§ (2.2. attéls) ir 1,4-dihidropiridin-6-merkaptopropionskabes esteru
sintéze, enantioselektiva hidrolize enzimu klatbiitn€, deakrilacija un tiolata alkiléSana.
Sis cel§ ir izaicinoss, jo hiralais centrs no reakcijas centra atrodas 6 sai$u attaluma un

tas ir pilnigi originals p&tijums.
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2.2. att. Shema mérkprodukta iegiiSanai
3. 1iesp&jamais cel$ (2.3. attls) ir 6-alkilkarboksimetilsulfanil-1,4-dihidropiridinu sintéze,
to enzimatiska hidrolize, formaldehida izskelSana vai 6-alkilkarboksimetilgrupas
noskelS$ana (hidrolize un deformiléSana) un tiolata alkiléSana. ArT $is cel$ ir izaicinoss,
jo hiralais centrs no reakcijas centra atrodas 6 saiSu attaluma un literatira nav datu par

alkilkarboksimetilsulfanilgrupas enantioselektivo hidrolizi enzimu klatbatné.

I Baze O  Ar 2 4
~o CN o N X-Me ~o CN
| | L o - | |
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/
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2.3. att. Shéema mérkprodukta iegiiSanai

2.1. 6-Alkilsulfanil-1,4-dihidropiridin-3-karbonskabju etoksikarbonilmetilesteru

sinteze un enzimatiska hidrolize kinétiskas kontroles apstaklos

Darba merkis ir veikt tadu séru saturoSu 1,4-dihidropiridinu sintézi, kuri satur&tu
enzimatiski labilas grupas. Literatliras analize rada, ka 3-etoksikarbonilmetilestera grupa
1,4-dihidropiridinos dazadu enzimu klatbGtné hidroliz&jas gan lidz 3-karboksimetilgrupai [9]
(,,argja” estera grupa), gan lidz 3-karboksigrupai [11, 12] (,,iek§€ja” estera grupa). Sintez&ti
6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes etoksikarbonilmetilesteri, varigjot

aizvietotajus 4. vieta. Lai izpétitu esteru hidrolitiskas 1pasibas, veikta ar1 to kimiska hidrolize,
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kas lauj iegut attiecigas karbonskabes, kas kalpo ka modelvielas (hiralas augsti efektivas

hromatografijas enantioizskirSanas metodes izstrade) enzimatiskas enantiosadaliSanas izpé&tei.

2.1.1. 5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes

etoksikarbonilmetilestera sintéze

Literatiras analize lauj secinat, ka 6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilestera iegiiSanai visefektivaka varétu but piecu komponentu viena reaktora
metode [14].

Piecu komponentu viena reaktora sintéze. 6-Metilsulfanil-1,4-dihidropiridin-
3-karbonskabes etoksikarbonilmetilesteris 43a iegiits pielietojot piecu komponentu viena
reaktora metodi. Svariga ir komponentu pievienosanas seciba: 1,3-dikarbonilsavienojums 3,
benzaldehids, cianotioacetamids, piperidins un tad metiljodids. 6-Metilsulfanil-
1,4-dihidropiridins 43a veidojas ar augstu iznakumu (péc Skidrumu
hromatografijas/masspektrometrijas datiem), bet ta labas Skidibas d€] spirtos un citos
skidinatajos, produkts no metanola kristaliz&jas tikai ar 34% iznakumu. Izol€Sanai
neizmantojam kolonnas hromatografiju, jo reakcijas gaita rodas merkaptani, kam ir loti

nepatikama smaka.

Ph

0 O Q
N oMa w ~_O CN
o Ph
o
o

0~ "H S” NH, EtOH N
3 43a

Svariga ir ne tikai reagentu seciba, bet ari katalizatora pievienoSana un reakcijas
temperattra. Ja vispirms kolba ievieto benzaldehidu, cianotioacetamidu un piperidinu, tad

rodas 6-amino-3,5-diciano-2,4-difenil-3,4-dihidro-2H-tiopiran-3-karbotioskabes amids 44

[41].
Ph
o CN O H,NSC CN
Lo 0
o H S7 TNH, H Ph” ~S” “NH,
44
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Nevelami blakusprodukti veidojas ari tad, ja ne tikai samaina izejvielu pievienoSanas
kartibu, bet ari, ja izmaina reakcijas apstaklus. Ir zinams, ka dikarbonilsavienojumam 3
reaggjot ar cianotioacetamidu piperidina klatblitné paaugstinata temperatira veidojas tikai

4-alkoksi-3-ciano-6-metil-2-tiokso-1,2-dihidropiridins 45 [42].

OAlk QAlk
H N

o §7 NH, H

3 45

5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilestera sintézes mehanisms. Aromatiskajam aldehidam reaggjot ar
1,3-dikarbonilsavienojumu 3 katalitiska piperidina klatbttné veidojas Knévenagela reakcijas
produkts — 3-0kso-2-(1-fenilmetilidén)butanskabes etoksikarbonilmetilesteris 46. Tam
reaggjot ar 2-cianotioacetamidu un ekvimolaru piperidina daudzumu, veidojas pievienosanas
produkts — Maikla reakcijas adukts 47, kas varétu eksistét sals veida. P&d&jais bazes klatbutné
ciklizgjas, izveidojot piperidinija 2-hidroksi-tetrahidropiridin-6-tiolatu 48. Tiolatam 48
pievienojot metiljodidu un 1slaicigi uzvarot Iidz skidinataja virSanas temperatiirai, veidojas
2-hidroksi-6-metilsulfanil-1,4,5,6-tetrahidropiridins  49. Siltam reakcijas maisTjumam

pievienojot skabi, izSkelas Gidens molekula un veidojas 1,4-dihidropiridins 43a.
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2.1.2. 5-Ciano-4-((2-hlorfenil)-  un (2,3-dihlorfenil)-)-2-metil-6-metilsulfanil-

1,4-dihidropiridin-3-karbonskabes etoksikarbonilmetilesteru sintéze

Ta ka, pielietojot 5-komponentu viena reaktora metodi 4-fenil-6-metilsulfanil-
1,4-dihidropiridins 43a, sakara ar izdaliSanas ne€rtibam (merkaptani, sarezgits vielu
maisijums) kristaliz€jas tikai ar 34% iznakumu, tad 1,4-DHP 43Db,c sintez&ti pielietojot
literatiiras apskata minéto Cetru komponentu (tioakrilamids,
1,3-dikarbonilsavienojums, piperidins un metiljodids) viena reaktora metodi [13], tad&jadi
padarot reakcijas maisijumu vienkarsaku.

2-Ciano-3-(2-hlorfenil)tioakrilamida 50b reakcija ar acetetikskabes
etoksikarbonilmetilesteri 3 ekvimolara piperidina daudzuma klatbiitné un talak veicot secigi
alkilésanas reakciju ar metiljodidu un reakcijas maisijumu paskabinot, ieglist 6-metilsulfanil-
1,4-dihidropiridinu 43b ar 53% iznakumu. Savienojuma 43b zemo iznakumu var izskaidrot ar

.....

laika pieaug paSreiz nenoskaidrotu piemaisijumu daudzums par 10%. Lidzigi iegits
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6-metilsulfanil-1,4-dihidropiridins 43c ar 75% iznakumu, ka pamatizejvielu izmantojot

2-ciano-3-(2,3-dihlorfenil)tioakrilamids 50c.

0 ) ) -
~° N CN N + o CN
\n/\o + H Mel H ~ \n/\ o ™

0 o o
H,NT S EtOH N g
3 50

Ho
43

b) R= 2-C|C5H4; C) R= 2,3-C|2C6H3

Ta ka 3-(hlorfenil)-2-cianotioakrilamidi 50 nav komerciali pieejami, tad tie ieguti
aromatiska aldehida un cianotioacetamida kondensacijas reakcija, reakcijas maisijumu

islaicigi sildot 11dz etanola virSanas temperaturai.

3-(2-Hlorfenil)-2-cianotioakrilamids 50b izdalits ar 68% iznakumu un 2-ciano-

3-(2,3-dihlorfenil)tioakrilamids 50c ar 95% iznakumu.

. L a
P a HA X EtOH NC._ 2
o
HNT s
50
b)R=H;c)R=CI
2.1.3. 4-Aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes

etoksikarbonilmetilesteru hidrolize

6-Metilsulfanil-1,4-dihidropiridinu 43 kimiska hidrolize, veikta ar mérki iegit

modelvielas enzimatiskajam reakcijam.

0O R O R
U0 CN  NaOH HO CN
AN = Ay
© N S o N S
H | H I
43 51

a) R = C4Hs; b) R= 2-C|C6H4; C) R= 2,3-C|206H3
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5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes karboksi-
metilesteris 5la ar 82%, 4-(2-hlorfenil)-1,4-dihidropiridin-3-karbonskabes
karboksimetilesteris 51b ar 63% un 4-(2,3-dihlorfenil)-1,4-dihidropiridin-3-karbonskabes
karboksimetilesteris 51c ar 90% iznakumu iegiti iedarbojoties uz dubultesteriem 43 ar natrija
hidroksida tidens Skiduma, maisot 8h istabas temperatiira. Skabi 51a izdevas sakristalizét no
etanola. Savukart skabes 51b,c neskist dihlormetana, Iidz ar to tas sekmigi izol&tas no
reakcijas maistjuma nofiltr&jot. Tatad kimiski iegttas 1,4-DHP-3-karboksimetilkarbonskabes
51, kas norada uz to, ka dotajos apstak]os hidrolizgjas ,,ar&ja”, nevis ,,ick§¢ja” estera grupa, ka

tas uz simetriskiem 1,4-DHP aprakstits darbos [11, 12].

2.1.4. 4-Aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes

2-cianoetilesteru sintéze

Literatiira nav aprakstita séru saturosu 1,4-dihidropiridin-3-karbonskabju iegtiSana, bet
ir atrodami dati, kur 1,4-dihidropiridin-3-karbonskabes var iegtt hidroliz&jot simetriskus
1,4-dihidropiridin-3,5-dikarbonskabes 2-biscianoetilesterus [11].

4-Fenil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes 2-cianoetilesteris 43a ar 43%
iznakumu ieguts Iidzigi ka dubultesteris 43a, pielietojot piecu komponentu viena reaktora
metodi. Ari Saja gadijuma problémas sagada produkta izolSana. legitie rezultati ir pirmie
eksperimenti, ja savienojumi 52 aktualiz&sies, tad tiks piemekl&ti piemérotaki apstakli, lai

mérka produktu izolétu ar augstaku iznakumu.

o O O Ph
CN N Me b+
e NP P G LA
SZN
o o) H H, EtOH N S
H

52a

4-(2-Hlorfenil)- un 4-(2,3-dihlorfenil)-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes 2-cianoetilesteri 52b,c iegiiti pielietojot 4-komponentu viena reaktora metodi,
ka izejas savienojumus izmantojot iepriek§ pagatavotos 2-ciano-3-(2-hlorfenil)- un
3-(2,3-dihlorfenil)tioakrilamidus 50. Savienojums 52b izoléts ar 32 % iznakumu un

savienojums 52c izoléts ar 80 % iznakumu.
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b) R= 2-C|C5H4; C) R= 2,3-C|2C6H3

Cianoestera 52b zemais iznakums izskaidrojams ar ta nestabilitati skidumos, ko pierada

AESH analize.

2.15. 4-Aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes

2-cianoetilesteru hidrolize

6-Metilsulfanil-1,4-dihidropiridina 52 kimiska hidrolize veikta ar mérki iegit otru

svarigu mode]vielu enzimatisko reakciju izp&tei.

0O Ar 0O Ar

C CN o
N s N s
H H

52 53
a) R = CgHs b) R= 2-C|C6H4; C) R= 2,3-C|2C6H3

Esterus 52 hidrolizé ar natrija hidroksida tdens $kidumu, maisot 8 stundas istabas
temperattra. 4-Aril-1,4-dihidropiridin-3-karbonskabes 53a-c iegitas ar attiecigi 78%, 75% un

79% iznakumu, sakristaliz€jot no etanola.

2.1.6. 6-Metilsulfanil-1,4-dikidropiridin-3-karbonskabes etoksikarbonilmetilesteru un

2-cianoetilesteru Un to hidrolizes produktu struktiiru pieradisana

Sintez&to savienojumu 43, 51-53 struktiiras pieraditas ar infrasarkanajiem spektriem
(IS), protonu kodolmagnétiskas rezonanses (*H-KMR) spektriem un elementanalizes datiem.
Savienojumu 43, 51-53 IS spektros novéro karbonilgrupu (C=0) valences svarstibas pie

1631-1776 cm™, cidno grupu (C=N) svarstibas pie 2193-2205 cm™, NH grupu svarstibas pie
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3066-3336 cm™. Karbonskabem 51 un 53 IS spektros novéro OH grupu valences svarstibas
pie 3321-3625 cm™.

'H-KMR spektros 6-metilsulfanil-1,4-dihidropiridiniem 43, 51-53 raksturigakais ir 4-H
signals, kas pierada, ka savienojumiem ir 1,4-dihidrostruktiira. Ja piridina gredzena 4. vieta ir
neaizvietots benzola gredzens, tad 'H-KMR spektros 4-H signals ir pie 4,47-4,75 m.d.
Savukart 4-(2-hlorfenil)- un 4-(2,3-dihlorfenil)-1,4-dihidropiridinu gadijuma 4-H signals
spektros ir nobidits uz vajakiem laukiem un ir robezas no 5,05-5,40 m.d.

Ar 'H-KMR spektriem tiek pieradits, ka savienojumi 43 ir dubultesteri, par to liecina
3-COOCH, grupas signals AB kvarteta veida. Savienojumam 43a 'H-KMR spektros
3-COOCH; signals ir pie 4,54 m.d. Savukart 4-(2-hlorfenil)- un 4-(2,3-dihlorfenil)-
1,4-dihidropiridinu gadijuma 3-COOCH, signals spektros ir robezas no 4,44-4,93 m.d. Ar
'"H-KMR spektriem tiek pieradits, ka karbonskabem 51 ir saglabajies 3-COOCH, fragments,
kas redzams, ka AB kvartets. 'H-KMR spektros 3-COOCH; signalus novéro pie 4,27-4,93
m.d. Tatad, ieguti 1,4-dihidropiridin-3-karbonskabes etoksikarbonilmetilesteri 43 un
2-cianoetilesteri 52. Tiem ka reakciju substratiem sagaidama atskiriga hidrolitiska aktivitate.
,,Argjas” karbonskabes 51 un vai ,,iek$gjas” karbonskabes 53 kalpos ka mode]vielas. Pirms
uzsakt enzimu katalizétas enantiosekfivas hidrolizes izpéti bija svarigi izstradat AESH
analizes metodes, kas lauj, pielietojot parastas kolonas, kontrolét ,argjas” vai ,,ieks€jas”
karbonskabes veidoSanos un, savukart, pielietojot hiralas kolonas, gan neizreag€joSo esteru,

gan dazado karbonskabju enantiosadaliSanas pakapi.

2.1.7. 4-Aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes

etoksikarbonilmetilesteru enzimatiska hidrolize

Ka minéts ievada optiski aktivus savienojumus var ieglt, izmantojot ka promotorus
enantioselektivus enzimus. Ir zinams, ka lipazes sekmé skabju esteru grupu enantioselektivo
hidrolizi 1idz karbonskabei. Plasi pétita enzimatiska hidrolize tadiem 1,4-DHP, kuri 3. un 5.
vietas satur modific€tas, hidroliz€ties sp&jigas estera grupas. Uzsakot misu pé€tijumus,
literatlira nebija datu par séru saturosu 1,4-DHP enzimatisko hidrolizi. Tapat nav sistematisku
pétijumu par to, cik talu reakcijas centrs var atrasties no hirala centra, lai notikt apmierinosa

enantiosadaliSanas.
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reakcljas centri

R R R
0 Q 0
\/0 N A o CN CN ~0 CN
71/\0 4s:C oY Y U G U
© N7 N7 o -
H H

N s
H

R=H

2;R 2-Cl 54 S5 56

¢)R=2,3-Cl

1,4-Dihidropiridin-3-karbonskabes etoksikarbonilmetilestera 43 gadijuma reakcijas
centrs ir attalinats no hirala centra par 2 vai 5 saitém. Veicot estera 43 enzimatisko hidrolizi

kin&tiskas kontroles apstaklos, t.i., apstadinot reakciju ,,puscela”, varéjam sagaidit karbonskabju 53 un

55 un neizreaggjosa estera 56 ka enantiotiru vai enantiobagatinatu produktu veidoSanos.

2.1.8. Hiralas AESH wmetodes izstrade 4-aril-1,4-dihidropiridin-3-karbonskabes

etoksikarbonilmetilesteru enantioselektivas hidrolizes izpetei.

Sakuma racemiskiem dubultesteriem un attiecigajam skabém tika piemekl&ta optimala
mobila faze uz hiralas kolonnas Whelk 01, lai varétu noteikt enantioméro parakumu.

Lai var€tu raksturot joslu atdaliSanu vienu no otras, izmanto joslu iz8kirSanas raksturlielumu
Rs. Divu blakus esosu joslu izskirSanu R defin€ ka attiecibu attalumam starp to maksimumiem,
jeb izdalisanas laiku starpibu Atg un vid€jo aritmétisko no divu joslu pusplatumiem ( w; un wy)

(skatit 2.4. att€lu). Labs joslu sadalijums ir tad, ja Rs>1,2.

t, — 1ty

> 05w, +w)
2.4. att. Joslu izSkirSanas raksturlieluma aprekinasanas formula

Pamatojoties uz iepriek$&ju pieredzi par lidzigiem savienojumiem tika izm&ginatas

3 sistémas (skatit 2.1. tabulu).
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2.1. tabula

Sakotneji AESH metodei izmantotas mobilas fazes un to sadalitspeja

Nr. Sistéma Substrats | Joslu izSkirtsp€ja Rs
Heksans 46
Dihlormetans 46
1 43c 0,4
Etanols 8

Amonija acetats 0,01 M

Heksans 80
2 Izopropanols 20 43c 0,2
Amonija acetats 0,01 M
Heksans 70
3 Etanols 30 51c 0,2

Amonija acetats 0,01 M

Diemzgl S$ajas sist€tmas nevargja sadalit nevienu no substratiem ar pietickami lielu
sadalijuma koeficentu. Tapéc tas tika veikti eksperimenti Iidz tika atrastas optimalakas

sistémas (skatit 2.2. tabulu).

2.2. tabula
AESH metodei izmantotas mobilas fazes un to sadalitspéja
Nr. Sistema Substrats Joslu iz8kirtsp&ja Rs
Heksans 80
43a 1,04
Dihlormetans 10
4 43b 1,13
Izopropanols 10
40c 1,20
Etikskabe 0,1 %
Heksans 70
43a 1,02
Dihlormetans 15
5 43b 1,11
Izopropanols 15
43c 1,18
Etikskabe 0,1 %
Heksans 40 5l1a 1,00
6 Dihlormetans 40 51b 1,15
Etanols 20 + Amonija acetats 0,01 M 51c 1,21
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2.2. Tabulas dati lauj secinat, ka dotajos apstaklos labs racematu sadalijums
enantioméros ir savienojumiem 43b,c un 51b,c. DiemZ¢&l savienojumiem 43a un 5l1a netika

atrasti pietiekosi labi apstakli pilnigai enantioméras tiribas noteiksanai.

2.1.9. 4-Aril-1,4-dihidropiridin-3-karbonskabes etoksikarbonilmetilesteru enzimatiskas

hidrolizes optimalo apstaklu piemeklésana

Enzimu promotétas kinétiskas enantiosadaliSanas reakcijas tiek iegiiti pret&jie optiskie
izoméri (ka enantiobagatinati savienojumi). Enzimatisko hidrolizi kontrol&ti veic lidz bridim,
kad ir izreag€jusi puse no estera, jo ideala gadijuma enzims selektivi hidrolizg tikai vienu
enantioméru. ST metode ir efektiva, jo tiek iegiiti abi enantiobagatinati enantioméri, viens ir
reakcija produkts — karbonskabe, bet otrs - neizreaggjusais esteris.

Veikti dubultesteru 43 hidrolizes eksperimenti enzimu klatbiitngé. Tika parbauditas
lipazes: Amano Lipase G, A, M, AK, PS, Novozym 435®, Candida rugosa. Amano lipazes
nehidrolize dubultesterus, bet lipazes Novozym 435® un Candida rugosa uzrada hidrolitisko
aktivitati (skatit 2.3. tabulu).

hiralais centrs
reakcij as centri

0 En21ms
N 1(\0 45 c

a)R=H
b) R=2-Cl
¢ R=23-Cl
2.3. tabula
Dubultesteru 43 enzimatiskas hidrolizes rezultati
_ Skabe54 | Skabe55 | |\eizreaggjusais
Substrats _ Temp., | Laiks, esteris 56
Enzims o
43 C st. kim. |ep, | kim. | ep, | kim.izn., | ep,
izn., % | % | izn.,% | % % %
43a N°4‘g°;@%’m 45 24 33 |10]| 15 2 46 11
43a Candida 45 110 5 | 6 ; ; 48 5
rugosa
43p | Novozym | o 34 | 31 9| 13 |2 45 10
435
43¢ N°4‘g°52@§’m 45 48 30 (11| 15 3 46 12
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Enantioméra tiriba noteikta, pielictojot AESH metodi un izmantojot hiralo kolonnu
(R,R)-Whelk O1, kur ka stacionara faze izmantota ar silikagelu saistits
1-(3,5-dinitrobenzamido)-1,2,3,4-tetrahidrofenantréns un mobila faze
heksans/DHM/izopropanols+0,01% ledus etikskabes attieciba 80/10/10 (skatit 2.3. tabulu).
Diemzel pagaidam dotajos apstaklos (acetonitrils/fosfata buferis pH = 7,5 attieciba 15/85)
enzimatiska hidrolize norit ar neapmierino$u enantioselektivitati.

Ta ka darba merkis ir izstradat metodi kardiovaskularo aktivitati uzradoSo 5-ciano-
4-aril-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes  esteru [13] sadaliSanai
enantioméros, bet enzimatiski labilo etoksikarbonilmetilestera grupu saturoSie
1,4-dihidropiridin-3-karbonskabes atvasinajumi hidrolizgjas ar neapmierinosu
enantioselektivitati, tad netika pétita nedaudz (ep<12%) enatiobagatinato savienojumu 54 un

56 dekarboksilacija un alkiléSana, bet tika mekl&ts principiali jauns alternativs risinajums.
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2.2. 1,4-DHP-6-merkaptoalkilkarbonskabes esteru sintéze un enzimatiska

hidrolize kinetiskas kontroles apstaklos

2.2.1. 1,4-DHP-6-merkaptoalkilkarbonskabes esteru sinteze

Ar mérki palielinat 6-alkilsulfanil-1,4-DHP lipofilitati, ka ari izp&tit enzimatisko
hidrolitisko aktivitati savienojumiem, kur reakcijas centrs no hirala centra atrodas Iidz pat 9
saiSu attaluma, sintez¢ti originali 1,4-DHP-6-merkaptoalkilkarbonskabes esteri 57.
Ta ka ieplanota vielu s@rijas sintéze, tad izdevigi ir vispirms iegit 6-tiokso-

1,4,5,6-tetrahidropiridinu 58 un tad to alkilét ar atbilstoSo w-bromalkilkarbonskabes esteri.

0 al O 0 al a) n=1, R=CH,
- CN N N b) n=2, R=H
0 | + Br/k\}m(ovR_H> o B c) n=3, R=CH,
NG o Ep— 0._R d) n=4, R=CH,
H T}\Ii S n
(0]
57

e) n=5, R=CH,

58

5-Ciano-4-(2-hlorfenil)-2-metil-6-etoksikarbonilmetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris 57a ar 85% iznakumu ieguts alkilgjot 6-tiokso-
1,4,5,6-tetrahidropiridinu 58 ar brometikskabes etilesteri. 1,4-DHP-6-merkaptoetikskabes
etilesteris 57a kristaliz€jas no reakcijas maisijuma ka tirs produkts. Savienojumu 57a var
ieglt ar1 pielietojot piecu komponentu viena reaktora metodi, bet tad to izol€Sanai un
attiriSanai nepiecieSams pielietot kolonnas hromatografiju.
5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-1,4-dihidropiridin-

3-karbonskabes metilesteris 57b ar 86% iznakumu iegits alkilgjot 5-ciano-4-(2-hlorfenil)-
2-metil-6-tiokso-1,2,3,4-dihidropiridin-3-karbonskabes metilesteri 58 ar
o-bromalkilkarbonskabes esteri. L1dz1gi iegiiti savienojumi 57¢ ar 86%, 57d ar 71% un 57e ar

73% augstiem kimiskajiem iznakumiem.

2.2.2. 1,A-DHP-6-merkaptoalkilkarbonskabju sintéze

Attiecigas 1,4-DHP-6-merkaptoalkilkarbonskabes 59 sintez&tas ar mérki iegtt
modelvielas enzimatiskajam reakcijam, lai piemekleétu apstaklus reakciju kinétiskai kontrolei
un enantiomeéras tiribas noteikSanai.
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Attiecigas skabes 59a-e ar 76-87% iznakumiem iegiitas 6-tiokso-tetrahidropiridinus 58
alkilgjot ar w-bromalkilkarbonskabém ekvimolara kalija karbonata klatbttné metanola
$kiduma. Saja gadijuma 1,4-DHP-2-tiolata generésanai jaizmanto vajaka baze, ka ari reakcijas
temperatiira nedrikst bt augstaka par ~ 50 °C. Neievérojot $os nosactjumus, notiek skabju

59a-e esterifikacija un veidojas esteri 57a-€.

2.2.3. 1,4-DHP-6-merkaptoalkilkarbonskabes esteru enzimatiska hidrolize kinétiskas

kontroles apstaklos

Lai veiktu 1,4-DHP-6-merkaptoalkilkarbonskabes esteru 57 enzimatisko hidrolizi
kin&tiskas kontroles apstaklos un izstradatu metodi sadaliSanai enantioméros, vispirms bija
janoverté 3-COOMe un 6-merkaptoalkilkarbonskabes esteru hidrolitiska aktivitate. Literatiira
nav datu par $adu savienojumu sadaliSanu enantioméros enzimu katalizétas reakcijas. Nav ari
datu par sistematiskiem pé€tijumiem dazadu savienojumu klas@s, lai noskaidrotu kads bitu

optimalakais reakcijas centra attalums no hirala centra.

a) n=1, R=CH,
b) n=2, R=H
al c) n=3, R=CH,
o a Enzims Q cl d) n=4, R=CH,
~ CN N CN CN e) n=5, R=CH,
T o T on O R
N S/{’\]}n/ ~~ N S/{’\]}n/ S B
H H (¢}
(0] o
57 60 61

Péc analogijas ar ieprieks$€jiem pétijumiem 1,4-DHP-3,5-dikarbonskabju esteru gadijuma,
6-alkoksikarbonilalkilsulfanil-1,4-DHP savienojumu 57 hidrolizei izvélgjamies popularakas
lipazes — Candida antarctica lipazes B imobilizéto formu Novozym 435®. Substrats 57
papildus tika parbaudits uz $adiem enzimiem: Candida cyclindracea, Pencillium camemberti,
Candida rugosa type VII, Amano acylase, Amano lipase PS, M, G. No 8 enzimiem

hidrolitisko aktivitati uzradija tikai 2: Novozym 435® un Amano acylase.
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Rezultati paradija, ka izvélétas lipazes 3-metoksikarbonilgrupu nehidrolizé, jo ta atrodas
konjugacija ar -aminovinilgrupu un ir dezaktivéta. Savukart,
6-alkoksikarbonilalkilsulfanilgrupa uzradija augstu hidrolitisko aktivitati. Tika veikta

enzimatiska hidrolize un iegiiti labi rezultati (skatit 2.4. tabulu).

2.4. tabula
1,4-DHP-6-merkaptoalkilkarbonskabes esteru 57 enzimatiskas hidrolizes rezultati
Kim. Kim. izn. Enantiotiriba
Substrats T, DHM/ Reake. izn. neizreage- neizreage-
57 Lipaze °C IPE Ia:s’ skabei jusajam jusajam
60, % esterim 61, % | esterim 61, %
a, n=1 Novozym 435° | 25 1/20 45 49 45 37
b,n=2 | Novozym435° | 25 | 1/20 190 46 47 68
c,n=3 | Novozym435® | 25 | 1/20 20 48 44 11
d,n=4 | Novozym 435® | 25 1/20 20 49 44 5
e,n=5 | Novozym435® | 25 | 1/20 17 48 47 15
a,n=1 | Amano acylase | 25 1/20 310 49 43 19
b,n=2 | Amano acylase | 25 1/20 310 44 45 21
c,n=3 | Amano acylase | 25 1/20 310 35 60 10
d,n=4 | Amano acylase | 25 1/20 310 22 76 12
e,n=5 | Amano acylase | 25 1/20 190 30 69 2

Balstoties uz literatiru par S$kidinataja ietekmi uz enantioselektivitati, tika samazinata
dihlormetana un IPE attieciba no 1/20 lidz 1/30 [43]. No 2.5. tabulas datiem varam secinat, ka
tas butiski uzlabo enantioselektivitati 6-alkoksikarbonilalkilsulfanil-1,4-DHP 57a,b gadijuma.
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1,4-DHP-6-merkaptoalkilkarbonskabes esteru 57 enzimatiskas hidrolizes rezultati

2.5. tabula

Kim. Kim. izn. Enantiotiriba
Reakc.
Substrats T, DHM/ izn. neizreage- neizreage-
Lipaze laiks,
57 °C IPE . skabei jusajam juSajam
* 60, % | esterim61,% | esterim 61, %
a,n=1 | Novozym435® | 25 | 1/30 45 49 45 50
b,n=2 | Novozym435® | 25 | 1/30 165 47 45 80
c, n=3 Novozym 435° | 25 1/30 20 46 43 6
d,n=4 | Novozym435® | 25 | 1/30 20 49 45 5
e,n=5 | Novozym435® | 25 | 1/30 15 46 48 20
a,n=1 | Amano acylase | 25 1/30 310 48 49 20
b,n=2 | Amano acylase | 25 1/30 310 49 47 89
c,n=3 | Amano acylase | 25 1/30 310 40 58 13
d,n=4 | Amano acylase | 25 1/30 310 34 62 10
e,n=5 | Amano acylase | 25 1/30 190 43 55 5

No iepriek$€jas pieredzes ar lidzigiem savienojumiem ir zinams, ka temperatiiras

paaugstinaSana reiz€m gan paatrina enzimatisko hidrolizi, gan paaugstina enantioselektivitati.

Analizgjot 2.6. tabulas datus, var secinat, ka savienojuma 57b gadijuma salidzinot ar pirmo

eksperimentu enantioselektivitate, izmantojot Novozym 435% ir uzlabota par 24%, ka ari

noveérojama stereoselektiva reakcija pat tad, ja hiralais un reakcijas centrs atrodas 9 saiSu

attaluma, savienojumam 57e. Savukart enzims Amano acylase 45 °C temperatiira hidrolitisko

aktivitati uzrada tikai 57d un 57e gadijuma, bet reakcija nav stereoselektiva.

2.6. tabula
1,4-DHP-6-merkaptoalkilkarbonskabes esteru 54 enzimatiskas hidrolizes rezultati
Kim. Kim. izn. Enantiotiriba
Reakc.
Substrats T, DHM/ ) izn. neizreage- neizreage-
Lipaze laiks,
57 °C IPE . skabei jusajam jusajam
st.
60, % esterim 61, % esterim 61, %
a) b) c) d) €) f) a) h)
a, n=1 Novozym 435° | 45 1/30 25 48 45 45
b,n=2 | Novozym 435® | 45 | 1/30 19 48 43 92
c, n=3 Novozym 435° | 45 1/30 3 48 41 12
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a) b) c) d) €) f) g) h)
d,n=4 | Novozym435® | 45 | 1/30 2 45 49 10
e, n=5 Novozym 435° | 45 1/30 1 49 47 25
a,n=1 | Amano acylase | 45 1/30 400 - 100 -
b,n=2 | Amano acylase | 45 1/30 400 - 100 -
c,n=3 | Amano acylase | 45 1/30 400 - 100 -
d,n=4 | Amano acylase | 45 1/30 400 8 90 2
e,n=5 | Amano acylase | 45 1/30 400 26 72 3

Enantioméra tiriba noteikta, pielietojot AESH metodi un izmantojot hiralo kolonnu
(R,R)-Whelk O1, kur ka stacionara faze izmantota ar silikagelu saistits
1-(3,5-dinitrobenzamido)-1,2,3,4-tetrahidrofenantréns un mobila faze
heksans/DHM/izopropanols + 0,05M amonija acetats 65/30/5.

2.2.4. 6-Metilsulfanil-1,4-DHP ka enantiosadalitu  produktu iegiisana, veicot
6-metoksikarboniletilsulfanil-1,4-DHP sintézi, enzimatisko hidrolizi kinetiskas kontroles

apstakjos, deakrilesanu un alkiléesanu

Ka jau pieminéts rezultatu un to izveért§juma ievaddala 2. iesp&amais cel§ ir
1,4-dihidropiridin-6-merkaptopropionskabes esteru sintéze, enantioselektiva hidrolize enzimu
klatbiitng, deakrilacija un alkiléSana. Sis cel§ ir izaicinoSs, jo literatira nav datu par
merkaptopropionskabes un citu merkaptoalkilkarbonskabju esteru enantioselektivo hidrolizi
enzimu klatbutn€, piedevam hiralais centrs no reakcijas centra atrodas 6 saiSu attaluma, bet
6-metilsulfanil-1,4-dihidropiridin-3-karbonskabju etoksikarbonilmetilesteru 43 gadijuma, kad
hidrolize norit€ja ar neapmierino$u enantioselektivitati, hiralais centrs no reakcijas centra

atrodas 2 vai 5 saiSu attaluma.
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2.2. att. Shema merkprodukta iegiiSanai

Risinot $o originalo pieeju, veiksmes gadijuma varétu atrisinat vél otru uzdevumu —
sadalit enantioméros 5-ciano-6-etoksikarbonilmetilsulfanil-4-(2-hlorfenil)-2-metil-1,4-DHP-
3-karbonskabes metilesteri 57a, kam nesen atrasta izteikta ar amlodipinu salidzinosa
asinsspiedienu pazemino$a aktivitate. Uz Stnu kultiram 57a dazos testos parspgj amlodipinu
un, piedevam, tas izdevigi atSkiras ar to, ka ir 6 reizes mazak kaitigs (LDsp ir attiecigi 2197 un

368 mg/kg).

(o] Cl

Sty Y

o
N S/\n/ ~
H
(0]
57a

2.2.5. (-)-6-(2-metoksikarboniletilsulfanil)- un (+)-6-(2-karboksietilsulfanil)- 2-metil-

1,4-dihidropiridin-3-karbonskabes metilesteru iegiisana

Izmantojot  labakos rezultatus no 2.6. tabulas, (-)-5-ciano-4-(2-hlorfenil)-
6-(2-metoksikarboniletilsulfanil)-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteris 61b
preparativi tiek iegiits enzimatiski hidroliz&jot racematu 57b. Savienojumu 61b atdala no 60b
pielietojot kolonnu hromatografiju. (-)-5-Ciano-4-(2-hlorfenil)-
6-(2-metoksikarboniletilsulfanil)-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteris 61b

iegiits ar 92% enantiomero tiribu.
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57b (+)-60b (-)-61b
2.2.6. (+)-5-Ciano-4-(2-hlorfenil)-6-(2-metoksikarboniletilsulfanil)-2-metil-

1,4-dihidropiridin-3-karbonskabes metilestera iegiiSana

(+)-5-Ciano-4-(2-hlorfenil)-6-(2-metoksikarboniletilsulfanil)-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (+)-61 ieguts 6-(2-karboksietilsulfanil)-1,4-DHP 60b alkilésanas
reakcija ar diazometanu. Reakcija noris ar 95% kimisko iznakumu un 92% enantioméro

tiribu.

(0] Cl (0} Cl
CH,N
N CN 2772 N CN
(0] (0] _— o (0]
(Lt o L
N S OH N S o

(+)-60b (+)-61

2.2.7. (-) un (+) 5-Ciano-4-(2-hlorfenil)-6-metilsulfanil-2-metil-1,4-dihidropiridin-

3-karbonskdabes metilestera iegiisana

Meérka  produkti  (-)- un  (+)-5-ciano-4-(2-hlorfenil)-6-metilsulfanil-2-metil-
1,4-dihidropiridin-3-karbonskabes metilestera enantiom&ri 62 iegliti veicot enantiobagatinato
esteru (-)- un (+)-61 deakrilaciju (iedarbojoties ar NaOH skidumu) un alkilgjot ar metiljodidu.
Reakcijas noris ar augstiem iznakumiem attiecigi (-)-62 (94%) un (+)-62 (92%), ka ar1

saglabajot izejvielu enantiotiribu 92%.
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2.3. 6-Metilsulfanil-1,4-DHP ka enantiosadalitu produktu iegiiSana, veicot
6-alkilkarboksimetilsulfanil-1,4-DHP sintézi, enzimatisko hidrolizi Kinétiskas kontroles

apstaklos, aizsarggrupas noskelSana un alkiléSanu

Ka jau ieprieks§ pieminéts 3. iesp&amais ce]§ 6-metilsulfanil-1,4-DHP (+)-66 un (-)-66
ka enantiosadalitu produktu iegtiSanai ir 6-alkilkarboksimetilsulfanil-1,4-dihidropiridinu
sintéze, to enzimatiska hidrolize, 6-alkilkarboksimetilgrupas noskel$ana un alkiléSana. Sis
cel§ ir izaicinoSs, jo hiralais centrs no reakcijas centra atrodas 6 saiSu attaluma un literatiira
nav datu par alkilkarboksimetilsulfanilgrupas enantioselektivo hidrolizi enzimu klatbutng.
Literatira ir zinams, ka o-acetoksimetilsulfidi viegli kimiski hidroliz€jas tidens klatiitn€,
veidojot tiolu, formaldehidu un etikskabi. M&s planojam ievest 6-alkilkarboksimetilgrupu

1,4-DHP ar domu, ka §1 grupa ir hidroliz€ties sp€jiga un viegli noSkelama.

(o) Ar B3 0 Ar 0] Ar
aze
—_—

~.A | |

(0] Ar 11?11 S (o] R E SH ﬂ S/
~ CN
0 o ~ (+)-66
)Ef\/( L Enzims (+)-63 (+)-64
N s” 07 R +

45°C

(0] Ar [0} Ar
+63 o 4 ~ cn_ X-Me ~ CN
~ o > 1] ?
AN (L
N7 sH N s
N s” > oH H H
(-)-65 (-)-64 ()-66

Originali 6-alkilkarboksimetilsulfanil-1,4-DHP 63 sintezéti alkil&jot 1,4-DHP-6-tionus
58 ar attiecigas karbonskabes hlormetilesteri 59. Lai noskaidrotu labilako grupu enzimatiskas
hidrolizes reakcijai, tika vari€ts alkilaizvietotajs R, respektivi, tika iegtti karbonskabes etil,
i-propil un t-butilatvasinajumi 63. M&s sagaidijam, ka lineara etilatvasinajuma gadijuma
reakcija notiks vieglak, bet sazaroto i-propil- un t-butilatvasinajumu gadijuma

enantioselektivak. Ar mérki iegiit savienojumus, kuriem sagaidama kardiovaskulara aktivitate,
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varicts 4.vietas R aizvietotajs. 4-(2-CICgHa)-grupu saturosiem ka amlodipina analogiem bija
sagaidama antihipertensiva aktivitate, bet 4-(2-F,CHOCgH,)-grupu saturo$iem ka
cerebrokrasta analogiem sagaidama smadzenu darbibu veicinosa aktivitate. Lai novertétu
arilgrupas ortoaizvietotaja ietekmi uz substrata enzimatiskas hidrolizes enantioselektivitati, ka
atskaites savienojums pétits 4-Ph satuross 1,4-DHP.

a) R'=H, R>=Et,
1 b) R'=H, R*=i-propil,
0 R! ¢) RI=H, R*=t-butil,
N CN d)R!: 2-Cl, R%: Et,

o o ~ CN ¢) R'=2-Cl, R2=i-propil,
| (0} f) R1=2-Cl, R2=t-butil,

Jj\ g) RI=2-OCHF?, R=Et,
S N 2 h) R'=2-OCHF?, R?=i-propil,
i) R'=2-OCHF?, R2=t-butil,

6-1zobutiriloksimetilsulfanil-1,4-DHP 63b, 63e un 63h kristaliz€jas no reakcijas
maisijuma ka tiri produkti ar 65-85% iznakumiem, savukart etil- un t-butilatvasinajumi 63a,
63c, 63d, 63f, 63g un 63i (80-87%) tika attiriti pielietojot kolonnas hromatografiju.

Savienojumu 63 IS spektros novéro raksturigo ve=n joslas absorbcijas maksimumu pie
2190-2198 cm™. *H-KMR spektros 6-alkilkarboksimetilsulfanil-1,4-DHP 63 raksturigakie ir
4-H un NH signali singleta veida, kas apstiprina hidréto struktiiru. 4-Fenil-1,4-DHP 63a-c
gadijuma 4-H signals ir pie 4,61-4,63 m.d., bet 4-(2-CICgH,)- un 4-(2-F,CHOCgH,)-grupu
saturo§iem savienojumiem, tas ir nobidits uz vajakiem laukiem Iidz 5,01-5,24 m.d. Savukart
NH signals ir pie 7,27-7,75 m.d. Par to, ka tions 58 ir noalkilg&jies, liecina metilsulfanilgrupas
6-SCH,OCO protonu signali pie 5,29-5,34 m.d. (J=11,7 Hz). AB tipa kvartets norada uz
metiléngrupas protonu neekvivalentumu, jo savienojuma molekula ir asimetriskais centrs pie
4-C atoma. Salidzinot SCH,OCO ar 6-SCH,COO (3,50 m.d. un J=16,4 Hz) metiléngrupas
signali jutami nobiditi uz vajakiem laukiem O atoma ietekmes dg€]. 6-Terc-
butilkarboksimetilsulfanil-1,4-DHP 63c, 63f un 63i gadijuma nenovéro SCH,OCO signalu
saskelSanos AB kvarteta veida, tas ir redzams singleta veida. To var skaidrot ar to, ka terc-
butilkarboksimetilsulfanilgrupa nespgj telpiski pielocities pietickami tuvu pie 1,4-DHP
gredzena 4-C atoma, lai var&tu notikt protonu sadarbiba, kas izraisitu AB kvarteta signalu

veidoSanos.

2.3.1. 1,4-DHP-6-alkilkarboksimetilsulfanil-3-karbonskabes  esteru  enzimatiska

hidrolize kinétiskas kontroles apstakjos

Ka noradits literatiras apskata (1.2. nod.), 3,5-dialkanilkarboksimetoksikarbonil-
1,4-DHP enzimatiski hidroliz€jas ar >90% enantiomérajiem parakumiem, izmantojot

enzimus: Candida antarctica lipaze B (CAL-B, Novozym 435®), lipazi PS (Pseudomonas
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cepacia), proteaze P6 (Aspergillus melleus), Acilaze 30 000 (Aspergillus sp.) un lipaze AH
(Pseudomonas sp.). Reakcijas apstakli, kuros tika sasniegta augsta enantioselektivitate:
fosfata buferskidums ar pH = 7,5, tam pievienots 15% acetonitrila un 45 °C temperatiira,
diizopropiléteris (IPE), kas piesatinats ar tideni, 45 °C temperatiira, cikloheksans, kas satur
tideni, 20 °C temperatiira un 20% dimetilsulfoksida fosfata buferskiduma ar pH = 7.5, 20 °C

temperatiira [9].

a) R'=H, R2=Et,
1 b) R'=H, R2=i-propil,
0 R 1 1 ¢ R!=H, R>=t-butil,

CN Enzims f R Q R d)R!:2-CL R Et,
~ ¢) R'=2-Cl, R2=i-propil,
o | 9 - ~o CN 0 + o CN ) Ri=2-C1, R:=t-butil,
! JI\ HCOH || | g) R'=2-OCHF?, R*=E,
N S/\O R2 N JI\ 2 h) R'=2-OCHF?, R2=i-propil,
H E s o R N~ “SH i) RI=2-OCHF?, R=t-butil,
H
+
63 63 s

Substrati 63 tika parbauditi uz $adiem enzimiem: Candida antarctica lipazes B
imobilizéto formu Novozym 435®, Candida cyclindracea, Pencillium camemberti, Candida
rugosa type VII, Amano acylase, Amano lipase PS, M, G. No 8 enzimiem hidrolitisko
aktivitati uzradija tikai Novozym 435°.

Rezultati  paradija, ka  izveéleta lipaze @ mums  izdevigi  nehidrolizé
3-metoksikarbonilgrupu, jo ta atrodas konjugacija ar B-aminovinilgrupu un ir dezaktivéta.
Savukart, 6-alkilkarboksimetilsulfanilgrupa uzradija augstu hidrolitisko aktivitati. Lipaze
Novozym 435® katalize 6-alkilkarboksimetilsulfanil-1,4-DHP 63 hidrolizi, kur aizvietotajs R?
bija etil un t-butil, bet diemZz&l reakcijas nenorit enantioselektivi. Enantiom@rais parakums
Sajos gadijumos bija <5%. Savukart savienojumiem 63b, 63e un 63h, kas satur
6-izopropilkarboksimetilsulfanilgrupu enzima Novozym 435® promotétas hidrolizes rezultata
enantiomérais  parakums  bija  virs  80%. Turpmak padzilinati tika  pétiti
6-izopropilkarboksimetilsulfanilgrupu saturosi 1,4-DHP, mainot S$kidinataju sist€mas un
reakcijas temperatiras (skatit 2.7. tab.). Pielietojot literatira sekmigi izmantoto $kidinataju
sisttmu MeCN/Buferis [9] enzimatiskas reakcijas norit, bet nav enantioselektivas. Misu
gadijuma 6-alkilkarboksimetilsulfanil-1,4-DHP 63 viegli hidroliz€jas buferskiduma arT bez

enzima, kas arf ir iemesls tam, ka reakcija nav enantioselektiva.
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2.7. tabula

1,4-DHP-6-alkilkarboksimetilsulfanil-3-karbonskabes esteru 63 enzimatiskas hidrolizes

rezultati
Reakc.
Substrats T, |. ] Enantiomérais
Enzims Skid. Sist. laiks,
63 °C . parakums (+)-63, %
St.

a) b) c) d) e) f)
63a Novozym 435° 25 MeCN/BuUf. 240 racemats
63e Novozym 435° | 25 MeCN/Buf. 240 racemats
63h Novozym 435® 25 MeCN/Buf. 240 racemats
63a Novozym 435® | 25 |DMSO/PE/HO 60 80

1/5/0,03
63e Novozym 435° | 25 |DMSO/IPEIHO| 40 80
1/5/0,03
63h Novozym 435® | 25 |DMSO/PE/HO | 40 81
1/5/0,03
63a Novozym 435° | 35 |DMSO/IPEHO |  oq 80
1/5/0,03
63e Novozym 435¢ | 35 |DMSO/PE/H0 | o 80
1/5/0,03
63h Novozym 435° | 35 |DMSO/IPEIHO |  of 82
1/5/0,03
63a Novozym 435¢ | 45 |DMSO/MPE/H0 | g 81
1/5/0,03
63e Novozym 435¢ | 45 |DMSO/MPE/HO | g 81
1/5/0,03
63h Novozym 435® | 45 |DMSO/MPE/H0 | g 84
1/5/0,03
63a Novozym 435® | 25 | DHM/IPE/HO | ogg 80
1/20/0,03
63e Novozym 435° | 25 | DHMIPE/H0 | 5, 84
1/34/0,03
63h Novozym 435® | 25 | DHM/IPE/HO | 5, 85
1/200/0,03
63a Novozym 435¢ | 35 | DHM/IPE/H0 | 5, 85
1/20/0,03
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a) b) c) d) e) f)

63e Novozym 435® | 35 | DHM/IPE/H0 | g 90
1/34/0,03

63h Novozym 435° | 35 | DHMIPE/HO | g 92
1/200/0,03

63a Novozym 435® | 45 | DHM/IPE/H0 | 4g 90
1/20/0,03

63e Novozym 435° | 45 | DHM/IPEIHO | 50 96
1/34/0,03

63h Novozym 435¢ | 45 | DHM/IPE/H0 | 4 9
1/200/0,03

Lipaze Novozym 435 katalizg substratu 63b, 63e un 63h hidrolizi $kidinataju sistéma
DMSO/IPE/H,0, kuras rezultata iegtist produktus (+)-63b, (+)-63e un (+)-63h ar enantioméro
parakumu virs 80%. Paaugstinot reakcijas temperatiiru no 25°C lidz 45°C, izdodas samazinat
reakcijas laiku 3,5 reizes, bet enantioselektivitate neuzlabojas. DHM/IPE/H,0 maisijums tika
atrasts ka labaka $kidinataju sistéma. Veicot substratu 63e un 63h Novozym 435° promoteto
enzimatisko hidrolizi 36 st. 45°C temperatiira, izdodas sasniegt >96% enantioméro parakumu.

Karbonskabju etil, i-propil un t-butilatvasinagjumu 63 enzimatiskas hidrolizes
enantioselektivitati biitiski ietekmg€ja alkilaizvietotajs. Savukart vari€jot 4.vietas aizvietotajus:
4-Ph-, 4-(2-CIC¢H4)- un 4-(2-F,CHOCg¢Hs)-, 1,4-DHP  enzimatiskas hidrolizes

enantioselektivitates izmainas ir nelielas.

2.3.2. (+)- un (-)- 5-Ciano-4-(2-hlorfenil)-6-metilsulfanil-2-metil-1,4-dihidropiridin-3-
karbonskabes metilestera iegiisana
(+)-5-Ciano-4-(2-hlorfenil)-6-metilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes
metilesterus (+)-66 un (-)-66 preparativa daudzuma iegiist, veicot
6-izopropilkarboksimetilsulfanil-1,4-DHP 63e enzimatisko hidrolizi king&tiski kontrol&tos
apstaklos, izmantojot optimalos apstak]us (skat. 2.7. tabulu). Reakcija tika veikta 36 st. laika,

45 °C temperatiira, dihlormetana/diizopropilétera/tidens (1/34/0,03) $kidinataju maisTjuma.
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Kad fikséta ~ 50 %, (+)-63e transformacija par (+)-63e (kimiski neizreaggjosais, bet
enantiotransformgjies produkts), reakciju apstadina. 5-Ciano-4-(2-hlorfenil)-
6-izobutiriloksimetilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteris (+)-63e
ieglts ar 98% enantiom@ro tiribu. Otra racemiska estera (+)-63e dala transform&jas par
6-tiokso-1,4,5,6-tetrahidropiridinu (-)-64e. Diemzgl, tiona hromatografiskas nestabilitates dg]
(tion-entiol tautomerizacija) neizdodas precizi fiksét 50% reakcijas norisi. Tiona (-)-64e
veidosanos skaidrojam ar hidrolizes rezultata raduSos 6-hidroksimetilsulfanil-1,4-DHP (-)-65e
spontano deformilé$anos. Iedarbojoties ar sarmu uz (+)-63e, iegiist tionu (+)-64e. Mérka
produkti 5-ciano-4-(2-hlorfenil)-6-metilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes
metilestera enantioméri (+)-66 un (-)-66 iegiti veicot enantiobagatinato tionu (+)-64e un
(-)-64e alkilesanu ar metiljodidu. Reakcija noris ar augstiem kimiskajiem iznakumiem 91%
un 93%, bet So transformaciju rezultata samazinas enantioméra tiriba. Hidrolizes rezultata
atbrivojas karbonskabe un formaldehids, kuri hidréto piridin-2-tionu (-)-64e un dalgji
nooksidé, ta samazinot kimisko un optisko iznakumu. Enantiomé&rais parakums (+)-66
gadijuma ir 80%, bet (-)-66 gadijuma 50%. Enantiomérais parakums noteikts, pielietojot
AESH metodi, hiralo kolonu Lux Cellulose-2 (mobila faze: izopropilspirts/ heksans, 1:1).

2.4. 4-(2-Hlorfenil)-6-(2-karboksimetilsulfanil)-1,4-dihidropiridin-

3-karbonskabes metilestera enantiosadaliSana, pielietojot hiralus aminus

Daudzu hiralu kimisku savienojumu, dabisku vielu un farmaceitisko preparatu racionala
sintéze pieprasa efektivas metodes So savienojumu iegtiSanai tiru enantioméru veida. Optiska
sadaliSana, veidojot diastereomérus salus, arvien ir plasi izmantota metode racemisku
savienojumu sadaliSanai enantiom@ros kimiskaja industrija. ledarbojoties uz racemiskam

skabém ar tadiem sadaliSanas agentiem ka hiralas bazes (amini), iesp&jams iegit skabes
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atseviSkus enantiomé&rus. Darba ietvaros sintezeti ar1 1,4-DHP-merkaptokarbonskabes
atvasinajumi. Par turpmako meérki tika izvirzits veikt eksperimentu sé€riju, piemeklet
optimalos apstaklus un iegiit potenciali aktivus savienojumus — séra saturosus 1,4-DHP — jau
enantiotira (enantiobagatinata veida).

Literaturas apskata 1.4. apakSnodala galvenokart minéti gadijumi, kad tika pétita
racemisku 1,4-dihidropiridin-karbonskabju sadaliSana enantiom&ros un karboksi-(skabes)-
grupas oglekla atoms $ajas molekulas tieSi piesaistits 1,4-DHP gredzenam. Tacu $ada
diastereoméru kristalizacijas metode enantiotiru karbonskabju iegtiSana varétu biit veiksmigs
risinajums ar1 tadu 1,4-DHP sadaliSana enantioméros, kur skabes grupa nav tiesi piesaistita
1,4-DHP gredzenam.

Lai novértétu 6-(2-karboksimetilsulfanil)-1,4-dihidropiridina 60a sp&ju veidot salus ar
tre$gjiem aminiem, sakuma tika piemekl&ti atbilstoSie apstakli ta reakcijai ar trietilaminu. Ta
ka substrats (skabe) neSkist nepolaros Skidinatajos, izmantoti polari S$kidinataji un 2
ekvivalentu daudzums trietilamina. 4-(2-Hlorfenil)-1,4-DHP-
6-merkaptoetikskabes trietilamonija sals 67 iegits etanola/idens (3/1) skiduma istabas

temperattira péc 24 stundam ar 90% iznakumu:

0 cl 2 ekv. NEt, 0 Cl
~o CN ~ CN
| EtOH/H,0 0"

OH | -+
N S o
o
60a 67

Racemiskas 4-(2-hlorfenil)-1,4-DHP-6-merkaptoetikskabes diastereoméro amina salu
kristalizacijas eksperimenti veikti, varigjot reakcijas apstaklus. Par hiralajiem aminiem
izmantoti cinhonidins, cinhonins, hinidins. Izmantotie s$kidinataji: DMF/H,0, acetons,
EtOH/H,0, DHM, etilacetats. Lielakaja dala gadijumu, amins nesaistijas ar skabi 60a, bet gan
kristaliz€jas atpaka] no reakcijas vides. Tikai viena gadijjuma tika iegiits cinhonina
4-(2-hlorfenil)-1,4-DHP-6-merkaptoacetata sals 68 (59% iznakums pret vienu enantioméru),
ta '"H-KMR spektra redzami gan attiecigas skabes 60a raksturigie 4-H, SCH, signali, gan

cinhonina signali:

@] Cl 0
cinhonins
~ o CN -
. OH ° 7
N S/\n/ EtOH/H,0
H o) 31
60a

fol&)



Noteikta diastercoméra sals 68 Ipatngja optiska griesana [o]p? +87,8 (¢ 10,0, CHCIs).
Japiebilst, ka pasam cinhonidinam ta ir liela — [a]p?® +224 (c 0,5, EtOH), tapec pat nelieli
amina piemaisijumi sniegtu neprecizus optiskas grieSanas datus. Lai precizak raksturotu
diastercoselektivitati, nepieciesams noteikt diastereoméro parakumu (de). Pielietojot AESH
metodi ar hiralo kolonnu ,Whelk Ol (R,R)” (mobila faze - [IPA(AmMAC,
0,1M)/CHCly/heksans — 10/10/80; 1 ml/min) noteica sals 68 diastereom&ro parakumu, kas
bija 4% de (t1=10,1 min, t,=11,4 min). Diemz¢&l $adas kristalizacijas diastereoselektivitate ir
zema. To var skaidrot ar substrata skabes 60a asimetrisko molekulu, kas var but ka iemesls
diastereoméro kristalu nelabvéligam sapakojumam. Tomeér Saja gadijuma, kad kristali
veidojas, zemo selektivitati var skaidrot ar to, ka diastereoméra 68 hiralie centri atrodas talu
viens no otra.

Lai iegiitu enantiobagatinatu 4-(2-hlorfenil)-1,4-DHP-6-merkaptoetikskabi 69,

nepiecieSams apstradat sali 68 skaba vide:

2M HCI/H,0 Q cl
EtOAc |
OH
NS
H /W
0
69

legiitas enantiobagatinatas skabes 69 (95% kim. iznakums) patngja optiska grieSana
[a]p?° bija 0. Tas nozimé, ka 1,4-dihidropiridin-6-merkaptoetikskabei 69 ir tieksme
racemizéties skaba vide. Sadu skabju sadalidana ar diastereoméras kristalizaciju ir vél
neizpétita metode un prasa plasakus petijumus.

Veiksmigs $adas problémas risindjums varétu biit citu hiralu aminu izmantoSana, ka ari

enantiosadaliSana pielietojot kimijenzimatiskas metodes.
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2.5. 4-Aril-ciano-6-alkilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes

metilesteru kimiska un enzimatiska aminolize.

Alternativs  variants  1,4-DHP-karbonskabju esteru enantiosadaliSanai, veicot
enzimatisko hidrolizi ir dazadu substratu enzimatiska aminolize. Par substratiem ir iesp&jams
izmantot skabes un esterus. Augstus enantiom@ros iznakumus iegiist izmantojot tadus
Skidinatajus ka metilizobutilketons, tercbutanols, heksans, diizopropiléteris, heptans un
metiltercbutiléteris[21-26]. Ka pieminéts literatliras apskata aprakstits, augstus enantiom&ros
iznakumus 80-99% iegiist, pielietojot lipazi - Candida antarctica lipaze B.

4-Aril-ciano-6-alkilkarbomoilmetilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes
metilesteru sint€zes shéma:

a) R'=H; R2=Et,

R’ R b) RI=2-Cl; R2=FEt,
¢) R1=3,4,5-(OMe),; R*=Et,
0 Q d) R'=H; R?=3,4-(OMe),-C(H,,
2 ~ CN ¢) RI=2-Cl; R?=3,4-(OMe),-C(H,,
\O | | CN R%-NH, (6] | | - f) R'=3,4,5-(0Me),; R?>=3,4-(OMe),-CH,.
N
N s o~ N s/\n/ “R?
H H
0 (0]
57 70

Savienojumi 70 tika sintez&ti ka modelvielas enzimatiskajam reakcijam, lai piemekl&tu
apstaklus enantiom@ras tiribas noteikSanai. Tika uzsintezeti 1,4-DHP 70 ar 4. vieta dazadiem
fenilgrupas aizvietotajiem un 6. vieta atSkirigiem amidiem. Izejvielu 57a-C iegiiSana ir
iepriek§ aprakstita rezultatu izvertgjuma 2.2.1. nodala. Kimiska aminolize norit EtOH/H,0
Skiduma istabas temperatiira, maisot 3 stundas. Savienojumus 70a-c izdodas iegiit ar 94-95%
iznakumu sakristaliz€jot no reakcijas maisijuma. 1,4-DHP 57 reakcija ar dimetoksianilinu
veidojas blakusprodukti, kas attiriti ar kolonnas hromatografiju un iegiti mérkaprodukti 70d-f
ar 81-87% iznakumu.

4-Aril-ciano-6-alkilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteru
enzimatiska aminolize tika veikta izmantojot enzimus: Candida antarctica lipaze B, lipaze
Candida rugosa un Amano Acylase.

a) R'=H; R>=Et,

R b) R'=2-Cl; R*=Et,
R ©) R'=3,4,5-(0OMe),; R*=Et,
(o) d) R'=H; R?=34-(OMe),-C H,,
o 3
R’-NH, CN e) R'=2-Cl; R*=3,4-(OMe),-C(H,,
~ CN — 0 f) R'=3,4,5-(0Me);;
o | Enzims || INI R?=3,4-(OMe),-C H,.
0 N S /\n/ ~ R 2
H (0]
(0]
57 70
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Katalitisko aktivitati uzradija viens enzims - Candida antarctica lipaze B (imobilizeéta
forma Novozym 435%). Literatiira aprakstits, ka aminolizes reakcijas tiek veiktas 25-40 °C
temperatiirds. Lidz ar to més izvélgjamies veikt enzimatiskas reakcijas 25 un 45 °C
temperattras, lai izvertétu to ietekmi uz substratu reagétsp&ju un produktu sterioselektivitati.
Analiz€jot miisu rezultatus varam secinat, ka temperatiras izmainas butiski neietekmé ne
reagétsp&ju, ne sterioselektivitati. Vislielakas izmainas tika novérotas, pielietojot dazadas
skidinataju sisttmas. IPE/DHM un tira DHM aminolizes enzimatiski kataliz&tas reakcijas
nenotiek, pielietojot gan etilaminu, gan dimetoksianilinu. Racemiski produkti veidojas,
izmantojot heksana/DHM skidinataju sisttmu, THF un dioksanu. legiitos rezultatus var
aplukot 2.8. tabula. Diemzg&l salidzinot ar literatiiras augstajiem enantiomérajiem parakumiem
(>90%), mums izdevas iegit tikai racemiskus produktus. Tas skaidrojams ar to, ka atskiriba
no literatiira aprakstitajiem savienojumiem, kur reakcijas un hirala centra attalums ir 1-2

saites, misu gadijuma tas ir 5 saites.

2.8. tabula
1,4-DHP-6-alkanilsulfanil-3-karbonskabes esteru 54 enzimatiskas aminolizes rezultati
Substrats | T, °C Enzims Skidinatajs EtNH, . 3’4._ o
dimetoksianilins
a) b) c) d) €) f)
IPE/DHM
57a-c 25 Novozym 435° / _ nenotiek nenotiek
(15+1)
IPE/DHM
® . .
57a-c 25 Novozym 435 (1+1) nenotiek nenotiek
57a-c 25 Novozym 435° DHM nenotiek nenotiek
o | Heksans/DHM _ _
57a-C 25 Novozym 435 (15:1) racemats racemats
57a-c 25 Novozym 435° Toluols racemats racemats
57a-c 25 | Novozym 435° Dioksans nenotiek racemats
57a-C 45 | Novozym 435® IPE/PHM nenotiek nenotiek
(15+1)
IPE/DHM
® . .
57a-C 45 Novozym 435 (1:1) nenotiek nenotiek
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a) b) c) d) e) f)
57a-c 45 | Novozym 435® DHM nenotiek nenotiek
o | Heksans/DHM _ _
57a-c 45 Novozym 435 (15+1) racemats racemats
57a-c 45 Novozym 435° Toluols racemats racemats
E7a-c 45 | Novozym 435° Dioksans nenotiek racemats
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3. EKSPERIMENTALA DALA

Metodes un aparatiira

Reakcijas norise un sintez&jamo savienojumu tiribas kontrole veikta ar planslana
hromatografijas metodi, izmantojot ,,Silufol UV 254” plaksnites. Hromatogrammas detektétas
ar UV lampu ,,UVSL-58” (,,Ultra-Violet Product Inc.”, ASV) pie vilpu garumiem: 254 un
366 nm. Par eluentu sistémam izmantotas: hloroforms : heksans : acetons —2 : 1 : 1, heksans :
dihlormetans : etanols — 16 : 5 : 1, heksans : dihlormetans : etanols —5:5: 1.

Kus$anas temperatiiras noteiktas ar automatisko kuSanas aparatu "Optimelt”. IS spektri
uznemti ar spektrometru ,,Shimadzu IR Prestige-21” paraugu suspensijam nujola 400-4000
cm™ diapazona.

'H-KMR spektri uzpemti ar aparatu ,,Bruker” pie 200 un 400 MHz DMSO-dg vai
CDClj; 8kiduma, par iek$&jo standartu izmantojot tetrametilsilanu. Elementu sastava analize
izdarita ar automatisko analizatoru ,,EA 1106” (,,Carlo Erba Instruments”, Italija).

'H-KMR un IS spektri uznemti OSI Fizikalorganiskas kimijas laboratorija.

Dubultesteru enantiom@ras tiribas noteikSanai izmantots Skidrumu hromatografs
»Shimadzu”, augstspiediena stknis LC-20AD, autosamplers SIL-20AC, diozu matricas
detektors SPD-M20A, kolonnu termostats CTO-20AC.

Dubultesteru enzimatiskas reakcijas veiktas orbitalaja kratitaja ar termostatu ,,Max Q

40007.

Vielas:

e Etanols (F, R11, S16, S7);

¢ Benzaldehids (Xn, R22, S24) ;

e 2-Hlorbenzaldehids (C, R34, S26, S45);

e 2,3-dihlorbenzaldehids (Xi, R36, R37, R38, S26, S37, S39);

¢ Dihlormetans (Xn, R40, S23, S24, S25, S36/37);

e Piperidins (F, T, R11, R22, R23/24, S16, S26, S27, S45);

e Metanols (F, T, R11, R23, R24, R25, R39, S7, S16, S36, S37);
¢ Cianotioacetamids (Xn, R21, S24);

e Metiljodids (F, T, R11, R21, R23, R25, R37, R38, R40, S9, S16, S24, S36, S37, S38,
S45);

¢ Natrija hidroksida tidens skidums (C, R35, S26, S37, S39, S45).
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Paskaidrojumi:

F — viegli uzliesmojoss;

Xn — kaitigs;

T — tosisks;

Xi - kairinoss;

C — kodigs;

R11 — viegli uzliesmojoss;

R20/21/22 — kaitigs ieelpojot, kontakta ar adu un norijot;

R23/24/25 — toksisks ieelpojot, kontakta ar adu un norijot;

R23/25 — toksisks kontakta ar adu un norijot;

R24/25 — toksisks kontakta ar adu un norijot;

R26 — loti toksisks ieelpojot;

R34 — rada apdegumus;

R36/37/38/ - kairino$s acim, elposanas sistemai un adai,

S7 — tur@t noslegta trauka;

S9 — turet noslégta trauka labi ventilg¢jamas telpas;

S16 — sargat no uguns — nesméeket;

S26 — ja nonak kontakta ar actm, nekavé&joties noskalot ar lielu Gidens daudzumu un
mekl&t medicinisko palidzibu;

S28A — Ja nonak saskar€ ar adu, nekavéjoties skalot ar lielu iidens daudzumu;

S36/37/39 — valkat piemérotu aizsargapgerbu, cimdus un acu/sejas aizsargu;

S38 — nepietickamas ventilacijas gadijuma valkat piemerotus elposanas aizsarglidzeklus;
S45 — ja izmantojot rodas slikta passajuta, nekavéjoties meklet medicinisko palidzibu (ja

iesp&jams, uzradit etiketi).

5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilesteris (43a)

0,94 g (5 mmol) acetetikskabes etoksikarbonilmetilestera 3 un 0,53 g (5 mmol)
benzaldehida izskidina 20 ml etanola un pievieno 0,03 ml (0,3 mmol) piperidina. Reakcijas
maisijumu maisa istabas temperatira 5 min.,, tad pievieno 050 g (5 mmol)
2-cianotioacetamida un 0,53 ml (5,3 mmol) piperidina un maisa istabas temperatara 25 min.
leglitajam maistjumam pievieno 0,74 ml (5,3 mmol) metiljodida un to vara 5 min. Siltam
reakcijas maisijumam pievieno 4 ml 3M HCI etanola skiduma. Radusas nogulsnes filtrg, uz
filtra tas mazga ar 10 ml auksta metanola, 5 ml dest. @idens. Iegiist 0,50 g (34%) bezkrasainas

kristaliskas vielas 43a ar k.t. 129 - 130°C.
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IS spektrs (nujola, v): 1681, 1756 (C=0); 2200 (C=N); 3066, 3270 (NH) cm™.

'H-KMR spektrs (CDCl3;, 200 MHz, ¢): 1,23 un 4,16 (5H, t un kv, J = 7,0 Hz,
CH.CH3); 2,41 (3H, s, 2-CH3); 2,48 (3H, s, SCHs); 4,54 (2H, ABkv, J = 16.1 Hz,
3-COOCHy); 4,75 (1H, s, 4-H); 6,09 (1H, s, NH); 7,20-7,38 (5H, kompl, CgHs) m.d.

Aprekinats: CigHoN204S: C 61,27%; H 5,41%; N 7,52%; S 8,61%. Noteikts: C
60,75%; H 5,40%; N 7,46%; S 8,69%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilesteris (43b)

0,94 g (5 mmol) acetetikskabes etoksikarbonilmetilestera 5 un 1,11 g (5 mmol)
3-(2-hlorfenil)-2-ciano-tioakrilamida 50b izskidina 20,00 ml etanola un pievieno 0,53 ml
(5,3 mmol) piperidina. Reakcijas maisijumu maisa istabas temperatiira 25 min. leglitajam
Skidumam pievieno 0,74 ml (5,3 mmol) metiljodida un to vara 5 min. Siltam reakcijas
maisijumam pievieno 4 ml 3M HCI etanola $skiduma. Radusas nogulsnes filtré, uz filtra tas
mazga ar 10 ml auksta metanola, 5 ml dest. Gdens. legist 1,09 g (53%) bezkrasainas
kristaliskas vielas 43b ar k.t. 144 — 145 °C.

IS spektrs (nujola, v): 1684, 1728 (C=0); 2199 (C=N); 3254; 3336 (NH) cm™.

'H — KMR spektrs (CDCls, 200 MHz, ¢): 1,16 un 4,07 (5H, t un kv, J = 7.0 Hz,
CH,CHg3); 2,34 (3H, s, 2-CH3); 2,40 (3H, s, SCHs); 4,44 (2H, ABkv, J = 16.1 Hz,
3-COOCHYy); 5,29 (1H, s, 4-H); 6,20 (1H, s, NH); 7,02—7,30 (4H, kompl, CgH4Cl) m.d.

Apréekinats: Ci9H19CIN,04S: C 56,09%; H 4,71%; N 6,88%; S 7,88%. Noteikts: C
55,44%; H 4,83%; N 6,68%; S 7,87%.

5-Ciano-4-(2,3-dihlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-
karbonskabes etoksikarbonilmetilesteris (43c)

0,94 g (5 mmol) acetetikskabes etoksikarbonilmetilestera 3 un 1,29 g (5 mmol) 2-ciano-
3-(2,3-dihlorfenil)tioakrilamida 50c izskidina 20 ml etanola un pievieno 0,53 ml (5,3 mmol)
piperidina. Reakcijas maisijumu maisa istabas temperatiira 25 min. leglitajam Skidumam
pievieno 0,74 ml (5,3 mmol) metiljodida un to vara 5 min. Siltam reakcijas mais;jumam
pievieno 4 ml 3M HCI etanola skiduma. Radusas nogulsnes filtre, uz filtra tas mazga ar 10 ml
auksta metanola, 5 ml dest. tdens. Iegust 1,66 g (75%) bezkrasainas kristaliskas vielas 43c ar
k.t. 140 - 141 °C.

IS spektrs (nujola, v): 1631, 1707 (C=0); 2204 (C=N); 3323, (NH) cm™.
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'H — KMR spektrs (CDCls, 200 MHz, ¢): 1,20 un 4,13 (5H, t un kv, J = 7.0 Hz,
CH,CHg); 2,40 (3H, s, 2-CH3); 2,47 (3H, s, SCHs); 4,93 (2H, ABkv, J = 16.1 Hz,
3-COOCHYy); 5,40 (1H, s, 4-H); 6,19 (1H, s, NH); 7,16-7,37 (3H, kompl, CsH3Cl,) m.d.

Aprekinats: Ci9H15CIoN20,4S: C 51,71%; H 4,11%; N 6,35%; S 7,27%. Noteikts: C
51,52%; H 4,09%; N 6,31%; S 7,32%.

5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
karboksimetilesteris (51a)

0,19 g (0,5 mmol) 5-ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-
karbonskabes etoksikarbonilmetilestera 43a izSkidina 10 ml etanola, pievieno 0,16 ml
(0,5 mmol) 3M NaOH tdens skiduma un maisa istabas temperatiira 8 st. Maistijumu apstrada
ar 2M HCI tdens $kiduma lidz pH = 2-3. Nogulsnes filtré, uz filtra tas mazga ar 10 ml auksta
metanola, 10 ml dest. Gdens. Iegist 0,14 g (82%) bezkrasainas kristaliskas vielas 51a ar k.t.
229 - 231 °C.

IS spektrs (nujola, v): 1688, 1776 (C=0); 2201 (C=N); 3189, 3273; 3607 (NH, OH)
cm™.

'H — KMR spektrs (DMSO-ds, 200 MHz, 8): 2,41 (3H, s, 2-CHa); 2,48 (3H, s, SCH);
4,59 (2H, ABkv, J = 15.6 Hz, 3-COOCHy); 4,73 (1H, s, 4-H); 6,18 (1H, s, NH); 7,20-7,38
(5H, kompl, CgHs) m.d.

Apréekinats: Ci7H16N204S: C 59,29%; H 4,68%; N 8,13%; S 9,31%. Noteikts: C
59,70%; H 4,18%; N 8,63%; S 9,73%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
karboksimetilesteris (51b)

0,20 g (0,5 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes etoksikarbonilmetilestera 43b izskidina 10 ml etanola, pievieno 0,16 ml
(0,5 mmol) 3M NaOH tidens $skiduma un maisa istabas temperatiira 8 st. Maistjumu apstrada
ar 2M HCI tdens skiduma lidz pH = 2-3. Produktu nevar izol&t no etanola un metanola, tapéc
maisijumu ierot€ sausu, mazga ar 10 ml dest. idens un dekant€. Produktu kristaliz€ no 10 ml
dihlormetana. Noglusnes nofiltré. Iegiist 0,12 g (63%) bezkrasainas kristaliskas vielas 51b
ar k.t. 119 - 121 °C.

IS spektrs (nujola, v): 1644, 1717 (C=0); 2193 (C=N); 3325, 3625 (NH, OH) cm™.

'H — KMR spektrs (DMSO-ds, 200 MHz, ): 2,27 (3H, s, 2-CH3); 2,40 (3H, s, SCH);
4,33 (2H, ABkv, J = 15.6 Hz, 3-COOCH,); 5,05 (1H, s, 4-H); 7,06-7,36 (4H, kompl,
CeH4Cl); 9,50 (1H, s, NH) m.d.
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Aprekinats: C17H15CIN204S: C 53,90%; H 3,99%; N 7,39%; S 8,46%. Noteikts: C
51,22%; H 3,83%; N 6,91%; S 7,90%.

5-Ciano-4-(2,3-dihlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes karboksimetilesteris (51c)

0,22 g (0,5 mmol) 5-ciano-4-(2,3-dihlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes etoksikarbonilmetilestera 43c izskidina 10 ml etanola, pievieno 0,16 ml
(0,5 mmol) 3M NaOH tidens $skiduma un maisa istabas temperatiira 8 st. Maisijumu apstrada
ar 2M HCI udens Skiduma lidz pH = 2-3. Produktu dal&ji var izolét no etanola, lai
paaugstinatu iznakumu filtratu ierote sausu, mazga ar 10 ml dest. Gidens un dekanté. Produktu
kristalizé no 5 ml dihlormetana. Nogulsnes nofiltre. Iegust 0,19 g (90%) bezkrasainas
kristaliskas vielas 51c ar k.t. 170 - 171 °C.

IS spektrs (nujola, v): 1632, 1723 (C=0); 2212 (C=N); 3252 (NH) cm™,

'H — KMR spektrs (DMSO-ds, 200 MHz, 6): 2,35 (3H, s, 2-CHs); 2,48 (3H, s, SCH);
4,27 (2H, ABkv, J = 15.6 Hz, 3-COOCHy); 5,17 (1H, s, 4-H); 7,20-7,73 (3H, kompl,
CeH3Cly); 9,60 (1H, s, NH) m.d.

Apréekinats: C17H14CIoN204S: C 49,41%; H 3,41%; N 6,78%; S 7,76%. Noteikts: C
48,49%; H 3,31%; N 6,65%; S 7,69%.

5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes 2-ciano-
etilesteris (52a)

0,78 g (5 mmol) 3-oksobutanskabes-2-cianoetilestera un 0,53 g (5 mmol) benzaldehida
iz8kidina 20 ml etanola un pievieno 0,03 ml (0,3 mmol) piperidina. Reakcijas maisijumu
maisa istabas temperattira 5 min., tad pievieno 0,5 g (5 mmol) 2-cianotioacetamida un 0,53 ml
(5,3 mmol) piperidina un maisa istabas temperatiira 25 min. leglitajam maisjjumam pievieno
0,74 ml (5,3 mmol) metiljodida un to vara 5 min. Siltam reakcijas maisijumam pievieno 4 ml
3M HCI etanola skiduma. Radusas nogulsnes filtré, uz filtra tas mazga ar 10 ml auksta
metanola, 5 ml dest. Gdens. Iegtst 0,73 g (43%) bezkrasainas kristaliskas vielas 52a ar k.t.
90 - 93 °C.

IS spektrs (nujola, v): 1695 (C=0); 2196, 2265 (C=N); 3310 (NH) cm™.

'H — KMR spektrs (CDCls, 200 MHz, 6): 2,41 (3H, s, 2-CHs); 2,48 (3H, s, SCH3): 2,53
(2H, t un t, CNCH,CH,0); 4,21 (2H, t un t, CNCH,CH,0); 4,47 (1H, s, 4-H); 6,10 (1H, s,
NH); 7,20-7,40 (5H, kompl, CgHs) m.d.

Apréekinats: CigH17N30,S: C 63,69%; H 5,05%; N 12,38%; S 9,45%. Noteikts: C
63,88%; H 5,01%; N 12,31%; S 9,40%.
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5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
2-cianoetilesteris (52b)

0,47 g (3 mmol) 3-oksobutanskabes-2-cianoetilestera un 0,67 g (3 mmol) 2-ciano-
3-(2-hlorfenil)tioakrilamidu 50b iz8kidina 20 ml etanola un pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisijumu maisa istabas temperatira 5 min., tad pievieno 3 ml
3M HCl/etanola skiduma un turpina maisit vél 1 st. leglitajam maisjjumam pievieno 0,33 ml
(3,3 mmol) piperidina un 0,74 ml (3,3 mmol) metiljodida un to vara 5 min. Radusas
nogulsnes filtré, uz filtra tas mazga ar 10 ml auksta metanola, 5 ml dest. Gdens. Iegist 0,35 g
(32%) bezkrasainas kristaliskas vielas 52b ar k.t. 150 - 153 °C.

IS spektrs (nujola, v): 1654 (C=0); 2199, 2250 (C=N); 3299 (NH) cm™.

'H — KMR spektrs (CDCls, 200 MHz, 6): 2,35 (3H, s, 2-CHs); 2,41 (3H, s, SCH3); 2,48
(2H, t, CNCH,CH0); 4,11 (2H, t, CNCH,CH,0); 5,23 (1H, s, 4-H); 6,08 (1H, s, NH); 7,10—
7,34 (4H, kompl, CgH4Cl) m.d.

Aprekinats: CigH16CIN3O,S: C 57,83%; H 4,31%; N 11,24%; S 8,58%. Noteikts: C
54,59%; H 4,63%; N 10,74%; S 7,71%.

5-Ciano-4-(2,3-dihlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes 2-cianoetilesteris (52c)

0,47 g (3 mmol) 3-oksobutanskabes-2-cianoetilestera un 0,78 g (3 mmol) 2-ciano-
3-(2,3-dihlorfenil)tioakrilamidu 50c izskidina 20 ml etanola un pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisTjumu maisa istabas temperatira 5 min., tad pievieno 3 ml
3M HCl/etanola skiduma un turpina maisit vél 1 st. legiitajam maisijumam pievieno 0,33 ml
(3,3 mmol) piperidina un 0,74 ml (3,3 mmol) metiljodida un to vara 5 min. Radusas
nogulsnes filtr€, uz filtra tas mazga ar 10 ml auksta metanola, 5 ml dest. Gidens. Iegtist 0,98 g
(80%) bezkrasainas kristaliskas vielas 52¢ ar k.t. 163 - 165 °C.

IS spektrs (nujola, v): 1675 (C=0); 2197, 2260 (C=N); 3316 (NH) cm™.

'H — KMR spektrs (CDCls, 200 MHz, 6): 2,35 (3H, s, 2-CHs); 2,42 (3H, s, SCH3); 2,50
(2H, t, CNCH,CH0); 4,11 (2H, t, CNCH,CH,0); 5,29 (1H, s, 4-H); 6,10 (1H, s, NH); 7,11-
7,34 (3H, kompl, CgH3Clz) m.d.

Aprekinats: C1gH15CI,N30,S: C 52,95%; H 3,70%; N 10,29%; S 7,85%. Noteikts: C
52,30%; H 3,61%; N 10,05%; S 7,89%.
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5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabe (53a)

0,17 g (0,5 mmol) 5-Ciano-4-fenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes 2-cianoetilestera 52a izSkidina 10 ml etanola, pievieno 0,16 ml (0,5 mmol)
3M NaOH udens $kiduma un maisa istabas temperatiira 8 st. Maisijumu apstrada ar 2M HCI
tidens skidumu Iidz pH = 2-3. Nogulsnes filtré, uz filtra tas mazga ar 10 ml auksta metanola,
10 ml dest. Gdens. legust 0,11 g (78%) bezkrasainas kristaliskas vielas 53a ar K.t.
231-233°C.

IS spektrs (nujola, v): 1702 (C=0); 2204 (C=N); 3273 (NH), 3321 (OH) cm™.

'H — KMR spektrs (DMSO-ds, 200 MHz, 6): 2,31 (3H, s, 2-CH3); 2,48 (3H, s, SCHs);
4,46 (1H, s, 4-H); 7,10-7,4 (5H, kompl, CgHs); 9,33 (1H, s, NH); 11,90 (1H, pl.s, OH) m.d.

Aprekinats: CisH14N20,S: C 62,92%; H 4,93%; N 9,78%; S 11,20%. Noteikts: C
63,35%; H 5,12%; N 9,87%; S 11,32%.

5-Ciano-4-(2-hlorfenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabe
(53b)

0,19 g (0,5 mmol) 5-Ciano-4-(2-hlorfenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes 2-cianoetilestera 52b izskidina 10 ml etanola, pievieno 0,16 ml (0,5 mmol)
3M NaOH udens $kiduma un maisa istabas temperatiira 8 st. Maisijumu apstrada ar 2M HCI
tdens skidumu lidz pH = 2-3. Nogulsnes filtré, uz filtra tds mazga ar 10 ml auksta metanola,
10 ml dest. tdens. Iegust 0,12 g (75%) bezkrasainas kristaliskas vielas 53b ar Kk.t.
250 - 253 °C.

IS spektrs (nujola, v): 1704 (C=0); 2200 (C=N); 3273 (NH), 3328 (OH) cm™.

'H — KMR spektrs (DMSO-ds, 200 MHz, 8): 2,31 (3H, s, 2-CHs); 2,47 (3H, s, SCH);
5,21 (1H, s, 4-H); 7,13-7,42 (4H, kompl, CgH4Cl); 9,33 (1H, s, NH); 11,81 (1H, pl.s, OH)
m.d.

Apréekinats: C35H33CIN,O,S: C 56,16%; H 4,08%; N 8,73%; S 10,00%. Noteikts: C
56,10%; H 4,05%; N 8,80%; S 10,14%.

5-Ciano-4-(2,3-dihlorfenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabe (53c)

0,20 g (0,5 mmol) 5-Ciano-4-(2,3-dihlorfenil-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes 2-cianoetilestera 52¢ izskidina 10 ml etanola, pievieno 0,16 ml (0,5 mmol)
3M NaOH udens Skiduma un maisa istabas temperatara 8 st. Maisijumu apstrada ar 2M HCI

tdens Skidumu Iidz pH = 2-3. Nogulsnes filtré, uz filtra tas mazga ar 10 ml auksta metanola,
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10 ml dest. Gdens. legust 0,14 g (79%) bezkrasainas kristaliskas vielas 53c ar Kk.t.
256 - 258 °C.

IS spektrs (nujola, v): 1704 (C=0); 2209 (C=N); 3270 (NH), 3322 (OH) cm™.

'H — KMR spektrs (DMSO-ds, 200 MHz, 6): 2,30 (3H, s, 2-CH3); 2,43 (3H, s, SCHs);
5,27 (1H, s, 4-H); 7,11-7,46 (3H, kompl, CgH3Cly); 9,30 (1H, s, NH); 11,77 (1H, pl.s, OH)
m.d.

Aprékinats: C35H12CIN20,S: C 50,72%; H 3,40%; N 7,89%; S 9,03%. Noteikts: C
50,79%; H 3,41%; N 7,80%; S 9,14%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-etoksikarbonilmetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (57a)

0,96 g (3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisjjumu maisa istabas temperatira 5 min. legiitajam Skidumam
pievieno 0,37 ml (3,3 mmol) brometikskabes etilestera un to vara 2 st. Nogulsnes filtré, uz
filtra tas mazga ar 10 ml auksta metanola, 10 ml dest. Gdens. Iegust 1,02 g (84%) bezkrasainas
kristaliskas vielas 57a ar k.t. 174 — 176 °C.

IS (nujola, v): 1688 (C=0); 2194 (C=N); 3290 (NH) cm™.

'H KMR (400 MHz, CDCls, ¢): 1,08 un 3,98 (5H, t un kv, J = 16.1 Hz,
3-COOCH,CHs3); 2,37 (3H, s, 2-CH3); 2,42 (3H, s, 6-SCH3); 5,30 (1H, s, 4-H); 6,40 (1H, s,
NH); 7,0- 7,4 (4H, m, CgH,CI) m.d.

Aprekinats: C19H19CIN,O,4S: C 56,09%; H 4,71%; N 6,88%; S 7,88%. Noteikts: C
56,00%; H 4,69%; N 6,89%); S 7,80%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris (57b)

0,96 g (3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisijumu maisa istabas temperatira 5 min. legitajam Skidumam
pievieno 0,40 ml (3,3 mmol) metil-3-brompropionata un to vara 2 st. Nogulsnes filtré, uz
filtra tas mazga ar 10 ml auksta metanola, 10 ml dest. Gidens. legtist 1,05 g (86%) bezkrasainas
kristaliskas vielas 57b ar k.t. 79 — 80 °C.

IS (nujola, v): 1716 (C=0); 2206 (C=N); 3359 (NH) cm™.
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'H KMR (8, m.d., CDCl3): 2,45 (3H, s, 2-CHa); 2,67-2,75 (2H, m, SCH,CH,); 2,96-
3,25 (2H, m, SCH,CH,); 3,56 (3H, s, 3-COOCHs3); 3,79 (3H, s, 6-SCH,CH,COOCHs3); 5,29
(1H, s, 4-H); 7,10-7,35 (4H, m, CgH4Cl); 8,15 (1H, s, NH).

Aprekinats: CioH1oCIN,O,S: C 56,09%; H 4,71%: N 6,88%:; S 7,88%. Noteikts: C
56,02%; H 4,74%; N 6,92%; S 7,80%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-(3-etoksikarbonilpropilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris (57¢)

0,96 g (3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisjjumu maisa istabas temperatira 5 min. legiitajam Skidumam
pievieno 0,34 ml (3,3 mmol) etil-4-brombutirata un to vara 2 st. Iegist 1,13 g (86%) ellainas
vielas 57c.

'H KMR (8, m.d., CDCl3): 1,25 un 4,15 (5H, t un kv, J = 7.0 Hz, 6-C;Hs); 1,90-1,97
(2H, m, SCH,CH,CH,); 2,42 (3H, s, 2-CHj3); 2,45 (2H, t, SCH,CH,CH,); 2,82-3,01 (2H, m,
SCH,CH,CHy); 3,54 (3H, s, 3-OCHj3); 5,28 (1H, s, 4-H); 6,95 (1H, s, NH), 7,11-7,34 (4H, m,
CeH4ClI).

SH/MS (m/z, %): 321,01 (65); 365,66 (6); 401,87 (5); 433,25 (100).

5-Ciano-4-(2-hlorfenil)-2-metil-6-(4-etoksikarbonilbutilsulfanil)-1,4-dihidropiridin-
3-karbonskabes metilesteris (57d)

0,96 g (3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisfjumu maisa istabas temperatira 5 min. legtitajam Skidumam
pievieno 0,40 ml (3,3 mmol) etil-5-bromvalerata un to vara 2 st. Nogulsnes filtre, uz filtra tas
mazga ar 10 ml auksta metanola, 10 ml dest. Gidens. Iegust 0,96 g (71%) bezkrasainas
kristaliskas vielas 57d ar k.t. 73 — 74 °C.

IS (nujola, v): 1595, 1636, 1707, 1733 (CO); 2204 (CN); 3259 (NH) cm™.

'"H KMR (8, m.d., CDCls): 1,24 un 4,13 (5H, t un kv, J = 7.0 Hz, 6- SC4,HgCOOC,Hs);
1,56-1,80 (4H, m, SCH,CH,CH,CH,); 2,30 (2H, t, 6-SCH,CH,CH,CH,COOC;Hs); 2,39 (3H,
s, 2-CHj3); 2,73-3,01 (2H, m, SCH,CH,CH,CH); 3,55 (3H, s, 3-COOCHy3); 5,29 (1H, s, 4-H);
6,48 (1H, s, NH), 7,09-7,35 (4H, m, CgH4Cl).

Aprekinats: C2Hz5CIN2O4S: C 58,86%; H 5,61%; N 6,24%. Noteikts: C 58,92%; H
5,54%; N 6,19.
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5-Ciano-4-(2-hlorfenil)-2-metil-6-(5-etoksikarbonilpentilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris (57¢)

0,96 g (3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina. Reakcijas maisijumu maisa istabas temperatiira 5 min. legiitajam Skidumam
pievieno 0,54 ml (3,3 mmol) etil-6-bromheksandionata un to vara 2 st. Nogulsnes filtré, uz
filtra tas mazga ar 10 ml auksta metanola, 10 ml dest. Gidens. Iegist 0,98 g (73%) bezkrasainas
kristaliskas vielas 57e ar k.t. 94 — 95 °C.

IS (nujola, v): 1594, 1635, 1706, 1733 (CO); 2201 (CN); 3261 (NH) cm™.

'"H-KMR (8, m.d., CDCls): 1,21 un 4,08 (5H, t un kv, J = 7.0 Hz, 6-SCsH1,COOC,Hs);
1,34-1,57 (6H, m, 6-SCH,CH,CH,CH,CH), 2,23 (2H, t 6- SCH,CH,CH,CH,CHy), 2,34 (3H,
s, 2-CHg); 2,72-2,94 (2H, m, SCH,CH,CH,CH,CH); 3,50 (3H, s, 3-COOCHg); 5,25 (1H, s,
4-H); 6,29 (1H, s, NH), 7,07-7,30 (4H, m, C¢H4Cl).

Apréekinats: Cp3H27CIN,O,4S: C 59,67%; H 5,88%; N 6,05%. Noteikts: C 59,73%; H
5,74%; N 6,02%.

5-Ciano-4-(2-hlorfenil)-6-karboksimetilsulfanil-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (59a)

0,32 g (1 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 skidina 5 ml metanola, pievieno 0,28 g (2 mmol) kalija
karbonata un silda 2 min 40-50 °C. Siltam reakcijas maistjumam pievieno 0,17 g (1,2 mmol)
brometikskabi un turpina sildit 2 min. Tad reakcijas maisijumu maisa istabas temperatiira
15 min. Filtr&jot atdala kalija bromidu un filtratu neitralizé ar 2M HCI/H,0 Iidz pH = 6.
Nogulsnes (KCl) atdala filtrgjot, filtratam pievieno 10 ml H,O un neitralizé ar 2M HCI/H,0
lidz pH = 2. Pievieno 10 ml metanola. Nogulsnes atdala filtréjot, uz filtra produktu mazga ar
aukstu metanolu un @ideni. Iegiist 0,33 g (87%) savienojuma 59a ar k.t. 165 - 167 °C.

IS (nujola, v): 1650, 1715 (C=0); 2200 (C=N); 3195, 3260, 3450 (NH, OH) cm™.

'H KMR (8, m.d., DMSO-dg): 2,30 (3H, s, 2-Me); 3,44 (3H, s, 3-COOCHs3):; 3,84 (2H,
ABkv, 6-SCH,COOH); 5,07 (1H, s, 4-H); 7,17-7,39 (4H, m, CgH4Cl); 9,59 (1H, s, NH).

Apréekinats C17H15CIN,O,4S: C 53,90; H 3,99; N 7,39. Atrasts: C 52,30; H 3,70; N 7,02.
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5-Ciano-4-(2-hlorfenil)-6-(2-karboksietilsulfanil)-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (59b)

0,32 g (1 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 skidina 5 ml metanola, pievieno 0,28 g (2 mmol) kalija
karbonata un silda 2 min 40-50 °C. Siltam reakcijas maistjumam pievieno 0,18 g (1,2 mmol)
3-brompropionskabi un turpina sildit 2 min. Tad reakcijas maisijlumu maisa istabas
temperatira 15 min. Filtr&jot atdala kalija bromidu un filtratu neitraliz€ ar 2M HCI/H,0 lidz
pH = 6. Nogulsnes (KCI) atdala filtrgjot, filtratam pievieno 10 ml H,O un neitralizé ar 2M
HCI/H,0 lidz pH = 2. Pievieno 10 ml metanola. Nogulsnes atdala filtréjot, uz filtra produktu
mazga ar aukstu metanolu un tdeni. legiist 0,31 g (80%) savienojuma 59b ar k.t. 177 —
180 °C.

IS (nujola, v): 1685, 1715 (C=0); 2216 (C=N); 3175, 3225 (NH, OH) cm™.

'H KMR (8, m.d., DMSO-ds): 2,30 (3H, s, 2-Me); 2,51-2,44 (2H, m,
6-SCH,CH,COOQOH); 2,98-3,18 (2H, m, 6-SCH,CH,COOH); 3,44 (3H, s, 3-COOCHs3); 5,07
(1H, s, 4-H); 7,17-7,39 (4H, m, CgH4Cl); 9,59 (1H, s, NH).

Aprekinats C1gH17CIN,O,4S: C 55,03; H 4,36; N 7,13. Atrasts: C 54,48; H 4,32; N 6,90.

5-Ciano-4-(2-hlorfenil)-6-(3-karboksipropilsulfanil)-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (59¢)

0,32 g (1,0 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 skidina 5 ml metanola, pievieno 0,28 g (2,0 mmol) kalija
karbonata un silda 2 min 40-50 °C. Siltam reakcijas maistjumam pievieno 0,20 g (1,2 mmol)
4-brombutanskabi un turpina sildit 2 min. Tad reakcijas maisjjumu maisa istabas temperattra
15 min. Filtr§jot atdala kalija bromidu un filtratu neitralizé ar 2M HCI/H,O lidz pH = 6.
Nogulsnes (KCl) atdala filtrgjot, filtratam pievieno 10 ml H,O un neitralizé ar 2M HCI/H,0
lidz pH = 2. Vielu ekstragé no udens ar etilacetatu. Etilacetata frakciju ietvaice
vakuumrotacijas iekarta un iegtist 0,33 g (81%) ellainas vielas 59c.

'"H KMR (8, m.d., DMSO-dg): 1.92-1.99 (2H, t, 6-SCH,CH,CH,COOH); 2.23 (2H, t,
6-SCH,CH,CH,COOH); 2,30 (3H, s, 2-CH3); 2,74-2,93 (2H, m, 6-SCH,CH,CH,COOH);
3,44 (3H, s, 3-COOCHpg); 5,07 (1H, s, 4-H); 7,17-7,39 (4H, m, CgH4Cl); 9,59 (1H, s, NH).

SH/MS (m/z, %): 270,96 (20); 302 (10); 323,00 (41); 429,65 (100).
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5-Ciano-4-(2-hlorfenil)-6-(4-karboksibutilsulfanil)-2-metil-1,4-dihidropiridin-3-
karbonskabes metilesteris (59d)

0,32 g (1,0 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 skidina 5 ml metanola, pievieno 0,28 g (2,0 mmol) kalija
karbonata un silda 2 min 40-50 °C. Siltam reakcijas maistjumam pievieno 0,22 g (1,2 mmol)
5-brompentanskabi un turpina sildit 2 min. Tad reakcijas maisijumu maisa istabas temperatiira
15 min. Filtr§jot atdala kalija bromidu un filtratu neitralizé ar 2M HCI/H,O lidz pH = 6.
Nogulsnes (KCI) atdala filtrgjot, filtratam pievieno 10 ml H,O un neitralizé ar 2M HCI/H,0
lidz pH = 2. Vielu ekstragé no udens ar etilacetatu. Etilacetata frakciju ietvaicé
vakuumrotacijas iekarta un iegtst 0,36 g (86%) ellainas vielas 59d.

'H KMR (8, m.d., DMSO-d): 1,58-1,77 (4H, m, 6-SCH,CH,CH,CH,COOH); 2,33
(2H, t, 6-SCH,CH,CH,CH,COOH); x2,37 (3H, s, 2-CHg); 2,76-2,99 (2H, m,
6-SCH,CH,CH,CH,COOH); 3,55 (3H, s, 3-COOCHs3); 5,29 (1H, s, 4-H); 6,22 (1H, s, NH);
7,17-7,39 (4H, m, CgH4CI).

SH/MS (m/z, %): 209,06 (28); 291,10 (23); 419,22 (40); 443,21 (100).

5-Ciano-4-(2-hlorfenil)-6-(5-karboksipentilsulfanil)-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (59¢)

0,32 g (1,0 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-dihidropiridin-
3-karbonskabes metilestera 58 skidina 5 ml metanola, pievieno 0,28 g (2,0 mmol) kalija
karbonata un silda 2 min 40-50 °C. Siltam reakcijas maistjumam pievieno 0,22 g (1,2 mmol)
6-bromheksanskabi un turpina sildit 2 min. Tad reakcijas maisijumu maisa istabas
temperatiira 15 min. Filtr§jot atdala kalija bromidu un filtratu neitralizé ar 2M HCI/H,O lidz
pH=6. Nogulsnes (KCI) atdala filtr&jot, filtratam pievieno 10 ml H,O un neitralizé ar 2M
HCI/H,O Iidz pH=2. Vielu ekstragé no tdens ar etilacetatu. Etilacetata frakciju ietvaicé
vakuumrotacijas iekarta un iegiist 0,33 g (76%) ellainas vielas 56e.

'H KMR (8, m.d., DMSO-ds): 1,39-1,60 (6H, m, 6-SCH,CH,CH,CH,CH,COOH); 2,37
(3H, s, 2-CHj3); 2,32 (2H, t, 6-SCH,CH,CH,CH,COOH); 2,76-298 (2H, m,
6-SCH,CH,CH,CH,COOH); 3,55 (3H, s, 3-COOCHs3); 5,29 (1H, s, 4-H); 6,22 (1H, s, NH);
7,12-7,34 (4H, m, CgH4CI).

SH/MS (m/z, %): 207,86 (8); 259,36 (9); 319,10 (20); 433,21 (100).
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4-Aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilestera (43a-c) enzimatiska hidrolize

Tika parbauditas lipazes: Amano Lipase G, A, M, AK, PS, Novozym 435®, Candida
rugosa.

0,01 g 4-aril-5-ciano-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes
etoksikarbonilmetilestera un 0,01 g enzima skidina 3 ml acetonitrila un 17 ml 20 mM kalija
fosfata buferskiduma (pH = 7,5). Reakcija noris 45 °C temperatiira orbitalaja kratitaja (atrums
ir 200 rpm) ar termostatu. Reakcija tick kontroléta ar AESH metodi, izmantojot apgrieztas
fazes kolonnas: Altima C18, mobila faze acetonitils/H,O+0,01% ledus etikskabes attieciba
50/50 un hiralo kolonnu (R,R)-Whelk O1, kur ka stacionara faze izmantota ar silikagelu
saistits 1-(3,5-dinitrobenzamido)-1,2,3,4-tetrahidrofenantréns un mobila faze
heksans/CH,Cl,/izopropanols+0,01% ledus etikskabes attieciba 80/10/10.

5-Ciano-4-(2-hlorfenil)-2-metil-6-alkilsulfanil-1,4-dihidropiridin-3-karbonskabes
metilesteru (57a-e) enzimatiska hidrolize

Tika parbauditi $adi enzimi: Candida cyclindracea, Pencillium camemberti, Candida
rugosa type VII, Amano acylase, Amano lipase PS, M, G.

0,01 g 5-ciano-4-(2-hlorfenil)-2-metil-6-alkilsulfanil-1,4-dihidropiridin-3-karbonskabes
metilestera un 0,008 g enzima $kidina 1 ml dihlormetana un 20 ml vai 30 ml ar Gdeni
piesatinata IPE. Reakcija noris 25 °C vai 45 °C temperatiira orbitalaja kratitaja (atrums ir
200 rpm) ar termostatu. Reakcija tiek kontroléta ar AESH metodi, izmantojot hirdlo kolonnu
(R,R)-Whelk O1, kur ka stacionara faze izmantota ar silikagelu saistits
1-(3,5-dinitrobenzamido)-1,2,3,4-tetrahidrofenantréns un mobila faze

heksans/CH,Cl,/izopropanols+0,05 M amonija acetats attieciba 60/35/5.

(-)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-1,4-
dihidropiridin-3-karbonskabes metilesteris ((-)-61b)

2,00 g 5-ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-1,4-
dihidropiridin-3-karbonskabes metilestera 57b un 1,50 g enzima Novozym 435° ikidina
20 ml dihlormetana un 600 ml ar Gideni piesatinata IPE. Reakcija noris 45 °C temperatiira
orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. Pe&c 19 stundam nofiltré enzimu un
reakcijas maisijumu ierot€. Produktu attira ar kolonnas hromatografiju uz silikagela eluentu
sisttma CH,Cl,/etilacetats. legtist 0,95 g (48%) ellainas vielas (-)-61b, ee = 92%, [a]=-134,92
(c=1, MeOH).

IS (nujola, v): 1716 (C=0); 2206 (C=N); 3359 (NH) cm™.
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'H KMR (5, m.d., CDCl3): 2,45 (3H, s, 2-CH3); 2,67-2,75 (2H, m, SCH,CH,);
2,96-3,25 (2H, m, SCH,CH,); 3,56 (3H, s, 3-COOCHs3); 3,79 (3H, s, 6-SCH,CH,COOCHs);
5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, CgH4Cl); 8,15 (1H, s, NH).

SH/MS (m/z, %): 295 (90); 321 (50); 377 (60); 407 (100).

(+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-karboksietilsulfanil)-1,4-dihidropiridin-
3-karbonskabes metilesteris ((+)-60b)

2,00 g 5-ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilestera 57b un 1,5 g enzima Novozym 435® skidina 20
ml dihlormetana un 600 ml ar Gideni piesatinata IPE. Reakcija noris 45 °C temperatiira
orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. P&c 19 stundam nofiltr€ enzimu un
reakcijas maisijumu ieroté. Produktu sakristalizé ar 5 ml dihlormetana. Iegtst 0,90 g (45%)
bezkrasainas kristaliskas vielas (+)-60b ar k.t. 81 — 83 °C, [a]=+171,90 (c=1, MeOH).

IS (nujola, v): 1685, 1715 (C=0); 2216 (C=N); 3175, 3225 (NH, OH) cm™,

'H KMR (8, m.d., DMSO-ds): 2,30 (3H, s, 2-Me); 2,51-2,44 (2H, m,
6-SCH,CH,COOQOH); 2,98-3,18 (2H, m, 6-SCH,CH,COOH); 3,44 (3H, s, 3-COOCHs3); 5,07
(1H, s, 4-H); 7,17-7,39 (4H, m, CgH4Cl); 9,59 (1H, s, NH).

Aprékinats C1gH17CIN,O,4S: C 55,03; H 4,36; N 7,13. Atrasts: C 54,90; H 4,37; N 6,90.

(+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris ((+)-61)

1,00 g (2,55 mmol) (+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-karboksietilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteri (+)-60b $kidina 10 ml dihlormetana, pievieno
10 ml diazometana &tera Skidumu un maisa istabas temperatira 5 min. Reakcijas maisijumu
ietvaicé vakuumrotacijas iekarta un iegtst 0,90 g (87%) ellainas vielas (+)-61, ee = 92%,
[a]=+133,92 (c=1, MeOH).

IS (nujola, v): 1716 (C=0); 2206 (C=N); 3359 (NH) cm™.

'H KMR (8, m.d., CDCly): 2,45 (3H, s, 2-CHs); 2,67-2,75 (2H, m, SCH,CHy);
2,96-3,25 (2H, m, SCH,CHy); 3,56 (3H, s, 3-COOCHs5); 3,79 (3H, s, 6-SCH,CH,COOCHj3);
5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, C¢H4Cl); 8,15 (1H, s, NH).

SH/MS (m/z, %): 295 (90); 321 (50); 377 (60); 407 (100).

Aprékinats: C19H19CIN,04S: C 56,09%; H 4,71%; N 6,88%; S 7,88%. Noteikts: C
55,98%; H 4,77%; N 6,90%; S 7,84%.
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(-)-5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-3-
karbonskabes metilesteris ((-)-62)

1,00 g (2,5 mmol) (-)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris (-)-61 S$kidina 15 ml metanola, pievieno
0,85 ml 3N NaOH/H,0 un maisa istabas temperattira 5 min. Tad pievieno 1,59 ml metiljodida
un maisa 30 °C temperatiira. Reakcijas maisijumu ietvaicé vakuumrotacijas iekarta un
sakristalizé ar 40 ml Gdens. Iegist 0,77 g (94%) bezkrasainas kristaliskas vielas (-)-62, ar k.t.
70 - 74 °C, ee = 93%.

IS (nujola, v): 1695 (C=0); 2200 (C=N); 3330 (NH) cm™.

'H KMR (8, m.d., CDCls): 2,32 (3H, s, SCH3); 2,41 (3H, s, 2-CH3); 3,50 (3H, s,
3-COOCHpg); 5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, CgH4CI); 8,15 (1H, s, NH).

SH/MS (m/z, %): 223 (50); 303 (70); 334 (80); 357 (100).

(+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris ((+)-62)

1,00 g (2,5 mmol) (+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-(2-metoksikarboniletilsulfanil)-
1,4-dihidropiridin-3-karbonskabes metilesteris (+)-61 Skidina 15 ml metanola, pievieno
0,85 ml 3N NaOH/H,0 un maisa istabas temperatiira 5 min. Tad pievieno 1,59 ml metiljodida
un maisa 30 °C temperatiira. Reakcijas maistjumu ietvaicé vakuumrotacijas iekarta un
kristaliz€ no 40 ml Gdens. Iegist 0,80 g (94%) bezkrasainas kristaliskas vielas (+)-62, ar Kk.t.
72 -76 °C, ee = 92%.

IS (nujola, v): 1695 (C=0); 2200 (C=N); 3330 (NH) cm™.

'H KMR (8, m.d., CDCls): 2,32 (3H, s, SCHa3); 2,41 (3H, s, 2-CH3); 3,50 (3H, s,
3-COOCHg); 5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, CgH4CI); 8,15 (1H, s, NH).

SH/MS (m/z, %): 223 (50); 303 (70); 334 (80); 357 (100).

5-Ciano-4-fenil-2-metil-6-propioniloksimetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (63a)

0,95 g (3,3 mmol) 5-ciano-4-fenil-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-

3-karbonskabes metilestera 58a izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un 5 min maisa istabas temperatiira. legiitajam Skidumam pievieno 0,41 ml (3,3
mmol) propionskabes hlormetilestera, vara 30 sekundes un turpina maisit 1 St. istabas
temperatara. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest.
tidens. legiist 0,91 g (84%) bezkrasainas kristaliskas vielas 63a ar k.t. 143-144 °C.
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IS (nujola, v): 1698, 1701 (C=0); 2198 (C=N); 3288 (NH) cm™.

'H KMR (5, m.d., CDCly): 1,15 un 2,37 (5H, t un kv, J=7,0 Hz, 6-OCOCH,CHs); 2,39
(3H, s, 6-CHs); 3,50 (3H, s, 3-COOCH;); 4,61 (1H, s, 4-H); 5.29 (2H, ABkv, J=11.7 Hz,
6-SCH,); 7,06-7,21 (5H, m, CsHs); 7,27 (1H, s, NH).

Aprékinats: C1oH20N204S: C 61,27%; H 5,41%: N 7,52%; S 8,61%. Atrasts: C 61,20%:
H 5,22%: N 7,67%: S 8,69%.

5-Ciano-4-fenil-2-metil-6-izobutiriloksimetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (63b)

095 g (3,3 mmol) 5-ciano-4-fenil-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilestera 58a izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un maisa istabas temperatiira 5 min. Iegiitajam Skidumam pievieno 0,42 ml (3,3
mmol) izobutanskabes hlormetilestera, vara 30 sekundes un turpina 1 st. maisit istabas
temperattra. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest.
tidens. legiist 1,02 g (80%) bezkrasainas kristaliskas vielas 63b ar k.t. 138 — 139 °C.

IS (nujola, v): 1704, 1712 (C=0); 2198 (C=N); 3286 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,15 (6H, d, 6-OCOCH(CHs),); 2,39 (3H, s, 6-CHa);
2,53-2,62 (1H, m, 6-OCOCH(CHg)y); 3,50 (3H, s, 3-COOCHpg); 4,61 (1H, s, 4-H); 5.29 (2H,
ABkv, J=11.7 Hz, 6-SCH,); 7,06-7,21 (5H, m, CgHs); 7,27 (1H, s, NH).

Aprekinats: CyoH2N204S: C 62,16%; H 5,74%; N 7,25%; S 8,30%. Atrasts: C 62,00%;
H 5,79%; N 7,35%; S 8,46%.

5-Ciano-6-(2,2-dimetilpropioniloksimetilsulfanil-4-fenil-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (63c)

095 g (3,3 mmol) 5-ciano-4-fenil-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilestera 58a izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un maisa istabas temperatiira 5 min. legiitajam Skidumam pievieno 0,43 ml (3,3
mmol) hlormetilestera pivalatu, vara 30 sekundes un turpina maisit 1 st. istabas temperatiira.
Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest. tdens. Iegtst 1,06
g (80%) bezkrasainas kristaliskas vielas 63c ar k.t. 125 — 126 °C.

IS (nujola, v): 1702, 1710 (C=0); 2198 (C=N); 3290 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,18 (9H, s, 6-OCOC(CHs)s); 2,39 (3H, s, 6-CHs); 3,54
(3H, s, 3-COOCHs3); 4,63 (1H, s, 4-H); 5.29 (2H, s, 6-SCHy); 7,14-7,26 (5H, m, CgHs); 7,71
(1H, s, NH).
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Aprekinats: Co1H24N204S: C 62,98%; H 6,04%; N 6,99%; S 8,01%. Atrasts: C 62,84%;
H 6,18%; N 7,23%; S 7,85%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-propioniloksimetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (63d)

1,06 g (3,3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilestera 58d izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un maisa istabas temperatira 5 min. Iegiitajam $kidumam pievieno 0,41 ml (3,3
mmol) propionskabes hlormetilestera, vara 30 sekundes un turpina maisit 1 st. istabas
temperattira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest.
tidens. legiist 0,88 g (74%) bezkrasainas kristaliskas vielas 63d ar k.t. 194 — 195 °C.

IS (nujola, v): 1688, 1700 (C=0); 2194 (C=N); 3290 (NH) cm™.

'"H KMR (8, m.d., CDCl5): 1,13 un 2,38 (5H, t un kv, J=7,4 Hz, 6-OCOCH,CHs); 2,39
(3H, s, 6-CHs); 3,50 (3H, s, 3-COOCHj3); 5,24 (1H, s, 4-H); 5.29 (2H, ABkv, J=11.7 Hz,
6-SCH>); 7,07-7,29 (4H, m, C¢H,4Cl); 7,68 (1H, s, NH).

Apréekinats: Ci9H19CIN,O4S: C 56,09%; H 4,71%; N 6,88%; S 7,88%. Atrasts: C
56,01%; H 4,67%; N 6,94%; S 7,76%.

5-Ciano-4-(2-hlorfenil)-2-metil-6-izobutiriloksimetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (63e)

1,06 g (3,3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilestera 58d izSkidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un maisa istabas temperatiira 5 min. legiitajam $kidumam pievieno 0,42 ml (3,3
mmol) izobutanskabes hlormetilestera, vara 30 sekundes un turpina maisit 1 st. istabas
temperatira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest.
tidens. legiist 0,82 g (65%) bezkrasainas kristaliskas vielas 63¢ ar k.t. 174 — 176 °C.

IS (nujola, v): 1687, 1701 (C=0); 2191 (C=N); 3285 (NH) cm™.

'H KMR (5, m.d., CDCls): 1,15 (6H, d, 6-OCOCH(CHs),); 2,39 (3H, s, 6-CHs);
2,53-2,62 (1H, m, 6-OCOCH(CHg)2); 3,50 (3H, s, 3-COOCHpg); 5,22 (1H, s, 4-H); 5,29 (2H,
ABKv, J=11,7 Hz, 6-SCH,); 7,06-7,21 (4H, m, CgH4Cl); 7,27 (1H, s, NH).

Aprekinats: CyH21CIN,O,S: C 57,07%; H 5,03%; N 6,66%; S 7,62%. Atrasts: C
56,92%; H 5,21%; N 6,78%; S 7,53%.
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5-Ciano-4-(2-hlorfenil)-2-metil-6-(2,2-dimetilpropioniloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilesteris (63f)

1,06 g (3,3 mmol) 5-ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilestera 58d izskidina 20 ml metanola, pievieno 0,33 ml (3,3 mmol)
piperidina un maisa istabas temperatira 5 min. Iegiitajam $kidumam pievieno 0,43 ml (3,3
mmol) hlormetilestera pivalatu, vara 30 sekundes un turpina maisit 1 St. istabas temperatiira.
Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml dest. tidens. Iegiist 1,06
g (81%) bezkrasainas kristaliskas vielas 63f ar k.t. 152 — 154 °C.

IS (nujola, v): 1710, 1720 (C=0); 2205 (C=N); 3208 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,19 (9H, s, 6-OCOC(CHa)s); 2,39 (3H, s, 6-CHs); 3,50
(3H, s, 3-COOCHy); 5,24 (1H, s, 4-H); 5,30 (2H, s, 6-SCHy); 7,06-7,21 (4H, m, CgH4Cl); 7,27
(1H, s, NH).

Aprekinats: Cz1H23CIN2O4S: C 57,99%; H 5,33%; N 6,44%; S 7,37%. Atrasts: C
8,23%; H 5,21%; N 6,56%; S 7,50%.

5-Ciano-4-(2-difluorometoksifenil)-2-metil-6-propioniloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilesteri (63Q)

1,16 g (3.3 mmol) 5-ciano-4-(2-difluorometoksifenil)-2-metil-6-tiokso-
1,2,3,4-tetrahidropiridin-3-karbonskabes metilestera 58g izskidina 20 ml metanola, pievieno
0,33 ml (3,3 mmol) piperidina un maisa istabas temperatiira 5 min. leglitajam Skidumam
pievieno 0,41 ml (3,3 mmol) propionskabes hlormetilestera, vara 30 sekundes un turpina
maisit 1 st. istabas temperatiira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola
un 10 ml dest. aidens. Iegust 1,149 (87%) bezkrasainas kristaliskas vielas 63g ar kK.t. 127 —
128 °C.

IS (nujola, v): 1693, 1706 (C=0); 2212 (C=N); 3284 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,13 un 2,37 (5H, t un kv, J=7,4 Hz, 6-OCOCH,CHs); 2,36
(3H, s, 6-CHgs); 3,50 (3H, s, 3-COOCHz3); 5,01 (1H, s, 4-H); 5,30 (2H, ABkv, J=11,7 Hz,
6-SCHy); 6,39 un 6,57 (1H, d un d, J=73,2 Hz, CgH,OCHF;); 7,02-7,20 (4H, m,
CsH4sOCHF,); 7,64 (1H, s, NH).

Aprekinats: CyoH0F2N20sS: C 54,79%; H 4,60%; N 6,39%; S 7,31%. Atrasts: C
54,89%; H 4,25%; N 6,47%; S 7,22%.

5-Ciano-4-(2-difluorometoksifenil)-2-metil-6-izobutiriloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilesteris (63h)
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1,16 g (3,3 mmol) 5-ciano-4-(2-difluorometoksifenil)-2-metil-6-tiokso-
1,2,3,4-tetrahidropiridin-3-karbonskabes metilestera 58¢g izskidina 20 ml metanola, pievieno
0,33 ml (3,3 mmol) piperidina un maisa istabas temperatiira 5 min. leglitajam Skidumam
pievieno 0,42 ml (3,3 mmol) izobutanskabes hlormetilestera, vara 30 sekundes un turpina
maisit 1 st. istabas temperatiira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola
un 10 ml dest. Gdens. Iegiist 1,159 (85%) bezkrasainas kristaliskas vielas 63h ar k.t. 113 —
114 °C.

IS (nujola, v): 1678, 1725 (C=0); 2209 (C=N); 3254 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,19 (6H, d, 6-OCOCH(CHs),); 2,40 (3H, s, 6-CHa);
2,57-2,68 (1H, m, 6-OCOCH(CHs)2); 3,55 (3H, s, 3-COOCHg); 5,06 (1H, s, 4-H); 5,34 (2H,
ABkv, J=11,7 Hz, 6-SCH>); 6,40 un 6,61 (1H, d un d, J=73,2 Hz, C¢H,OCHF,); 7,06-7,21
(4H, m, CgH,OCHF,); 7,75 (1H, s, NH).

Aprekinats: CpH2F2N20sS: C 55,74%; H 4,90%; N 6,19%; S 7,09%. Atrasts: C
55,70%; H 4,78%; N 6,37%; S 7,21%.

5-Ciano-4-(2-difluorometoksifenil)-2-metil-6-(2,2-dimetilpropioniloksimetil-
sulfanil-1,4-dihidropiridin-3-karbonskabes metilesteris (63i)

1,16 g (3.3 mmol) 5-ciano-4-(2-difluorometoksifenil)-2-metil-6-tiokso-
1,2,3,4-tetrahidropiridin-3-karbonskabes metilestera 58¢g izskidina 20 ml metanola, pievieno
0,33 ml (3,3 mmol) piperidina un maisa istabas temperatiira 5 min. legitajam $kidumam
pievieno 0,43 ml (3,3 mmol) hlormetilestera pivalatu, vara 30 sekundes un turpina maisit 1 st.
istabas temperatiira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta metanola un 10 ml
dest. tidens. legiist 1,139 (81%) bezkrasainas kristaliskas vielas 63i ar k.t. 58 — 62 °C.

IS (nujola, v): 1685, 1740 (C=0); 2212 (C=N); 3419 (NH) cm™.

'H KMR (8, m.d., CDCls): 1,19 (9H, d, 6-OCOC(CHa)s); 2,36 (3H, s, 6-CH3); 3,50 (3H,
s, 3-COOCHg3); 5,01 (1H, s, 4-H); 5,30 (2H, s, 6-SCH>); 6,39 un 6,57 (1H, d un d, J=73,2 Hz,
CeH4sOCHF,); 7,02-7,20 (4H, m, CgH4OCHF,); 7,70 (1H, s, NH).

Aprekinats: CpH24F2N20sS: C 56,64%; H 5,19%; N 6,00%; S 6,87%. Atrasts: C
56,55%; H 5,32%; N 6,12%); S 6,88%.

6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-karbonskabes

______
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Tika parbauditas lipazes: Candida antarctica lipaze B (CAL-B, Novozym 435®), lipazi
PS (Pseudomonas cepacia), proteaze P6 (Aspergillus melleus), Acilaze 30 000 (Aspergillus
sp.) un lipaze AH (Pseudomonas sp.).

0,025 mmol 6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-
karbonskabes metilestera 63 $kidina 15% acetonitrila buferskiduma (20 mM kalija fosfata
buferskidums, pH = 7,5) un pievieno 0,01 g enzima. Skidinataja sistému pievieno tik daudz,
lai substrata koncentracija $kiduma biitu konstanta - 0,01 mol/L. Reakcija noris 25 °C
temperatiira orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. Reakcija tiek kontroléta ar
AESH metodi, izmantojot apgrieztas fazes kolonnu Altima C18, mobila faze -
acetonitils/H,O0+0,01% ledus etikskabes attieciba 50:50 un hiralo kolonnu Lux Cellulose-2

mobila faze - izopropilspirts/heksans, 1:1.

6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-karbonskabes
metilesteru 63 enzimatiska hidrolize DMSO/IPE/H,0 skidinataju sistéma

Tika parbauditas lipazes: Candida antarctica lipaze B (CAL-B, Novozym 435®), lipazi
PS (Pseudomonas cepacia), proteaze P6 (Aspergillus melleus), Acilaze 30 000 (Aspergillus
sp.) un lipaze AH (Pseudomonas sp.).

0,025 mmol 6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-
karbonskabes metilestera 63 Skidina 20% dimetilsulfoksida ar tdeni piesatinata
diizopropilétera $kidinataju sistema un pievieno 0,01 g enzima. Skidinataja sistému pievieno
tik daudz, lai substrata koncentracija $kiduma butu konstanta - 0,01 mol/L. Reakcija noris 25
vai 35, vai 45 °C temperatiird orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. Reakcija
tiek kontroléta ar AESH metodi, izmantojot apgrieztas fazes kolonnu Altima C18, mobila faze
- acetonitils/H,0+0,01% ledus etikskabes attieciba 50:50 un hiralo kolonnu Lux Cellulose-2

mobila faze - izopropilspirts/heksans, 1:1.

6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-karbonskabes
metilesteru 63 enzimatiska hidrolize DCM/IPE/H,0 $kidinataju sistéema

Tika parbauditas lipazes: Candida antarctica lipaze B (CAL-B, Novozym 435®), lipazi
PS (Pseudomonas cepacia), proteaze P6 (Aspergillus melleus), Acilaze 30 000 (Aspergillus
sp.) un lipaze AH (Pseudomonas sp.).

0,025 mmol 6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-
karbonskabes metilestera 63 skidina dihlormetana/diizopropilétera/iidens $kidinataju sistéma
un pievieno 0,01 g enzima. Skidinataja sistému pievieno tik daudz, lai substrata koncentracija

$kiduma biitu konstanta - 0,01 mol/L. Reakcija noris 25 vai 35, vai 45°C temperatiira
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orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. Reakcija tick kontroléta ar AESH
metodi, izmantojot apgrieztdas fazes kolonnu Altima C18, mobila faze -
acetonitils/H,O+0,01% ledus etikskabes attieciba 50:50 un hiralo kolonnu Lux Cellulose-2

mobila faze - izopropilspirts/heksans, 1:1.

(+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-izobutiriloksimetilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris ((+)-63e)

2,00 g (4,75 mmol) 5-Ciano-4-(2-hlorfenil)-2-metil-6-izobutiriloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilestera (+x63e) $kidina 13,57 ml dihlormetana un
461,38 ml ar tideni piesatinata IPE un pievieno 1,90 g enzima Novozym 435®. Reakcija noris
45 °C temperatiira orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. P&c 36 stundam
nofiltré enzimu un reakcijas maisijumu ieroté. Kimiski neizreaggjuso - enantiotransforméjuso
produktu attira ar kolonnas hromatografiju uz silikagela eluentu sisttma CH,Cly/etilacetats
(2:3). Teguist 0,95 g (48%) ellainas vielas (+)-63e, ep = 96%, [o]=+145,25 (c=1, MeOH).

'H KMR (8, m.d., CDCls): 1,15 (6H, d, 6-OCOCH(CHa),); 2,39 (3H, s, 6-CHs); 2,53-
2,62 (1H, m, 6-OCOCH(CHj3),); 3,50 (3H, s, 3-COOCHpg); 5,22 (1H, s, 4-H); 5,29 (2H, ABKv,
J=11,7 Hz, 6-SCHy); 7,06-7,21 (4H, m, CgH4Cl); 7,27 (1H, s, NH).

Aprékinats: CyoH21CIN204S: C 57,07%; H 5,03%; N 6,66%; S 7,62%. Atrasts: C
57,21%; H 5,00%; N 6,52%; S 7,71%.

(-)-5-Ciano-4-(2-hlorfenil)-2-metil-6-tiokso-1,2,3,4-tetrahidropiridin-
3-karbonskabes metilesteris ((-)-64)

2,00 g (4,75 mmol) 5-Ciano-4-(2-hlorfenil)-2-metil-6-izobutiriloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilestera (x63e) Skidina 13,57 ml dihlormetana un
461,38 ml ar Gideni piesatinata IPE un pievieno 1,90 g enzima Novozym 435®. Reakcija noris
45 °C temperatiira orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. P&c 36 stundam
nofiltré enzimu un reakcijas maisijumu ierot€. Produktu attira ar kolonnas hromatografiju uz
silikagela no sakuma eluentu sisttma CH,Cl,/etilacetats (2:3) nepolaros savienojumus, bet
péc tam tionu nomazga ar MeOH. Iegiist 0,80 g (40%) ellainas vielas (-)-64e.

'H KMR (8, m.d., CDCl3): 2,50 un 2,60 (3H, s un s, cis- un trans-, 2-CHs): 3,65 (3H, s,
3-COOCHg); 4,90-5,20 (2H, m, 4-H un 5-H); 6,80-7,50 (4H, m, CsH,); 8,78 (1H, pl.s, NH).
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(-)-5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris (-)-66

1,00 g (2 mmol) tiona (-)-64 skidina 15 ml metanola, pievieno 0,1 ml piperidina un 1,59
ml metiljodida un maisa 30 °C temperatiira. Reakcijas maisijumu ietvaicé vakuumrotacijas
iekarta un sakristalizé ar 40 ml Gdens. Iegust 0,77 g (93%) bezkrasainas kristaliskas vielas
(-)-66, ar k.t. 70 - 74 °C, ep = 50%.

IS (nujola, v): 1695 (C=0); 2200 (C=N); 3330 (NH) cm™.

'H KMR (8, m.d., CDCls): 2,32 (3H, s, SCH3); 2,41 (3H, s, 2-CHs); 3,50 (3H, s,
3-COOCHg); 5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, CgH,4Cl); 8,15 (1H, s, NH).

SH/MS (m/z, %): 223 (50); 303 (70); 334 (80); 357 (100).

(+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-metilsulfanil-1,4-dihidropiridin-
3-karbonskabes metilesteris ((+)-66)

1,00 g (1 mmol) (+)-5-Ciano-4-(2-hlorfenil)-2-metil-6-izobutiriloksimetilsulfanil-
1,4-dihidropiridin-3-karbonskabes metilestera 63e Skidina 15 ml metanola, pievieno 0,34 ml
3N NaOH/H;0O un maisa istabas temperatiira 5 min. Tad pievieno 0.64 ml metiljodida un
maisa 30 °C temperatiira. Reakcijas maisljumu ietvaicé vakuumrotacijas iekarta un kristalize
no 40 ml @idens. Iegiist 0,80 g (94%) bezkrasainas kristaliskas vielas (+)-66, ar k.t. 72 - 76 °C,
ep = 80%.

IS (nujola, v): 1695 (C=0); 2200 (C=N); 3330 (NH) cm™.

'H KMR (8, m.d., CDCls): 2,32 (3H, s, SCH3); 2,41 (3H, s, 2-CHs); 3,50 (3H, s,
3-COOCHpg); 5,29 (1H, s, 4-H); 7,10-7,35 (4H, m, CgH4CI); 8,15 (1H, s, NH).

SH/MS (m/z, %): 223 (50); 303 (70); 334 (80); 357 (100).

5-Ciano-6-etilkarbamoilmetilsulfanil-4-fenil-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (70a)

0,37 g (1 mmol) 5-ciano-6-etoksikarbonilmetilsulfanil-4-fenil-2-metil-
1,4-dihidropiridin-3-karbonskabes metilestera 57a izSkidina 10 ml etilamina un 3 st. maisa
istabas temperatiira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta etanola un 10 ml dest.
tidens. legiist 0.37g (95%) dzeltenigas kristaliskas vielas 70a ar k.t. 175-176 °C.

IS (nujola, v): 1686 (C=0); 2192 (C=N); 3281, 3341 (NH) cm™.

'H KMR (8, m.d., CDCls): 0,98 un 3,06 (5H, t un kv., J=7,4 Hz CH,CHs): 2,28 (3H, s,
6-CHj3); 3,41 (3H, s, 3-COOCHj3); 3,67 (2H, ABKv, J=14,9 Hz, 6-SCHy); 4,71 (1H, s, 4-H);
7,16-7,34 (5H, m, CgHs); 8,45 (1H, s, 1-NH); 10,45 (1H, s, 6-NH).
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Aprekinats: CigH21N303S: C 61,44%; H 5,70%; N 11,31%; S 8,63%. Atrasts: C
61,40%; H 5,52%; N 11,18%; S 8,87%.

5-Ciano-6-etilkarbamoilmetilsulfanil-4-(2-hlorfenil)-2-metil-1,4-dihidropiridin-
3-karbonskabes metilesteris (70b)

0,37 g (1 mmol) 5-ciano-6-etoksikarbonilmetilsulfanil-4-(2-hlorfenil)-2-metil-
1,4-dihidropiridin-3-karbonskabes metilestera 57b izskidina 10 ml etilamina un 3 st. maisa
istabas temperatiira. Nogulsnes filtré, uz filtra tas mazga ar 5 ml auksta etanola un 10 ml dest.
tidens. Iegiist 0.379g (95%) bezkrasainas kristaliskas vielas 70b ar k.t. 196-197 °C.

IS (nujola, v): 1686 (C=0); 2188 (C=N); 3142, 3259 (NH) cm™.

'H KMR (8, m.d., CDCl5): 0,98 un 3,08 (5H, t un kv., J=7,4 Hz CH,CHs); 2,28 (3H, s,
6-CHj3); 3,40 (3H, s, 3-COOCHj3); 3,63 (2H, ABKv, J=14,9 Hz, 6-SCHy); 5,04 (1H, s, 4-H);
7,16-7,35 (4H, m, CgHy); 8,45 (1H, s, 1-NH); 10,41 (1H, s, 6-NH).

Aprekinats: CigH20CIN3O3S: C 56,22%; H 4,97%; N 10,35%; S 7,90%. Atrasts: C
56,14%; H 5,27%; N 10,47%; S 8,16%.

4-Aril-ciano-6-alkilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteru
enzimatiska aminolize

Tika parbauditas lipazes: Candida antarctica lipize B (CAL-B, Novozym 435%),
Candida rugosa un Amano Acylase.
0,025 mmol 6-alkilkarboksimetilsulfanil-5-ciano-2-metil-1,4-dihidropiridin-3-karbonskabes
metilestera 57 skidina 4 ml $kidinataju sistéma un pievieno 0,01 g enzima. Reakcija noris 25
vai 45 °C temperatiira orbitalaja kratitaja (atrums ir 200 rpm) ar termostatu. Reakcija tiek
kontroléta ar AESH metodi, izmantojot apgrieztas fazes kolonnu Altima C18, mobila faze -
acetonitils/H,0+0,01% ledus etikskabes attieciba 50:50 un hiralo kolonnu Lux Cellulose-2

mobila faze - izopropilspirts/heksans, 1:1.

Trietilamonija (5-ciano-4-(2-hlorfenil)-2-metil-3-metoksikarbonil-
1,4-dihidropiridin-6-ilsulfanil)-acetats (67)
4-(2-Hlorfenil)-6-(2-karboksimetilsulfanil)-1,4-dihidropiridinu 60a (0,19 g; 0,5 mmol)
Skidinaja etanola-tidens (3:1) maisijuma un pievienoja 0,07 ml (0,5 mmol) trietilamina un
maisfja istabas temperatira vienu stundu. P&c tam pievienoja vél 0,07 ml (0,5 mmol)
trietilamina (kopa 1 mmol) un maisfja 24 stundas. Maisfjumu ietvaic€ja vakuuma un
kristalisko atlikumu parkristaliz€ja no etanola. leguva 0,22 g (90%) bezkrasainas kristaliskas

vielas 67 ar k.t. 145-146 °C.
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IS (nujola, v): 2192 (C=N), 1676 (C=0) cm™.

'H-KMR (400 MHz, DMSO-dg, 8): 1.10-1.14 (t, 9H, HN(CH,CHs)), 2.27 (s, 3H,
2-Me), 2.95-3.07 (m, 6H, HN(CH,CHs)), 3.08-3.44 (ABkv, J=14.8 Hz, SCH,COO"), 3.40 (s,
3H, 3-COOMe), 5.02 (s, 1H, 4-H), 7.15-7.34 (m, 4H, C¢H,) m.d.;

BC-KMR (100 MHz, DMSO-ds, 8): 9.2, 19.0, 38.6, 460, 51.2, 82.8, 99.5, 119.5, 128.5,
128.9, 129.5, 130.4, 131.0, 144.2, 147.9, 167.2, 172.1 m.d.
Aprekinats: C, 57,67; H, 6,10; N, 8,77. C23H2sCIN30,4S. Noteikts: C, 57,38; H, 6,16; N, 8,57.

81



SECINAJUMI

Izstradata metode kardiovaskularo aktivitati uzrado$o 5-ciano-4-aril-2-metil-
6-metilsulfanil-1,4-dihidropiridin-3-karbonskabes  esteru  iegis$anai individualu
enantioméru (>95 % optiska tiriba) veida.

Atrastas principiali jaunas aktiv€josas grupas — merkapto-alkilkarbonskabes esteri, kas
lauj veikt farmaceitiski perspektivo 1,4-dihidropiridina atvasinajumu enantioselektivu
enzimatisko hidrolizi. Stereoselektivitate realiz&jas hiralajam centram atrodoties lidz
pat 9 saiSu attaluma no reakcijas centra, bet visaugstakais enantiomé@rais parakums
sasniegts, ja attalums ir 6 saites.
4-(2-Hlorfenil)-1,4-dihidropiridin-6-merkaptoetikskabes enantiosadaliSana ar
diastereoméras kristalizacijas metodi, pielietojot cinhoninu ka sadaliSanas agentu,
norit ar zemu selektivitati un prasa apstaklu optimizaciju.
4-Aril-ciano-6-alkilsulfanil-2-metil-1,4-dihidropiridin-3-karbonskabes metilesteru
enzimatiskaja aminolizg, pielietojot lipazi Novozym 43 5® iegiiti racemiski produkti.
Ar labiem iznakumiem iegiti S saturo$i 1,4-DHP-3- un/vai 6- karbonskabju esteri ka
substrati enzimatiskai hidrolizei. So savienojumu hidrolitiskas aktivitates novértgjums
rada, ka no pla§a parbaudito enzimu klasta visefektivakas ir lipazes Novozym 435® un
Amano acylase.

6-Metilsulfanil-1,4-dihidropiridin-3-karbonskabes etoksikarbonilmetilesteru
enzimatiska hidrolize (literatira aprakstita sekmiga metode simetriskiem 1,4-DHP),
pielietojot lipazes Novozym 435® un Candida rugosa uzradija neapmierino$u
enantioselektivitati.

1,4-dihidropiridin-6-merkaptopropionskabes un 1,4-dihidropiridin-
6-merkaptometiloksikarbonskabes esteru enzimatiska hidrolize, pielietojot lipazes
Novozym 435® un Candida rugosa, norit ar teicamu enantioselektivitati (ep. >95%).
Enantiobagatinato 1,4-dihidropiridin-6-merkaptopropionskabes un 1,4-dihidropiridin-
6-merkaptometiloksikarbonskabes esteru deformilésana (deakrilacija) un sekojosa
alkiléSana dod mérka produktus. Sis metodes paver iesp&jas erti iegit plasu klastu
enantiobagatinatus séru saturosus 1,4-DHP, jo satur enantiobagatinatus tiolatus, kas ir

reagétsp&jigi nukleofili.
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EFFECTIVE METHOD OF LIPASE-CATALYZED
ENANTIORESOLUTION OF 6-ALKYLSULFANYL-1,4-
DIHYDROPYRIDINES
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Abstract — A series of 6-alkylsulfanyl-1,4-dihydropyridines (£)2 bearing a
methoxycarbonylethyl group as a mild easily removable protecting group at S atom
have been prepared by alkylation of 6-thioxo-1,4-dihydropyridines 1 with methyl
bromopropionate. Candida antarctica lipase B (Novozym 435%, CAL-B) - and
Amano Acylase (Aspergillus mellus)-catalyzed kinetic resolution has been
investigated in water-saturated diisopropylether (IPE) at 25 and 45 °C. Further
deacrylation and alkylation of enantioenriched 1,4-dihydropyridine-6-thiolates (-)4
and (+)4 gave rise to optically active 1,4-dihydropyridines (-)2, (+)2, (-)S and (+)5
in  85-99% enantiomeric excess. The experiments present the 6-
(methoxycarbonylethyl)sulfanyl group as an essentially new enzymatically labile
(activating) group. The ester group being 6 bonds remote from the chiral center
undergoes easy enzymatic hydrolysis and could be used for kinetic resolution of
racemic 1,4-DHPs. This developed method offers access to mild optically active

nucleophilic tiolates, which could be easily derivatized with electrophilic reagents.

: Corresponding author. Tel.: +371 26309236; fax: +371 67550338; e-mail adress: zigmars.andzans@inbox.lv.
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1. INTRODUCTION

1,4-Dihydropyridine (DHP) scaffold represents a heterocyclic unit of remarkable
pharmacological efficiency.’™ DHP derivatives depending on their structure may bind to the
L-, T- and N-types calcium, sodium, potassium or chloride channels and act as selective or
multifunctional molecules for the various pharmacobiological activities such as
bioprotective,” neurotropic,” membrane protecting,”® radioprotecting,'® antidiabetic,** gene-

transfection,'? and antibacterial.*®

6-Alkylsulfanyl-1,4-DHPs display cardiovascular,***® hepatoprotective,'® antioxidant,*’” and

|18

antiradical™ activities (in addition to the above mentioned activities), however, these

compounds are still insufficiently studied.

Chirality plays an important role in the activity of 1,4-DHPs and both quantitative and
qualitative differences between different stereoisomers (enantiomers) have been reported.'*?°
Pharmaceutical evaluations of chiral 1,4-DHPs revealed that their strereoisomers usually have
different biological activities. Sometimes the undesired enantiomer caused serious side
effects, while in other cases enantiomers were reported to have even the opposite action
profile (calcium antagonist - calcium agonist; hypotensive activity - hypertensive activity).?
Chemoenzymatic methods for preparation of chiral drugs have a number of distinct
advantages: they are simple, direct, efficient, mild, and cheap in case of multiple (repeated)
use of the enzyme. The standard resolution technique, such as incorporation of an
enzymatically labile group for the resolution of monocyclic 1,4-DHPs has been in use for the
last decade. This approach has been pioneered by groups of Sih?® and Achiwa,? applied to 6-
derivatised 1,4-DHPs**? and also used by our research group.?’2

It is worth mentioning that many activating groups applicable to enantioselective lipase-
catalysed Kinetic resolution of 1,4-dihydropyridine-3-carboxylates have been screened. An
asymmetric 1,4-DHPs alkoxycarbonylmethoxycarbonyl (double esters),?"%
alkylcarboxymethyloxycarbonyl (reverse esters) in position 52 and acetoxymethyl group
in position 62423 ere the best characterised.

Esters are good substrates for the lipases and nowadays a lot of enzymes are commercially
available. Lipases such as CAL-B and Amano acylase were evaluated for the resolution of

esters and often possitive results are achieved.***’

2. RESULTS AND DISCUSSION
The aim of our research was the synthesis of new 1,4-DHPs containing lipophilic

methoxycarbonylethylsulfanyl group at position 6, which could act as mild and easily



removable protecting group at S atom. Though the ester group is 6 bonds remote from the
chiral center, we expected that the enzymatic hydrolysis of this group could promote kinetic
resolution of the target 1,4-DHPs. It is worth mentioning that our efforts to prepare optically
active 6-alkylsulfanyl-1,4-DHPs by carrying out enzyme catalysed hydrolysis of so called
activated double esters - ethoxycarbonylmethyl 6-methylsulfanyl-1,4-dihydropyridine-3-

carboxylates were unsuccessful,*

at the same time enantioresolution of 6-
(methoxycarbonylmethyl)sulfanyl-1,4-dihydropyridines gave target products with up to 70%
enantiomeric excess.*

The starting substrates 3-methoxycarbonyl-5-cyano-2-methyl-4-aryl-1,4-dihydropyridine-6-
thiones 1 were prepared by a one-pot three-component condensation of alkyl acetoacetate,
aromatic aldehyde and 2-cyanothioacetamide according to the synthesis protocol mentioned

previously.*!

A

=

/
QA MeOH
L Pi, HCI/EtOH R- OJ:(ICN (¥)2a-d
H,N 7]
° N

S

H P| Br
ad T owso
a Ar=Ph,R=Me
b Ar = 2-CI-C4H,, R = Me /\)L

c Ar = 3,4,5-(0OMe),-C;H,, R=Et (+)3a-d
d Ar = 2-F,CHO-C,H,, R = Me

/

Scheme 1

Alkylation of thiones 1 bearing several nucleophilic reaction centres (5-C, S, N) in basic
(alkaline) medium under mild reaction conditions with methyl bromopropionate proceeds
preferably at the sulphur atom giving rise to methyl 4-aryl-6-methoxycarbonylethylsulfanyl-
1,4-dihydropyridine-3-carboxylates ()2 in 71-87% vyields.

Carboxylic acids (x)3, as authentic samples for investigation of enzyme catalysed hydrolysis,
were prepared by alkylation of thiones 1 with bromopropionic, acid in the presence of
piperidine, in 64-85% yields.

Enzymatic screening of the substrates (+)2 was performed in water-saturated diisopropyl ether
(IPE) (was found to be the best solvent) by using an Amano Acylase (Aspergillus mellus) and
Candida antarctica lipase B (CAL-B, Novozym 435®). The reaction was monitored by HPLC
and when ~50% of acid (+)3 was formed the reaction was stopped, enzyme was filtered off,
washed with IPE and the filtrate was evaporated. The mixture of acid (+)3 and the remaining
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ester (-)2 was separated by column chromatography. The enantiomeric excess (ee) of the
remaining esters (-)2 were determined by HPLC using chiral column (Table 1).

Due to usage of IPE as a solvent, the concentration of substrate needs to be less than 0.01%,
otherwise  precipitation takes place. To increase the solubility of 6-
methoxycarbonylethylsulfanyl-1,4-dihydropyridines (x)2, 0.5-10% of dichloromethane
(DCM) was added to the reaction mixture. It increased the reaction rate, but enantioselectivity
of the reaction decreased. When the ratio between DCM and IPE was 1:10, ee of ester (-)2a
was 83%, but when the content of DCM was decreased to 5%, ee of (-)2a was increased to
95% (entry 5 and 6).

To hydrolyse 6-methoxycarbonylethylsulfanyl-1,4-DHPs (£)2 an Amano Acylase was used.
To our surprise, hydrolysis of DHPs (+)2a and (x)2b in water-saturated IPE did not take place
at 45 °C (entry 14 and 15). In case of substrate (+)2d hydrolysis yielding racemic acid (+)3d
and ester (£)2d (entry 17) was observed, but in case of DHP (£)2c just 20% ee of unreacted
ester (-)2c was reached. By carrying out hydrolysis of the ester (x)2b with Amano Acylase at
25 °C 89% ee of (-)2b was reached. In case of DHPs (-)2a, (-)2¢ and (-)2d (entry 10, 12, 13)
38-52% ee was reached.

Table 1 shows that CAL-B gave better results and in case of 4-(3,4,5-
trimethoxyphenyl)substituted 6-(2-methoxycarbonylethylsulfanyl)-1,4-DHP (x)2c enzyme
catalysed hydrolysis carried out at 45 °C over 26 h provided 99% ee of (-)2c.

(0] Ar o) Ar (0] Ar
R. CN R. CN
H S O/ DCM/IPE N S/\/ILOH ” S/\/u\o/
H

(+)2a-d (+)3a-d (-)2a-d

NN
aAr=Ph R=Me R~o)jI\)ICN o
b Ar = 2-CI-C,H,, R = Me
L

¢ Ar =3,4,5-(OMe),-C¢H,, R = Et
d Ar = 2-F,CHO-C¢H,, R=Me ()2a-c

Scheme 2

Table 1 shows that in contrast to Amano Acylase, better results for CAL-B were reached by
raising the temperature from 25 °C (ee 65-82%) to 45 °C (ee 86-99%).

Table 1 Yields of enzymatic hydrolysis (reaction conditions)

Ratio . Enantiomeric i
Temp., Yield of Yield of
Entry Substrate  Enzyme between T.h excess of (-)2,
°c product (-)2 product (+)3
DCM  and %
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IPE, viv

1 (x)2a CAL-B 1:20 25 48 49 82 47

2 (#x)2b  CAL-B 1:20 25 165 46 80 48

3 (x)2c  CAL-B  1:200 25 51 46 77 47

4 (x)2d CAL-B 1:60 25 264 46 65 46

5 (¥)2a CAL-B 1:10 45 40 48 83 47

6 (x)2a CAL-B 1:20 45 18 49 95 47

7 (x)2b CAL-B 1:20 45 48 46 92 48

8 (x)2c CAL-B  1:200 45 26 46 99 46

9 (x)2d CAL-B 1:60 45 168 46 86 46

10 (¥)2a  Amano  1:20 25 96 47 52 48
Acylase

11 (#)2b  Amano  1:20 25 310 45 89 48
Acylase

12 (x)2c  Amano  1:200 25 100 48 38 47
Acylase

13 (x)2d  Amano  1:60 25 336 45 48 48
Acylase

14 (x)2a  Amano 1:20 45 * - - -
Acylase

15 (x)2b  Amano 1:20 45 * - - -
Acylase

16 (x)2c  Amano  1:200 45 90 46 20 47
Acylase

17 (x)2d  Amano  1:60 45 336 47 racemate 48
Acylase

* Reaction doesn't take place within 6 weeks

We did not succeed to find out an appropriate HPLC conditions for enantioseparation of
carboxylic acids (+)3 nor on Whelk O1, nor Lux Cellulose-2 chiral HPLC columns. To
characterise the opposite enantiomer optically active acids (+)3b and (+)3c were methylated
with diazomethane and enantiomeric excess of the corresponding methyl 6-
methoxycarbonylethylsulfanyl-1,4-dihydropyridine-3-carboxylates (+)2b and (+)2c were
determined (Table 2).
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Scheme 3

Enantioenriched thiolates (-)4 and (+)4 were prepared by deacrylation of mercaptopropionates
(-)2 and (+)2 with 3N NaOH water solution. Even after alkylation of (-)4 and (+)4 with
methyl iodide enantioenriched methyl 6-methylsulfanyl-1,4-dihydropyridine-3-carboxylates (-
)5 and (+)5 were still obtained (Table 2).

Table 2 Enantiomeric excess and optical yields of compounds (-)2, (+)2, (+)3, (-)5 and (+)5

Entry Compound ee, % [o]%, deg, (c=1, MeOH)
1 (+)3a - +168.6
2 (+)3b - +171.9
3 (+)3c - +182.1
4 (-)2a 95 -127.8
5 (-)2b 92 -134.9
6 (-)2c 99 -152.9
7 (+)2a 93 +120.3
8 (+)2b 92 +133.9
9 (+)2c 94 +134.9
10 (-)5a 93 -104.8
11 (+)5a 85 +92.6
12 (-)5b 92 -110.4
13 (+)5b 92 +80.5

3. EXPERIMENTAL

IR spectra were recorded on a Perkin-Elmer 580 B spectrometer in Nujol, or in thin layer.
NMR spectra were recorded with a Varian 400-MR (400 and 100 MHz). Chemical shifts are
reported in ppm relative to hexamethyldisiloxane (6 0.055). Mass spectral data and
chromatographic separation were obtained by using an Q-TOF mass spectrometer

(Micromass) operating in the ESI positive or negative ion mode connected to an Acquity
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UPLC system (Waters) with Acquity UPLC BEH C18 column (1.7 um, 2.1x50 mm). A
gradient elution with MeCN-HCOOH (0.1%) in water was used to separate analytes. The
enantiomeric excesses were determinated by HPLC on a Lux Cellulose-2 column (4 um,
4.6x150 mm), as a mobile phase a 0.1% acetic acid in 2-PrOH:hexane (50:50, v/v) was used,
flow rate was 1 ml/min, UV detector was operated at 254 nm. Melting points were determined
using OptiMelt (SRS Stanford Research Systems). Elemental analyses were performed by
using an EA 1106 (Carlo Erba Instruments). Optical rotation values were measured with a
Rudolph Research Analytical autopol VI automatic polarimeter. TLC was performed on
20x20 cm Silica gel TLC-PET F254 foils (Fluka) by using different elution solvent systems.
All reagents were purchased from Aldrich, Acros, Fluka or Merck and used without further
purification.

Preparation of compounds 1a, (+)2a and (+)3a was described in**, 1b in*’, and 1d in*.

1.1.  Methyl 5-cyano-2-methyl-6-thioxo-4-(3,4,5-trimetoxyphenyl)-1,4,5,6-
tetrahydropyridine- 3-carboxylate (1c)

A mixture of 3,4,5-trimethoxybenzaldehyde (0.20 g, 1.0 mmol), methyl acetoacetate
(0.12 g, 1.0 mmol) and piperidine (0.03 mL, 0.3 mmol) in EtOH (20 mL) was stirred for
5 min at room temperature. Then 2-cyanothioacetamide (0.1 g, 1.0 mmol) and piperidine
(0.1 mL, 1.0 mmol) were added and reaction mixture was stirred for 30 min at room
temperature. The resulting reaction mixture was acidified with 0.6 ml of 3M hydrochloric acid
in ethanol. The precipitate was separated by filtration, washed with cold (-10 °C) MeOH (5
mL) and water (20 mL) to give 0.28 g (58%) of thione 1c as yellow powder, mp 174-176 °C.
'H NMR (400 MHz, CDCls): 61,03 (t, cis-, J = 7.0 Hz, 3H); 1,07 (t, trans-, J = 7.0 Hz, 3H);
2.45 (s, cis-, 3H); 2.53 (s, trans-, 3H); 3.31 (s, cis-, 3H); 3.37 (s, trans-, 3H); 3.55-3.69 (m,
9H); 3,99 (q, cis-, J = 7.0 Hz, 3H); 4,03 (q, trans-, J = 7.0 Hz, 3H); 4.16 (d, cis-, J = 6.3 Hz,
1H); 4.27 (d, cis-, J = 6.3 Hz, 1H); 4.53 (d, trans-, J = 2.7 Hz, 1H); 5.03 (d, trans-, J = 2.7 Hz,
1H); 6.39 and 6.46 (s and s, 2H); 12.10 (br s, cis-, 1H); 12.26 (br s, trans-, 1H). *C NMR
(CDCl3, 100 MHz): 6 18.9, 41.6, 42.3, 46.1, 48.4, 56.2, 60.8, 104.1, 105.4, 115.6, 131.4,
133.4, 137.9, 142.9, 153.5, 165.3, 189.2, 190.8. IR (Nujol) 1684 (C=0); 2170 (C=N); 3259
(NH) cm™. Anal. caled. for Cp4H33N30sS: C 61.61, H 6.99, N 8.83. Found C 61.55; H 7.08; N
8.77.

1.2. Methyl 5-cyano-6-(2-methoxycarbonylethylsulfanyl)-2-methyl-4-
phenyl- 1,4-dihydropyridine-3-carboxylate ((x)2a)

A mixture of thione 1a (0.29 g, 1.0 mmol) and piperidine (0.1 mL, 1.0 mmol) in MeOH
(20 mL) was stirred for 10 min at room temperature. Then methyl bromopropionate (0.14 mL,
1.3 mmol) was added and the reaction mixture was stirred at 80 °C for 1 h. The precipitate
was separated by filtration, washed with cold (-10 °C) MeOH (5 mL) and water (20 mL) to
give 0.30 g (80%) of ester (+)2a as white powder, mp 109-110 °C. *H NMR (400 MHz,
CDCl3): 62.43 (s, 3H); 2.60-2.76 (m, 2H); 2.97-3.20 (m, 2H); 3.58 (s, 3H); 3.76 (s, 3H); 4.64
(s, 1H); 7.17-7.29 (m, 4H); 7.99 (s, 1H). IR (Nujol) 1714, (C=0); 2198 (C=N); 3309 (NH)
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cm™. Mass-spectrum, m/z 373 (M*), 342, 296, 287. Anal. calcd. for C1gH2N,0,4S: C 61.27; H
5.41; N 7.52. Found C 61.20; H 5.44; N 7.49.

1.3. Methyl 4-(2-chlorophenyl)-5-cyano-6-(2-
methoxycarbonylethylsulfanyl)-2-methyl- 1,4-dihydropyridine-3-carboxylate ((x)2b)

Compound ()2b was prepared in the same manner as (x)2a using thione 1b instead of
1a. Yield 0.29 g (71%) of ester (+)2b as white powder, mp 109-110 °C. *H NMR (400 MHz,
CDClg): 62.45 (s, 3H); 2.67-2.75 (m, 2H); 2.96-3.25 (m, 2H); 3.56 (s, 3H); 3.79 (s, 3H); 5.29
(s, 1H); 7.10-7.35 (m, 4H); 8.15 (s, 1H). IR (Nujol) 1714, (C=0); 2198 (C=N); 3309 (NH)
cm™. Mass-spectrum, m/z 407 (M%), 377, 343, 295, 289, 209. Anal. Calcd. For
C19H19CIN204S: C 56.09; H 4.70; N 6.88. Found C 55.95; H 4.58; N 6.78.

1.4.  Ethyl 5-cyano-6-(2-methoxycarbonylethylsulfanyl)-2-methyl-4-(3,4,5-
trimethoxyphenyl)- 1,4-dihydropyridine-3-carboxylate ((x)2c)

Compound (z)2c was prepared in the same manner as (x)2a using thione 1c instead of
1a. Yield 0.38 g (79%) of ester (+)2c as white powder, mp 138-139 °C. *H NMR (400 MHz,
CDClg): 6 1.11 (t, J = 7.0 Hz, 3H); 2.39 (s, 3H); 2.58-2.68 (m, 2H); 2.94-3.10 (m, 2H); 3.71
(s, 3H); 3.75 (s, 3H); 3.76 (s, 3H); 3.77 (s, 3H); 3.99 (g, J = 7.0 Hz, 3H); 4.58 (s, 1H); 6.39 (s,
2H); 7.88 (s, 1H); IR (Nujol) 1684, 1712 (C=0); 2198 (C=N); 3240 (NH) cm™. Mass-
spectrum, m/z (rel. int.) 499 (M+Na"), 447, 432, 309, 277, 223. Anal. calcd. for C3sH2sN,0-S:
C57.97,H5.92, N 5.88. Found C 57.89, H 5.91, N 5.81.

1.5.  Methyl 5-cyano-4-(2-difluoromethoxyphenyl)-6-(2-
methoxycarbonylethylsulfanyl)- 2-methyl-1,4-dihydropyridine-3-carboxylate ((x)2d)

Compound (x)2d was prepared in the same manner as (x)2a using thione 1d instead of
1a. Yield 0.38 g (87%) of ester (+)2d as white powder, mp 134-135 °C. *H NMR (400 MHz,
CDClg): 62.42 (s, 3H); 2.67-2.74 (m, 2H); 2.96-3.24 (m, 2H); 3.55 (s, 3H); 3.78 (s, 3H); 5.06
(s, 1H); 6.54 (g, J = 73.2 Hz, 1H); 6.96-7.27 (m, 4H), 8.03 (s, 1H). IR (Nujol) 1710, (C=0);
2201 (C=N); 3183 (NH) cm™. Mass-spectrum, m/z (rel. int.) 439 (M"), 420, 399, 333, 296.
Anal. calcd. for CooHooF2N2OsS: C 54.79; H 4.60; N 6.39. Found C 54.79; H 4.47; N 6.26.

1.6. Methyl 6-carboxyethylsulfanyl-5-cyano-2-methyl-4-phenyl-1,4-
dihydropyridine- 3-carboxylate ((+)3a)

A mixture of thione 1a (0.29 g, 1.0 mmol) and piperidine (0.1 mL, 1.0 mmol) in DMSO
(20 mL) was stirred for 10 min at room temperature. Then bromopropionic acid (0.15 g,
1.0 mmol) was added and the reaction mixture was stirred at 70 °C for 30 min. Resulting
mixture was diluted with water (30 mL) and extracted with ethyl acetate (3x30 mL). The
combined organic extracts were evaporated and crystallized from dichloromethane. The
precipitate was separated by filtration, washed with cold (-10 °C) MeOH (5 mL) and water
(20 mL) to give 0.31 g (85%) of acid (+)3a as white powder, mp 165-167 °C. 'H NMR
(400 MHz, DMSO): 6 2.30 (s, 3H), 2.40-2.50 (m, 2H), 2.97-3.17 (m, 2H), 3.48 (s, 3H), 4.46
(s, 1H), 7.10-7.30 (m, 3H), 10.33 (s, 1H) 12.42 (s, 1H). IR (Nujol) 1685 (C=0); 2216 (C=N);
3175 and 3225 (NH and OH)
cm™. Mass-spectrum, m/z (rel. int.) 359 (M*), 327, 281, 209. Anal. calcd. for C1gH1sN-04S: C
60.32 H, 5.06; N 7.82. Found C 60.25, H 5.17, N 7.88.

1.7.  Methyl 6-carboxyethylsulfanyl-4-(2-chlorophenyl)-5-cyano-2-methyl-1,4-
dihydro- pyridine-3-carboxylate ((£)3b)
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Compound ()3b was prepared in the same manner as (+)3a using thione 1b instead of
1a. Yield 0.29 g (69%) of acid (+)3b as white powder, mp 177-180 °C. *H NMR (400 MHz,
DMSO): 6 2.30 (s, 3H); 2.51-2.44 (m, 2H); 2.98-3.18 (m, 2H); 3.42 (s, 3H); 5.07 (s, 1H);
7.21-7.37 (m, 4H); 9.54 (s, 1H); 12.42 (s, 1H); IR (Nujol) 1685, (C=0); 2216 (C=N); 3175,
3225 (NH and OH) cm™. Mass-spectrum, m/z (rel. int.) 393 (M*), 375, 281, 209. Anal. calcd.
for C15H17CIN20,S: C 55.03; H 4.36; N 7.13. Found C 54.48; H 4.32; N 6.90.

1.8. Ethyl 6-carboxyethylsulfanyl-5-cyano-2-methyl-4-(3,4,5-
trimethoxyphenyl-1,4-dihydro- pyridine-3-carboxylate ((£)3c)

Compound (z)3c was prepared in the same manner as (x)3a using thione 1c instead of
1a. Yield 0.31 g (85%) of acid (+)3c as white powder, mp 105-107 °C. *H NMR (400 MHz,
DMSO): 61,11 (t, J = 7.0 Hz, 3H); 2.30 (s, 3H); 2.40-2.50 (m, 2H); 2.97-3.17 (m, 2H); 3,99
(9, J = 7.0 Hz, 2H); 4.46 (s, 1H); 7.10-7.30 (m, 3H); 10.33 (s, 1H); 12.42 (s, 1H). IR (Nujol)
1685, (C=0); 2216 (C=N); 3175, 3225 (NH and OH) cm™. Mass-spectrum, m/z (rel. int.) 449
(M"), 418, 283, 263, 235. Anal. calcd. for C1gH»N20sS: C 57.43, H 5.36, N 7.44. Found C
57.32, H 5.42, N 7.53.

1.9. Methyl 6-carboxyethylsulfanyl-5-cyano-4-(2-difluoromethoxy-phenyl-2-
methyl- 1,4-dihydropyridine-3-carboxylate ((+)3d)

Compound (z)3d was prepared in the same manner as (+)3a using thione 1d instead of
1a. Yield 0.27 g (64%) of acid (+)3d as white powder, mp 157-158 °C. *H NMR (400 MHz,
DMSO): 6 2.26 (s, 3H), 2.43-2.48 (m, 2H), 2.95-3.17 (m, 2H), 3.40 (s, 3H), 4.87 (s, 1H),
7.17-7.39 (m, 3H), 9.49 (s, 1H) 12.37 (s, 1H). IR (Nujol) 1685, (C=0); 2216 (C=N); 3175 and
3225 (NH and OH) cm™. Mass-spectrum, m/z (rel. int.) 425 (M"), 405, 385, 333, 281. Anal.
calcd. for C19H1gF2N,0sS: C 53.77, H 4.27, N 6.60. Found C 53.84, H 4.20, N 6.51.

1.10. General procedure of preparative Candida antarctica lipase B,
Novozym 435 (CAL-B) catalysed hydrolysis of esters (+)2.

1 mmol of ester ()2 was dissolved in 2 mL of dichloromethane and appropriate amount
of diisopropylether was added as mentioned in table 1 to give substrate concentration and
ratio between dichloromethane and diisopropylether. Then 0.4 g of Novozym 435°
(>10,000 U/g) was added and the reaction mixture was placed in an incubator — shaker (45
°C) and stirred at 300 rpm. Every 10 - 20 min a 10-20 pL samples were taken with a syringe
from the reaction mixture, transferred into the 1 mL vial containing75% of acetonitrile - water
solution. Obtained solution was stirred for 15 sec and analysed by HPLC. Reaction was
stopped when ~ 50% of acid 4 was formed. Blank reactions without enzyme showed no
conversion of substrate. The enzyme was separated from the reaction mixture by filtration.
Filtrate was evaporated to dryness under reduced pressure at 50 °C and the residue was
purified by flash chromatography. Purified acids (+)3 and esters (+)2 were analysed by
HPLC.

1.11. (+) Methyl 6-carboxyethylsulfanyl-5-cyano-2-methyl-4-phenyl-1,4-
dihydro- pyridine-3-carboxylate ((+)3a)

0.17 g (47%) of acid (+)3a as white powder, mp 165-167 °C. *H NMR (400 MHz,
DMSO): ¢ 2.30 (s, 3H), 2.40-2.50 (m, 2H), 2.97-3.17 (m, 2H), 3.48 (s, 3H), 4.46 (s, 1H),
7.10-7.30 (m, 3H), 10.33 (s, 1H) 12.42 (s, 1H). IR (Nujol) 1685, (C=0); 2216 (C=N); 3175,
3225 (NH and OH) cm™. Mass-spectrum, m/z (rel. int.) 359 (M*), 327, 281, 209. Anal. calcd.
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for C1gH18N20,S: C 60.32 H, 5.06; N 7.82. Found C 60.22, H 5.19, N 7.88. [a]*’b +168.6 (c
1.0, MeOH).

1.12. (+) Methyl 6-carboxyethylsulfanyl-4-(2-chlorophenyl)-5-cyano-2-methyl-
1,4-dihydropyridine-3-carboxylate ((+)3b)

0.19 g (48%) of acid (+)3b as white powder, mp 177-180 °C. *H NMR (400 MHz,
DMSOQO): ¢ 2.30 (s, 3H); 2.51-2.44 (m, 2H); 2.98-3.18 (m, 2H); 3.42 (s, 3H); 5.07 (s, 1H);
7.21-7.37 (m, 4H); 9.54 (s, 1H); 12.42 (s, 1H); IR (Nujol) 1685, (C=0); 2216 (C=N); 3175,
3225 (NH and OH) cm™. Mass-spectrum, m/z (rel. int.) 393 (M*), 375, 281, 209. Anal. Calcd.
For C1gH17CIN,0,S: C 55.03; H 4.36; N 7.13. Found C 54.86; H 4.25; N 6.88. [a]*°p +171.9
(c 1.0, MeOH).

1.13. (+) Ethyl 6-carboxyethylsulfanyl-5-cyano-2-methyl-4-(3,4,5-
trimethoxyphenyl- 1,4-dihydropyridine-3-carboxylate ((+)3c)

0.21 g (46%) of acid (+)3c as white powder, mp 105-107 °C. *H NMR (400 MHz,
CDCl3): 61.11 (t, J = 7.0 Hz, 3H); 2.39 (s, 3H); 2.58-2.68 (m, 2H); 2.94-3.10 (m, 2H); 3.71
(s, 3H); 3.75 (s, 3H); 3.76 (s, 3H); 3.77 (s, 3H); 3.99 (g, J = 7.0 Hz, 3H); 4.58 (s, 1H); 6.39 (s,
2H); 7.88 (s, 1H); IR (Nujol) 1684, 1712 (C=0); 2198 (C=N); 3240 (NH) cm™. Mass-
spectrum, m/z (rel. int) 499 (M+Na'), 447, 432, 309, 277, 223. Anal. Calcd. For
C1gH20N,05S: C 57.43, H 5.36, N 7.44. Found C 57.32, H 5.42, N 7.53. [a]*°5 +182.1 (c 1.0,
MeQOH).

1.14. (-) Methyl 5-cyano-6-(2-methoxycarbonylethylsulfanyl)-2-methyl-4-
phenyl- 1,4-dihydropyridine-3-carboxylate ((-)2a)

0.30 g (80%) of ester (-)2a as white powder, mp 109-110 °C. 'H NMR (400 MHz,
CDCl3): 62.43 (s, 3H); 2.60-2.76 (m, 2H); 2.97-3.20 (m, 2H); 3.58 (s, 3H); 3.76 (s, 3H); 4.64
(s, 1H); 7.17-7.29 (m, 4H); 7.99 (s, 1H). IR (Nujol) 1714, (C=0); 2198 (C=N); 3309 (NH)
cm™. Mass-spectrum, m/z 373 (M*), 342, 296, 287. Anal. Calcd. For C1gH20N,0,S: C 61.27;
H 5.41; N 7.52. Found C 61.20; H 5.44,; N 7.49.
[0]% -127.8 (c 1.0, MeOH).

1.15. O] Methyl 4-(2-chlorophenyl)-5-cyano-6-(2-methoxycarbonyl-
ethylsulfanyl)- 2-methyl-1,4-dihydropyridine-3-carboxylate ((-)2b)

0.29 g (71%) of ester (-)2b as white powder, mp 109-110 °C. *H NMR (400 MHz,
CDClg): 62.45 (s, 3H); 2.67-2.75 (m, 2H); 2.96-3.25 (m, 2H); 3.56 (s, 3H); 3.79 (s, 3H); 5.29
(s, 1H); 7.10-7.35 (m, 4H); 8.15 (s, 1H). IR (Nujol) 1714, (C=0); 2198 (C=N); 3309 (NH)
cm™. Mass-spectrum, m/z 407 (M"), 377, 343, 295, 289, 209. Anal. calcd. for
C1gH10CIN,0,S: C 56.09; H 4.70; N 6.88. Found C 55.95; H 4.58; N 6.78. [a]®p -134.9 (c
1.0, MeOH).

1.16. (-) Ethyl 5-cyano-6-(2-methoxycarbonylethylsulfanyl)-2-methyl-4-(3,4,5-
tri- methoxyphenyl)-1,4-dihydropyridine-3-carboxylate ((-)2c)

0.38 g (79%) of ester (-)2c as white powder, mp 138-139 °C. 'H NMR (400 MHz,
CDCl3): 61.11 (t, J = 7.0 Hz, 3H); 2.39 (s, 3H); 2.58-2.68 (m, 2H); 2.94-3.10 (m, 2H); 3.71
(s, 3H); 3.75 (s, 3H); 3.76 (s, 3H); 3.77 (s, 3H); 3.99 (g, J = 7.0 Hz, 3H); 4.58 (s, 1H); 6.39 (s,
2H); 7.88 (s, 1H); IR (Nujol) 1684, 1712 (C=0); 2198 (C=N); 3240 (NH) cm™. Mass-
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spectrum, m/z (rel. int.) 499 (M+Na"), 447, 432, 309, 277, 223. Anal. calcd. for Co3H2sN,0-S:
C 57.97, H5.92, N 5.88. Found C 57.89, H 5.91, N 5.81. [o]*p -152.9 (c 1.0, MeOH).

1.17. (+) Methyl 5-cyano-6-methoxycarbonylethylsulfanyl-2-methyl-4-phenyl-
1,4-dihydropyridine-3-carboxylate ((+)2a)

A mixture of acid (+)3a (0.11 g, 0.3 mmol) and 0.5M diazomethane ether solution (1.0
mL) in dichloromethane (7 mL) was stirred for a 10 min at room temperature. After 10 min

reaction mixture was evaporated to dryness under reduced pressure at 50°C to give 0.10 g
(97%) of ester (+)2a as oil. 'H NMR (400 MHz, CDCls): §2.43 (s, 3H); 2.60-2.76 (m, 2H):
2.97-3.20 (m, 2H); 3.58 (s, 3H); 3.76 (s, 3H); 4.64 (s, 1H); 7.17-7.29 (m, 4H); 7.99 (s, 1H). IR
(Nujol) 1714, (C=0); 2198 (C=N); 3309 (NH) cm™. Mass-spectrum, m/z 373 (M"), 342, 296,
287. Anal. calcd. for C19H20N,0,4S: C 61.27; H 5.41; N 7.52. Found C 61.18; H 5.47; N 7.43.
[0 +120.3 (c 1.0, MeOH).

1.18. (+) Methyl 4-(2-chlorophenyl)-5-cyano-6-methoxycarbonylethyl-sulfanyl-
2-methyl- 1,4-dihydropyridine-3-carboxylate (+)2b

Compound (+)2b was prepared in the same manner as (+)2a. Yield 0.10 g (97%) of
ester (+)2b as oil. *"H NMR (400 MHz, CDCls): §2.45 (s, 3H); 2.67-2.75 (m, 2H); 2.96-3.25
(m, 2H); 3.56 (s, 3H); 3.79 (s, 3H); 5.29 (s, 1H); 7.10-7.35 (m, 4H); 8.15 (s, 1H). IR (Nujol)
1714, (C=0); 2198 (C=N); 3309 (NH) cm™. Mass-spectrum, m/z 407 (M"), 377, 343, 295,
289, 209. [a]*°b +133.9 (¢ 1.0, MeOH).

1.19. (+) Ethyl 5-cyano-6-methoxycarbonylethylsulfanyl-2-methyl-4-(3,4,5-
trimethoxy- phenyl)-1,4-dihydropyridine-3-carboxylate (+)2c

Compound (+)2c was prepared in the same manner as (+)2a. Yield 0.10 g (95%) of
ester (+)2c as oil. 'H NMR (400 MHz, CDCls): §1.11 (t, J = 7.0 Hz, 3H); 2.39 (s, 3H); 2.58-
2.68 (m, 2H); 2.94-3.10 (m, 2H); 3.71 (s, 3H); 3.75 (s, 3H); 3.76 (s, 3H); 3.77 (s, 3H); 3.99 (q,
J =7.0 Hz, 3H); 4.58 (s, 1H); 6.39 (s, 2H); 7.88 (s, 1H); IR (Nujol) 1684, 1712 (C=0); 2198
(C=N); 3240 (NH) cm™. Mass-spectrum, m/z (rel. int.) 499 (M+Na"), 447, 432, 309, 277,
223. [a]®°p +134.9 (c 1.0, MeOH).

1.20. () Methyl 5-cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-dihydro-
pyridine-3-carboxylates ((-)5a)

A mixture of ester (-)2a (0.37g, 1.0 mmol) and 3N NaOH/H,0 (0.34 mL, 1.0 mmol) in
MeOH (20 mL) was stirred for 30 min at room temperature. Then iodomethane (0.08 mL, 1.3
mmol) was added and the reaction mixture was stirred at 40 °C for 1 h. The precipitate was
separated by filtration, washed with cold (-10 °C) MeOH (5 mL) and water (20 mL) to give
0.29 g (95%) of ester (-)5a as white powder, mp 120-121 °C. *H NMR (400 MHz, CDCls): &
2.37 (s, 3H), 2.45 (s, 3H), 3.55 (s, 3H), 5.27 (s, 1H), 5.98 (s, 1H); 7.12-7.34 (m, 5H). IR
(Nujol) 1685 (C=0); 2216 (C=N); 3175 (NH) cm™. Mass-spectrum, m/z (rel. Int.) 301 (M"),
269, 223. Anal. Calcd. For C16H16N20,S: C 63.98, H 5.37, N 9.33. Found C 64.12, H 5.31, N
9.24.

[o]®p -104.8 (¢ 1.0, MeOH).
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1.21. (-) Methyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-1,4-
dihydro- pyridine-3-carboxylates (-)5b

Compound (-)5b was prepared in the same manner as (-)5a. Yield 0.32 g (94%) of ester
(-)5b as white powder, mp 120-121 °C. *H NMR (400 MHz, CDCls): 62.37 (s, 3H); 2.45 (s,
3H); 3.55 (s, 3H); 5.27 (s, 1H); 5.98 (s, 1H); 7.12-7.34 (m, 4H). IR (Nujol) 1685 (C=0); 2216
(C=N) 3225 (NH) cm™. Mass-spectrum, m/z (rel. int.) 335 (M*), 303, 223. Anal. calcd. for
C16H15CIN20,S: C 57.40, H 4.52, N 8.37. Found C 57.29, H 4.63, N 8.38. [0]*% -110.4 (c
1.0, MeOH).

1.22. (+) Methyl 5-cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-dihydro-
pyridine-3-carboxylates ((+)5a)

Compound (+)5a was prepared in the same manner as (-)5a. Yield 0.29 g (96%) of ester
(+)5a as white powder, mp 120-121 °C. *H NMR (400 MHz, CDCls): §2.37 (s, 3H), 2.45 (s,
3H), 3.55 (s, 3H), 5.27 (s, 1H), 5.98 (s, 1H); 7.12-7.34 (m, 5H). IR (Nujol) 1685 (C=0); 2216
(C=N); 3175 (NH) cm™. Mass-spectrum, m/z (rel. Int.) 301 (M"), 269, 223. Anal. calcd. for
C1sH16N20,S: C 63.98, H 5.37, N 9.33. Found C 64.20, H 5.30, N 9.19. [a]*°5 +92.6 (c 1.0,
MeQOH).

1.23. (+) Methyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-1,4-
dihydro- pyridine-3-carboxylates ((+5)b)

Compound (+)5b was prepared in the same manner as (-)5a. Yield 0.32 g (95%) of ester
(+)5b as white powder, mp 120-121 °C. *H NMR (400 MHz, CDCls): 62.37 (s, 3H); 2.45 (s,
3H); 3.55 (s, 3H); 5.27 (s, 1H); 5.98 (s, 1H); 7.12-7.34 (m, 4H). IR (Nujol) 1685 (C=0); 2216
(C=N) 3225 (NH) cm™. Mass-spectrum, m/z (rel. int.) 335 (M"), 303, 223. Anal. calcd. for
C16H15CIN,0,S: C 57.40, H 4.52, N 8.37. Found C 57.29, H 4.63, N 8.38. [a]*% +80.5 (c 1.0,
MeOH).
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XUMMS TETEPOLIMKJIMYECKUX COEIMHEHUI. — 2013. — Ne . 3 C. 454—460

A. Krauze?, Z. Andzans*™*, L. Krasnova?, [S. Germane , |I. Domracheva?,

I. Adlere?, S. Grinberga®, G. Duburs’

SYNTHESIS OF 3-ALKOXYCARBONYL-6-ALKYLSULFANYL-
4-(2-DIFLUOROMETHOXYPHENYL)-1,4-DIHYDROPYRIDINES AND RELATED
DERIVATIVES AS ANALOGUES OF COGNITION ENHANCER CEREBROCRAST

4-(2-Difluoromethoxyphenyl) substituted 3-alkoxycarbonyl-6-alkylsulfanyl-
3-cyano-2-methyl-1,4-dihydropyridines 2, related pyridines 2 and 4,7-dihydrothieno
[2,3-b]pyridines 3 have been prepared and their memory improving activity by making use passive avoidance
responses in acquisition test and calcium overload preventing activity in SH-SY5Y neuroblastoma cell line in
presence of agonist carbachol were examined.
1,4-Dihydropyridines 2f,i bearing propoxyethoxycarbonyl group in position 3 and possessing week influence on
calcium overload in neuronal cells, showed high activity comparable with that of cerebrocrast.

Keywords: 2-Alkylsulfanyl-1,4-dihydropyridines, thieno[2,3-b]pyridines, passive avoidance responses in
acquisition test, calcium overload preventing activity.

1,4-Dihydropyridine (DHP) structure, when appropriately substituted, can exert potent and
selective actions at a diverse set of membrane structures, including ion channels, G-protein coupled
receptors and enzymes [1]. DHPs possess different - pleiotropic properties [2-4]. Thus, depending on
the chemical structure peculiarities, 1,4-DHPs have many regulatory activities: neuro- and
radioprotection, anti-mutagenic, anti-diabetic, anti-inflammatory, anti-ischaemic/anti-anginal and anti-
hypertensive actions, as well as growth stimulating, life span prolongation and gene transfection
properties [5]. Therefore, studies of specific properties of a group of DHP derivatives comprising
minor changes of substituent structure could be useful for elucidation of biochemical interactions,
which play a major role in the understanding of drug’s structure-activity, drug’s development and
therapeutic success [6].

Several studies have shown that some 1,4-DHPs exert direct protective activity in experimental
models of stroke [7] and neurodegenerative diseases [8]. As calcium overload has been linked to the
apoptosis and death of the cell, it is suggested that the neuroprotective properties of 1,4-DHPs could
be connected with their ability to prevent calcium overload in neurons [9]. 1,4-DHPs that
simultaneously inhibit calcium influx in muscular cells as well as prevent calcium overload in
neuronal cells are developed [10].

Decoration of 1,4-DHP ring with cyano and alkylsulfanyl substituents have resulted in
compounds with cardiovascular [11,12], hepatoprotective [13], antioxidant (AOA) [14], and
antiradical (ARA) [15] properties, however, calcium channel blocking activities of such type of
compounds are less pronounced.
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This study was performed to elaborate synthesis of novel asymmetric
6-alkylsulfanyl-1,4-DHPs containing structural fragments of cognition enhancer cerebrocrast [16-19],
examine their memory improving activity by making use passive avoidance responses in acquisition
test and calcium overload preventing activity in SH-SY5Y neuroblastoma cell line.
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a)R=Me, R'=H; b)R=Et,R'=H; c) R=i-Pr, R" = H; d) R = (CH,),CN, R' = H;

e) R = H, R' = H; f) R = (CH,),0C;H;, R' = H; g) R = Et, R' = CONH,; h) R = Et, R' = COOEt; i) R =
(CH3),0C;Hy, R = CONH,; )] R = (CH3),0C3Hy,
R' = CH,COOMe; k) R = Me, R* = CH,COOMe

6-Alkylsulfanyl substituted 5-cyano-4-(2-difluoromethoxyphenyl)-
3-alkoxycarbonyl-2-methyl-1,4-DHPs 2a-d,f were prepared in 62-82% yields by Michael reaction of
alkyl acetoacetates with 2-cyano-

3-(2-difluoromethoxyphenyl)thioacrylamide in presence of stoichiometric amount of piperidine as
catalyst in ethanol with subsequent treatment with two fold excess of iodomethane.

By treatment of 1,4-DHP 2d with KOH water solution hydrolysis took place and acid 2e in 97%
yield was formed.

To enhance solubility and lipophilicity of 1,4-DHPs 2 ester function (COOEt, CH,COOMe
groups) was introduced in 6-methylsulfanyl substituent, but ester group in position 3 (substituent R)
was derivatized with propoxyethyl group. 1,4-DHPs 2g,i containing amide function in 6-
methylsulfanyl substituent and lipophilic COO(CH,),OC3H; group in position 3 were synthesized as
well.
1,4-DHPs 2g-i were prepared in 70-82% yields similarly to compounds 2a-f, only by making use 1.05-
1.10 fold excess of ethyl bromoacetate or iodoacetamide instead of iodomethane. 1,4-DHPs 2j,k were
prepared in 70-87% vyields by alkylation of the corresponding thiones 1j,k with methyl 3-
bromopropionate which in turn were obtained by one pot four-component condensation of
acetoacetate, aromatic aldehyde, 2-cyanoethanethioacetamide and stoichiometric amount of piperidine
in 57-79% yields. Though the summary yields were intermediate (40-68%) the last pathway (obtaining
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of intermediates 1) has advantage because the target compounds 2j,k crystallize as pure substances
from reaction mixture, but in case of 5-component one-pot method separation with flash
chromatography was necessary.

By treatment 2-carbamoylmethylsulfanyl-3-cyano-1,4-DHPs 2g and 2i with KOH in water -
ethanol solution Thorpe’s cyclization took place and
4,7-dihydrothieno[2,3-b]pyridines 3g and 3i in 59-73% yield were obtained.

Pyridines are the most possible metabolites of 1,4-DHPs in vivo. Compound 4b was prepared in
29% yield by oxidation of 2b with sodium nitrite in acetic acid.

The structures of synthesized compounds 2-4 were proved by spectroscopic and elemental
analysis data. In the IR spectra of 1,4-DHPs 2a-k the absorption band of cyano group were observed at
2188-2206 cm™t (characteristic for
B-aminovinylcarbonitriles) which disappeared after Thorpe’s cyclization (in case of 4,7-
dihydrothieno[2,3-b]pyridines 3g and 3i). In the *"H NMR spectra characteristic singlet of 4-H proton
at 4.93-5.22 ppm was observed for
1,4-DHPs 2a-k and at 5.24-5.32 for 4,7-dihydrothieno[2,3-b]pyridines 3g and 3i confirming their
partially structure.
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TABLE 1. Influence of compounds 2-4 on Ca?* accumulation in cell line SH-SY5Y in presence of agonist
carbachol and on passive avoidance responses (PAR) in acquisition test in male ICR mice (18 —24 g, t—21°C, n
= 6)

PAR test
Lo IC M
Com-pound R R! *g 50/
P SH-SY5Y Dose, Latency
mg/k ,
g At s
Control saline
Cereb 77.0+22.3
ereb-
rocrast 5.08 > 100 0.05 158.3 £ 1.9**
Me H 3.41 n.e. n.d.
2a Et H 3.78 ne. 5.0 112.0 + 9.4
2h i-Pr H 4.15 n.d. n.d.
2 C,H,.CN H 3.84 n.d. n.d.
2d H H 2.79 n.d. n.d.
% C,H,0OCsH; | H 4,08 > 100 0.05 152.3 + 3.6**
of Et CONH, 2.51 n.d. n.d.
29 Et CO,Et 4,02 n.e. 5.0 153.0 £ 9.5**
2h C,H,0C3;H; | CONH, 281 n.e. 0.05 162.2 + 4.3%*
2i C,H,0C3H; CH,CO,Me | 4.32 100 n.d.
% Me CH,CO,Me | 3.23 100 n.d.
2k Et CONH, 3.15 n.d. n.d.
3i Me H 4.20 n.d. n.d.
4b

* calculated with program Molinspiration; ** P < 0.05 vs control; n.d. — not determined, n.e. — no effect

Cognitive enhancing effects of the studied substances 2 and 3 are shown in table 1. 1,4-DHPs 2f
and 2i at the dose 0.05 mg/kg in memory test (PAR, acquisition) in mice showed activity which is
comparable with that of cerebrocrast. 1,4-DHP 2h lacking propoxyethyl ester group was active at the
dose 5.0 mg/kg. So, prolongation of COOEt with COO(CH,),0C3H- group in position 3 and SMe with
SCH,COOEt group (compounds become more lipophilic), gave rise to the increase of activity.
Thorpe’s cyclization of active 2-carbamoylmethylsulfanyl-
1,4-DHP 2i to the corresponding 4,7-thieno[2,3-b]pyridine 3i led to the significant lowering of
activity.

As are seen from table, 1,4-DHPs 2 that are with cyano and alkylsulfanyl substituents similarly
to symmetric 1,4-DHP — cerebrocrast and asymmetric 1,4-DHP-3,5-dicarboxylates [10] have weak
influence on prevention of calcium overload in neuronal cells. 1,4-DHP 2i Dbearing
propoxyethoxycarbonyl group in position 3 was the most potent cognition enhancer. These results
together with the known data [16-19] allow to characterize 1,4-DHP-3-COOC,H,OC;H; moiety as
pharmacophore determining the memory improvement.
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EXPERIMENTAL

All reagents were purchased from Aldrich or Acros and used without further purification. Melting points
were determined on OptiMelt MPA100 apparatus and are uncorrected. IR spectra have been recorded on a
., Shimadzu” IRPrestige-21 spectrometer (in nujol) and absorption band positions vima Were expressed in cm ™.
'H NMR spectra were recorded on a Varian Mercury-400 spectrometer (400 MHz). Chemical shifts are reported
in ppm relative to HMDS. Elemental analyses were performed on an EA 1106 (Carlo Erba Instrument). The
course of the reactions and the individuality of substances were monitored by TLC on Kieselgel 60 F Merck
plates with dichloromethane/hexane/methanol (5:5:1) as eluent. Synthesis of thione 1k (yield 67%) is published
in [20].

2-Propoxyethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-thioxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (1j).

A mixture of 2-difluoromethoxybenzaldehyde (0.69 g, 4.0 mmol), propoxyethyl acetoacetate (0.75 g,
4.0 mmol) and piperidine (0.04 ml, 0.4 mmol) in EtOH (20 ml) was stirred for 5 min at room temperature. Then
2-cyanoethanethioacetamide (0.4 g, 4.0 mmol) and piperidine (0.4 ml, 4.0 mmol) were added and the reaction
mixture was stirred for 30 min. The resulting reaction mixture was acidified with 2.4 ml of 3M hydrochloric acid
in ethanol. The precipitate was separated by filtration, washed with 5 ml of cold MeOH and 20 ml of water to
give 0.97 g (57%) of thione 1j as yellow powder, mp 90-91 °C. IR spectrum, v, cm™: 3309 (N-H), 2198 (C=N),
1714 (C=0) cm™. *H NMR spectrum (CDCls), 8, ppm (J, Hz): 0.78-0.89 (3H, m and m, cis- and trans-, 3-
OCH,CH,CHj3), 1.35-1.55 (2H, m and m, cis- and trans-, 3-OCH,CH,CHj3), 2.51 and 2.59 (3H, s and s, cis- and
trans-,
2-Me), 3.21-3.33 (2H, m and m, cis- and trans-, COOCH,CH,0), 3.47-3.54 (2H, m and m, cis- and trans-, 3-
OCH,CH,CHj3), 4.15-4.24 (2H, m and m, cis- and trans-, COOCH,CH,0), 4.17 and 4.86, 4.25and 5.08 (2H, d
and d, J = 1.8, trans- H-5 and H-4, d and d, J = 7.5, cis-H-5 and H-4), 6.25 and 6.61 (1H, d and d, J = 74.0, cis-
and J = 70.7, trans-, OCHF,), 6.90-7.35 (4H, m, cis- and trans-, H Ar), 8.82 (1H, br.s, NH). Found, %: C 54.40,
H4.11, N 7.87, S 7.32. CyoH2,F>N,0,S. Calculated, %: C 54.54, H 4.00, N 7.95, S 7.55.

Methyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylate (2a).

A mixture of methyl acetoacetate (0.58 g, 5 mmol), 2-cyano-3-(2-difluoro-methoxyphenyl)thioacrylamide
(1.27 g, 5 mmol) and piperidine (0.55 ml, 5.5 mmol) in 10 ml of ethanol was heated to 40-50 °C, stirred 1 h at
the ambient temperature. Then iodomethane (1.24 ml, 20 mmol) was added, the reaction mixture was refluxed
for 15 min, cooled to 0 °C. The precipitated crude product was recrystallized from ethanol to give 1.30 g (71%)
of 2a as slightly yellow powder, mp 161-163 °C. IR spectrum, v, cm™: 1672 (C=0), 2198 (C=N), 3315 (N-H).
'H NMR spectrum (CDCl3) 8, ppm (J, Hz): 2.36 (3H, s, 6-CHj), 2.47 (3H, s, SCH5), 3.56 (3H, s, COOCH),
5.06 (1H, s, H-4), 6.00 (1H, br.s, NH), 6.54 (1H, g, J = 73.2, OCHF,), 7.00-7.40 (4H, m, H Ar). Found, %: C
55.61, H 4.45, N 7.72, S 8.81. C17H16F,N,03S. Calculated, %: C 55.73, H 4.40, N 7.65, S 8.75.

Ethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-
1,4-dihydro-pyridine-3-carboxylate (2b).

Compound 2b was prepared in the same manner as 2a by making use ethyl acetoacetate instead of methyl
acetoacetate. Yield 82%, mp 173-175 °C. IR spectrum, v, cm™: 1693 (C=0), 2190 (C=N), 3342 (N-H). *H NMR
spectrum (CDClj) 8, ppm (J, Hz): 1.08 and 4.00 (5H, tand g, J = 7.0, COOCH,CHz), 2.34 (3H, s, 6-CH3), 2.44
(3H, s, SCHy), 5.07 (1H, s, H-4), 6.30 (1H, s, NH), 6.56 (1H, g, J = 73.2, OCHF,), 7.00-7.30 (4H, m,
H Ar) Found,%: C 56.81, H 457, N 752, S 8.39. C1gH1gF2N505S. Calculated, %:
C 56.83,H4.77, N 7.36, S 8.43.

Isopropyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylate (2c).

Compound 2c was prepared in the same manner as 2a by making use isopropyl acetoacetate instead of
methyl acetoacetate. Yield 62%, mp 114-116 °C. IR spectrum, v, cm™: 1694 (C=0), 2194 (C=N), 3364 (N-H).
'H NMR spectrum (CDCly) 8, ppm (J, Hz): 0.90, 1.17 and 4.88 (7H, d and d, J = 6.2, and quintet,
COOCH(CHsy),), 2.38 (3H, s, 6-CHj), 2.47 (3H, s, SCH3), 5.08 (1H, s, H-4), 6.08 (1H, s, NH), 6.57 (1H, q, J =
73.2, OCHF,), 7.00-7.30 (4H, m, H Ar). Found, %: C 57.81, H 4.17, N 7.20, S 8.19. C;9H»,F,N,05S. Calculated,
%: C 57.86, H5.11, N 7.10, S 8.13.

Cyanoethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-1,4-dihydropyridine-
3-carboxylate (2d).
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A mixture of cyanoethyl acetoacetate (0.8 g, 5 mmol), 2-cyano-
3-(2-difluoromethoxyphenyl)thioacrylamide (1.27 g, 5 mmol) and piperidine (0.55 ml, 5.5 mmol) in 10 ml of
ethanol was heated to 40-50 °C, stirred 1 h at the ambient temperature. Then iodomethane (1.24 ml, 20 ml) was
added, the reaction mixture was refluxed for 15 min, chilled to 0 °C and poured in 50 ml of cold water. The
precipitated crude product was recrystallized from ethanol to give 1.31 g (65%) of 2d as slightly yellow powder,
mp 134-135 °C. IR spectrum, v, cm™: 1712 (C=0), 2207, 2266 (C=N), 3288 (N-H). ‘H NMR spectrum (CDCls)
8, ppm (J, Hz): 2.37 (3H, s, 6-CHj3), 2.46 (3H, s, SCHs), 2.53 and 4.17 (4H, tand t, J = 7.0, COO(CH,),), 5.04
(1H, s, H-4), 6.18 (1H, br.s, NH), 6.58 (1H, g, J = 73.2, OCHF,), 7.00-7.30 (4H, m, H Ar). Found, %: C 56.19,
H 4.17, N 10.31, S 7.85 Cy9H;7F2N305S. Calculated, %: C 56.29, H 4.23, N 10.36, S 7.91.

5-Cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-1,4-dihydropyridine-3-carboxylic
acid (2e).

A mixture of 1,4-DHP 2d (1.22 g, 3 mmol) and 1 ml 4 M KOH water solution in 4 ml of ethanol was
stirred at 30 °C for 3 h. Then 1.3 ml of 3 M HCI ethanol solution were added and stirred at the ambient
temperature for 1 h. The precipitate was separated by filtration and washed with 2 ml of ethanol and 10 ml of
water to give 1.03 g (97%) of 2e as colourless powder, mp 190-191 °C. IR spectrum, v, cm™: 1680 (C=0), 2204
(C=N), 3272, 3334 (N-H, O-H). '*H NMR spectrum (DMSO-dg) &, ppm (J, Hz): 2.27 (3H, s, 6-CHj), 2.40 (3H, s,
SCHs), 4.82 (1H, s, H-4), 7.08 (1H, q, J = 73.2, OCHF,), 7.10-7.30 (4H, m, H Ar), 9.29 (1H, s, NH). Found, %:
C54.29, H 4.05, N 8.07, S 8.92. CygH14F,N,05S. Calculated, %: C 54.54, H 4.00, N 7.95, S 9.10.

Propoxyethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-1,4-
dihydropyridine-3-carboxylate (2f).

Compound 2f was prepared in the same manner as 2d by making use propoxyethyl acetoacetate instead of
cyanoethyl acetoacetate. Yield 76%, mp 118-120 °C. IR spectrum, v, cm™: 1683 (C=0), 2206 (C=N), 3296 (N-
H). 'H NMR spectrum (CDCls) 8, ppm (J, Hz): 0.82, 1.48 and 3.35 (7H, t, mand t, J = 7.0, CH;CH,CH,0), 2.30
(3H, s, 2-CHa), 2.39 (3H, s, SCH3), 3.42 and 4.00 (4H, m and m, COO(CHy),); 5.01 (1H, s, H-4), 6.03 (1H, s,
NH), 6.50 (1H, g, J = 73.2, OCHF,), 7.00-7.20 (4H, m, H Ar). Found, %: C 57.45, H 5.49, N 6.35, S 7.36.
C,1H24F2N,0O,4S. Calculated, %: C 57.52, H5.52, N 6.39, S 7.31.

Ethyl 6-carbamoylmethylsulfanyl-5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (29).

Compound 2g was prepared in the same manner as 2d by making use ethyl acetoacetate instead of
cyanoethyl acetoacetate and iodoacetamide (10% excess) instead of iodomethane. Yield 70%, mp 199-201 °C.
IR spectrum, v, cm™: 1672, 1695 (C=0), 2188 (C=N), 3200, 3354 (N-H). *H NMR spectrum (DMSO-d) &, ppm
(J, Hz): 1.02 and 3.90 (5H, tand q, J = 7.0, COOCHsCH,), 2.34 (3H, s, 6-CHjs), 3.60 and 3.72 (2H, d and d,
J =15.0, SCH,), 4.97 (1H, s, H-4), 7.18 (1H, q, J = 73.2, OCHF,), 7.10-7.40 (4H, m, H Ar), 7.62 and 7.92 (2H,
br.s and br.s, CONH,), 10.43 (1H, s, NH). Found, %: C 53.94, H 4.37, N 9.95, S 7.53. CygH9F2N30,S.
Calculated, %: C 53.89, H 4.52, N 9.92, S 7.57.

Ethyl 5-cyano-4-(2-difluoromethoxyphenyl)-6-ethoxycarbonylmethylsulfanyl-
2-methyl-1,4-dihydropyridine-3-carboxylate (2h).

Compound 2h was prepared in the same manner as 2d by making use ethyl acetoacetate instead of
cyanoethyl acetoacetate and ethyl bromoacetate (5% excess) instead of iodomethane. Yield 70%, mp 120-122
°C. IR spectrum, v, cm™: 1676, 1706 (C=0), 2198 (C=N), 3184, 3230 (N-H). *H NMR spectrum (CDCls) &, ppm
(J, Hz): 1.08 and 3.98 (5H, t and g, J = 7.0, COOCH,CH3;), 1.30 and 4.28 (5H, t and q, J = 7.0,
SCH,COOCH,CH3), 2.38 (3H, s, 6-CH3), 3.54 (2H, s, SCH,), 5.10 (1H, s, H-4), 6.56 (1H, q, J = 73.2,
OCHF,);7.00-7.30 (4H, m, H Ar), 8.48 (1H, s, NH). Found, %: C 55.67, H 4.83, N 6.25, S 7.17. C»H,,F,N,0sS.
Calculated, %: C 55.74, H 4.90, N 6.19, S 7.09.

Propoxyethyl 6-carbamoylmethylsulfanyl-5-cyano-4-(2-difluoromethoxy-phenyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (2i).

Compound 2i was prepared in the same manner as 2d by making use propoxyethyl acetoacetate instead of
cyanoethyl acetoacetate and iodoacetamide (10 % excess) instead of iodomethane. Yield 82%, mp 178-180 °C.
IR spectrum, v, cm™: 1662, 1700 (C=0), 2194 (C=N), 3184, 3356, 3466 (N-H). ‘H NMR spectrum (DMSO-dg)
8, ppm (J, Hz): 0.79, 1.42 and 3.26 (7H, t, mand t, J = 7.0, CH;CH,CH,0), 2.36 (3H, s, 6-CH3), 3.42 and 4.00
(4H, m and m, COOCH,CH,0), 3.60 and 3.76 (2H, d and d, J = 15.0, SCH,), 4.94 (1H, s, H-4), 7.12 (1H, q, J =
73.2, OCHF,), 7.10-7.30 (4H, m, H Ar), 7.62 and 7.90 (2H, br.s and br.s, CONH,), 10.47 (1H, s, NH). Found,
%: C 54.80, H 5.18, N 8.68, S 6.82. C,,H,5F,N305S. Calculated, %: C 54.88, H 5.23, N 8.73, S 6.66.

2-Propoxyethyl 5-cyano-4-(2-difluoromethoxyphenyl)-6-(2-methoxycarbonyl-ethylsulfanyl)-2-
methyl-1,4-dihydropyridine-3-carboxylate (2j).
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A sample of 2-propoxyethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-thioxo-1,4,5,6-
tetrahydropyridine-3-carboxylate 1j (0.85 g, 2 mmol), piperidine (0.23 ml, 2.3 mmol) and methyl 3-bromo
propionate (0.25 ml, 2.3 mmol) in 20 ml methanol was heated for 1 h. The precipitated crystals were removed by
filtration, washed with 2 ml of cold MeOH, 5 ml of H,O and 1 ml of MeOH to give 0.71 g (70%) of ester 2j as
colourless crystals, mp 74-75 °C. IR spectrum, v, cm™: 1705, 1719 (C=0), 2198 (C=N), 3259 (NH). 'H NMR
spectrum (CDCls) 8, ppm (J, Hz): 0.86, 1.49 and 3.29 (7H, t, m and t, J = 7.0, CH3;CH,CH,0), 2.43 (3H, s, 2-
CH3), 2.61-2.74 (2H, m, 6-SCH,CH,), 2.99-3.21 (2H, m, 6-SCH,CH,), 3.46 (2H, t, J = 7.0, COOCH,CH,0),
3.78 (3H, s, 6-COOCHj3), 4.08 (2H, t, J = 7.0, COOCH,CH,0), 5.08 (1H, s, H-4), 6.18-6.93 (1H, g, J = 73.2, 2-
OCHF,), 7.06-7.29 (4H, m, H Ar), 8.00 (1H, s, NH). Found, %: C 56.27, H 5.39, N 5.38, S 6.10.
Ca4H2gF,N,06S. Calculated, %: C 56.46, H 5.53, N 5.49, S 6.28.

Methyl  5-Cyano-4-(2-difluoromethoxyphenyl)-6-(2-methoxycarbonylethyl-sulfanyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (2k).

Methyl 5-cyano-4-(2-difluoromethoxy-phenyl)-2-methyl-6-thioxo-1,4,5,6-tetrahydro-pyridine-3-
carboxylate 1k (0.71 g, 2 mmol) [20], piperidine (0.23 ml, 2.3 mmol) and methyl 3-bromopropionate (0.23 ml,
2.3 mmol) in 20 ml of methanol were heated for 2 h. The precipitated crystals were removed by filtration,
washed with 2 ml of cold MeOH, 5 ml of H,O and 1 ml of MeOH to give 0.76 g (87%) of 2k as colourless
crystals, mp. 134-135 °C. IR spectrum, v, cm™ 1710 (C=0), 2201 (C=N), 3183 (N-H). 'H NMR spectrum
(CDCls) 8, ppm (J, Hz): 2.42 (3H, s, 2-CH3), 2.67-2.74 (2H, m, SCH,CHy,), 2.96-3.24 (2H, m, SCH,CH,), 3.55
(3H, s, 3-COOCHs3), 3.78 (3H, s, 6-SC,H,COOCH3), 5.06 (1H, s, H-4); 6.54 (1H, g, J = 73.2, OCHF;); 6.96-7.27
(4H, m, H Ar), 8.03 (1H, s, NH). Found, %: C 54.66, H 4.55, N 6.36, S 7.13. CyHF2N,0sS. Calculated, %: C
54.79, H 4.60, N 6.39, S 7.31.

Ethyl 3-amino-2-carbamoyl-4-(2-difluoromethoxyphenyl)-6-methyl-4,7-dihydrothieno[2,3-
b]pyridine-5-carboxylate (3g).

Sample of DHP 2g (0.42 g, 1 mmol) in 10 ml of ethanol was treated with 0.3 ml of 4 M KOH water
solution, refluxed for 15 min, stirred for 1h at ambient temperature. Then 0.5 ml 3 M HCI ethanol solution was
added, stirred for 15 min and cooled to 0 °C. The precipitate was separated by filtration, washed with 5 ml of
cold ethanol, 20 ml of water and 2 ml of ethanol to give 0.25 g (59%) of 3g as yellow powder, mp 208-210 °C.
IR spectrum, v, cm™: 1624, 1636 sh, 1656 sh, 1670 sh (C=0), 3166, 3260, 3342, 3430 (NH, NH,). *H NMR
(DMSO-dg) 8, ppm (J, Hz): 0.88 and 3.88 (5H, t and g, J = 7.0, COOCH,CHy), 2.37 (3H, s, 6-CHj3), 5.24 (1H, s,
H-4), 7.18 (1H, g, J = 73.2, OCHF,), 7.00-7.50 (8H, m, H Ar, NH,, CONH,); 9.88 (1H, s, NH). Found, %: C
52.94, H 4.43, N 9.62, S 7.29. C19H1oF,N30,S. Calculated, %: C 53.89, H 4.52, N 9.92, S 7.57.

Propoxyethyl 3-amino-2-carbamoyl-4-(2-difluoromethoxyphenyl)-6-methyl-4,7-dihydrothieno[2,3-
b]pyridine-5-carboxylate (3i).

Compound 3i was prepared in the same manner as 3g. Yield 73%, mp 103-105 °C. IR spectrum, v, cm™:
1624, 1687 (C=0), 3218, 3316 sh., 3364, 3484 (NH, NH,). *H NMR (DMSO-ds) &, ppm (J, Hz): 0.83, 1.50 and
3.28 (7TH, t, mand t, J = 7.0, CH3;CH,CH,0), 2.45 (3H, s, 6-CHj3), 3.50 and 4.14 (4H, m and m, COOCH,CH,0),
5.00 (2H, br.s, NH,), 5.32 (1H, s, H-4), 6.80 (1H, g, J = 73.2, OCHF,;), 7.10-7.40 (6H, m, H Ar and CONHy,).
Found, %: C 54.57, H5.37, N 8.59, S 6.31. C,,H,sF,N305S. Calculated, %: C 54.88, H 5.23, N 8.73, S 6.66.

Ethyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-methylsulfanyl-pyridine-3-carboxylate
(4b).

Sample of 1,4-DHP 2b (0.76 g, 2 mmol) in 7 ml of acetic acid was treated with sodium nitrite (0.35 g, 5
mmol), heated for 15 min and stirred at ambient temperature for 1h. Then 10 ml of 50% ethanol was added and
cooled to 5°C. The precipitate was separated by filtration, washed with 5 ml of 50% ethanol to give 0.22 g (29%)
of pyridine 4b as slightly yellow powder, mp 66-68 °C. IR spectrum, v, cm™: 1732 (C=0), 2220 (C=N). *H
NMR spectrum (CDCls) 6, ppm (J, Hz): 0.88 and 4.00 (5H, tand g, J = 7.0, COOCH,CHj3), 2.66 (3H, s, 6-CH3),
2.70 (3H, s, SCH3), 6.50 (1H, g, J = 73.2, OCHF,); 7.00-7.60 (4H, m, H Ar). Found, %: C 56.88, H 4.14, N 7.32,
S 8.50. CygH16F2N,0O5S. Calculated, %: C 57.14, H 4.26, N 7.40, S 8.47.

Biological evaluation of compounds 2 and 3. Passive avoidance response (PAR) test was performed according
to the procedures given in [17,21]. Cerebrocrast was used as references drug. The results obtained in the
experiments were expressed as the mean values £+ SEM and analysed by Student’s t-test. The criterion of
statistical significances was P < 0.05.

Influence of compounds 2 on Ca®* concentration in cell line SH-SY5Y in presence of agonist carbachol was
determined according to the procedures given in [10].

This work was supported by European Regional Development Fund (ERDF) project
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Z. Andzans™®°, A. Krauze®, I. Adlere®, L. Krasnova®, G. Duburs®

SYNTHESIS AND ENANTIOSELECTIVE LIPASE-CATALYZED KINETIC RESOLUTION
OF METHYL 6-(METHOXYCARBONYLMETHYLSULFANYL)-1,4-DIHYDROPYRIDINE-
3-CARBOXYLATES

A series of methyl 6-(methoxycarbonylmethyl)sulfanyl-1,4-dihydropyridine-
3-carboxylates as more lipophilic derivatives of biologically active 6-methylthio-1,4-dihydropyridine-
3-carboxylic acid esters have been prepared by alkylation of 6-thioxo-1,4-dihydropyridines 1 with
methyl bromoacetate. Candida antarctica lipase B (Novozym 435®)-catalyzed kinetic resolution has
been investigated. 70% enantiomeric excess was reached for esters 2 in water-saturated
diisopropylether at 45°C. The experiments revealed that 6-(methoxycarbonylmethyl)sulfanyl group is
an essentially new activating group, which being 5 bonds remote from chiral center undergoes easy
enzymatic hydrolysis and could be used for kinetic resolution of racemic 1,4-dihydropyridines.

Keywords: Dihydropyridines; Candida antarctica lipase B; Enzymatic kinetic resolution.

1,4-Dihydropyridines (DHPs) are known as calcium channel effectors and antagonists. Many
cardiovascular drugs on their basis are currently in use in the clinics or still are in different stages of
development [1-4]. Pharmacology of DHPs is at the eve of a novel boom: the academic interest is
growing towards pharmacological activities which are not related (or partially related) with their
L-type calcium channel antagonist properties: neurotropic (antiamnestic, anticonvulsant,
neuroregulatory) [5], membrane protecting [6-8], radioprotecting [9], analgesic [10], antidiabetic [11],
antitumor [12], antitubercular [13], anti-inflammatory [14], gene-transfection [15], and as uroselective
agents for treatment of benign prostatic hyperplasia [16]. Some DHPs have also showed the ability to
modulate N-type calcium channel, and studied as anticonvulsants [17], stress protective agents [18]
and cardio depressants [19].

6-Alkylthio-substitued 1,4-DHPs display cardiovascular [20-24], hepato-protective [25],
antioxidant [26], and antiradical [27] activities, however, these compounds are still insufficiently
studied.

The enantiomers of chiral 1,4-DHPs usually differ in their biological activities, and can even have
an opposite action profile [28-30]. Chemoenzymatic methods for preparation of optically pure drugs
have a number of advantages: it is simple, direct, efficient, mild, and cheap in case of repeated use of
the enzyme. Incorporation of an enzymatically labile functional group, which allow kinetic resolution
of monocyclic 1,4-DHPs, has been used as a conventional technique for the last decade [30-32].

The objective of this work was the preparation of enantiopure 1,4-DHPs containing lipophilic
methoxycarbonylmethylsulfanyl group at position 6. We expected that the enzymatic hydrolysis of
this group could promote kinetic resolution of the target DHPs. The starting 4-aryl-5-cyano-3-
methoxycarbonyl-2-methyl-1,4-dihydropyridine-6-thiones 1 were prepared by a one-pot three-
component  condensation of the methyl acetoacetate, aromatic aldehyde and
2-cyanothioacetamide  according to the  previously  mentioned  synthetic  protocol
[33, 34].
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0 g 0 Ar
CN piperidine CN
MeO)i + L - = MeO |
EtOH
Me” SO HNT s ft, 0.5 h Me® N S
la—c
OMe H idi OH H idi
Br piperidine, B piperidine,
/T l EtOH, 80°C, 1h F/T DMSO, 70°C, 0.5 h
O Ar (0] Ar

2a—c 3a—c

1-3 a Ar = Ph; b Ar = 2-CI-CgH,; ¢ Ar = 2-F,HCO-C¢H,

Alkylation of thiones 1 bearing many nucleophilic reaction centres (C-5, S, N) under mild reaction
conditions with methyl bromoacetate proceeds preferably at the sulfur atom giving methyl 4-aryl-5-
cyano-6-methoxycarbonylmethylsulfanyl-2-methyl-1,4-dihydropyridine-3-carboxylates 2. Carboxylic
acids 3 as references compounds for the investigation of enzyme catalyzed hydrolysis were prepared
by alkylation of thiones 1 with bromoacetic acid in the presence of piperidine.

Enzymatic screening of the substrates 2 was performed in water-saturated diisopropylether (IPE),
water-saturated tert-butyl methyl ether and phosphate buffer pH 7.5, modified (or not) with 15%
MeCN at 20 to 50°C by using protease P6 (Aspergillus melleus), acylase 30,000 (Aspergillus sp),
Candida rugosa lipase (CRL) and Candida antarctica lipase B (CAL-B, Novozym 435%). In the case
of methyl 6-methoxycarbonylmethylsulfanyl-1,4-dihydropyridine-3-carboxylates 2, protease P6 and
acylase 30,000 were inactive. CRL-catalyzed hydrolysis of the methoxycarbonylmethylsulfanyl group
in phosphate buffer was rather slow, but Novozym 435® showed significant hydrolytic activity both in
water-saturated IPE and in phosphate buffer.

Kinetic  resolution of methyl 6-methoxycarbonylmethylsulfanyl-1,4-dihydro-pyridine-3-
carboxylates 2 in the presence of Novozym 435® were investigated in more detail. As we have found,
the concentration of substrate in water-saturated IPE had to be less than 0.006% otherwise
precipitation took place. To increase the solubility of methyl 6-methoxycarbonylmethylsulfanyl-1,4-
dihydropyridine-3-carboxylates 2, 1-3% of dichloromethane (DCM) was added to the reaction
mixture. It increased the reaction rate, but decreased of the enantioselectivity.

(0] Ar 0 Ar
CN CN
Enzyme MeO | | MeO | |
2a-c OH + OMe
N sﬁ( N sﬁ(
H H
(0]

o
(-)-4a-c (+)-5a-c
O Ph
CN

(4 CH,N, MeO | |
-)-4a-c —_—>

DCM, rt N SWOME

H o]
(-)-6a

2,4,5a Ar = Ph; b Ar = 2-CI-CgH,; ¢ Ar = 2-OCHF,-C¢H,
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The formed acid 4 and the remaining ester 5 were separated by column chromatography. Yields
and the enantiomeric excess (ee) of esters 5 were determined by HPLC equipped with Whelk O1 and
Lux Cellulose-2 (Table). The ee values ranged between 10 to 70%, depending on the substituent at
position 4. The reaction time is longer and the enantioselectivity is better at room temperature than at
45°C.

Reaction conditions and yields of enzymatic hydrolysis

SSt‘r‘abte [igt:\g,’\'/'/’VE Tirgp’ Tiﬂ“e’ of4,% | Yieldof5 % | (‘,’Af 5
2a 1:57 t 15 46+ 49 53
2 1:33 rt 15 47 46 70
2 1:100 rt 15 45 46 10
2a 116 rt 15 46 46 43
2 116 ft 15 48 47 51
2 116 rt 15 44 45 10
2a 157 | 45°Cc | 10 45 48 49
2 133 | 45°C | 10 45 45 67
2 1100 | 45°C | 10 47 46 8

* |solated yields and ee values were measured after column chromatography

Since the enantiomeric excess of carboxylic acids 4 could not be determined by given HPLC
methods, acid (-)-4a was methylated with diazomethane and enantiomeric excess was measured for
the corresponding methyl (-)-6-methoxy-carbonylmethylsulfanyl-1,4-dihydropyridine-3-carboxylate
(-)-6a, which appeared to be 25%. Absolute configurations of the obtained enantioenriched esters 5
and 6 are still unknown because we have not succeeded in growing crystals for the X-ray analysis.

In conclusion, new methyl 6-methoxycarbonylmethylsulfanyl-1,4-DHP-3-carboxylates as
more lipophilic derivatives of biologically active methyl 6-methyl-sulfanyl-1,4-DHP-3-
carboxylates [20] have been prepared by alkylation of 1,4-DHP-6-thiolates with methyl
bromoacetate, and their Kinetic resolution catalyzed by Candida antarctica lipase B has been
investigated. Our experiments allowed to the characterize 6-methoxycarbonylmethylsulfanyl
group as an essentially new activating group, which being 5 bonds remote from the chiral
center could be used for kinetic resolution of racemic 1,4-DHPs. The stereoselectivity of the
imobilized Candida antarctica lipase B under the above mentioned conditions (water-
saturated IPE, 25-45 °C, excess of substrate with regard to lipase) toward the methyl 6-
methoxycarbonylmethylsulfanyl-1,4-DHP-3-carboxylates 2 was moderate.

EXPERIMENTAL

IR spectra were recorded on a Perkin-Elmer 580 B spectrometer in Nujol, or in thin layer. NMR spectra were
recorded with a Varian Mercury 200BB (200 MHz) or a Varian 400-MR (400 and 100 MHz). Chemical shifts
are reported in ppm relative to hexamethyldisiloxane (5 0.055). Mass spectral data were determined on an
Acquity UPLC system (Waters) connected to a Q-TOF mass spectrometer (Micromass) operating in the ESI
positive or negative ion mode on an Acquity UPLC BEH C18 column (1.7 um, 2.1x50 mm) using a gradient
elution with MeCN-HCOOH (0.1%) in water. The enantiomeric excesses were analyzed by HPLC on a Lux
Cellulose-2 phase column (4 pum, 4.6x150 mm), eluent 0.1% acetic acid in 2-PrOH-hexane, 50:50, flow rate 1
ml/min, detection at 254 nm. Melting points were determined on an OptiMelt (SRS Stanford Research Systems).
Elemental analyses were determined on an EA 1106 (Carlo Erba Instruments). Optical rotation values were
measured with a Rudolph Research Analytical autopol VI automatic polarimeter. TLC was performed on 20x20
cm Silica gel TLC-PET F254 foils (Fluka). All reagents were purchased from Aldrich, Acros, Fluka or Merck
and used without further purification.
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Preparation of compound 1a was described in [33], 1b in [34], 2a and 3a in [35].

Methyl 5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-6-thioxo-1,4,5,6-tetrahydropyridine-3-
carboxylate (1c). A mixture of 2-difluoromethoxybenzaldehyde (0.69 g, 4.0 mmol), methyl acetoacetate (0.46 g,
4.0 mmol) and piperidine (0.04 ml, 0.4 mmol) in EtOH (20 ml) was stirred for 5 min at room temperature. Then
2-cyanothioacetamide (0.4 g, 4.0 mmol) and piperidine (0.4 ml, 4.0 mmol) were added and the reaction mixture
was stirred for 30 min. The resulting reaction mixture was acidified with 2.4 ml of 3N hydrochloric acid in
EtOH. The precipitate was separated by filtration, washed with cold
(-10°C) MeOH (5 ml) and water (20 ml) to give 0.94 g (67%) of thione 1c as yellow powder, mp 121-122°C. IR
spectrum (Nuijol), v, cm™: 3309 (N-H), 2198 (C=N), 1714 (C=0). *H NMR spectrum (200 MHz, CDCl,), &,
ppm (J, Hz): 2.45 and 2.53 (3H, two s, cis- and trans-, 2-CHj); 3.59 and 3.61 (3H, two s, cis- and trans-, 3-
COOCHg); 4.11 and 4.80 (1H, two d, J =7.4 and J = 1.8, cis- and trans-, H-5); 4.17 and 5.00 (1H, two d, J = 7.4,
cis- and trans-, H-4); 6.58 (1H, t, J = 73.2, OCHF,); 6.84—7.30 (4H, m, H Ar); 8.81 (1H, br. s, NH); Found, %: C
54.40; H 4.11; N 7.87. C15H14F2N,03S. Calculated, %: C 54.54; H 4.00; N 7.95.

Methyl 4-(2-chlorophenyl)-5-cyano-6-methoxycarbonylmethylsulfanyl-2-methyl-1,4-dihydropyridine-
3-carboxylate (2b). A mixture of thione 1b (0.32 g, 1.0 mmol) and piperidine (0.1 ml, 1.0 mmol) in EtOH (20
ml) was stirred 10 min at room temperature. Then methyl bromoacetate (0.12 ml, 1.3 mmol) was added and the
reaction mixture was stirred at 80°C for 1 h. The precipitate was separated by filtration, washed with cold
(-10°C) MeOH (5 ml) and water (20 ml) to give 0.35 g (90%) of ester 2b as white powder, mp 159-161°C. IR
spectrum (Nujol), v, cm*: 3309 (N-H), 2198 (C=N), 1714 (C=0). *H NMR spectrum (400 MHz, CDCls) &, ppm
(J, Hz): 2.35 (3H, s, 2-CHy); 3.54 (2H, ABqg, J = 16.0, SCHy); 3.54 (3H, s, 3-COOCHa); 3.78 (3H, s,
CH,COOCH,); 5.24 (1H, s, H-4); 7.00-7.30 (4H, m, H Ar); 8.51 (1H, s, NH). **C NMR spectrum (100 MHz,
CDCly), 6, ppm: 19.3 (2-CHs); 34.7 (SCH,); 39.2 (C-4); 51.2 (CH,COOCHj3); 53.7 (3-COOCHS5); 90.9 (C-3);
101.3 (C-5); 117.9 (C=N); 127.4 (C Ar); 128.4 (C Ar); 129.7 (C Ar); 130.2 (C Ar); 132.3 (C Ar); 141.9 (C Ar);
145.4 (C-6); 145.5 (C-2); 167.0 (3-COOCHs3); 173.1 (CH,COOCHS3). Mass-spectrum, m/z (I,e;, %): 393 [M+H]"
(100), 281 [M—Ar]" (47). Found, %: C 55.23; H 4.21; N 7.02. C4gH;5CIN,0,S. Calculated, %: C 55.03; H 4.36;
N 7.13.

Methyl 5-cyano-4-(2-difluoromethoxyphenyl)-6-methoxycarbonylmethylsulfanyl-2-methyl-1,4-
dihydropyridine-3-carboxylate (2c). Compound 2c was prepared in the same manner as 2b using thione 1c
instead of 1b. Yield 0.32 g (76%), mp 180-181°C. IR spectrum (Nujol), v, cm™: 3309 (N-H), 2198 (C=N), 1714
(C=0). *H NMR spectrum (400 MHz, CDCI3) 8, ppm (J, Hz): 2.35 (3H, s, 2-CH3); 3.51 (2H, ABq, J = 16.0,
SCHy,); 3.50 (3H, s, 3-COOCHy); 3.78 (3H, s, CH,COOCHz); 5.00 (1H, s, H-4); 6.48 (1H, dd, J=73.2, =27,
OCHF,); 7.00-7.30 (4H, m, H Ar); 8.36 (1H, s, NH). **C NMR spectrum (100 MHz, CDCls), &, ppm: 19.4 (2-
CHy); 34.7 (SCHy); 37.2 (C-4); 51.1 (CH,COOCH,); 53.7 (3-COOCHg); 90.5 (C-3); 100.6 (C-5); 118.1 (C=N);
116.6 (t, J = 259.2, OCHF,); 125.7 (C Ar); 128.4 (C Ar); 130.3 (C Ar); 132.3 (C Ar); 135.4 (C Ar); 142.0 (C
Ar); 145.6 (C-6) 148.8 (C-2); 167.1 (3-COOCHj3); 173.0 (CH,COOCHj;). Mass-spectrum, m/z (I, %): 447
[M+Na]" (100), 425 [M+H]" (35), 296 [M-Ar]" (53). Found C 53.64; H 4.42; N 6.55. CygHygF,N,0sS.
Calculated, %: C 53.77, H 4.27, N 6.60.

Methyl 6-carboxymethylsulfanyl-4-(2-chlorophenyl)-5-cyano-2-methyl-1,4-dihydropyridine-3-
carboxylate (3b). A mixture of thione 1b (0.32 g, 1.0 mmol) and piperidine (0.1 ml, 1.0 mmol) in DMSO (20
ml) was stirred 10 min at room temperature. Then bromoacetic acid (0.14 g, 1.0 mmol) was added and the
reaction mixture was stirred at 70°C for 30 min. Resulting mixture was diluted with water (30 ml) and extracted
with ethyl acetate (3x30 ml). The combined organic extracts were evaporated and crystallized from
dichloromethane. ~ The  precipitate  ~ was  separated by  filtration, washed  with cold
(-10°C) MeOH (5 ml) and water (20 ml) to give 0.33 g (87%) of acid 3b as white powder, mp 165-167°C. IR
spectrum (Nujol, v, cm™: 3225 (N-H), 3175 (O-H), 2216 (C=N), 1685 (C=0). 'H NMR spectrum (400 MHz,
DMSO-dg) 8, ppm (J, Hz): 2.30 (3H, s, 2-CHjy); 3.44 (3H, s, 3-COOCHs,); 3.81 (2H, ABq, J = 15.6, SCH,); 5.07
(1H, s, H-4); 7.17-7.39 (4H, m, H Ar); 9.59 (1H, s, NH). *C NMR spectrum (100 MHz, DMSO-dg), 8, ppm:
18.5 (2-CHj3); 34.7 (SCHy); 39.2 (C-4); 53.7 (3-COOCHj3); 90.0 (C-3); 101.3 (C-5); 118.9 (C=N); 127.2 (C Ar);
128.3 (C Ar); 129.5 (C Ar); 130.2 (C Ar); 132.1 (C Ar); 141.7 (C Ar); 145.4 (C-6) 145.5 (C-2); 166.9 (3-
COOCHs5); 172.8 (CH,COOH). Mass-spectrum, m/z (l,, %): 401 [M+Na]" (21), 379 [M+H]" (100), 267 [M—
Ar]" (68). Found, %: C 53.80, H 3.81, N 7.22. C,7H;5CIN,0,S. Calculated, %: C 53.90, H 3.99, N 7.39.

Methyl 6-carboxymethylsulfanyl-5-cyano-4-(2-difluoromethoxyphenyl)-2-methyl-1,4-dihydropyridine-
3-carboxylate (3c). Compound 3¢ was prepared in the same manner as 3b using thione 1c instead of 1b. Yield
0.33 g (81%), mp 122-124°C. IR spectrum (Nujol), v, cm™: 3225 (N-H), 3175 (O-H), 2216 (C=N), 1685
(C=0). 'H NMR spectrum (400 MHz, DMSO-dg) 8, ppm (J, Hz): 2.29 (3H, s, 2-CHj); 3.45 (3H, s, 3-COOCH;);
3.80 (2H, ABq, J = 15.6, SCH,); 4.90 (1H, s, H-4); 6.58 (1H, t, J = 73.9, OCHF,); 7.08-7.31 (4H, m, H Ar);
9.50 (1H, s, NH). *C NMR spectrum (100 MHz, DMSO-ds), 8, ppm: 19.3 (2-CHs); 34.7 (SCH,); 37.1 (C-4);
53.7 (3-COOCHj3); 90.5 (C-3); 100.4 (C-5); 118.1 (C=N); 116.3 (t, J = 259.2, OCHF,); 125.5 (C Ar); 128.3 (C
Ar); 130.1 (C Ar); 132.2 (C Ar); 135.4 (C Ar); 141.9 (C Ar); 145.4 (C-6) 148.7 (C-2); 167.0 (3-COOCHy); 173.0
(CH,COOH). Mass-spectrum, m/z (1., %): 433 [M+Na]" (85), 411 [M+H]" (100), 267 [M-Ar]" (24). Found, %:
C 52.40, H 3.82, N 6.73. C1gH16F2N,0OsS. Calculated, %: C 52.68, H 3.93, N 6.83.
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General procedure of preparative Candida antarctica lipase B (Novozym 435°, CAL-B) catalysed
hydrolysis of esters 2. To a solution of 1 mmol of ester 2 in 2 ml of dichloromethane and appropriate amount of
diisopropylether was added to reach the desired solvent ratio, as mentioned in table 1. Then 0.4 g of Novozym
435® (>10,000 U/g) was added and the reaction mixture was stirred (300 rpm) at the appropriate temperature.
Probe samples (10-20 ul) were taken with syringe every 10-20 min, diluted with 1 ml of 75% ag. MeCN
solution and analyzed by HPLC. The reaction was stopped when ~50% of acid 4 was formed (HPLC). Blank
reactions without enzyme showed no conversion of substrate. Then enzyme was filtered off, the filtrate was
evaporated under reduced pressure at 50°C to dry and the residue was separated by flash chromatography to give
acids 4 and esters 5, which were analyzed on HPLC.

Methyl 6-carboxymethylsulfanyl-5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-3-carboxylate ((-)-
4a). Isolated yield 0.16 g (46%), mp 122-123°C, [a]*’p -2.9° (¢ 1, MeOH).

Methyl 5-cyano-6-methoxycarbonylmethylsulfanyl-2-methyl-4-phenyl-1,4-dihydro-pyridine-3-
carboxylate ((+) 5a). Isolated yield 0.18 g (49%), mp 160-161°C, [a]*’p +55.1° (¢ 1, MeOH).
Methyl 5-cyano-6-methoxycarbonylmethylsulfanyl-2-methyl-4-phenyl-1,4-dihydro-pyridine-3-

carboxylate ((-) 6a). A mixture of acid (-)-4a (0.1 g, 0.3 mmol) and 0.5M diazomethane ether solution (1.0 ml)
in dichloromethane (7 ml) was stirred for 10 min at room temperature. The precipitate was separated by
filtration, washed with cold (-10°C) MeOH (5 ml) and water (20 ml) to give 0.10 g (97%) of ester (-)-6a as white
powder, mp 159-161°C, [0]®p -19.2° (¢ 1, MeOH). IR spectrum (Nujol), v, cm™: 3309 (N-H), 2198 (C=N),
1714 (C=0). 'H NMR spectrum (400 MHz, CDCl5) &, ppm (J, Hz): 2.35 (3H, s, 2-CHs); 3.51 (2H, ABq, J =
16.0, SCH,); 3.50 (3H, s, 3-COOCHjy); 3.78 (3H, s, CH,COOCHs,); 5.24 (1H, s, H-4); 7.06-7.28 (5H, m, H Ph);
8.37 (1H, s, NH). **C NMR spectrum (100 MHz, CDCly), §, ppm: 19.4 (2-CHs); 34.8 (SCH,); 42.4 (C-4); 51.2
(CH,COOCHSg); 53.7 (3-COOCHs3); 91.5 (C-3); 101.5 (C-5); 118.5 (C=N); 127.2 (C Ph); 127.3 (C Ph); 128.7 (C
Ph); 141.5 (C Ph); 144.3 (C-6); 145.0 (C-2); 167.2 (3-COOCHy); 173.0 (CH,COOCHj3). Mass-spectrum, m/z
(e, %): 359 [M+H]" (100), 281 [M—Ph]* (61). Found, %: C 60.22; H 5.11; N 7.86. C1gH1gN,0,S. Calculated,
%: C 60.32; H 5.06; N 7.82.
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CYANOETHYL 5-CYANO-6-METHYLSULFANYL-1,4-DIHYDROPYRIDINE-
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Abstract: Ethoxycarbonylmethyl and 2-cyanoethyl 6-methylsulfanyl-1,4-dihydropyridine-
3-carboxylates were synthesized by making use of one-pot four- and five-component method,
and by alkylation of 1,4-dihydropyridine-3-carboxylic acid with ethyl bromoacetate. By basic
hydrolysis of esters, both 1,4-dihydropyridine-3-carboxylic acids and (1,4-dihydropyridine-
3-carbonyloxy)acetic acids were prepared. Candida antarctica lipase B catalysed hydrolysis
of ethoxycarbonylmethyl 1,4-dihydropyridine-3-carboxylates proceeded with low
enantioselectivity yielding both type of acids as slightly enantioenriched compounds.

Keywords: Ethoxycarbonylmethyl 6-methylsulfanyl-1,4-dihydropyridine-3-carboxylates,
2-cyanoethyl 6-methylsulfanyl-1,4-dihydropyridine-3-carboxylates, one-pot four-component
synthesis, hydrolysis, alkylation, Candida antarctica lipase B.

Introduction

1,4-Dihydropyridines (1,4-DHPs) are known as effective calcium channel modulators,
especially antagonists’™. 1,4-DHPs, bearing different carbofunctionalities at the positions 3
and 5, possess a stereogenic carbon at position 4 in the 1,4-DHP ring, and enantiomers often
show different biological activities®. Amongst the methods for preparation of enantiopure
compounds, the biotechnological approach based on enzyme-catalysed enantiomeric
differentiation has become a promising way for the enantioseparation of 1,4-DHPs®. In most
cases, the alkoxycarbonyl groups, which are directly attached to the 1,4-DHP ring, do not
undergo enzymatic hydrolysis as their reactivity is diminished due to f-aminovinylcarbonyl
type conjugation. To get enantiopure compounds, the modification of 1,4-DHP-3-
carboxylates with enzymatically labile groups is necessary. The ethoxycarbonylmethyl esters
at the position 3 of the 1,4-DHP are readily cleavable by lipases with high
enantioselectivity®. Racemic 6-methylsulfanyl-1,4-DHP-3-carboxylates display
antihypertensive or vasodilating activities and low toxicity’. Their modification to
carboxymethyl 1,4-DHP-carboxylates, enzymatic hydrolysis and alkylation could lead to the
desired enantiopure or enantioenriched 6-methylsulfanyl-1,4-DHP-3-carboxylates.
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Results and discussion

The choice of methods for synthesis of ethoxycarbonylmethyl 6-methylsulfanyl-1,4-
DHP-3-carboxylates 4 was based on our previous work™® and literature data™.
Bis(ethoxycarbonylmethyl) 1,4-DHP-3,5-carboxylates were prepared by Hantzsch synthesis
of ethoxycarbonylmethyl acetoacetate, aromatic aldehyde and ammonia in ethanol in 42-67%
yields. By making use of Candida antarctica lipase B (CAL-B), they were enzymatically
hydrolysed reaching 93% enantiomeric excess’. On the other hand, six methods for
preparation of 6-methylsulfanyl-1,4-DHP-3-carboxylates are known®.

To prepare ethoxycarbonylmethyl esters 4, first of all ethoxycarbonylmethyl 3-
oxobutyrate la as key building block was synthesized by esterification of ethyl
hydroxyacetate ~ with  4-methyleneoxetan-2-one'’.  6-Methylsulfanyl-4-phenyl-1,4-
dihydropyridine-3-carboxylates 4a,b (see Scheme 1) were prepared in 59% and 41% vyields by
condensation of ethoxycarbonylmethyl or 2-cyanoethyl 3-oxobutyrates 1, benzaldehyde, 2-
cyanothioacetamide, piperidine and iodomethane (one-pot five-component, method A). In
case of 4-(2-chlorophenyl) substituent, isolation of compound 4c from reaction mixture by
making use of column chromatography is rather complicated. By carrying out the
condensation of ethoxycarbonylmethyl or 2-cyanoethyl
3-oxobutyrates 1, 3-(2-chlorophenyl)-2-cyanothioacrylamide 3, piperidine and iodomethane
(one-pot four-component synthesis, method B), 1,4-DHP 4c or 4d crystallizes from reaction
mixture in 65% and 64% yield, respectively.

-

Ar

o Ar j’\/ o
B
HO _NaOHmH,0 RS CN o r CN
R CH,COOEt ° | " | |
/ ~ -~
NN

H KOH, R = C,H,CN E S

6a.c 4a-d 5b,d

a) Ar = C6H5, R = CH,COOEt; b) Ar = C6H5, R = C,H4CN;
¢) Ar = 2-Cl-CgHa, R = CH,COOEL; d) Ar = 2-Cl-CgHs, R = C,H,CN

Scheme 1. Synthesis and hydrolysis of ethoxycarbonylmethyl and 2-cyanoethyl 6-
methylsulfanyl-
1,4-dihydropyridine-3-carboxylates 4a-d.

It should be noted that in case of the methods A and B 6-hydroxy-
1,4,5,6-tetrahydropyridines 2 are formed as intermediates. By acidification of the reaction
mixture containing compounds 2 and 4, the dehydration of 6-hydroxy derivatives 2 takes
place giving pure 1,4-dihydropyridines 4.

Hydrolysis of cyanoethyl esters 4b,d with KOH gave 1,4-DHP-3-carboxylic acids
5b,d (96% and 92% vyields, respectively), but hydrolysis of esters 4a,c with NaOH/H,O —
(1,4-DHP-3-carbonyloxy)acetic acids 6a,c (82% and 63% vyields, respectively). Acids 5 and 6
were authentic samples because enzymatic hydrolysis could proceed touching “inner” or
“outer” ester groups (Scheme 1). Ethoxycarbonylmethyl ester 4a in 71% yield was obtained
also by alkylation of 1,4-dihydropyridine-3-carboxylic acid 5b in DMF with ethyl
bromoacetate (method C).
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The structures of the compounds were proved by spectroscopic methods. In the IR

spectra of 1,4-DHPs 4, 5 and 6, absorption bands for Veoy at 2199-2204 cm™ (5-cyano, f-
amino vinyl conjugation) and at 2250-2260 cm™ (3-CO,C,H4CN, no conjugation in case of

4b,d) and bands corresponding to the type of conjugation for vc-o are observed. In the *H
NMR spectra of 4, 5 and 6 the most characteristic are singlets from 4-H protons at 4.73-5.40
ppm, which confirm 1,4-dihydropyridine structure.

As we expected, enzymatic hydrolysis of ethoxycarbonylmethyl 6-methylsulfanyl-1,4-
DHP-3-carboxylates 4a,c yielded both type of acids 7 and 8 (Scheme 2). Hydrolysis of the
substrates 4a,c was performed in the most appropriate reaction conditions taking into account
literature data’ and our experience (phosphate buffer pH 7.5 modified with 15% acetonitrile
or dimethyl sulfoxide, water-saturated diisopropyl ether - DIPE), using lipases Candida
antarctica (Novozym 435® or CAL-B) and Candida rugosa (CRL). As the obtained acids and
remaining esters are kinetically controlled products, enzyme catalysed hydrolysis was stopped
when 45-50% conversion was occurred. When ester 4a was hydrolysed in presence of CRL,
less than 10% of enantiomeric excess was observed both for reaction product - “outer” acid 7a
and for the remaining ester 9a. Using CRL, no enantioselective hydrolysis was observed for
4c.

o Ar [0} Ar o Ar (0] Ar
HO CN CN
\/Oj(\o)iiCN Enzyme j(\o)h 4 Ho)ﬁ + \/Oj(\o)i’ia\l
45°C o
© N7 N Ys” N7 o NN g7
H H H H
4 7 8 9

a) Ar = CgHs; ¢) Ar = 2-CI-CgH,

Scheme 2. Enzymatic hydrolysis of ethoxycarbonylmethyl 6-methylsulfanyl-1,4-
dihydropyridine-3-carboxylates 4a,c.

CAL-B is an efficient catalyst for the enantioselective transformations of various kinds
of substrates and is widely used in practice’**®. When CAL-B was used for enantioseparation
of 4a,c in phosphate buffer pH 7.5 (modified with acetonitrile at 45 °C, Table 1), hydrolysis
of both ester groups (“outer” and “inner”’) of compounds 4a,c was observed, but contrary to
above mentioned literature data for symmetric 1,4-DHPs (CAL-B hydrolyses only the “outer”
ester giving 93% enantiomeric excess)’, the enantiomeric excess for both acids 7 and 8, and
remaining ester 9 was again very low.

Table 1. Enzyme catalysed hydrolysis of 4a,c in different solvents at 45 °C

Remaining ester

Acid 7 Acid 8 9
Substrate 4| Enzyme | Solvent T'r:n & Chem. Chem. Chem.
. . ee, . .
ylelg, y y|elg, ee, % ylel*d, ee, %
% | % %
aq | Novozym |MeCN/\ ) | 53 | 49| 15 | 2 46 11

435% Buffer

4a Candida | MeCN/ 110 45 6 } . 48 5
rugosa | Buffer

Novozym | DIPE/

4a 435° | CH,CL

20 31 - 18 - 47 -

Novozym | DMSO/

4a 435° | Buffer

24 35 - 15 - 46 -
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Novozym | MeCN/

4c 435%° | Buffer

34 31 9 13 2 45 10

4c Candida | MeCN/ 140 49 ) ) ) 49 -
rugosa | Buffer

" Chemical yields were determined by HPLC.

When enzymatic hydrolysis of the substrates 4a,c with CAL-B was carried in water-
saturated diisopropyl ether or phosphate buffer modified with dimethyl sulfoxide, no
enantioseparation was observed. So, new enzymatically labile groups have to be introduced to
get enantioseparation for unsymmetrical sulfur containing 1,4-DHPs.

Conclusion

In  conclusion, ethoxycarbonylmethyl and 2-cyanoethyl 6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylates 4 were synthesized by making use of a one-pot four- and
five-component method. Ethoxycarbonylmethyl ester 4a was obtained also by alkylation of
1,4-dihydropyridine-3-carboxylic acid 5b with ethyl bromoacetate. By basic hydrolysis of
2-cyanoethyl and ethoxycarbonylmethyl esters 4, the 1,4-dihydropyridine-3-carboxylic acids
5 and (1,4-dihydropyridine-3-carbonyloxy)acetic acids 6 were prepared, subsequently.

Candida antarctica lipase B catalysed hydrolysis of the unsymmetrical sulfur
containing ethoxycarbonylmethyl  1,4-dihydropyridine-3-carboxylates 4a,c  proceeded
touching both “inner” and “outer” ester groups yielding slightly enantioenriched acids 7 and
8.

Experimental

All reagents were purchased from Aldrich or Acros and used without further
purification. Lipase B acrylic resin from Candida antarctica (Novozym 435®) >10,000 U/g,
recombinant, expressed in Aspergillus niger was used. Melting points were determined on
Optimelt MPA100 apparatus and are uncorrected. IR spectra were recorded on a “Shimadzu”
IRPrstige-21 spectrometer (in nujol) and peak positions vmax Were expressed in cm™. *H NMR
spectra were recorded on a Varian Mercury-200 (200 MHz) spectrometer using CDCl3 and
DMSO-ds as solvents. Chemical shifts are expressed in & (p.p.m. downfield from TMS) and
coupling constants (J) in Hz. The course of the reactions and the individuality of substances
were  monitored by TLC on Kieselgel 60 F Merck plates  with
dichloromethane/hexane/methanol (5:5:1) as eluent. Determination of enantiomeric excesses
of the products 7, 8 and 9 was performed by direct analysis on a chiral column (R,R)-Whelk-
O 1, 4.6x250 mm, 5 p (Regis) using Shimadzu LC-20AD pump, SPD-M20A diode array
detector and Sil-20AC autosampler. The eluent was hexane/dichloromethane/isopropanol with
0.01% acetic acid (80:10:10) and flow rate 1.0 ml/min. Enzymatic reactions were carried out
in a New Brunswick Scientific G24 environmental incubatory orbital shaker. Compounds
were recrystallized from ethanol.

General procedure for synthesis of ethoxycarbonylmethyl (2-cyanoethyl) 5-cyano-2-methyl-
6-methylsulfanyl-4-phenyl-1,4-dihydropyridine-3-carboxylates (4a,b) (Method A).

A mixture of 4 mmol of ethoxycarbonylmethyl 3-oxobutyrate 1la or 2-cyanoethyl 3-
oxo-butyrate 1b, 4 mmol of aldehyde and 0.3 mmol of piperidine in 15 ml of ethanol was
stirred for 5 min. Then 4 mmol of 2-cyanothioacetamide and 4.3 mmol of piperidine were
added and the mixture was stirred for 25 min. After the 4.3 mmol of methyl iodide were
added, the resulting reaction mixture was shortly heated till reflux, cooled to 30-40 °C and
acidified with 1 ml of 3N hydrochloric acid in ethanol and stirred for 1 h at room temperature.
The precipitate was filtered, washed with 5 ml of cold (ca. 5 °C) ethanol and 20 ml of water to
give products 4a,b.
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Ethoxycarbonylmethyl 5-cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-
dihydropyridine-

3-carboxylate (4a). Yellow crystals, yield 59%, mp 129-130 °C. IR: 1681, 1756 (C=0); 2200
(C=N); 3066, 3270 (NH). *H NMR (CDCl,): 1.23 and 4.16 (tand q, J = 7 Hz, 5H, Et); 2.41 (s,
3H, 2-Me); 2.48 (s, 3H, SMe); 4.54 (AB quartet, J = 16 Hz, 2H, 3-COOCHy); 4.75 (s, 1H, 4-
H); 6.09 (s, 1H, NH); 7.20-7.38 (m, 5H, 4-Ph). Anal. Calcd. for C;9H;N20,S: C 61.27, H
5.41,N 7.52, S; 8.61 Found: C 60.75; H 5.40; N 7.46; S 8.69.

2-Cyanoethyl 5-cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-dihydropyridine-3-
carboxylate (4b). Ylellow crystals, yield 41%, mp 160-162 °C. IR: 1675, (C=0); 2197, 2260
(C=N); 3316 (NH). H NMR (CDCl,): 2.33 (s, 3H, 2-Me); 2.44 (s, 3H, SMe); 2.47 and 4.14 (t
and t,
J = 6.5 Hz, 4H, 3-COOCH,CH,CN); 4.59 (s, 1H, 4-H); 6.23 (s, 1H, NH); 7.16-7.27 (m, 5H,
4-Ph). Anal. Calcd. for C1gH17N30,S: C 63.70, H 5.05, N 12.38, S 9.45; Found: C 63.65, H
5.17, N 12.30, S 9.34.

General procedure for synthesis of ethoxycarbonylmethyl (2-cyanoethyl) 4-(2-
chlorophenyl)-
5-cyano-2-methyl-6-methylsulfanyl-1,4-dihydropyridine-3-carboxylates (4c,d) (Method B).

A mixture of 4 mmol of ethoxycarbonylmethyl 3-oxo-butyrate 1a or 2-cyanoethyl 3-
oxo-butyrate 1b, 4 mmol of 3-(2-chlorophenyl)-2-cyanothioacrylamide and 4.3 mmol of
piperidine in 15 ml of ethanol was stirred for 25 min. Then 4.3 mmol of methyl iodide was
added, the resulting reaction mixture was shortly heated until reflux, cooled to 30-40 °C,
acidified with 1 ml of
3N hydrochloric acid in ethanol and stirred for 1 h at room temperature. The precipitate was
filtered, washed with 5 ml of cold (ca. 5 °C) ethanol and 20 ml of water to give products 4c,d.

Ethoxycarbonylmethyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-1,4-
dihydro-pyridine-3-carboxylate (4c). White crystals, yield 65%, mp 144-145 °C. IR: 1684,
1728 (C=0); 2199 (C=N); 3336, (NH). *H NMR (CDCI,): 1.14 and 4.07 (t and q, J = 7 Hz,
5H, Et); 2.34 (s, 3H, 2-Me); 2.40 (s, 3H, SMe); 4.44 (AB quartet, J = 16 Hz, 2H, 3-COOCHy);
529 (s, 1H, 4-H); 6.20 (s, 1H, NH); 7.05-7.30 (m, 4H, 4-CgH,). Anal. Calcd. for
C19H19CIN,0,4S: C 56.09, H 4.71, N 6.88, S 7.88; Found: C 56.01, H 4.79, N 6.81, S 7.92.

2-Cyanoethyl ester 4-(2-chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-1,4-dihydro-
pyridine-3-carboxylate (4d). White crystals, yield 64%, mp 151-153 °C. IR: 1654, (C=0);
2199, 2250 (C=N); 3299 (NH). "H NMR (CDCl,): 2.35 (s, 3H, 2-Me); 2.41 (s, 3H, SMe);
2.48 and 4.11 (tand t, J = 6.5 Hz, 2H, 3-COOCH,CH,CN); 5.23 (s, 1H, 4-H); 6.08 (s, 1H,
NH); 7.10-7.34 (m, 4H, 4-C¢H,). Anal. Calcd. for C13H16CIN3O,S: C 57.83, H 4.31, N 11.24,
S 8.58; Found: C 57.80, H 4.36, N 11.16, S 8.51.

General procedure for synthesis of 4-aryl-5-cyano-2-methyl-6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylic acids (5b,d).

A mixture of 1mmol of cyanoethyl 6-methylsulfanyl-1,4-dihydropyridine-

3-carboxylates 4b,d and 1.3 mmol of KOH in 10 ml of absolute ethanol was stirred at ambient
temperature. After 4 h the mixture was acidified until pH ~ 2 with 2M HCI/H,O. The
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precipitate was filtered, washed with 5 ml of cold (ca. 5 °C) ethanol and 15 ml of water to
give products 5b,d.

5-Cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-dihydropyridine-3-carboxylic acid
(5b). White crystals, yield 96%, mp 182-184 °C. IR: 1675 (C=0); 2211 (C=N); 3198, 3267,
(NH, OH). "H NMR (DMSO-ds): 2.26 (s, 3H, 2-Me); 2.43 (s, 3H, SMe); 4.41 (s, 1H, 4-H):
7.07-7.28 (m, 5H, 4-Ph); 9.27 (s, 1H, NH); 11.95 (s, 1H, OH). Anal. Calcd. for C;5H14N,0,S:
C 62.92,H4.93, N9.78, S 11.20; Found: C 62.96, H 4.94, N 9.58, S 11.10.

4-(2-Chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-1,4-dihydropyridine-3-
carboxylic acid (5d). White crystals, yield 92%, mp 191-192 °C. IR: 1697, (C=0); 2194
(C=N); 3326 (NH). "H NMR (DMSO-dg): 2.28 (s, 3H, 2-Me); 2.41 (s, 3H, SMe); 5.00 (s, 1H,
4-H); 7.16-7.33 (m, 4H,
4-C6H4); 9.27 (S, 1H, NH), 11.87 (S, 1H, OH) Anal. Calcd. for C15H13C|Nzozs: C 56.16, H
4.08, N 8.73, S 10.00; Found: C 56.33, H 4.00, N 8.63, S 9.91.

Ethoxycarbonylmethyl 5-cyano-2-methyl-6-methylsulfanyl-4-phenyl-1,4-
dihydropyridine-

3-carboxylate 4a (method C). A mixture of 1mmol of 6-methylsulfanyl-1,4-
dihydropyridine-

3-carboxylic acid (5b) and 1 mmol of Et3N in 10 ml of ethanol and 3 ml of DMF was shortly
refluxed and stirred for 12 h at room temperature. The precipitate was flash chromatographed
with chloroform/hexane/acetone (2:1:1) to give product 4a as colourless crystals, yield 71%,

mp 129-130 °C.

General procedure for synthesis of 4-aryl-5-cyano-2-methyl-6-methylsulfanyl-
(1,4-dihydropyridine-3-carbonyloxy)acetic acids (6a,b).

A mixture of 1 mmol of ethoxycarbonylmethyl 6-methylsulfanyl-1,4-dihydropyridine-
3-carboxylates 4a,c and 1 mmol of 3N NaOH/H,0 in 10 ml of ethanol was stirred at the
ambient temperature. After 8 h the mixture was acidified until pH ~ 2 with 2M HCI/H,0. The
precipitate was filtered, washed with 5 ml of cold (ca. 5 °C) ethanol and 20 ml of water to
give acid 6.

5-Cyano-2-methyl-6-methylsulfanyl-4-phenyl-(1,4-dihydropyridine-3-carbonyloxy)acetic
acid (6a). White crystals, yield 82%, mp 163-164 °C. IR: 1687, 1775 (C=0); 2200 (C=N);
3188, 3273, (NH, OH). *H NMR (CDCI,): 2.41 (s, 3H, 2-Me); 2.48 (s, 3H, SMe); 4.58 (AB
quartet,

J = 16 Hz, 2H, 3-COOCHy); 4.73 (s, 1H, 4-H); 6.18 (s, 1H, NH); 7.10-7.38 (m, 5H, 4-Ph).
Anal. Calcd. for C17H16N>0O4S: C 59.29, H 4.68, N 8.13, S; 9.31 Found: C 59.75; H 4.57; N
8.03; S 9.27.

4-(2-Chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-(1,4-dihydropyridine-3-
carbonyloxy)-acetic acid (6b). White crystals, yield 63%, mp 119-121 °C. IR: 1644, 1717
(C=0); 2193 (C=N); 3325, 3625 (NH, OH). *H NMR (DMSO-dg): 2.27 (s, 3H, 2-Me); 2.40
(s, 3H, SMe); 4.33 (AB quartet, J = 16 Hz, 2H, 3-COOCHy,); 5.05 (s, 1H, 4-H); 7.06-7.36 (m,
4H, 4-CgHy4); 9.50 (s, 1H, NH). Anal. Calcd. for C;7H;5CIN20O,4S: C 53.90, H 3.99, N 7.39, S
8.46; Found: C 53.78, H 4.12, N 7.33, S 8.40.

General procedure for enzymatic hydrolysis of ethoxycarbonylmethyl 6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylates 4a,c.
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0.2 mmol of 1,4-dihydropyridine 4a,c were dissolved in 20 ml of solvent system and
heated to 45 °C, after which 80 mg of enzyme was added. The resulting mixture was shaken at
350 rpm and heated at 45 °C. Reactions were monitored by HPLC and were stopped when 45-
50% of acids were formed. Solvent systems: 3 ml of acetonitrile or dimethyl sulfoxide and 17
ml of 20 mM K;HPO,/KH,PQO, buffer, pH 7.5, 3 ml of dichloromethane and 17 ml of water-
saturated diisopropyl ether. The results are combined in Table 1.
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SYNTHESIS AND PROPERTIES OF PARTIALLY HYDROGENATED ETHYL
([3,4']1BIPYRIDIN-6'-YLSULFANYL) ACETATES

A. Krauze, Z. Andzans, G. Duburs
Aizkraukles 21,Riga, Latvia, LV-1006, Latvian Institute of Organic Synthesis

Ethyl 5'-cyano-6'-ethoxycarbonylmethylsulfanyl-2'-hydroxy-2'-phenyl-1',2',3" 4'-
tetrahydro[3,4"Tbipyridine-3'-carboxylate (3) and the corresponding ethyl 1'4'-dihydro[3,4']bipyridine-3'-
carboxylate (4) as potential cardiovascular agents have been prepared by alkylation of 2'-hydroxy-1',2',3",4'-
tetrahydro[3,4']bipyridine-6'-thiolate 1 or betaine 2 with ethyl bromoacetate. The treatment of [3,4']bipyridine 4
with KOH/H,O gave diethyl 3-amino-6-phenyl-4-(pyridin-3-yl)-4,7-dihydro-thieno[2,3-b]pyridine-2,5-dicar-
boxylate (5), but subsequent treatment of the remaining reaction mixture with acetic acid excess gave ethyl 8-
cyano-3-oxo-5-phenyl-7-(pyridin-3-yl)-2,3-dihydro-7H-thiazolo[3,2-a]pyridine-6-carboxylate (7) — the product
of intramolecular acylation. Compounds 4, 5 and 7 have been prepared by making use of one-pot synthesis
method. Alkylation of [3,4'Tbipyridine 4 with iodomethane gave 1',4'-dihydro[3,4Tbipyridin-1-ium iodide 8.

Key words: [3,4"]bipyridine, piperidinium pyridine-6-thioclate, 7H-thiazolo[3,2-a]pyridine, thieno[2,3-
b]pyridine, [3,4Tbipyridin-1-ium iodide.

INTRODUCTION

6-Alkylsulfanyl-1,4-dihydropyridines (DHPs) display antihypertensive and vasodilating [1-3],
hepatoprotective [4], antioxidant [5], and antiradical [6] activities, however, the biological activities of
these compounds in comparison with DHPs not containing sulfur atom are still insufficiently studied.

On the other hand, [3,4']bipyridines are of interest as cardiotonic agents [7] for more than 25
years. Among them milrinone, phosphodiesterase Il inhibitor, is non-catecholamine, non-glycoside
drug that is not associated with f-adrenergic receptors or plasma catecholamine concentrations [8-10].
Recently compounds and pharmaceutical compositions for treatment of myosin heavy chain mediated
diseases, and in particular, heart failure, have been found in series of 3-acetyl-6-benzoylsulfanyl-1,4-
DHPs [11]. The potential cardioto-nics —  1'4'-dihydro[3,4]bipyridines  bearing
carbamoylmethylsulfanyl substituent in position 6' appeared to be not enough soluble and lipophilic
[12].

To improve cardiovascular activity of the low-toxic 4-aryl-5-cyano-2-methyl-6-
methylsulfanyl-1,4-DHP-3-carboxylates [3], lipophilicity was optimized by introducing another ester
group in the 1,4-DHP molecule [13], which is in agreement with general observations for DHPs series
[14].

Partially hydrogenated ethyl (5'-ethoxycarbonyl[3,4Tbipyridin-6'-ylsulfanyl) acetates bearing
two ester groups could be interesting from this point of view as potential cardiotonics.

EXPERIMENTAL

Melting points were determined on a Boetius apparatus and were used uncorrected. IR spectra
were recorded on a Perkin-Elmer 580 B spectrometer (in nujol) and peak positions vm.x Were
measured in cm™. NMR spectra were recorded on a Varian Mercury 200 spectrometer using
hexamethyldisiloxane (HMDSO) as internal standard. The course of the reactions and the individuality
of substances were monitored by TLC on Kieselgel 60 F Merck plates with dichloromethane — hexane
— acetone (2:1:1) as eluent. Synthesis of piperidinium 1',2',3',4'-tetrahydrobipyridine-6'-thiolate 1
(yield 72%) and betaine 2 (yield 80%) is described in [12]. Compounds were recrystallized from
ethanol.

ETHYL 5-CYANO-6'-ETHOXYCARBONYLMETHYLSULFANYL-2'-HYDROXY-2'-
PHENYL-1'2"'3"4-TETRAHYDRO[3,41BIPYRIDINE-3'-CARBOXYLATE (3).

Mixture of piperidinium 1',2',3',4'-tetrahydrobipyridine-6'-thiolate 1 [12] (4.67 g, 10 mmol)
and ethyl bromoacetate (1.10 ml, 10 mmol) in 20 ml of ethanol was shortly heated until dissolution,
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stirred for 30 min at ambient temperature, and water (2 ml) was added. The precipitate was filtered,
washed with ethanol (5 ml) and water (20 ml) to give 3.83 g (82%) of compound 3 as colourless
powder; mp 172-174 °C. IR spectrum, v, cm*: 1700, 1738 (C=0); 2201 (C=N); 3282, 3456 (NH,
OH); *H NMR spectrum (DMSO-ds; 8, ppm): 0.40 and 3.35 (5H, t and g, J = 7.0 Hz, 3'-COOEY); 1.17
and 4.11 (5H, tand q, J = 7.0 Hz, 6'-SCH,COQEt); 2.90 and 4.12 (2H, d and d, J = 12.1 Hz, 3'-H and
4-H); 386 and 397 (2H, d and d, J = 157Hz, SCHp; 6.49 (1H, s, OH);
7.27-8.40 (9H, m, 2'-C¢Hs and 2-, 4-, 5- and 6-H); 8.08 (1H, s, NH). Found, %: C 61.30, H 5.44, N
8.83, S 6.72. Calculated for C4H25N3505S, %: C 61.66,
H 5.39, N 8.99, S 6.86.
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ONE-POT REACTIONS OF BETAINE 2 WITH ETHYL BROMOACETATE, POTASSIUM
HYDROXIDE AND ACETIC ACID.

To the suspension of betaine 2 [12] (3.63 g, 10 mmol) in 10 ml of ethanol, piperidine (1.0 ml,
10 mmol) and ethyl bromoacetate (1.10 ml, 10 mmol) were added, the mixture was shortly heated
until dissolution, stirred for 30 min at ambient temperature, and water (20 ml) was added. The reaction
mixture was treated with 10 ml of 2 N potassium hydroxide solution, refluxed for 5 min, cooled to ~ 0
°C and precipitate was filtered, washed with ethanol (5 ml) and water (20 ml) to give 0.55 g (12%) of
diethyl 3-amino-6-phenyl-4-(pyridin-3-yl)-4,7-dihydrothieno[2,3-b]pyridine-2,5-dicarboxylate (5)
as slightly yellow powder; mp 200-203 °C. IR spectrum, v, cm*: 1650, 1660 (C=0); 3320, 3460 (NH,
NH,); *H NMR spectrum (DMSO-dg; 8, ppm): 0.63 and 3.61 (5H, t and g, J = 7.0 Hz, 5-COOEY); 1.13
and 4.05 (5H, tand g, J = 7.0 Hz, 2-COOEt); 5.16 (1H, s, 4-H); 6.38 (2H, s, NH,); 7.24-8.60 (9H, m,
6-C¢Hs and 4-CsH,N); 10.05 (1H, s, NH). Found, %: C 63.70, H 5.27, N 9.20, S 7.28. Calculated for
C24H23N304S, %: C 64.13, H5.16, N 9.35, S 7.13.

The remaining reaction mixture was refluxed for 5 min with 2 ml of acetic acid, cooled to ~ 10
°C and precipitate was filtered, washed with ethanol (5 ml) and water (20 ml) to give 1.05 g (23%) of
ethyl 5'-cyano-6'-ethoxycarbonylmethylsulfanyl-2'-phenyl-1',4*-dihydro-[3,4']bipyridine-3'-
carboxylate (4) as slightly yellow powder; mp 128-129 °C. IR spectrum, v, cm*: 1684, 1735 (C=0):
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2198 (C=N); 3148, 3240 (NH); 'H NMR spectrum (DMSO-ds; 8, ppm): 0.65 and 3.65 (5H, t and ¢, J
= 7.0 Hz, 3'-COOEt); 1.14 and 4.07 (5H, t and g, J = 7.0 Hz, 6'-SCH,COQEt); 3.79 and 4.05 (2H, d
and d, J = 15.3 Hz, SCH,); 4.58 (1H, s, 4'-H); 7.27-8.46 (9H, m, 2'-CsHs and 2-, 4-, 5- and 6-H); 9.98
(1H, s, NH). Found, %: C 63.90, H 5.14, N 9.27, S 7.18. Calculated for C»H,3N30,S, %: C 64.13, H
5.16, N 9.35, S 7.13.

The remaining second filtrate was refluxed for 5 h with 2 ml of acetic acid, cooled to ~ 10 °C
and precipitate was filtered, washed with ethanol (5 ml) to give 0.20 g (5%) of ethyl 8-cyano-3-oxo-5-
phenyl-7-(pyridin-3-yl)-
2,3-dihydro-7H-thiazolo[3,2-a]pyridine-6-carboxylate (7) as slightly yellow powder; mp 168-170
°C [15]. IR spectrum, v, cm*: 1672, 1757 (C=0); 2206 (C=N); ‘H NMR spectrum (DMSO-dg; 3,
ppm): 0.53 and 3.52 (5H, t and g, J = 7.0 Hz, 6-COOEt); 3.97 and 4.04 (2H, d and d, J = 17.2 Hz, 2-
CHy); 4.80 (1H, s, 7-H); 7.24-8.54 (9H, m, 5-C¢Hs and 7-CsHyN).

TREATMENT OF PURE ETHYL 5-CYANO-6'-
ETHOXYCARBONYLMETHYLSULFANYL-2'-PHENYL-1'4'-DI-
HYDROI[3,41BIPYRIDINE-3-CARBOXYLATE (4) WITH KOH.

Mixture of carboxylate 4 (0.31 g, 0.69 mmol) and KOH (0.04 g, 0.71 mmol) in 10 ml of
absolute ethanol was refluxed for 5 min, cooled to ~ 10 °C and precipitate was filtered, washed with
ethanol (2 ml) and water (10 ml) to give 0.24 g (79%) of diethyl 4,7-dihydrothieno[2,3-b]pyridine-
2,5-dicarboxylate (5).

5-CYANO-3-ETHOXYCARBONYL-6'-ETHOXYCARBONYLMETHYLSULFANYL-
1-METHYL-2'-PHENYL-1'4-DIHYDRO[3,41BIPYRIDIN-1-IlUM IODIDE (8).

Mixture of 1',4'-dihydro-[3,4]bipyridine-3'-carboxylate 4 (0.23 g, 0.5 mmol) and iodomethane
(0.62 ml, 10 mmol) in 10 ml of acetone was refluxed for 5 h, the reaction mixture was evaporated to
dry and treated with 10 ml of ethanol. The precipitated crystals were filtered to give 0.22 g (74%) of 1-
methyl-1',4'-dihydro[3,4’|bipyridin-1-ium iodide 8 as yellow powder; mp 95-98 °C. IR spectrum, v,
cm™: 1635, 1676, 1720 (C=0); 2201 (C=N); 3250 (NH). *H NMR spectrum (DMSO-ds; 8, ppm): 0.64
and 3.66 (5H, tand ¢, J = 7.0 Hz, 3'-COOEt); 1.15 and 4.09 (5H, tand g, J = 7.0 Hz, 6'-SCH,COOEY);
3.82 and 4.08 (2H, d and d, J = 15.3 Hz, SCH,); 4.35 (3H, s, 1-Me); 4.90 (1H, s, 4'-H); 7.32-8.87 (9H,
m, 2'-C¢Hs and 4-CgH;N); 10.16 (1H, s, NH). Found, %: C 50.31, H 4.16, N 6.87. Calculated for
C25H26|N3O4S, %: C50.77,H4.43, N 7.10.

RESULTS AND DISCUSSION

In continuation of search for biologically active compounds, we have synthesized new
[3,47bipyridines — ethyl 6'-ethoxycarbonylmethylsulfanyl-1'2',3',4'-tetrahydro-[3,4]bipyridine-3'-
carboxylate 3, the corresponding
1',4'-dihydro[3,4"]bipyridine 4 and investigated their transformations by treatment with KOH, acetic
acid and iodomethane.

Piperidinium 5'-cyano-3'-ethoxycarbonyl-2'-hydroxy-2'-phenyl-1',2',3' 4'-tetra-
hydro[3,4’bipyridine-6'-thiolate (1) has been obtained by three-component condensation of ethyl
benzoylacetate, 3-pyridinecarboxaldehyde, 2-cyanothioacetamide and piperidine with 72% yield [12].
It is worth to mention that application of N-methylmorpholine instead of piperidine leads to the
corresponding  1'4'-dihydrobipyridine-6'-thiolate  [16].  Alkylation of 2'-hydroxy-1'2',3'4'-
tetrahydro[3,4"]bipyridine-6'-thiolate 1 bearing many nucleophilic reaction centres (O, S, N(1), N(1)
and C(5") under mild reaction conditions with ethyl bromoacetate proceeds preferably at the sulfur
atom giving rise to ethyl 5'-cyano-6'-ethoxycarbonylmethylsulfanyl-2'-hydroxy-
2'-phenyl-1',2',3' 4'-tetrahydro[ 3,4 ]bipyridine-3'-carboxylate (3).

Usually, the corresponding 1,4-dihydropyridines are easily prepared by dehydration of 2-
hydroxy-1,2,3,4-tetrahydropyridines, but treatment of 2'-hydroxy-1'2',3',4'-tetrahydro[3,4]bipyridine 3
with HCI/EtOH similarly as mentioned in [17] leads to the complicated reaction mixture, which
contains products of ring cleavage and hydrolysis. By treatment of bipyridine 3 with KOH/H,O, the
desired 6-hydroxy-4,5,6,7-tetrahydrothieno[2,3-b]pyridine 6 was not isolated from the complicated
reaction mixture.
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Alkylation of betaine 2 [12] (prepared by treatment of 1'2',3'4'-tetrahydrobipyridine-6'-
thiolate 1 with HCI/EtOH) with ethyl bromoacetate in the presence of stoichiometric amount of
piperidine gave crude ethyl 6'-ethoxycarbonylmethylsulfanyl-1'.4'-dihydro[3,4]bipyridine-3'-
carboxylate 4 which did not crystallize from reaction mixture. The treatment of the latter with
KOH/H,0 gave the desired diethyl 3-amino-6-phenyl-4-(pyridin-3-yl)-
4,7-dihydrothieno[2,3-b]pyridine-2,5-dicarboxylate (5) with 12% yield (79% yield of compound 5 was
reached, when pure 1'4'-dihydrobipyridine 4 was used), but subsequent treatment of the remaining
reaction mixture with acetic acid gave pure 1',4'-dihydrobipyridine 4 (5 min reflux) and the product of
intramolecular  acylation - ethyl  8-cyano-3-0xo-5-phenyl-7-(pyridin-3-yl)-2,3-dihydro-7H-
thiazolo[3,2-a]pyridine-6-carboxylate (7) (5 h reflux). By treatment of ethyl 1'4'-
dihydro[3,4']bipyridine-3'-carboxylate 4 with iodomethane in dry acetone, dihydro[3,4']bipyridinium
salt 8 was formed. The low yield of 1',4'-dihydrobipyridine 4 (complicated isolation) in the case when
betaine 2 was treated with stoichiometric amount of ethyl bromoacetate is, obviously, explained by
competitive alkylation both at S atom and N(1) atom of the pyridine ring.

The structures of the synthesized compounds were confirmed by spectroscopic methods. In
the IR spectra, the characteristic absorption bands of C=N group are observed for 1'2'3'4'-
tetrahydrobipyridine 3, 1'4'-dihydrobipyridines 4, 8 and 7H-thiazolo[3,2-a]pyridine 7 at
2198-2206 cm . Absorption bands of C=0 groups of the compounds 3-5 and 7 are in agreement with
the type of conjugation of C=0 groups. The doublets in the *"H NMR spectrum of compound 3 with
Js4=12.1 Hz according to [18] confirm trans-diaxial configuration of the 3'-H and 4'-H protons. In the
case of  1'4-dihydrobipyridines 4, 8,  4,7-dihydrothieno[2,3-b]pyridine 5  and
7H-thiazolo[3,2-a]pyridine 7, the characteristic 4'-H, 4-H or 7-H proton signals at 4.58-5.18 ppm are
observed.

CONCLUSIONS

Ethyl 5'-cyano-6'-ethoxycarbonylmethylsulfanyl-2'-hydroxy-2'-phenyl-1',2",3',4'-
tetrahydro[3,4'Tbipyridine-3'-carboxylate (3) and the corresponding ethyl 1',4'-dihydro[3,4']bipyridine-
3'-carboxylate (4) as potential cardiovascular agents have been prepared by alkylation of 2'-hydroxy-
1'2",3' 4'-tetrahydro[ 3,4 ]bipyridine-6'-thiolate 1 or betaine 2 with ethyl bromoacetate. The treatment
of ethyl 5'-cyano-6'-ethoxycarbonylmethylsulfanyl-2'-phenyl-1',4'-dihydro[3,4]bipyridine-
3'-carboxylate 4) with KOH/H,0 gave diethyl 3-amino-6-phenyl-4-(pyridin-
3-yl)-4,7-dihydrothieno[2,3-b]pyridine-2,5-dicarboxylate (5), but subsequent treatment of the
remaining reaction mixture with acetic acid excess gave ethyl 8-cyano-3-oxo-5-phenyl-7-(pyridin-3-
yl)-2,3-dihydro-7H-thiazolo[3,2-a]pyri-dine-6-carboxylate (7) — the product of intramolecular
acylation. Compounds 4, 5 and 7 have been prepared by making use of one-pot synthesis method.
Alkylation of [3,4']bipyridine 4 with iodomethane gave 1',4'-dihydro[3,4']bipyridin-1-ium iodide 8.
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SYNTHESIS AND PROPERTIES OF METHYL 6-ALKYLSULFANYL-
4-(2-CHLOROPHENYL)-1,4-DIHYDROPYRIDINE-3-CARBOXYLATES

L. Bekere, A. Krauze, I. Sestakova, I. Domraceva, Z. Andzans, G. Duburs
Aizkraukles 21,Riga, Latvia, LV-1006, Latvian Institute of Organic Synthesis

Methyl 6-alkylsulfanyl-1,4-dihydropyridine-3-carboxylates 7 with optimum lipophilicity have been
obtained by treatment of methy!l
4-(2-chlorophenyl)-6-thioxo-1,4,5,6-tetrahydropyridine-3-carboxylate 5 with alkyl halides 6.
Preparation of target compounds 7 was improved by making use one-pot five-component
synthesis. Methyl 6-ethylsulfanyl-,
6-cyclopropylmethylsulfanyl- and 6-isobutylsulfanyl-1,4-dihydropyri-dine-3-carboxylates 7b,e,f
have shown calcium channel blocking activity in in vitro models — SH-SY5Y cell lines (human
neuroblastoma).

Key words: 1,4-Dihydropyridine-3-carboxylate, 6-thioxo-
1,4,5,6-tetrahydropyridine, one-pot five-component synthesis, calcium channel blocking activity.

INTRODUCTION

6-Alkylsulfanyl-1,4-dihydropyridines display antioxidant [1], hepatoprotective [2] and
antiradical [3] activities. 6-Methylsulfanyl-1,4-dihydropyridine-3-carboxylates possess pronounced
coronary circulation-stimulating and blood pressure-decreasing activities [4,5]. Moreover, the
advantage of 1,4-dihydropyridines (DHP) containig sulfur atom is their low toxicity [5].

This study was performed in order to synthesize methyl 6-alkylsulfanyl-4-(2-chlorophenyl)-
1,4-dihydropyridine-3-carboxylates and test their calcium channel blocking activity in in vitro models
(SH-SY5Y cell lines — human neuroblastoma). To improve their cardiovascular activity, various alkyl
groups were introduced in the position 6 in the 1,4-DHP molecule.
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EXPERIMENTAL

All reagents were purchased from Aldrich, Acros, Fluka or Merck and used without further
purification. TLC was performed on 20x20 cm Silica gel TLC-PET F254 foils (Fluka). NMR spectra
were recorded with a Varian Mercury 200BB spectrometer (200 MHz). Chemical shifts are reported in
ppm relative to hexamethyldisiloxane (& 0.055). Multiplicities are abbreviated as: s, singlet; d,
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doublet; t, triplet; g, quartet; m, multiplet; br, broad. The coupling constants are expressed in Hz.
Melting points were determined on an OptiMelt (SRS Stanford Research Systems). Elemental analyses
were performed on an EA 1106 (Carlo Erba Instruments). IR spectra have been recorded on a Perkin-
Elmer 580 B spectrometer (in nujol) and peak positions vy, Were expressed in cm . Compounds were
recrystallized from methanol.

Synthesis of 5-cyano-4-(2-chlorophenyl)-2-methyl-6-thioxo-

1,4,5,6-tetrahydropyridine-3-carboxylic acid methyl ester (5)

To stirred mixture of aromatic aldehyde 1 (2.0 mmol), methyl acetoacetate 2 (2.0 mmol), 2-
cyanothioacetamide 3 (2.0 mmol) in ethanol (20 ml), piperidine 4a (2.0 mmol) was added. The
mixture was stirred at room temperature for 1 h, and then 5 ml of 3 N hydrochloric acid in ethanol
were added and stirred for 1 h at room temperature. The precipitate was filtered and washed with 10
ml of ethanol and 10 ml of water to give 0.53 g (84%), of compound 5 as yellow powder; m.p. 142—
143 °C. IR spectrum, v, cm *: 1690 (C=0); 2258 (C=N); 3242 (NH). 'H NMR spectrum (CDCly), 3,
ppm: 2.45 and 2.56 (3H, s and s, cis- and trans-2-Me); 3.59 and 3.61 (3H, s and s, cis- and trans-
OMe); 418 and 488 (IH and 1H, d and d, J = 196 Hz, trans-
4-H and 5-H); 419 and 515 (1H and 1H, d and d, J = 7.43 Hz, cis-4-H and
5-H); 6.82-7.38 (4H, m, C¢H,Cl); 8.67 (1H, br.s, NH).

Elemental analysis data.

Calculated for C15H:3CIN,O,S, %: C 56.16; H 4.08; N 8.73. Found, %: C 56.14; H 3.86; N 8.70.
Synthesis of methyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-alkylsulfanyl-1,4-
dihydropyridine-3-carboxylates (7). General method.

Mixture of 6-thioxo-1,4,5,6-tetrahydropyridine-3-carboxylate 5 (0.32 g, 1.0 mmol) and alkyl
halide 6 (1.0 mmol) in 7 ml of ethanol was shortly heated until dissolution, stirred for 1 h at ambient
temperature. The precipitate was filtered, washed with ethanol (5 ml) and water (5 ml).

Methyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-methylsulfanyl-
1,4-dihydropyridine-3-carboxylate (7a)
Yield 0.31 g (93%), colourless powder; m.p. 210-212 °C. IR spectrum, v, cm*: 1695 (C=0);
2200 (C=N); 3200, 3260 (NH). 'H NMR spectrum (CDCls), 8, ppm: 2.38 (3H, s, 2-Me); 2.46 (3H, s,
6-S-Me); 3.54 (3H, s, OMe); 5.30 (1H, s, 4-H); 6.00 (1H, s, NH); 7.00-7.50 (4H, m, CgH,).
Found, %: C 57.34; H 4.26; N 8.59; S 9.55. Calculated for C;5H15CIN,O,S, %: C 57.40; H 4.52; N
8.37; S 9.58.
Methyl 4-(2-chlorophenyl)-5-cyano-6-ethylsulfanyl-2-methyl-
1,4-dihydropyridine-3-carboxylate (7b)
Yield 0.28 g (82%), colourless powder; m.p. 157-159 °C. IR spectrum, v, cm*: 1697 (C=0);
2211 (C=N); 3070, 3247 (NH). *H NMR spectrum (CDCl3), 8, ppm: 1.27 and 2.93 (5H, tand g, J =
7.0 Hz, 6-S-Et); 2.38 (3H, S,
2-Me); 3.56 (3H, s, OMe); 5.31 (1H, s, 4-H); 6.07 (1H, s, NH); 7.10-7.36 (4H, m, C¢H.).
Found, %: C 58.34; H 4.74; N 8.00; S 9.12. Calculated for C,;H;7CIN,0,S, %: C 58.53; H 4.91; N
8.03; S 9.19.
Methyl 4-(2-chlorophenyl)-5-cyano-2-methyl-6-propylsulfanyl-
1,4-dihydropyridine-3-carboxylate (7c)
Yield 0.31 g (86%), colourless powder; m.p. 125-126 °C. IR spectrum, v, cm *: 1660 (C=0);
2200 (C=N); 3438 (NH). "H NMR spectrum (CDCl5), 5, ppm: 0.97, 1.52-1.71 and 2.71-2.99 (7H, t, m
and m, J = 7.48 Hz, 6-S-Pr); 2.37 (3H, s, 2-Me); 3.55 (3H, s, OMe); 5.29 (1H, s,
4-H); 6.15 (1H, s, NH); 7.12-7.36 (4H, m, CgH,).
Found, %: C 58.84; H 5.34; N 7.64; S 9.03. Calculated for C;gH;3CIN,0,S, %: C 59.58; H 5.28; N
7.72; S 8.84.
Methyl 4-(2-chlorophenyl)-5-cyano-6-isopropylsulfanyl-2-methyl-
1,4-dihydropyridine-3-carboxylate (7d)
Yield 0.30 g (83%), colourless powder; m.p. 137139 °C. IR spectrum, v, cm*: 1660 (C=0);
2210 (C=N); 3438 (NH). 'H NMR spectrum (CDCI3), 8, ppm: 1.27 and 1.29 (6H, dd, J,; = 2.20 Hz,
J12 = 4.40 Hz, 6-S-CH(CHa),); 2.39 (3H, s, 2-Me); 3.45-3.58 (1H, m, 6-S-CH(CHz),); 3.56 (3H, s,
OMe); 5.33 (1H, s, 4-H); 6.09 (1H, s, NH); 7.10-7.37 (4H, m, C¢H,).
131



Found, %: C 59.24; H 5.28; N 7.71; S 8.72. Calculated for C15H19CIN,O,S, %: C 59.58; H 5.28; N
7.72; S 8.84.
Methyl 4-(2-chlorophenyl)-5-cyano-6-cyclopropylmethylsulfanyl-2-methyl-1,4-
dihydropyridine-3-carboxylate (7€)
Yield 0.34 g (92%), colourless powder; m.p. 132-133 °C. IR spectrum, v, cm*: 1660 (C=0);
2200 (C=N); 3438 (NH). 'H NMR spectrum (CDCl3), 8, ppm: 0.22 and 0.57 (4H, m and m, 6-S-
CH,CH(CHy,),); 0.90-1.07 (1H, m,
6-S-CH,CH(CHy,).); 2.38 (3H, s, 2-Me); 2.68-2.94 (2H, m, 6-S-CH,CH(CH,),); 3.55 (3H, s, OMe);
5.31 (1H, s, 4-H); 6.19 (1H, s, NH); 7.10-7.36 (4H, m, CsH,).
Found, %: C 60.41; H 5.17; N 7.43; S 8.74. Calculated for C19H;9CIN,0,S, %: C 60.87; H 5.11; N
7.47; S 8.55.
Methyl 4-(2-chlorophenyl)-5-cyano-6-isobutylsulfanyl-2-methyl-
1,4-dihydropyridine-3-carboxylate (7f)
Yield 0.30 g (79%), colourless powder; m.p. 142—144 °C. IR spectrum, v, cm*: 1660 (C=0);
2200 (C=N); 3438 (NH). 'H NMR spectrum (CDCl3), 8, ppm: 0.97 (6H, t, J = 6.59 Hz, 6-S-
CH,CH(CHj3),); 1.70-1.87 (1H, m,
6-S-CH,CH(CHy),); 2.39 (3H, s, 2-Me); 2.65-2.88 (2H, m, 6-S-CH,CH(CHs),); 3.56 (3H, s, OMe);
5.29 (1H, s, 4-H); 6.06 (1H, s, NH); 7.13-7.36 (4H, m, CsH,).
Found, %: C 60.30; H 5.65; N 7.69; S 8.62. Calculated for C13H,;CIN,0O,S, %: C 60.55; H 5.62; N
7.43; S 8.51.

One-pot reaction for synthesis of compounds 7

To stirred mixture of 2-chlorobenzaldehyde 1 (0.5 mmol), methyl acetoacetate 2 (0.5 mmol),
2-cyanothioacetamide 3 (0.5 mmol) in ethanol (2 ml), piperidine 4 (0.5 mmol) was added. The mixture
was stirred at room temperature for 1 h. Alkyl halide 6 (0.5 mmol) was added and reaction mixture
was heated for 5 min. Reaction mixture was acidified with 0.12 ml of 3N hydrochloric acid in ethanol
and stirred for 1 h at room temperature. The precipitate was filtered and washed with 10 ml of ethanol
and 10 ml of water.

In vitro activity assay

Measurement of intracellular Ca**

Monolayer tumor cells SH-SY5Y (human neuroblastoma, cells were obtained from the
ATTC®) (American Type Culture Collection) and were grown in standard medium DMEM
(Dulbecco’s modified Eagle’s medium) supplemented with 10% of fetal bovine serum. 3x10*
cells/well were placed in 96-well plates for 24 h. Changes in intracellular concentration [Ca®*]; were
assayed using Fluo-4 NW Calcium assay kit (Invitrogen) according to modificaton of the known
method [6, 7]. The cells were preincubated with compounds (100 uM) for 15 min followed by
stimulation with 20 nM carbachol. Fluorescence intensity was monitored using fluorescence
spectrophotometer (Thermo Ascient, Finland) with excitation at 494 nm and emmision at 516 nm. The
ICsq values were calculated using the program Graph Pad Prism® 3.0.

RESULTS AND DISCUSSION

The aim of this work is to elaborate the method for the synthesis of methyl 6-
alkylsulfanyl-1,4-dihydropyridine-3-carboxylates 7 by modifying substituents at position 6 in
DHP molecule. The introduction of prolonged and lipophilic 6-alkylsulfanyl group in DHP
carboxylate could increase the bioavailability of the title compound in the human body.

Methyl 4-(2-chlorophenyl)-6-thioxo-1,4,5,6-tetranydropyridine-3-car-boxylate 5 was
prepared in 84% yield according to the standard procedure [5]. Methyl 6-alkylsulfanyl-1,4-
dihydropyridine-3-carboxylates 7a—f have been obtained by alkylation of intermediate 5 with
alkyl halides 6 (method A) and by one-pot five-component condensation (method B) as well
(see Scheme). Using the conventional method A compounds 7 were obtained in 79-93%
yield. Summary yields of compounds 7 in two-step synthesis were 69-78% (Table 1.).
According to the our previous studies [5, 8, 9] target compounds 7 were obtained in five-
component one-pot synthesis (method B). It is worth to mention, that in the method B, the
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sequence of starting compounds 1-4 and 6 is important for reaching high yields of target
products 7 [10]. Condensation of aromatic aldehyde 1, methyl acetoacetate 2, 2-
cyanothioacetamide 3, piperidine 4 and alkyl halides 6, followed by acidification with
HCI/EtOH solution gave methyl 6-alkylsulfanyl-1,4-dihydropyridine-3-carboxylates 7 in 77—
93% vyield (Table 1.). This approach enables the preparation of methyl 6-alkylsulfanyl-
1,4-dihydropyridine-3-carboxylates 7 in a shorter time (1-2 hours), under mild conditions and
in higher yields than in the two-step synthesis.

Table 1.

The yields and lipophilicity values of methyl 6-alkylsulfanyl-1,4-dihydropyridine-
3-carboxylates (7)

Compound R Method A, \_(ieltil, %, Mt_ethozd B, log P*
(Summary yield", %) Yield, %

a Me 93 (78) 93 (85°%) 3.47
b Et 82 (69) 872 3.85
c Pr 86 (72) 77 4.35
d i-Pr 83 (70) 79 421
e CH,CH(CHy), 92 (77) 82 4.34
f CH,CH(CHz), 79 (66) 88 4.59

Notes: ! calculated on 2-chlorobenzaldehyde;
2 determined by HPLC;
% isolated yield;
* theoretical calculations [14].

Theoretical calculations of lipophilicity of compounds under study show that
introduction of longer alkyl chain in the position 6 of 1,4-DHP ring causes the increase of
value of log P (partition coefficient in the system octanol-water). According to the Lipinski’s
Rule of Five [11, 12] the new synthesized compounds 7 possess the optimum lipophilicity —
log P = 3.47-4.59 (Table 1.).

The structures of intermediate 5 and reaction products 7 were established by their
spectral data (‘*H NMR, IR) and elemental analysis data. In the IR spectra, characteristic
absorption bands of 5-C=N group for 6-thioxo-1,4,5,6-tetrahydropyridine 5 at 2258 cm™* and
for 1,4-dihydropyridines 7 at 2200-2210 cm™* were observed. Absorption bands of vc-o of
compounds are in agreement with the type of conjugation of C=O groups. In the *H NMR
spectra (taken in CDCl; solution) signals characteristic of cis-trans isomers of 6-thioxo-
1,4,5,6-tetrahydropyridines 5 were observed, the cis isomer being in superiority over trans
isomer [13]. In the 'H NMR spectrum the characteristic 4-H proton signals of 1,4-DHPs 7
appeared as singlets at 6 5.29-5.33 ppm.

Methyl 6-alkylsulfanyl-1,4-dihydropyridine-3-carboxylates 7 were tested on calcium
channel blocking activity in in vitro models (SH-SY5Y cell lines) as effectors of agonist
carbachol. Compounds 7a, 7c and 7d show no activity, while compounds 7b,e,f have
antagonistic activity in concentration I1Csp > 100 puM.

Conclusions
Methyl 6-alkylsulfanyl-1,4-dihydropyridine-3-carboxylates 7 with optimum lipophilicity have
been obtained in alkylation reactions of methyl

4-(2-chlorophenyl)-6-thioxo-1,4,5,6-tetrahydropyridine-3-carboxylate 5 with alkyl halides 6.
Preparation of target compounds 7 was improved using one-pot five-component synthesis. Methyl 6-
ethylsulfanyl-,  6-cyclopropylmethylsulfanyl-  and  6-isobutylsulfanyl-1,4-dihydropyridine-3-
carboxylates 7b,e,f show calcium channel blocking activity in in vitro models — SH-SY5Y cell lines
(human neuroblastoma).
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METHYL-4-PHENYL-1,4-DIHYDROPYRIDINE-3-CARBOXYLATES
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e-mail: krauze@osi.lv

Abstract: 6-Alkoxycarbonylmethylsulfanyl-5-cyano-2-methyl-4-phenyl-1,4-
dihydropyridine-3-carboxylates 3 as a more lipophilic derivatives of the
biologically active 6-methylsulfanyl-1,4-DHP-3-carboxylates 2 have been
prepared by the alkylation of 1,4-dihydropyridine-6-thiolates 1 with alkyl
bromoacetates. Reactivity of 2 with KOH/H,O was investigated.

Introduction

1,4-Dihydropyridines (DHPs) are known as effective calcium channel effectors, especially
antagonists. Many cardiovascular drugs which are currently in the clinics or are in different
stages of development are based on DHPs'™. Pharmacology of DHPs is at the eve of a novel
boom: after synthesis, studies, development of a set of antihypertensive and antianginal drugs,
the interest is growing towards pharmacological activities not connected (or partially
connected) with their calcium antagonist properties: neurotropic (antiamnesic, anticonvulsant,
neuroregulatory)®, membrane protecting®®, analgesic®, antidiabetic’®, antiinflammatory?,
gene-transfection agents'® and also as uroselective agents for benign prostatic hyperplasia
treatment®®,

6-Alkylsulfanyl-1,4-DHPs display cardiovascular'**®, hepatoprotective'’, antioxidant'®, and
antiradical®® activities, however, these compounds are still insufficiently studied. As we have
shown recently, ethyl 4-aryl-5-cyano-2-methyl-6-methylsulfanyl-1,4-DHP-3-carboxylates
besides being of low toxicity display antihypertensive or vasodilating activities® depending
on the character of the substituents in the position 4, but to optimize lipophilicity, another
ester group has to be introduced in the 1,4-DHP molecule®. 6-Alkoxycarbonylmethylsulfanyl-
5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-3-carboxylates bearing two ester groups

could be interesting from this point of view.
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Results and discussion

The task of this publication is the synthesis of new 1,4-DHPs containing lipophilic
alkoxycarbonylmethylsulfanyl group at the position 6 as the group which might undergo
further chemical transformations.
3-Ethoxycarbonyl-5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-6-thiolate 1 was prepared
by one-pot four-component condensation of ethyl acetoacetate, benzaldehyde, 2-
cyanothioacetamide and piperidine?’. Alkylation of thiolate 1 with iodomethane (50 %
excess) and alkyl bromoacetate (5-10 % excess) gave rise to methyl 5-cyano-2-methyl-6-
methylsulfanyl-4-phenyl-1,4-dihydropyridine-3-carboxylate 2 and methyl 6-
alkoxycarbonylmethylsulfanyl-5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-3-

Ph Ph

Ph
MeOOC CN Mel MeOOC CN MeOOC CN
Y e (L () |
Me H S NH,
1

Me N SMe Me N S
H H
4
2
1. K,CO,
BrCH,COOR
2. BrCH,COOH
(MeOH or EtOH) 3. HCl
Bh NH, Ph Ph
MeOOC MeOOC CN MeOOC CN
] KOH | KoH |
—
Me™ 'N* 'S° COOMe = Me ™ N“"~SCH,COOR Me” N SCH,COOH
6 3a-d 5

carboxylates 3.
a)R=Me;b)R=Et;c)R=1-Pr;d)R =t-Bu

Our efforts to prepare methyl 6-benzyloxycarbonylmethylsulfanyl-5-cyano-2-methyl-4-
phenyl-1,4-dihydropyridine-3-carboxylate 3e under the above mentioned reaction conditions
were not successful. Alkylation of thiolate 1 with benzyl 2-bromoacetate in anhydrous benzyl
alcohol gave rise to an unstable product which by washing with ethanol easily underwent
transesterification to give ethyl carboxylate 3b.

Hydrolysis of ester 3a with KOH/H,O to the corresponding acid 5 was not successful, as the
Thorpe’s cyclisation occurs instead of hydrolysis to form 3-amino-4,7-dihydrothieno[2,3-

b]pyridine 6. Carboxylic acid 5 was prepared by alkylation of thione 4%* with bromoacetic
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acid in the presence of excess of K,CO3 with subsequent careful neutralization of the reaction
mixture.

The structures of the compounds are proved by spectroscopic methods. In the IR spectra of

1,4-DHPs 2, 3 and 5 absorption bands for veoy at 2197-2201 cm™ (disappear in the case of

thienopyridines 6) and bands corresponding to the type of conjugation for vc=o are seen. In

the 'H NMR spectra of 2, 3 and 5 the most characteristic are singlets of 4-H protons at 4.51 -
5.00 ppm. In the case of 3 and 5 AB-doublets of the SCH; group with J = 15.6 - 16.0 Hz are

seen.

In conclusion, a series of 6-alkoxycarbonylmethylthio-5-cyano-2-methyl-4-phenyl-1,4-DHP-
3-carboxylates 3 which are more lipophilic derivatives of the biologically active 6-methylthio-
1,4-DHP-3-carboxylate 2 have been prepared by alkylation of 1,4-DHP-6-thiolates with alkyl
bromoacetates. By treatment of 3a with KOH/H,O the corresponding 3-amino-4,7-

dihydrothieno[2,3-b]pyridine 6 was prepared.
Experimental

Melting points were determined on a Boetius apparatus and are uncorrected. IR spectra were recorded
on a Perkin-Elmer 580 B spectrometer (in nujol) and peak positions vmax Were expressed in cm™. 'H
NMR spectra were recorded on a Varian Mercury-200 (200 MHz) spectrometer. Chemical shifts are
expressed in & (p.p.m. downfield from TMS) and coupling constants (J) in Hz. The course of the
reactions and the individuality of substances were monitored by TLC on Kieselgel 60 F Merck plates
with dichloromethane — hexane — methanol (5 : 5 : 1) as eluent. Compounds were recrystallized from

ethanol.

Methyl 5-cyano-2-methyl-6-methylthio-4-phenyl-1,4-dihydropyridine-3-carboxylate 2: A mixture

of thiolate 1 (0.37 g, 10 mmol) and methyl iodide ( 0.12 ml, 20 mmol) in 20 ml of methanol was
shortly heated until dissolution of thiolate 1 and stirred at ambient temperature for 1h. The precipitate
was filtered, washed with 5 ml of cold (ca. 5°C) methanol and 20 ml of water to give ester 2 as
colourless crystals, yield 87 %, mp 163 - 164°C. IR: 1638, 1698 (C=0); 2200 (C=N); 3392 (NH). 'H
NMR (CDCIL,): 2.38 (s, 3H, 2-CH,); 2.47 (s, 3H, SCH,); 3.68 (s, 3H, OCH,); 4.70 (s, 1H, 4-H); 6.20
(s, 1H, NH); 7.1 - 7.4 (m, 5H, C,H,). *C NMR (CDCI, - DMSO-d,): 16.03 (q); 18.08 (q); 41.73 (d);
50.55 (q); 88.99 (s); 100.24 (s); 118.92 (s); 126.57, 127.53, 128.31, 144.38 (aromatic C); 144.90 (s),
145.85 (s); 166.74 (s). Anal. Calcd. for CisHigN,O,S: C 63.97, H 5.37, N 9.33; Found: C 64.40, H
5.46, N 9.53.
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General procedure for synthesis of 6-alkoxycarbonylmethylthio-5-cyano-2-methyl-4-phenyl-1.,4-

dihydropyridine-3-carboxylates 3.

A mixture of 10 mmol of corresponding thiolate 1 and 11 mmol of alkyl bromoacetate in 20 - 25 ml of
methanol (or ethanol) was shortly heated until dissolution of thiolate 1 and stirred at ambient
temperature for 1 - 2 hr. The precipitated crystals (in case of 3c,d 1 ml of water was added) were
removed by filtration, washed with 10 ml of cold (ca. 5°C) ethanol and 20 ml of water to give 77 -
97% of 6-alkoxycarbonylmethylthio-1,4-dihydropyridine-3-carboxylates 3.

Methyl 5-cyano-6-methoxycarbonylmethylthio-2-methyl-4-phenyl-1,4-dihydropyridine-3-

carboxylate 3a: colourless crystals, yield 96%, mp 122 - 123°C. IR: 1681, 1714 (C=0y;
2197(C=N); 3194, 3233, 3264 (NH).'H NMR (CDCI,): 2.40 (s, 3H, 2-CH,); 3.53 and 3.57 (d and d, J
= 16.0 Hz, 2H, SCH,); 3.59 (s, 3H, 3-COOCH,); 3.81 (s, 3H, SCH,COOCH,); 4.66 (s, 1H, 4-H); 7.2 -
7.3 (m, 5H, C,H,); 8.40 (s, 1H, NH). “C NMR (CDCI,): 19.48 (q); 34.86 (t); 42.37 (d); 51.29 (q);
53.76 (q); 91.54 (s); 101.55 (s); 118.60 (s); 127.20, 127.33, 128.73, 141.73 (aromatic C); 144.33 (s);

145.04 (s); 167.27 (s); 173.11 (s). Anal. Calcd. for C;gH;gN,0,S: C 60.32, H 5.06, N 7.82; Found: C
60.57, H 5.10, N 8.00.

Methyl 3-Cyano-6-ethoxycarbonylmethylthio-2-methyl-4-phenyl-1,4-dihydropyridine-3-
carboxylate 3b: colourless crystals, yield 97%, mp 136 - 137°C. IR: 1682, 1706 (C=0); 2197

(C=N); 3194, 3234, 3263 (NH). 'H NMR (CDCL,): 1.32 (t, J = 7 Hz, 3H, CH,CH,); 2.40 (s, 3H, 2-
CH,); 3.52 and 3.55 (d and d, J = 16 Hz, 2H, SCH,); 3.59 (s, 3H, OCH,); 4.27 (q, J = 7 Hz, 2H,
CH,CH,); 4.67 (s, 1H, 4-H); 7.2 - 7.4 (m, 5H, 4-C;H,); 856 (s, 1H, NH). " C NMR (CDCL,): 14.01
(9); 19.47 (q); 35.07 (t); 42.35 (d); 51.28 (q); 63.25 (t); 91.25 (s); 101.52 (s); 118.62 (s); 127.29,

127.34, 128.65, 141.47 (aromatic C); 144.53 (s); 144.72 (s); 166.78 (s); 173.09 (s). Anal. Calcd. for
Ci1gH2N20,S: C 61.27, H5.41, N 7.52; Found: C 61.65, H 5.49, N 7.68.

Methyl 5-cyano-6-isopropoxycarbonylmethylthio-2-methyl-4-phenyl-1,4-dihydropyridine-3-
carboxylate 3c: colourless crystals, yield 77 %, mp 112 - 113°C. IR: 1645, 1685, 1696 (C=0); 2198

(C=N); 3188, 3234, 3261 (NH). lH NMR (CDCl,): 1.30 and 1.33 [s and s, 6H, CH(CH,),]; 2.41 (s,
3H, 2-CH,); 3.49 and 3.53 (d and d, J = 16 Hz, 2H, SCH,); 3.60 (s, 3H, OCH,); 4.68 (s, 1H, 4-H); 5.10
[m, 1H, CH(CH,),]; 7.1 - 7.4 (m, 5H, 4-CH,); 8.63 (s, 1H, NH). °C NMR (CDCl,): 19.47 (q); 21.61
(q); 35.32 (t); 42.34 (d); 51.27 (Q); 71.64 (d); 90.99 (s); 101.48 (s); 118.68 (s); 127.20, 127.29, 128.71,
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141.84 (aromatic C); 144.40 (s); 145.13 (s); 167.32 (s); 172.25 (s). Anal. Calcd. for CyH»N,0,S: C
62.15, H 5.74, N 7.25; Found: C 62.53, H 5.74, N 7.21.

Methyl 6-tert-Butoxycarbonylmethylthio-5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-3-

carboxylate 3d: colourless crystals, yield 86 %, mp 94 - 95°C. IR; 1645, 1684, 1700 sh (C=0); 2201
(C=N); 3186, 3232, 3264 (NH). LH NMR (CDCL,): 1.52 [s, 9H, C(CH.,),]; 2.40 (s, 3H, 2-CH,); 3.44
and 3.48 (d and d, J = 16 Hz, 2H, SCH,); 3.60 (s, 3H, OCH.,); 4,67 (s, 1H, 4-H); 7.1 - 7.4 (m, 5H, 4-
CgHs); 8.68 (s, 1H, NH). 13C NMR (CDCL,): 19.47 (q); 27.87 (q); 36.23 (1); 42.31 (d); 51.26 (q);

84.61 (s); 90.71 (s); 101.42 (s); 118.75 (s); 127.19, 127.26, 128.70, 142.08 (aromatic C); 144.43 (s);
145.19 (s); 167.35 (s); 171.96 (s). Anal. Calcd. for C,;H»4N,0,S: C 62.98, H 6.04, N 7.00; Found: C
63.18, H 6.03, N 6.91.

Methyl 6-carboxymethylthio-5-cyano-2-methyl-4-phenyl-1,4-dihydropyridine-3-carboxylate 5.

A mixture of 10 mmol of thione 4, 20 mmol of dried and well crushed potassium carbonate and 15

mmol of bromoacetic acid in 100 ml of methanol was heated for 3 - 5 min at 50 - 60°C with stirring,
and left for 20 hr at the ambient temperature. Then the insoluble part of potassium carbonate was
separated by filtration, the reaction mixture neutralised with 1.5 N HCI solution in ethanol and
precipitated sodium chloride was separated by filtration. Water (200 ml) was added and reaction
mixture was acidified until pH 2 - 2.5. After 3-4 hr the precipitate was separated by filtration to give
63 % of acid 5a: colourless crystals, yield 63%, mp 145 - 146 °C. IR: 1645, 1720 (C=0); 2200
(C=N): 3191, 3256, 3450 sh (NH, OH). 'H NMR (DMSO-dq): 2.31 (s, 3H, 2-CH,); 3.53 (s, 3H,
OCH.,); 3.83 and 3.93 (d and d, J = 15.6 Hz, 2H, SCH,); 4.51 (s, 1H, 4-H); 7.1 - 7.4 (m, 5H, 4-CH,);
9.57 (s, 1H, NH); 13.01 (br.s, 1H, OH). .C NMR (DMSO-d,): 18.12 (q); 34.35 (q); 41.89 (4-H);
50.97 (q); 89.70 (s); 100.27 (s); 118.92 (s); 126.82, 127.06, 128.66, 142,54 (aromatic C); 144.93 (s);

146.05 (s); 166.71 (s); 169.79 (s). Anal. Calcd. for C;;H1gN,0,S: C 59.29, H 4.68, N 8.14; Found: C
59.15, H 4.60, N 8.20.

Dimethyl 3-Amino-6-methyl-4-phenyl-4,7-dihydrothieno[2,3-b]pyridine-2,5-dicarboxylate 6. A

sample of 5-cyano-6-methoxycarbonylmethylthio-1,4-dihydropyridine 3 (0.72 g, 2 mmol) in 5 ml of
methanol was treated with 1 ml of 2 M KOH water solution by short heating till reflux and stirring at

room temperature for 1 hr. The precipitate was separated by filtration, washed with 2 ml of cold (ca.
5°C) methanol and 10 ml of water to yield 0.67 g (93 %) of 6 as light yellow powder, mp 261 - 262°C.
IR: 1653, 1670 (C=0); 3310, 3364, 3480 (NH, NH,). "H NMR (CDCl,): 2.38 (s, 3H, 6-CH,); 3.61 (s,
3H, 5-COOCH,); 3.74 (s, 3H, 2-COOCH,); 5.00 (s, 1H, 4-H); 5.27 (br.s, 2H, 3-NH,); 6.24 (s, 1H, 7-

NH); 7.1 - 7.3 (m, 5H, 4-C;H,). " 'C NMR (DMSO-d,): 19.24 (q); 40.74 (d); 50.47 (q); 50.57 (q);
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100.04 (s); 110.95 (s); 126.13, 127.36, 128.02, 142.27 (aromatic C); 146.65 (s); 146.78 (s); 152.50 (s);
164.11 (s); 167.42 (s). Anal. Calcd. for C,,H (N,O,S: C 60.32, H 5.06, N 7.82; Found: C 60.48, H

5.00, N 7.74.
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PATEICIBAS

Izsaku pateicibu darba vaditajiem Aivaram Krauzem, Andrim Zicmanim un MAS
laboratorijas vaditajam prof. Gunaram Duburam par palidzibu un atbalstu disertacijas
rakstiSana un noforméSana, ka ar1 par skoloSanu un sniegtajiem padomiem visus Sos gadus.

Veélos pateikties kolégiem: cinubiedriem Laurai B., Marim, Ilzei, Signei, Reinim un
Laurai K. Esmu pateicigs Arkadijam par konsultacijam hromatografijas un enzimatikas
jautajumos, ka ari pargjiem MAS laboratorijas darbiniekiem par labas omas uzturéSanu un

sadzivisku jautajumu risinasanu.
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