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APZIMEJUMU SARAKSTS

1,4-DHP — 1,4-dihidropiridins;

1,4-DHINS — 1,4-dihidroizonikotinskabe;

'"H-KMR - uidenraza kodolu magnatiska rezonanse;

B3C-KMR - oglek]a-13 kodolu magnétiska rezonanse;
N-KMR - slapekla-15 kodolu magnétiska rezonanse;

FID — brivas indukcijas dziSanas signals (free induction decay);
m.d. — miljona dala;

1D — viendimensiju;

2D — divdimensiju;

0 — signala kmiska nobide KMR spektra;

gHSQC - korelacija heterokodoliem, izmantojot vienkvantu gradientu selekciju (gradient-
selected heteronuclear single quantum correlation);

gHMBC - korelacija starp heterokodoliem, izmantojot saistibu caur vairakam sait€m
(gradient enhanced heteronuclear multiple bond correlation);
SAS — struktaras-aktivitates saistiba;

ee — enantiomeérais parakums;

IPE — izo-propiléteris;

t-BuOMe — terc-butilmetiléteris;

DMF — dimetilformamids;

DMSO - dimetilsulfoksids;

CHCI; — hloroforms;

CH,Cl;, — metilenhlorids;

CH3CN - acetonitrils;

H,O — tidens;

CH30OH — metanols;

C,Hs50H — etanols;

NaClO,4 — natrija perhlorats;

CH3ONa — natrija metoksids;

NaH — natrija hidrids;

NaOH — natrija hidroksids;

DDQ - 5,6-diciano-2,3-dihloro-1,4-benzohinons;

DFT — blivuma funkcionala teorija;

PBF — Poisson Boltzmann Finite metode;

B3LYP - Becke, three-parameter, Lee-Yang-Parr-parametrizacija kvantu kimiskajos
apreékinos.



IEVADS

Slapekli saturo$o heterociklu rinda jau vairakus gadu desmitus Tpasa uzmaniba tiek
pievérsta 1,4-dihidropiridiniem (1,4-DHP). Tomér lidz Sim maz pétiti ir 1,4-dihidro-
izonikotinskabes (1,4-DHINS) atvasinajumi, kaut arT So savienojumu rinda atklatas vairakas
biologiski aktivas vielas. 1,4-DHINS atvasinagjums gammapirons stimulé atminas procesu un
izraisa ilgstoSu neiromediacijas intensifikaciju [1], glutapirons uzrada antikonvulsanta
ipasibas un pretstresa aktivitati [2-4], savukart tauropironam piemit speciga antiagregativa
iedarbiba [5]. Lidz §im maz pazistamie 1,4-DHINS atvasinajumi bitu perspektivi prekursori
sistematiskiem pétijumiem jaunu biologiski aktivu savienojumu sintézei.

Literatiira ir loti maz informacijas par nesimetriski aizvietotu 1,4-DHINS atvasinajumu
sintézi, kur karboksilgrupa novietota heterocikla Cy-stavokli. Vairuma gadijumu zinami
4-arilaizvietoti 1,4-DHP ar karboksilgrupu cikla Cs- vai Cs-stavokli. Loti svarigi izstradat
metodes hiralu 1,4-DHINS atvasinajumu iegiiSanai un to optiskas tiribas kontroléSanai, tade]
ka hiralitate bitiski ietekmé daudzu biologiski aktivu savienojumu farmakologisko iedarbibu,
t.i., enantiom&ru biologiskas paSibas var savstarp&ji krasi atSkirties un bt pat ar pretéju
iedarbibu [6]. Optiskas tiribas noteik$anai butu &rti lietot KMR spektroskopijas metodes,
tomer 1,4-DHP, ka ar1 1,4-DHINS gadijuma pagaidam nav izstradatas labas metodes optiskas
tiribas kontrolei.

Jaunu biologiski aktivu savienojumu raksturo$ana butiski ir 1,4-DHINS atvasinajumu
struktliras pétijumi. lzmantojot KMR spektroskopijas, rentgendifrakcijas analizes un
elektrokimijas metodes, ka art kvantu kimiskos aprékinus, iesp&ams iegtt pilnigaku ainu par
jaunsintezéto savienojumu elektronisko un telpisko uzbivi, kas svariga talakajos biologiskas
aktivitates petijjumos.

Darba merkis:

1) padarit pieejamus 1,4-DHINS tipa savienojumus, uzlabojot to sint€zes metodes;

2) izpétit un salidzinat iegito 1,4-DHINS atvasinajumu ipasibas, izmantojot KMR
spektroskopijas, rentgendifrakcijas analizes un elektrokimijas metodes, ka ari kvantu
kimiskos apréekinus;

3) izstradat metodi hiralu 1,4-DHINS atvasinajumu optiskas tiribas kontrolei, izmantojot
KMR spektroskopiju;

4) noskaidrot redoksreakciju mehanismus mazpétitajiem 1,4-DHINS atvasinajumiem.
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Meérka sasniegSanai izvirziti vairaki darba uzdevumi:

1) izstradat metodes 1,4-DHINS atvasindjumu ieglSanai ar iesp&jami atSkirigiem
aizvietotajiem heterocikla Cj s-stavoklos;

2) sintezétajiem 1,4-DHINS atvasinajumiem registrét ‘H, *C un N KMR spektrus,
iegiit molekulu telpiskos modelus, izmantojot rentgendifrakcijas analizes metodi.
Iegiito parametru interpretacijai izmantot kvantu kimiskos aprékinus;

3) analizét 1,4-DHINS diastereomérus, izmantojot hiralas aminu bazes, un izstradat
metodes to sadaliSanai optiski tiros savienojumos;

4) izstradat metodes ieglito 1,4-DHINS atvasinajumu oksidé$anai lidz piridinija salim,
saglabajot vai elimingjot cikla Cy-stavokli esoSo aizvietotaju. legit 4,4-diaizvietotus
1,4-DHINS atvasinajumus, elektrokimiski reducgjot piridinija sali alkilhalogenidu

klatbttne.

Promocijas darba zinatniska novitate

Izstradatas jaunas un uzlabotas jau esoSas metodes virknei jaunu simetriski un
nesimetriski aizvietotu 1,4-DHINS atvasinajumu iegli$anai ar iesp&jami atSkirigiem
aizvietotajiem heterocikla Cjss-stavoklos. Izpétitas sintezéto 1,4-DHINS atvasinajumu
elektrokimiskas ipasibas un oksidéSanas mehanisms aprotona vide, izstradatas efektivas
metodes piridinija salu elektrosintézei, ka ari jaunu 4,4-diaizvietotu 1,4-DHINS atvasinajumu
sintézei, elektrokimiski reducgjot piridinija sali dazadu alkilhalogenidu klatbutné. Izstradata
efektiva metode racémisku 1,4-DHINS enantiom&ru atSkirSana, ka ari optiskas tiribas
kontrolg, izmantojot KMR spektroskopiju. Pirmo reizi 1,4-DHINS atvasinajumiem Vveikta
sistematiska rentgendifrakcijas, kvantu kimisko aprékinu un KMR datu analize. Pirmo reizi
1,4-DHINS atvasindjumu raksturo§and un izpété izmantotas "N KMR kimiskas nobides.
Noskaidrota heterocikla esoSo aizvietotaju ietekme uz 1,4-DHINS strukturas telpisko un

elektronisko uzbuvi.

Promocijas darba praktiska nozime

Darba rezultata tiek piedavati jauni 1,4-DHINS atvasinajumi — standartvielas talakiem
zinatniskajiem pétijumiem daZzadas pasaules valstu universitatés un pétniecisko centru
laboratorijas ar talaku perspektivu jaunu biologiski aktivu savienojumu mekl&jumos. Darba
izstradatas metodes 1,4-DHINS atvasinajumu iegiiSanai ir daudz efektivakas par Iidz Sim

literatlira zinamajam, un tas varétu sekmigi pielietot ar1 citu 1,4-DHINS analogu sintézei.
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legiitie rezultati par potenciali biologiski aktivo 1,4-DHINS atvasinajumu redoksreakciju
mehanismiem  izmantojami  4,4-diaizvietotu  1,4-DHINS  atvasinagjumu  iegliSanai
elektrosintéze, ka ari biologisko procesu norises izskaidrosanai. Darba veikta sistematiska
rentgendifrakcijas un KMR spektroskopijas datu analize lavusi noskaidrot, ka aizvietotaji
1,4-DHINS molekula ietekme tas telpisko uzbtivi kristaliska stavoklt un §kiduma, kas varétu
bat viens no noteicosiem faktoriem %o savienojumu farmakologiskai aktivitatei. legatas *H,
BC un N kimiskas nobides un spinu sadarbibas konstansu vértibas bitiski papildina

literatiiras datus savienojumiem ar [idzigam struktiiram.

Promocijas darba rezultatu aprobacija
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1. LITERATURAS APSKATS

1.1. 1,4-DHP sinteze [7, 8]

Pirmo 1,4-DHP sintézes metodi publicgja vacu kimikis A. Hanés jau 1882. gada [9] un
ta nosaukta vina varda. Detaliz&éts §is reakcijas mehanisms aprakstits A. Katricka darba [10].
Orginalas Hanca sintézes produkti ir simetriski aizvietoti 1,4-DHP (Hanca esteri), kurus

iegiist aldehida, amonjaka un acetetikskabes estera kondensacijas reakcija (1.1. att.).

Rl
A T 1
R H
ROOC H 0] _COOR ROOC._ ~ _COOR ROOC COOR
“CH, H,C < H
o g — =
CH
HC O 0~ "CH, H,C~ ~O H,N HC by g~ 3

NH,
RN H

ROOC COOR ROOC COOR ROOC COOR
—» H |
H,C @_,NHz CH,

1.1. att. Klasiska Hanca sintéze simetrisku 1,4-DHP iegisanai

Neaizvietots 1,4-DHP cikls pirmo reizi tika iegiits 1965. gada [11], un tas, pret&ji Hanca
sintez&tajam 2,6-dimetil-3,5-dietoksikarbonil-4-metil-1,4-dihidropiridinam, izradijas nestabils
savienojums. Veélakie pétijumi [12] paradija, ka 1,4-DHP struktiiru batiski stabilize
elektronakceptori aizvietotaji (COR, COOR, CN, NO,) heterocikla C3 s-stavok]os.

Heterocikla Cy-stavokli iesp&jams ievadit dazadus aizvietotajus, izmantojot alifatiskus,
aromatiskus, spiroaldehidus un heterocikliskus aldehidus, ka arT oglhidratu atvasinajumus, kas
satur aldehida grupu [13].

Hanca sintgz€ parasti ieglist N-neaizvietotus 1,4-DHP, kas ir vajas skabes, un to anjonu
iegliSanai nepiecieSama stipra baze (NaH, NaOH). Aprotona vidé inerta atmosfera apstradajot
iegttos 1,4-DHP anjonus ar alkilhalogenidu, iegtist N-alkilaizvietotus 1,4-DHP [14, 15]. Par
efektivu metodi atzita ar1 1,4-DHP N-alkiléSana, izmantojot starpfazu katalizatorus [16, 17].

Misdienas ir izstradatas vairakas jaunas 1,4-DHP iegiisanas metodes, ka arT modificeta
Hanca sintéze nesimetrisku, policiklisku u. c. dihidropiridinu sintézei [18-21]. Modificéta

Hanca sintéz€ metilénkarbonilsavienojumus aizstaj ar vienu vai divam enamina molekulam
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(1.2. att). Metodes trukums ir  simetriski  aizvietotu 1,4-DHP, ka ari

1,2,3,4-tetrahidropirimidinu ka blakus produktu rasanas nesimetrisku 1,4-DHP sinteze.

R ] R R} R
R5 \H/ /RS R5 Y /R?’ R5 R3
\|CH 0 H,C \|CH 0 chl\ \|CH R
+ )\ 2\ + F‘J\ *
RQ’J\I?IH 07 "R RS NH HIN R? NH 07 R
Rl Rl Rl Rl
4
RSR R o3
N R?
R
R #R4 R3#RS5

1.2. att. Modificéta Hanca sintéze nesimetrisku 1,4-DHP iegusanai

P&dgja laika 1pasa uzmaniba tiek pieversta nesimetriski aizvietotu 1,4-DHP iegiianai un
izpétei [22]. 1,4-DHP molekula, kurai aizvietotaji Cszs-stavoklos nav vienadi, klist hirala
attieciba pret heterocikla 4-vietas aizvietotaju. Optiskajiem izom@riem (enantiomériem) ir
vienadas fizikali kimiskas ipaSibas, tacu farmakologiska aktivitate var ievérojami atSkirties
vai pat bt pilnigi pretéja [6, 22]. Neraugoties uz enantioméru dazado iedarbibu, lidz Sim
pasaules medicinas prakse loti bieZi tiek lietoti preparati racémisko maisijumu veida (ja nav
bitiskas atSkiribas to aktivitate€ un toksicitate).

Lidz $im sintez&ti daudzi nesimetriski 1,4-DHP ar ciano-, acetil-, vai esteru grupam un
to talakam modifikacijam, kur heterocikla Cy-stavokli ir aromatiski atlikumi [6, 23-39]
(1.3. att.).

H R H R
ché[CORl Rzoc:jfﬁicm1
HC™ N7 CH, H,C™ N CH,

H X H X

RY= CH, [23], OC,H, [24] R = @ Rl #R2[6, 24], R = @
Rl=OC,H, R = @o [25]

NO,

1.3. att. Nesimetriski aizvietotu 1,4-DHP parstavyji
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Cits panémiens 1,4-DHP iegtiSanai ir piridina/piridinija aromatiskas sist€mas
reducéSana, izmantojot dazadu metalu hidridus, metalorganiskos savienojumus u.c.
reducétajus [40].

Heterocikla pilnigi aizvietotu 1,4-DHP sintézi apgrutina aizvietotaju stériskie efekti, lai
gan 4,4-dimetilaizvietoti 1,4-DHP ir iegiti [41, 42]. Starp tiem visvairak pétitais ir heterocikla
pilnigi aizvietotais 3,5-diciano-1,2,4,4,6-pentametil-1,4-dihidropiridins [41].

1.2. 1,4-DHINS atvasinajumu sintéze [7, 8]
1.2.1. Simetriski aizvietotu 1,4-DHINS atvasinajumu sintéze

Modificéto Hanca sintézi (1.2. att.) var izmantot 1,4-dihidroizonikotinskabes
atvasindjumu iegiiSanai. Sadi savienojumi sintezéti salidzino§i maz, starp tiem popularakie ir
simetriskie  3,5-dietoksikarbonil-, 3,5-diacetil- un 3,5-dicianoaizvietotie 1,4-DHINS
atvasinajumi [43-45].

3,5-Dietoksikarbonil-2,6-dimetil-1,4-dihidroizonikotinskabes (1) sintéze veikta ledus
etikskabg +10 °C temperattira ar 48% iznakumu [43] (1.4. att.).

H\”/COOH H_ COOH
H.C,00C_ 0 COOC_H, H.C,00C COOC,H,
CH HC CH,COOH |
L | -
HC” NH,  HN" TCH, H,C™ TN TCH,
H
1 (48%)

1.4, att. 3,5-Dietoksikarbonil-2,6-dimetil-1,4-dihidroizonikotinskabes (1) iegiisana
3,5-Diacetil-2,6-dimetil-1,4-dihidroizonikotinskabe (2) iegiita ar vidéju iznakumu,
sintézi veicot etanola. 1,4-DHINS 2 iznakumu temperatiira praktiski neiespaido, pieméram,
reakciju veicot +10 °C temperatira, produkta iznakums ir 23% [43], bet istabas
temperatara — 30% [44]. Turklat, reakcijas primarais produkts ir 3,5-diacetil-2,6-dimetil-
1,4-dihidroizonikotinskabes amonija sals (2 amonija sals), kuru apstradajot ar 30% H,SO4

Skidumu, iegust attiecigo skabi (1.5. att.).

H\”/COOH H  COO NH* H_  COOH
H,COC COCH
H,COC o ~COCH;, H,COC COCH; 300 m,50, 3

HC C,H:OH 290,
¥ = ] — |
+
H.C” “NH, HN~ “CH, H,C™ N7 CH, H,C™ N7 CH,
H H
2 amonija sals 2 (30%)

1.5. att. 3,5-Diacetil-2,6-dimetil-1,4-dihidroizonikotinskabes (2) iegiisana

12



Savukart tdent (~ 0 °C), reaggjot glioksalskabei ar 2 ekvivalentiem 3-amino-
krotononitrila, iegita 3,5-diciano-2,6-dimetil-1,4-dihidroizonikotinskabe (3) ar 45%

iznakumu [45] (1.6. att.).
H COOH H COOH

NCw ., \g/ N o chl\)ﬁ[CN
J SR Sl

HC~ "NH,  HN~ TCH, HC N CH,

H
3 (45%)
1.6. 3,5-Diciano-2,6-dimetil-1,4-dihidroizonikotinskabes (3) iegiiSana
legitie simetriski aizvietotie 1,4-DHINS atvasinajumi 1-3 ir termiski nestabili
savienojumi [44-46].
1,4-DHINS 1 esterificéSanas reakcija ar metil-, etil- vai izopropilspirtiem katalitiska
seérskabes daudzuma klatbiitné ar labiem iznakumiem (65-90%) iegist atbilstosus 1,4-DHINS

esterus 4 [47] (1.7. att.).

H_ COOH H_ COOR
H,C,00C COOC,H, H,C,00C COOC,H,
| e |
H,SO,

H,C™ TN e H,C™ N TeH,
H H
1 4

R = CHj, C,Hs, CH(CH,),
1.7. att. 1,4-DHINS 1 esterificesanas reakcija
V@l viena pieeja, kas mingta literatira [44-45, 48], ka iegut 1,4-DHINS esterus ar
labiem iznakumiem (48-70%), ir karbonskabes esterificéSanas reakcija ar diazometanu

(1.8.att.).

H_ COOH H_ COOCH,
H,C,00C COOCH,  ~ HC,00C COOC,H,
] Sl ]

H,C™ N7 TCH, H,C™ "N TCH,
H H
1 5

1.8. att. 1,4-DHINS 1 esterificésanas reakcija, izmantojot diazometanu
1.2.2. Nesimetriski aizvietotu 1,4-DHINS atvasinajumu sintéze
Literatiira ir loti maz informacijas par nesimetriski aizvietotu 1,4-DHINS atvasinajumu
sintézi [49]. Turklat secinats, ka $adu savienojumu sintéze nav efektiva. Izmantojot tris
komponentu reakciju (glioksalskabe, alkilacetoacetats un alkil-3-aminokrotonats), iegits

nesadalams produktu maisijums, kura konstatéta simetriski aizvietotu 1,4-DHINS klatbttne.
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Simetriski un nesimetriski aizvietotu 1,4-DHINS maisijuma hromatografiska sadaliSana atzita
par problematisku [49].

Tomér nesimetrisko  2,6-dimetil-3-metoksikarbonil-5-propoksikarbonil-1,4-dihidro-
izonikotinskabi 6 izdevies iegiit, realiz€jot pakapenisku divu komponentu sintézi katalizatoru

klatbiitng [49] (L.9. att.).

COOCH
0 COOH HE
H7C3OOC\CH2 HOOC*C\H H7C300C\C//CH HZN/ \cHg
/(‘:\ C,HOH/20°C/16h /é\ 10°C
H3C © HN/—\O HSC 0
_/

6 (13%) R =CH,, C;H,
1.9. att. 2,6-Dimetil-3-metoksikarbonil-5-propoksikarbonil-1,4-dihidroizonikotinskabes (6)
iegiisana
legiita savienojuma 6 iznakums (13%) ir ieveérojami mazaks, salidzinot ar simetriski
aizvietotu 1,4-dihidroizonikotinskabi 1-3 (30-48%) [43-45]. Nesimetrisko 1,4-DHINS 6 no
reakcijas maisjjuma izdevies nodalit ar kristaliz€Sanas palidzibu etilacetata pazeminata

temperatiira [49].

1.3. 1,4-DHINS parvertibas paaugstinata temperatiira [8]

Literattra pétitas simetriski aizvietotu 1,4-dihidroizonikotinskabes atvasinajumu
parvértibas paaugstinata temperatira [44-46]. Konstatéts, ka, sildot 240 °C temperatira
3,5-dietoksikarbonil-1,4-DHINS 1, jau péc 5 minatém iegust tris produktu maisijumu —

piridinu 7 (6%), pirolus 8 (40%), 9 (45%) un 10 (zimes) (L.10. att.) [46].

H.C,00C

H,C,00C._~_COOC,Hj

N
H_ COOH

H,C N CH,
H,C,00C COOC,H,
| | 240 °C
bz
H.C,00C CH,COOC,H; H.C,00C
ski
HSC l?l CH3 skidinataja

H

1 CH,COOC,H,

9 10

—I
© I—2
_—
@)
I

1.10. att. 1,4-DHINS 1 parvértibas paaugstinata temperatiira
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So pasu produktu maisijumu dazadas procentualajas attiecibas iegist, skabi 1 sildot atskirigos
skidinatajos (diglims, DMF, 4-etilpiridins, sviestskabe) [46]. Sildot piridina vai etikskabg,
1,4-DHINS 1 ir stabila [46].

Sildot 240 °C temperatiira (slapekla atmosfera) 3,5-diacetil-1,4-DHINS 2, iegust
piridina 11 (zimes), laktona 12 (88%) un pirola 13 (8%) maisijumu (1.11. att.) [44].

H COOH H COC CH,COCH,
H,COC COCH, H ,COC COCH,
=, L1 13-
bez N CH3

skidinataja |

H
2 13

1.11. att. 1,4-DHINS 2 parvertibas paaugstindata temperatiira
Autori [39] iegiito produktu 12 un 13 veidosanos skaidro shéma (1.12. att.).

COOH
H,COC COCH; H,COC COCH H,COC COCH H,COC COCH,
» — X,

N
| |
H
2 }
H,cOC CH,COCH,
H,C™ N\~ ~CH,
|
H
13

i
O, _o—C—cCH,
Ho €~
chocjfé[H
|

1.12. att. 3,5-Diacetll-2,6-d|met||-1,4-dzhzdroizonikotl’nskdbes (2) termisko pdrvértl’bu
mehanisms
3,5-Diacetil-1,4-DHINS 2 sildot dazados $kidinatajos, iegiist $o pasu produktu maisijumu, bet

atSkirigas procentualas attiecibas [44].
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Lidzigas parveértibas noverotas [45] ar1 sildot slapekla atmosféra 3,5-diciano-

1,4-DHINS 3; iegiitais produktu maisijums satur piridinu 14 (10%), laktonu 15 (5%), imidu
16 (23%) un laktamu 17 (14%)" (1.13. att.).
H_ COOH

p I%
/
NC CN
‘ ‘ 240°C
H,C™ N7 TCH
H
3 \ \

1.13. att. 1,4-DHINS 3 parvertibas paaugstindata temperatiira

Produktu 15-17 iesp&jamais veidoSanas mehanisms att€lots shéma (1.14. att.).

H_ COOH H_ CoO™ H_ CO0"
NC CN NC C=NH NC _C=NH
T =
+ -
H,C™ "NT TCH, HC™ N7 TCH, HC™ TN e,
H H H
3

NC X (0]

| Ho_ M
H,C~ "N~ TCH, H N
15 o NC _ o
/H e
N He™ SN cH
3 3 3
NC X (o)

/
H,C~ "N~ TCH,
17

1.14. att. 3,5-Diciano-2,6-dimetil-1,4-dihidroizonikotinskabes (3) termisko parvertibu
mehanisms

Tos paSus produktus 14-17 atSkirigas procentualas attiecibas iegiist, skabi 3 sildot dazados

skidinatajos [45].

* pargjie produkti nav identific&ti.
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1.4. Racémisku 1,4-DHINS atvasindjumu sadalisana

Lidz pat Sim laikam literatiira ir loti maz datu par racémiskas 1,4-DHINS sadaliSanu
enantioméros. Vieniga zinama metode enantiotiru 1,4-DHINS iegtsanai ir stereoselektivas
enzimu KkatalizStas esteru grupu transformacijas reakcijas piclictosana [49]. Zinams, ka
enzimu lietoSanai enantiotiru savienojumu iegiisana ir rinda prieksSrocibu: plass komerciali
pieejamo enzimu klasts, maigi reakcijas apstakli, augsta stereoselektivitate, augsti optiskie un
kimiskie iznakumi, ka arT metode ir saméra I&ta enzimu regeneracijas iesp&ju del. Visbiezak
lietota enzimu klase ir hidrolazes, kas transformé karbonskabju esterus Iidz atbilstosam
karbonskabem.

Literattra [49] minéts, ka 1,4-DHINS metil- un etilesteri ir stabili daudzu komerciali
pieejamu hidrolazu klatbutng, t.i., nenotiek esteru hidrolize lidz atbilstoSam karbonskab&m.
Tadel tiek sintezeti 1,4-DHINS aciloksimetilesteri 18a-d, kas ir enzimatiski labilaki

atvasinajumi (1.15. att.) [49].

0 YR
(0] OH o (0] O\/O

H H

H.C,00C COOCH, A~ )j\/R H.C,00C COOCH,

Cl 0]
| K,CO,/DMF |
H,C H CH, H,C H CH,

18a-d

R = C,H; (2); C3H; (b); C;H,-i (c); C(CHS,), (d)
1.15. att. 1,4-DHINS esteru 18a-d iegiisana
Sintezeto 1,4-DHINS aciloksimetilesteru 18a-d lipazes katalizéta hidrolize pétita, pielietojot
enzimus ar dazadu hidrolitisko aktivitati. P&c daudziem mé&ginajumiem autori norada, ka
enantioselektivitati bitiski ietekm€ izvéletais enzims, $kidinatajs, ka art temperatiira, pie kuras

veic hidrolizes reakciju (1.1. tabula) [49].

1.1. tabula
1,4-DHINS aciloksimetilesteru 18a-d lipazes kataliz&ta hidrolize
S-ms Lipaze Reakcijas vide Teomp., L aiks _Hldl‘OllZeS enantloselektlvm:lteC
C Iznakums, % ee, % E
182 Novozym 435% IPE/H,0 25 3h 55 52 5,0+0,4
182 Novozym435°  t-BUOMe/H,0 25 3h 35 57 5,8+0,7
18a  Candida rugosa IPE/H,0 25 3h 19 41 1,6+0,05
18a  Candida rugosa Buferis A? 25 3,2h 40 61 5,0+0,4
18a  Candida rugosa Buferis B® 25 17h 38 68 7,940,2
18b  Candida rugosa Buferis B 25 18h 48 66 9,0+08
18b  Candida rugosa IPE/H,0O 45 5h 58 35 3,240,3
18b  Candida rugosa IPE/H,0O 4 22h 46 35 2,7+0,4
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18b  Candida rugosa IPE/H,0 -18 23h 7 38 2,3£0,1

18c  Candida rugosa Buferis A® 25 3h 40 63 7,0+0,7
18c  Candida rugosa Buferis B” 25 6,5h 52 61 E8 ’Of07’79
tot — 1
18d  Candida rugosa Buferis B® 25 12h 0 - -
18d  Candida rugosa Buferis B 45 5 dienas 12 9 1,2+0,03
18d  Candida rugosa IPE/H,0 45 4 dienas 21 51 3,7+0,2

& Buferis A: 10% CH3CN $kidums 20mM kalija fosfata bufferi, pH 7,5.
® Buferis B: 15% CHyCN $kidums 20mM kalija fosfata bufferi, pH 7,5.
°E = E, = {In[1-c(1+eey,)]}[In(1-c(1-eep)]; Ewr = {In[eey(1-ees)]/[ee,+ee]H{In[ee (1 +ees)]/[ee +ees]}

Apkopojot datus 1.1. tabula, secinams, ka vislielako enantioselektivitati (E = 8) uzrada
lipaze Candida rugosa, hidrolizgjot 1,4-DHINS aciloksimetilesteri 18c tidens §kiduma. Tadg¢l
savienojums 18c izvelets preparativai enzimatiskai hidrolizei, kuras rezultata no racémiska
1,4-DHINS aciloksimetilestera 18c iegita enantiotira 1,4-DHINS (+)-6 ar 42% iznakumu
(1.16. att.) [49].

3 3
O O
YKCH3 YKCHs
0y _0._0O
H
H,C,00C H,C,00C COOCH,
Candida rugosa ‘ ‘
Buferis B +
H,C HC™ N7 TCH,
(+)-6 (42%) (+)-18c (49%)

1.16. att. 1,4-DHINS aciloksimetilestera 18c lipazes katalizéta hidrolize
Reakcijas produktam 1,4-DHINS (+)-6C enantiomérais parakums ee ir 61% un (+)-18c

atlikumam ee — 65%. Candida rugosa hidrolizes reakcijas gaitai sekots 1idzi ar AISH [49].

1.5. 1,4-DHP oksidesana [ 7]
1,4-DHP oksidéSana lidz atbilstoSajam piridina atvasinagjumam ir pamata S$o

savienojumu metabolismam biologiskajos procesos, tad€] $o procesu pétijumi ir aktuali ari
Sodien [50-54]. Postuléti sadi 1,4-DHP oksidéSanas mehanismi:

1) vienpakapes — hidrida parnese [55];

2) divpakapju — elektrona un tam sekojosa tidenraza atoma eliminé$ana [56];

3) trispakapju — elektrona parnese, protona parnese un elektrona parnese [57].
Pedeja gadijuma tiek apskatitas dazadas variacijas elektronu un protonu parneses seciba
[57, 58]. No plasa literatiras klasta neklust skaidrs, vai ta ir diskusija par vienotu 1,4-DHP
oksidésanas mehanismu un vai secinajumus, kas iegiti, p&tot vienu rindu, var parnest uz citu
lidzigu rindu, ta iegiistot vispargju 1,4-DHP oksidéSanas mehanismu, vai ari Katrs no

postulétajiem mehanismiem ir spéka kadai atseviskai 1,4-DHP rindai.
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Neatkarigi no mehanisma 1,4-DHP oksidéSanas produkti ir piridina/piridinija
atvasinajumi, kurus iegiist, molekulai summari zaud&jot divus elektronus un parasti vienu vai

divus protonus (1.17. att.).

RS R3
4 2 4 2
R R N R R
H e e |
+ 2 H R=H =
R l?l Rl i R N 28
B X

X"=Br, 1, Clo, u.c.
1.17. att. 1,4-DHP oksidésanas reakcija
Protonu elimingSanu vai saglabasanu heterocikla Cy4-stavoklt nosaka tam blakus esosais

aizvietotajs. Atkariba no ta dabas var iegit gan 4-aizvietotu (1.18. att. sarkana krasa), gan

4-neaizvietotu (1.18. att. zila krasa) piridina atvasinajumu, vai ari to maisijumu [59].

H R H_ R
H.C,00C COOCH, H.C,00C COOC,H,
| | PhI(OH)OTs .
. |, + Ph--OH + “OTs
HC™ NT TeH, HC™ N" CH,
H H
-R* -H*
H H R
H,C,00C . COOC,H H,C,00C . COOC,H, HC,00C . COOC,H;
PhI(OH)OTs | | | |
iy vai
HC N CH, Ph-1-OH HC™ "N™ “CH, HC N CH,
H € H H
_e'
) N R
-"OTsvai "'OH CaHs
3-NOCeH, l -"OTs vai "OH
2-CIC4H,
4-MeOCH,
H C4HsCH=CH R
MeCH=CH
H,C,00C .~ COOC,Hg CH, H,C,00C . COOC;Hs
| CZHS ‘
= CgHsCH, =
H,C™ "N~ "CH, (CH,),CH H,C™ "N~ "CH,

1.18. att. 1,4-DHP oksidésanas mehanisms un iegiitie produkti, ka oksideétaju izmantojot
PhI(OH)OTs
Konstatets, ka arT reakcijas vide sp€ mainit oksidéSanas gaitu, un atskirigas oksidétas
formas var iegiit, izmantojot dazadus oksidétajus, piemeram, 4-izopropilaizvietota
1,4-DHP 19 oksidésana izopropilgrupa visbiezak tiek elimin€ta, tomér atseviskos gadijumos

to iesp&jams saglabat (1.19. att.) [60].
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3.~
H H_ CH CH

HSCZOOCﬁCOOCZHs H.C,00C COOC,H, H.C,00C N COOC,H,
‘ Z Ag,CO,/SiO, [61]; ‘ ‘ DDQ ‘ 7

HC™ N° CH, 1,-CH,0H + KOH [62]; HC N CH, ICHOH[62];  HC™ N "CH,

0, [63] E Pt(11) [64]

1.19. att. 4-izoPropilaizvietota 1,4-DHP 19 oksidésana, izmantojot dazadus oksidetdajus

N-aizvietotu 1,4-DHP  kimiska oksidéSana ir apgriatinata, salidzinot ar
N-neaizvietotiem 1,4-DHP, ta notiek smagos reakcijas apstaklos™ [65, 66], ipasi tad, ja
heterocikla Css- vai C4-stavok]os ir spécigas elektronakceptoras grupas.

1,4-DHP oksidéSanas mehanismi ir daudz pétiti ar elektrokimiskajam metodém [67-69].
Ir pieradits, ka 3,5-diciano-1,2,4,4,6-pentametil-1,4-dihidropiridina primarais oksidéSanas
produkts ir stabils katjonradikalis (istabas temperatiira un sausa acetonitrila) [70]. Mazak
stabils, tomér detektéjams katjonradikalis iegtts ari N-neaizvietotam analogam [70]. Tacu, ja
kaut viens udenraza atoms atrodas 1,4-DHP cikla pie C; atoma, oksidéSana Kklust
neapgriezeniska pat pie lieliem potenciala skan&Sanas atrumiem un zemam temperatliram
[70]. Atseviskos gadijumos ari $adiem savienojumiem ir izdevies detektét katjonradikali. Tiek
uzskatits, ka dihidropiridinu oksidéSanas atrumu nosaka sakotngja elektrona parnese, kurai
seko atra Nj-H vai C4-H saites rausana katjonradikali. Situaciju vél sarezgi tas, ka iesp&jama
heterolitiska vai homolitiska saiSu SkelSanas.

Vairuma gadijumu N-aizvietotu 1,4-DHP elektrokimiska oksidéSana ir neapgriezenisks
process. Voltamperogrammas, kas uznemtas ar rot€josa diska/gredzena elektrodu, konstaté
piridinija sals veidoSanos [71, 72]. Atkariba no Cs-stavokli esosajiem aizvietotdjiem, ari
elektroktmiski iegiist C4-neaizvietotus vai Cs-aizvietotus piridinija salus. Kulonometriskie
pétijumi un reakcijas produktu analize ar UV spektriem [68] un GC-MS spektriem [73] veikta
vienigi daziem 1,4-DHP. Preparativa elektrokimiska oksidéSana ar sekojoSu piridinija katjona
22 izdaliSanu un identificéSanu veikta diviem savienojumiem 20 un 21 [73] (1.20. att.).

H,C. CH, CHy HC. H

NC_® CN NC._A_CN NC_ CN
| | CH3CN | CHSCN | |
TBABF4 +- TBABF4

H,C l?l CH, imakums 25% H,C 'Tl CH; iznakums 80% H;C I}I CH,
CH3 CH3 BF4- CH3
20 22 21

1.20. att. 1,4-DHP 20 un 21 preparativa elektrokimiska oksidesana

* N-aizvietotus 1,4-DHP oksidg ar fidenraza peroksidu varot metanola HCIO, klatbiitng
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Literattra nav izstradatas metodes piridinija salu elektrosintézei, iesp&jams, praktisku
problému del, kas var€tu rasties, atdalot piridinija sali no reakcijas maisijuma parakuma esosa

fona elektrolita.

1.6. 4,4-Diaizvietoti 1,4-DHP un to elektrokimiska iegiisana [8]

Piridinija katjona reduc€Sana vairuma gadijumu notick neapgriezeniski [74-77], jo
vienelektrona parneses produkti — brivie radikali — ir nestabilas dalipas, kam raksturiga
disproporcioné$anas, dimerizacija, polimerizacija utt. Ta, piemeram, bimolekularas
dimerizacijas atrums 1-metil-1,4-dihidropiridinija radikaliem ir 1x10" M?s? [78]. Dazadi
dihidropiridinu izoméri ir So diméru talakas reducé$anas produkti. Iznémums ir 1-metil-
4-metoksikarbonilpiridinija sals (23), kas aprotona vidé reducgjas divas vienelektronu
apgriezeniskas stadijas, un gan ta brivais radikalis, gan iegiitais anjons aprotona vidg ir
stabilas dalinas [78] (1.21. att.).

COOCH, COOCH, COOCH,

N e ' +e i
= [ I == | |

+ -€ -€

i~ w w

CH, CH, CH,

23

1.21. att. 1-Metil-4-metoksikarbonilpiridinija sals (23) elektrokimiska reducesana
Elektrokimiski gener&tais anjons ir spécigs elektrondonors, kas sp&j darboties ka ladina
parneses mediators, reducgjot citu Skiduma esoSu vielu BX [79-82], pieméram,

alkilhalogenidu (1.22. att.).

. . k5
A+B =—=—— AB
k 5
o Kg .
A+B =——— AB
k -6
Ky Ks . - K, )
At+e ——= A A +BX A +BX AB "+ A=——= AB +A
k -1 k -3 k -7
K,
A+e DS A BX "~ i» B+ X~ B+e =——= B un/vai
2
B+A" =—= B+ A
B ——— talakas reakcijas

1.22. att. Elektrokimiski generétu nukleofilu (A) visparéja reakciju shéma ar elektrofiliem

savienojumiem BX

21



1979. gada publicéts darbs [81], kura, elektrokimiski reducgjot 1-etil-

4-metoksikarbonilpiridinija jodidu (24) otr&jo vai tres€jo alkilhalogenidu klatbiitng, ieguti

Cs-stavoklt alkileti 1,4-DHP 25 un 26 (1.23. att.).

COOCH,
R COOCH3

o +2e°

R ——————————
| +- 1) terc-butilbromids | |

[}I - 2) 2-bromoktans 'Tl

C,H, C,H;

24 R = terc-butil 25;

sec-oktil 26

1.23. att. 1-Etil-4-metoksikarbonilpiridinija jodida (24) elektrokimiska reducésana
alkilhalogenidu klatbiitné
No shémas (1.22. att.) izriet, ka 4,4-diaizvietotu 1,4-DHP elektrokimiskai sintézei
nepiecieSamie nosactjumi ir:
1) piridinija sals, kas reducgjas divas vienelektronu apgriezeniskas stadijas;
B+ X~ biitu atra un neapgriezeniska.

2) tads elektrofils, lai reakcija BX"~
4.,4-Diaizvietoti 1,4-DHP literatira zinami maz un iegtti galvenokart ka reakciju blakus

produkti. Ilgu laiku tika uzskatits, ka $adi aizvietotus 1,4-DHP iesp&jams iegiit vien tad, ja

heterocikla Cj s-stavoklos ir ciano grupas [45, 83-84].
H,C_ CH

HC_ R ; .
H,C™ N7 TeH, H,C™ N TeH,
H R
R = CH,C4Hs [79], R = H, CH, [80]

COOH [45]

Velak sintezéti ar1 3,5-dialkoksikarbonilaizvietoti 1,4-DHP ar atskirigiem aizvietotajiem

cikla C4-stavokli [46, 85].

H,C_ COOH
ROOC COOR

Rl=H, CH, [85] [46]
4,4-Diaizvietoti 1,4-DHP, kuriem cikla Cy-stavokli atrodas karboksilgrupa ir loti

reagltsp€jigi  savienojumi.  3,5-Dietoksikarbonil-1,2,4,6-tetrametil-1,4-dihidroizonikotin-
skabes (27) iekSmolekularas ciklizacijas rezultata iegtst laktonu 28, bet paaugstinata

temperatiira — metiléna pirolinu 29 [46] (1.24. att.).
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H,C_ ,COOH COOC,H, H,C,00C CH,
H,C,00C COOC,H, H,C,00C
| | 80°C / CH3
’ COOC,H
H,C 2
H,C~ N7 TCH, 3 N
| |
CH, CH,
27 29

1.24. att. 3,5-Dietoksikarbonil-1,2,4,6-tetrametil-1,4-dihidroizonikotinskabes (27)
iekSmolekulara ciklizacija un parvertibas paaugstinata temperatira
Ar1  3,5-dicianoaizvietotam 1,4-DHINS 30 raksturiga ick§molekulara pargrup&sanas,
veidojot imidu 31 [45] (1.25. att.).

H,C_ COOH

1.25. att. 3,5-Diciano-2,4,6-trimetil-1,4-dihidroizonikotinskabes (30) ieksmolekulara
ciklizacija

1.7. 1,4-DHP konformacijas petijjumi

Kops$ 1,4-DHP klasei atklatas neskaitamas farmakologiskas aktivitates, ir veikti plasi
1,4-DHP struktiiras pétijumi, lai noskaidrotu, kura konformacija nodroSina optimalo efektu un
vai molekulas konformacionalas izmainas ietekmé& aktivitati. Visplasako informaciju par
1,4-DHP konformaciju sniegusi 4-fenil- un 4-arilaizvietotu 1,4-DHP rentgenstruktiiranalizes
dati [85-96]. Tomeér jaatzimé, ka aizvietotaju novietojums molekula cieta stavokli var
neatspogulot to konformaciju, kada ta var but Skiduma vai receptora aktivaja centra.
Neskatoties uz Siem pétijumiem vél joprojam ir atklata diskusija par konformacionalam un
stereokimiskam prasibam, kas nosaka 1,4-DHP farmakologisko aktivitati.

1,4-DHP cikla kustigums un aizvietotaju rotacija izmaina 1,4-DHP cikla konformaciju
[22]. Rentgenstruktiiranalizes dati, ka ari teorétiskie aprékini liecina, ka 1,4-DHP cikls pastav
plakanas vannas forma [22, 85-96], ko raksturo heterocikla iek$€jo torsijas lenku summa (P)
[87]. Vidgja P vertiba 1,4-DHP ciklam ir 77(2)°, lai gan parasti ta mainas plasa diapazona no
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4° Iidz 130° [97]. Piem&ram, nifedipinam (kalcija kanalu blokators) P = 72° [86,96]. Zinams,
ka 4-fenilaizvietotiem 1,4-DHP farmakologiska aktivitate ir saistita ar heterocikla vannas
dzilumu — jo plakanaka vanna, jo lielaka aktivitate [86,98].

Bitiska loma ir 4-arilgrupas raksturam un novietojumam [22]. 4-Arilgrupa var ienemt
pseidoaksialu vai ekvatorialu novietojumu 1,4-DHP cikla (1.26. att.). So divu formu pareja no
vienas uz otru ir iespgjama 1,4-DHP cikla inversijas rezultata (1.26. att.). Saskana ar KMR
datiem 4,4-diaizvietotu 1,4-DHP atvasinajumu gadijuma cikla inversijas energijas barjera ir
13-42 kJ/mol [99].

1,4-DHP cikla

X inversija
H NH T —
HE00C— S\ —— "~ CHs
HyCO0C CH
? g idoaksiali 3 sp-ekvatoridli
sp-pseidoaksiali
Arilgrupas Arilgrupas
rotiacija roticija
1,4-DHP cikla H
inversija NH
—
-_— o —
00C X om
HsCHOC CHy
ap-pseidoaksiali ap-ekvatoridli

1.26. att. 1,4-DHP cikla konformacija un 4-arilgrupas novietojums
Rentgenstruktiiranalizes datu p&tijumi liecina, ka 4-arilgrupa visbiezak novietota pseidoaksiali
un pagriezta ortogonali pret 1,4-DHP gredzena plakni [22]. Sakotn&jos pétijumos pat tika
apgalvots, ka ortogonalais novietojums 4-arilgrupai ir nozimigs faktors, kas ietekmée
farmakologisko aktivitati [100]. Bitiskas konformacionalas izmainas novéro 4,4-diaizvietota
4-metil-4-fenil-1,4-DHP gadijuma — fenilgrupa heterocikla C4 stavokli vairs nav novietota
pseidoaksiali, bet ta iepem pseidoekvatorialu konformaciju pret 1,4-DHP cikla plakni [85].
4-Metil-4-fenilaizvietotais 1,4-DHP uzrada tris reizes zemaku antihipertensivo aktivitati, ka ta
C4-H analogs [85].

Ja 4-arilgrupa satur aizvietotaju X (X=H) orto vai meta vieta, iesp&jami divi rotaméri —
aizvietotajs X atrodas viena pusé ar C4 tidanradi (Sp — sinperiplanars) vai tas pagriezts prom
no C4-H (ap — antiperiplanars) (1.26. att.). Rentgenstruktiiranalizes dati, teorétiskie apréekini,
ka ari KMR pétijumi liecina, ka 1,4-DHP sp-konformérs parasti ir energétiski izdevigaks gan
cieta stavokli, gan $kiduma [22]. Tomér eksperimentali noteikta un aprékinata aktivacijas
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energija ~ 50 kJ/mol norada uz atru sp- un ap-konforméru lidzsvaru [22, 101]. Literatara
minéts, ka atseviskiem 1,4-DHP tieSi sp-konformérs varétu noteikt to kalcija antagonista
pasibas [102].

1,4-DHP farmakologisko aktivitati butiski ictekmé ari aizvietotaji heterocikla
Css-stavoklos. Visplasakie konformacijas pétijumi veikti 1,4-DHP parstavjiem ar
visdazadakajam esteru grupam heterocikla Css-stavoklos [86-87, 91, 94, 103-113].
Noskaidrots, ka estera grupa veido fidenpraza saiti ar receptoru [91, 114-115], tadel butiska
loma ir §is grupas rotacijai 1,4-DHP molekula. Estera grupam iesp&jamas tris atSkirigas
konformacijas attieciba pret 1,4-DHP cikla divkarSo saiti: s-trans/s-trans, s-cis/s-cis un

asimetriska s-cis/s-trans konformacija (1.27. att.).

(0] Aril O OR Aril OR OR Aril O
RO | | OR (0] | | (0] (0] | | OR
H.C H CH, H,C H CH, H,C H CH,
s-trans/s-trans s-cis/s-cis s-cis/s-trans

1.27. att. 1,4-DHP iespejamas estera grupas konformacijas
Literatira izpétitas pieejamas 1,4-DHP kristaliskas struktiiras un secinats, ka estera grupas
visbiezak atrodas s-cis/s-Cis vai asimetriska s-Cis/s-trans konformacija [22]. Teorétiskie
aprekini un in vitro pétjjumi kondensétiem 1,4-DHP (savienojumi, kuros estera grupa ir
imobiliz&ta — padarita nekustiga) paradija, ka vismaz vienai 1,4-DHP estera grupai jabtt s-Cis
konformacija, kas ir atbildiga par Gidepraza saites veidoSanos ar receptoru [22]. Pavisam
nesen, izmantojot kvantu kimiskos aprékinus, noskaidrots, ka 1,4-DHP estera grupas rotacijai

ap C35-C=0 saiti ir 33-42 kJ/mol energijas barjera [116].

1.8. 1,4-DHP struktiiras KMR pétijumi

KMR spektroskopija sniedz noderigu informaciju par molekulas struktiiru un tas atomu
telpisko novietojumu $kidumos, tomer literatiira maz pieejama informacija par 1,4-DHP
struktiras petijumiem, pielietojot KMR metodes. Ar KMR palidzibu pétits Hanca reakcijas
mehanisms [10], reakcijas kinétika [117], ka arT elektronu blivuma sadalfjums 1,4-DHP
molekula [118-123]. Tomeér visbiezak KMR metodes izmantotas jaunsintez&to
1,4-DHP struktiiras pieradiSana, nevis plasakai struktiras izpétei.

Literatira vienigd 'H KMR Kkimisko datu analize veikta tikai atseviskiem

4-neaizvietotiem un 4-fenilaizvietotiem 1,4-DHP atvasinajumiem Salidzinajuma ar to piridina
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analogiem [121]. Tacu $aja darba autori nav mekl&jusi likumsakaribas ka heterocikla esosie
aizvietotaji ietekmé 1,4-DHP strukttiras konformaciju un elektronisko uzbiivi.

Pavisam nesenos pétijumos lineara sakariba iegita starp ‘H-C, kimisko nobidi un
fenilgrupas para vieta esoSo aizvietotaju Hammeta konstantém 3,5-diacetilaizvietotos
1,4-DHP [123].

Noskaidrots, ka izmainas 1,4-DHP struktiira stipri ietekmé **C kodolu kimiskas nobides
[120]. Plasa *C KMR kimisko nobizu analize veikta 4-fenil-, 2,6-difenil- un
1-fenilaizvietotiem 1,4-DHP atvasinajumiem [120]. Autori 4-fenilaizvietotu 1,4-DHP
gadijuma noteikusi sakaribu starp BC kimiskam nobideém un Cs5-stavokli esoSo aizvietotaju
elektroniskajam  1pasibam  [120].  Pieaugot  Cgss-stavokli  esoSo  aizvietotaju
elektronakceptorajam pasibam, *Css un **C, signali nobidas spektra stipraka lauka. Pretgjs
efekts novérots oglek]a atomiem, kas atrodas 1,4-DHP cikla Cg-stavoklos, t.i., **C,¢ signali
nobidas vajaka lauka. Sis atikiribas Czs un C,e ogleklu kimiskajas nobidés skaidrotas ar
Css-stavokli esoso aizvietotaju ietekmi uz m-elektronu induktivo nobidi [120]. N-aizvietotu-
4-fenil-1,4-DHP gadijuma novérots, ka spécigo elektronakceptoro grupu ietekmé, kas atrodas
pie N; atoma, *3C,¢ signali nobidas stipraka lauka, kamér *Css — vajaka lauka [120].
Aizvietotajs pie N; atoma butiski izmaina slapekla atoma nesadalita elektronu para lomu
kopgja konjugacijas sisttma 1,4-DHP cikla [120]. 1,4-DHP cikla esoso aizvietotaju ietekmi
var raksturot arf ar fenilgrupas **C kimiskam nobidem. Laba korelacija (R? = 0,993) iegita
starp fenilgrupas para vietas **C kimiskam nobidem un Css-stavoklT esoso aizvietotaju Tafta
o*-konstantém [120].

Literatura pieejama pavisam nieciga informacija par 1,4-DHP atvasinajumu N KMR
ktmiskam nobidém, un tas uzdotas tikai ka struktiiras pieradijums [10, 117, 119]. Lidz Sim
nav veikti pétijumi par to, kadu ietekmi uz N KMR kimiskam nobidém atstaj 1,4-DHP
molekula esoS$ie aizvietotaji un to daba, slapekla atoma nesadalita elektronu para sadalijums
1,4-DHP konjugacijas sisttma un pseidoaksiala-pseidoekvatoriala novietojuma Iidzsvara
izmainas.

Lai arT literatiira pieejama fragmentara KMR datu analize atseviskiem 1,4-DHP, tomé&r
nav veikti sistematiski petijumi par 1,4-DHP esoso aizvietotaju ietekmi uz *H, *C un N

kimiskam nobidém, kas sniegtu ieguldijumu 1,4-DHP struktiiras izp&té Skidumos.
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2. REZULTATI UN TO IZVERTEJUMS

2.1. Simetriski un nesimetriski aizvietotu 1,4-DHINS atvasinajumu sintéze (7, 8]

Darba mérkis ir jaunu simetrisku un nesimetrisku 1,4-DHINS atvasinajumu iegtiSana, ar
iespgjami atskirigiem aizvietotajiem heterocikla Cjzs-stavoklos. Pedgja laika 1paSa uzmaniba
pievérsta nesimetrisku un hiralu dihidropiridinu sint€zei un izpétei, jo to optiskajiem
izomériem (enantiomériem) iesp&jamas atskirigas vai pat pretéjas farmakologiskas Ipasibas.
2.1.1. 1,4-DHINS sintéze

Modificéta Hanca sintézg, reaggjot vienam ekvivalentam glioksalskabes monohidrata un
diviem ekvivalentiem 3-aminokrotonskabes metilestera, acetilacetonamina vai 3-amino-

krotonitrila, iegiita simetriski aizvietota 1,4-dihidroizonikotinskabe 2, 3 un 32 (2.1. att.).

COOH
/C\ ' HZO
o  H H COOH
R R
R, H HO R . BN
c + c
] ] H,C~ N7 “CH,
/C\ /C\ I
HC ™ NH, H,N" CH, H

R = COOCH, 32 (38%);
COCH, 2 (25%);
CN 3 (64%)

2.1. att. Simetriski aizvietotas 1,4-DHINS 2, 3 un 32 iegiisana

Reakcija veikta ledus etikskabé (32 gadijuma) vai etanola (2 un 3 gadijuma) +10 °C
temperatira. 2,6-Dimetil-3,5-dimetoksikarbonil-1,4-dihidroizonikotinskabe (32) iegtta ar
vid&ju iznakumu — 38%. 3,5-Diacetil-1,4-DHINS 2 un 3,5-diciano-1,4-DHINS 3 sintéze ka
primarais produkts veidojas attiecigas 1,4-dihidroizonikotinskabes amonija sals, ko apstiprina
'H-KMR spekirs. Paskabinot iegiitas 1,4-dihidroizonikotinskabes amonija sals iidens $kidumu
ar koncentrétu salsskabi, ieguta 3,5-diacetil-2,6-dimetil-1,4-dihidroizonikotinskabe (2) vai
3,5-diciano-2,6-dimetil-1,4-dihidroizonikotinskabe (3) ar attiecigi 25% un 64% iznakumu
(2.1. att.). 3,5-Diciano-1,4-DHINS 3 sintéze etanola izradas veiksmigaka neka literatra
aprakstita tdeni [45], jo produkta 3 iznakums pieaudzis no 45% (tideni) Iidz 64% (etanola).

Nesimetriski ~ aizvietotas  3-acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes
monohidrata (33) ieglSanai izmantota modificéta Hanca sintéze, ka izejvielas lietojot

glioksalskabes monohidratu, acetilacetonaminu un 3-aminokrotonitrilu, mainot to molaras
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attiecibas un veicot reakciju dazadas temperatiiras. Par reakcijas vidi izvéléta ledus
etikskabe.

Izejvielam reaggjot molaras attiecibas 1:1:1 pazeminata temperatiira (ledus vanna), no
reakcijas maisijuma izdalits 3-acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes amonija
sals monohidrata (33 amonija sals) un simetriskas skabes 2 maistjums, kuru parkristaliz&jot
iegiits vélamais produkts 33 amonija sals ar saméra zemu iznakumu — 14% (eksperimentalaja

dala a metode) (2.2. att.).

COOH
(': © H,0 COO”NH,* H COOH
© H ne COCH, H,COC COCH,
NC_ H H_ COCH, %’ » P HO + »
c + c 0:c HCT TN TeH, H,C™ N7 CH,
/C\ /C\ H H
H,C NH, H,N  CH, 33 amonija sals (14%) 2

2.2. att. 3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes amonija sals
monohidrata (33 amonija sals) iegiiSana

Reakcijas produkts 33 amonija sals ir dzeltena pulverveida viela, un tas struktiiru pierada *H
un *C KMR spektri, ka arl rentgenstruktiiranalize (pielikuma 5. att.). Amonija katjonu
izdevas pieradit, uznemot ‘H-KMR spektru savienojumam 33 amonija sals trifluoretikskabes
klatb@itng, kura samazina apmainas procesa atrumu NH,  katjona, lidz ar to spektra
noveérojams amonija jonam raksturigais triplets.

lepriek$gja reakcija atkartota paaugstinata temperatiira (~60 °C) ceriba paaugstinat
produkta iznakumu. DiemZgl reakcija v€lamais produkts 33 netika iegtits vispar. No reakcijas

vides izdaliti un identificéti $adi produkti — 1,4-DHP 34 un laktons 35.

0]
NC i H Hzl\{c 3 H
| 0~ Y on,
H,C E CH, H,C N7 CH,
34 (29%) 35 (2%)

Paaugstinata temperatiira picaugot 3-aminokrotonitrila reagétsp&jai, sava starpa reagg divas $1

savienojuma molekulas un rezultata atbilstosi shémai (2.3. att.) rodas 1,4-DHP 34.
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- 5 NH

] NC H NH
NC /—*c:) NC H
tO
LoDt [ — e —
H,C”~ “NH, H,N , HC™ N N cH, H,C™ N7 CH,
H
NH 0
NC H NC H
H,0
— | —— |
H,C™ N TeH, HC™ "NT e,
H H
34

2.3. att. 3-Ciano-2,6-dimetil-4-okso-1,4-dihidropiridina (34) rasandas mehanisms
Sakara ar 3-aminokrotonitrila iesaistiSanos blakus reakcija vélama produkta 33 iznakums
samazinas.

Bez tam paaugstinata temperatira notiek karboksilgrupas un acetilgrupas

iekSmolekulara ciklizacija, izveidojot laktonu 35 atbilstosi shémai (2.4. att.).
COOH

(0]
HN 0
. CH,
~
H,C~ N7 CH,
35

2.4. att. 3,4,6-Trimetil-1-okso-1,3-dihidro-furo[3,4-C/piridina-T-karbonskabes
amida (35) rasanas mehanisms
AtgrieZoties pie sintézes pazeminata temperatira (ledus vanna), izmainitas izejvielu
(glioksalskabes monohidrata, acetilacetonamina un 3-aminokrotonitrila) molaras attiecibas
atbilstosi uz 1:2:2. Saja reakcija izdalita 1,4-DHINS amonija sals monohidrata 33 amonija

sals iznakums pieauga divas reizes, sasniedzot 29% (eksperimentalaja dala b metode).
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Visaugstako produkta 33 amonija sals iznakumu (71%) iegist, ja ieprieks aprakstitajos
eksperimenta apstaklos (izejvielu molara attieciba 1:2:2; ledus vanna) glioksalskabi pievieno
nevis pakapeniski, bet strauji acetilacetonamina un 3-aminokrotonitrila atdzesétam skidumam
(eksperimentalaja dala ¢ metode).

Paskabinot 33 amonija sals tdens Skidumu ar koncentrétu salsskabi, ieguts 3-acetil-
5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes monohidrats (33) ar augstu 99% iznakumu
(2.5. att.).

b COOTNHT H_ COOH
NC COCH, NC COCH,
konc. HCI
| HO o | H,0
HC™ "NT CH, H,C™ TN e,
H H
33 amonija sals 33 (99%)

2.5. att. 3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes monohidrata (33) iegiisana

5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes monohidrata (36)
iegliSanai izmantota modificéta HancCa sint€ze, ka izejvielas lietojot glioksalskabes
monohidratu, 3-aminokrotonitrilu un 3-aminokrotonskabes metilesteri, mainot to molaras
attiecibas un veicot reakciju dazados $kidinatajos.

Sakotngji par reakcijas vidi izvéléta ledus etikskabe. Izejvielam reag€jot molarajas
attiecibas 1:1:1 pazeminata temperatiira (ledus vanna), iegiist nesadalamu 5-ciano-2,6-dimetil-
3-metoksikarbonil-1,4-dihidroizonikotinskabes (36) un simetriskas skabes 32 maisijumu
(2.6. att.). "H KMR spektra novéro, ka vélamais produkts 36 un simetriska skabe 32 ir
attieciba 1:5,6.

COOH
/C\ ' HZO
oy H COOH H COOH
NC COOCH, H,CO0C COOCH,
NC_ H H_ COOCH, — > || + |
c + Mol CH,COOH
I I H,C” "N~ CH, H,C™ N7 “CH,
C | |
Ve AN 7 AN H
H,C™ NH, H,N" CH, H
36 (15%) 32 (85%)

2.6. att. 5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (36) iegiisana tris
komponentu Hanca sintézé

Atkartojot sint€zi pazeminata temperatiira (ledus vanna) un izmainot izejvielu (glioksalskabes

monohidrata, 3-aminokrotonitrila un 3-aminokrotonskabes metilestera) molaras attiecibas

atbilstosi uz 1:2:2, ka vienigais produkts veidojas simetriski aizvietota 2,6-dimetil-

3,5-dimetoksikarbonil-1,4-dihidroizonikotinskabe (32).
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Talaka darba par reakcijas vidi izvéléts etanols. Izejvielam reag€jot molarajas
attiecibas  1:1:1 istabas temperatira, iegist 5-ciano-2,6-dimetil-3-metoksikarbonil-
1,4-dihidroizonikotinskabes (36) un simetriskds skabes 32 maisfjumu. ‘H KMR spektra
novéro, ka veélamais produkts 36 un simetriska skabe 32 ir attieciba 3:1. Lai ari vélamais
produkts iegiits liela parakuma, reakcijas maisijumu ir problematiski sadalit, jo abu vielu
pasibas ir loti [idzigas.

Velama savienojuma 36 iegiiSanai izmantota ari divu komponentu Hanca sint€ze.
Sakotn&ji  glioksalskabes monohidrata un acetetikskabes metilestera Knévenagela
kondensacijas reakcija ieguist 3-metoksikarbonil-4-okso-pent-2-énskabi (37), reakciju veicot
ledus etikskabé 80 °C temperatiira 6 stundas (2.7. att.). Divu komponentu Hanca sinteze
3-aminokrotonitrilam reaggjot ar savienojumu 37 ledus etikskabé istabas temperatiira, iegiist
5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (36) (86%) un simetriskas
skabes 32 (14%) maisijumu (2.7. att.). 'H KMR spektra novéro, ka vélamais produkts 36 un

simetriska skabe 32 ir attieciba 6:1.

NC_ H
COOH ﬁ
COOCH; COOCH c
(OOH N H2<|3/ CH,COOH HC?(I:/ : .CTNH,
PO H,0 _C 80°C C CH,COOH
H™ "0 0™ " cn, 07 " CH, ’
37
H COOH H COOH
NC COOCH, H,CO0C COOCH,
— || + |
H,C™ N CH, H,C™ N7 CH,
I H
36 (86%0) 32 (14%)

2.7. att. 5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (36) iegiisana
divu komponentu Hanca sintezé
Peéc reakcijas maisijuma apstrades ieguta bruna ella liela parakuma satur etikskabi. No
etikskabes izdodas atbrivoties, reakcijas maisfjumu liofiliz&jot, un iegiist dzeltenbriinu
pulverveida vielu.

Lai no 1,4-dihidroizonikotinskabes 36 un 32 maisijuma iegltu tiru nesimetrisko
1,4-dihidroizonikotinskabi 36, sintez&ti to 36 un 32 dicikloheksilamonija sali (2.8. att.),
kurus parkristalizjot iesp&jams vienu no otra atdalit. Vairakkartgji parkristalizgjot iegiito
reakcijas maistjumu etanola, ieglst S5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidro-

izonikotinskabes dicikloheksilamonija sali (36 dicikloheksilamonija sals) ka dzeltenu
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pulverveida vielu ar 39% iznakumu (2.8. att.). legiita 36 dicikloheksilamonija sals struktiiru

apstiprina *H un *C KMR spektri, ka ari rentgenstruktiiranalize (pielikuma 7. att.).

H COOH H_ COOH N
NC COOCH,  H,COOC COOCH, X= O/ \O
BN ' BN "
HC™ N7 e, HC™ N7 TCH,
H H
36 32
H COO™ X* H Ccoo~Xx* H COO X*
NC COOCH, H,COOC COOCH, NC COOCH,
. .
| + | —, |
HC™ N7 TCH, H,C™ N7 TeH, H,C™ TN e,
H H H
36 dicikloheksilamonija 32 dicikloheksilamonija 36 dicikloheksilamonija
sals sals sals (39%)

2.8. att. 5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes dicikloheksil-
amonija sals (36 dicikloheksilamonija sals) iegiisana
Paskabinot 36 dicikloheksilamonija sals tidens Skidumu ar koncentrétu salsskabi,
iegiits 5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes monohidrats (36) ar
68% iznakumu (2.9. att.).

H COO X* H COOH
NC COOCH, NC COOCH,
| | konc. HCI | |
H,0 " HO0
HC™ TNT ToH, HC™ TN TCH,
H H
36 dicikloheksilamonija 36 (68%)
sals

2.9. att. 5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes
monohidrata (36) iegiiSana
5-Acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes ~ (38)  iegiiSanai
izmantota divu komponentu Hanca sinté€ze. Sakotngji glioksalskabes monohidrata un
acetetikskabes metilestera Knévenagela kondensacijas reakcija iegiist 3-metoksikarbonil-
4-okso-pent-2-énskabi (37), reakciju veicot ledus etikskabe 80 °C temperatura 6 stundas
(2.10. att.). Divu komponentu Hanca sintézg acetilacetonaminam reaggjot ar savienojumu 37,
ieglist  5-acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabi  (38) ar 53%

iznakumu (2.10. att.). Reakciju veic ledus etikskabg istabas temperatiira.
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H,COC_ H

COOH ﬁ
COOCH
3 ___COOCH .C.
(OOH . H2<|3/ CH,COOH HC\?/ : HC  NH,
_Cs_. " HO _C 80°C C CH,COOH
H™ "0 0™ " cn, 0”7 " cH, ’
37
H COOH
H,COC COOCH,
— ||

38 (53%)
2.10. att. 5-Acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (38) iegiisana
divu komponentu Hanca sintezé

Darba izstradatas metodes nesimetriski aizvietoto 1,4-DHINS 33, 36 un 38 iegusanai ir
daudz efektivakas par lidz Sim literattira vienigo zinamo metodi, kura 1,4-DHINS iznakums ir
zems — 13% [49] (skat. literattiras apskata 1.9. att.), un tas var€tu pielietot ari citu nesimetriski
aizvietotu 1,4-DHINS iegtiSanai.
2.1.2. 1,4-DHINS metilesteru sintéze

2,6-Dimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (39), 3,5-diciano-2,6-dimetil-
4-metoksikarbonil-1,4-dihidropiridins (40) un 5-ciano-2,6-dimetil-3,4-dimetoksikarbonil-
1,4-dihidropiridins (41) ieguti skabes katalizéta esterificéSanas reakcija, izmantojot metanolu

gan ka reagentu, gan ka $kidinataju (2.11. att.).

H_ COOH H_ COOCH,
R2 Rl 1
| | CH,OH R | | R
H,50,
HC™ N7 e, He™ N7 eH,
H H
3,32, 36 R1 = R2 = COOCH, 39 (93%);

R! = R2 = CN 40 (86%):
R! = COOCH,, R2 = CN 41 (92%)

2.11. att. 1,4-Dihidroizonikotinskabes 3, 32 un 36 esterificésana
Reakcijas produkti 39-41 iegiiti ar augstu 86%-93% iznakumu.
3,5-Diacetil-2,6-dimetil-1,4-dihidroizonikotinskabes (2), 3-acetil-5-ciano-2,6-dimetil-
1,4-dihidroizonikotinskabes (33) un 5-acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizo-
nikotinskabes (38) esterificéSana péc augstak aprakstitas metodes izradijas nesekmiga, jo
reakcijas gaita veidojas nesadalams vielu maisfjums, kura vélamo produktu nenovéro. Tapat
nesekmigs ir arT méginajums esterificét skabes grupu savienojumam 33 reakcija ar SOCl,

absoliita metanola (2.12. att.), kaut gan §1 metode ir sekmigi lietota karbonskabes
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esterificéSanai, ja skabes grupa atrodas 1,4-DHP cikla Cs-stavokli [27]. Literatiira zinama ari
karbonskabju esterificéSana, lietojot aktivétu esteru metodi [124-125], diemzel ari Saja

reakcija vélamo produktu 42 iegiit neizdodas (2.12. att.).

CH,OH

H COOH H,SO, H COOCH,
NC COCH, NC COCH,

| socl

CH,OH /-10°C
H,C™ N7 TCH, H,C™ /"N “CH,
| DCC / DMAP / CH,0H I
3':'3 CH,CN /0°C 4H2

2.12. att. 3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes (33) esterificeSanai
pielietotds metodes
Mgginot ieglt  3-acetil-5-ciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridinu ~ (42)
modificéta Hanca sintézg, apejot 1,4-dihidroizonikotinskabes 33 iegtiSanas un izdaliSanas
stadijas, glioksalskabes monohidrats tika aizstats ar glioksalskabes dimetilacetala metilesteri.

Ar1 Saja reakcija velamo produktu iegit neizdodas (2.13. att.), bet iegits un pieradits

COOCH,
s
H,cO  OCH, H COOCH,
_COCH NC COCH
NC e HC ¥ CH,COOH :
| * | -10°C
H,C~ NH, HN" “CH, H,C CH,

\

H

42

2.13. att. Modificeta Hanca sintéze, ka izejvielu izmantojot glioksalskabes dimetilacetala
metilesteri

3,5-diciano-2,4,6-trimetilbenzols (43), kura rasanas mehanismu var skaidrot sekojo$a shéma

(2.14. att.).
X

H,c NH,

NC

CH,
NCLH  HNg CH, neH NH,
I * HI eN e
H.c NH, H CN H3C NH
CH

H,C - NH,
HN H 3 s
H,C”™ “NH H,C

2.14. att. 3,5-Diciano-2,4,6-trimetilbenzola (43) rasanas mehanisms
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Tatad konkrétajos reakcijas apstaklos glioksalskabes dimetilacetala metilestera reagétspéja ir
nepietickama, lai tiktu realizéta modificéta Hanca sintéze (2.14. att.).

Literatiira par efektivu ir atzita diazometana lietoSana 1,4-DHINS esterificésana [48]. Ar
svaigi pagatavotu diazometana Skidumu apstradajot 1,4-dihidroizonikotinskabi 2, 33 un 38,
iegust 3,5-diacetil-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridinu (44), 3-acetil-5-ciano-
2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridina monohidratu (42) un 5-acetil-2,6-dimetil-
3,4-dimetoksikarbonil-1,4-dihidropiridinu (45) ar labu iznakumu — attiecigi 63%, 78% un
87% (2.15. att.).

H_ COOH H_ COOCH,
R2 R! R2 Rl
CH,N,
L s T
H,C ITI CH, H,C [\‘1 CH,
H H
2,33,38 R! = R2 = COCH, 44 (63%);

R!= COCH,, R2 = CN 42 (78%);
R!= COOCH,, R2 = COCH, 45 (87%)

2.15. att. 1,4-Dihidroizonikotinskabes 2, 33 un 38 esterificésana

Salidzinot simetriski un nesimetriski aizvietotu 1,4-DHINS 2, 3, 32, 33, 36 un 38
esterificéSanas reakcijas apstak]us, secinams, ka Cs- un/vai Cs-stavokli acetilgrupu saturosas
1,4-DHINS 2, 33 un 38 neizdodas esterificét skabes katalizéta reakcija metanola, kas
skaidrojams ar So savienojumu nestabilitati — sildot tie sadalas (skat. literatiiras apskata
1,4-DHINS parvértibas paaugstinata temperatiira), veidojot nesadalamu vielu maistjumu, kura
velamo produktu nenoveéro.
2.1.3. 1,4-DHINS metilesteru N-metilesana

1,4-DHINS metilesteriem 39-42, 44 un 45 ir vaji izteiktas skabes ipasibas, tapéc anjona
iegliSanai nepiecieSama tada spéciga baze ka CH3zONa. Aprotona vidé argona atmosféra
ieglito anjonu apstradajot ar metiljodidu, iegtst N-alkilaizvietotu 1,4-DHINS metilesteri 46-51
ar labu iznakumu — 36% lidz 66% (2.16. att.).

H_ COOCH, H_ COOCH, H_ COOCH,
R2 R! R? R! R2 R!
He” N e, MeCN H.C N cH, MeCN HCT N VoH,

H Na*t CH,
39-42, 44, 45 R!=R2 = COOCH, 46 (47%);

R! = R2 = COCH, 47 (65%);

R! = R2 = CN 48 (66%);

R! = COCH,, R2 = CN 49 (36%);

R! = COOCH,, R2 = CN 50 (57%);

R! = COOCH,, R2 = COCH, 51 (53%)

2.16. att. 1,4-DHINS metilestera 39-42, 44 un 45 N-alkilesana CH30ONa klatbiitné
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3,5-Diciano-1,4-DHINS metilestera 40 gadijuma N-metiléSanu veicot divas reizes

liclaka bazes parakuma, no reakcijas vides izdalits 1,2,4,6-tetrametilaizvietots 1,4-DHINS

atvasinajums 52 ar 22% iznakumu (2.17. att.).

H_ COOCH, H_ COOCH, H,C_  COOCH,
NC CN CH,ONa  NC CN NC CN
|| T | + ||
CH,CN
H,C™ N7 CH, HC™ "NT TCH,  HCT TNT TeH,
H CH, CH,
40 48 (66%) 52 (22%)

2.17. att. 4,4-Diaizvietota 1,4-DHINS metilestera 52 iegiisana
Veicot N-metiléSanu divas reizes lielaka CH3ONa parakuma savienojumiem 39, 41, 42, 44 un

44, nenoveéro produktu 46, 47 un 49-51 iznakuma pieaugumu, ka ar attiecigu 4,4-diaizvietotu

1,4-DHINS atvasinajumu veidoSanos.
1,2,6-Trimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridina  (46) iznakumu izdevas

paaugstinat lidz 55%, ka bazi N-metilésanas reakcija lietojot NaH (eksperimentalaja dala

b metode) (2.18. att.).

H_ COOCH, H_ COOCH,
H,C00C COOCH, H,CO0C COOCH,
|| ek, |
HC™ N7 eH, Crdl HC™ N7 CH,
H CH,
39 46 (55%)

2.18. att. 1,4-DHINS metilestera 39 N-alkilesana NaH klatbitné
Ceriba paaugstinat iznakumu ari 3-acetil-5-ciano-1,2,6-trimetil-4-metoksikarbonil-
1,4-dihidropiridinam (49), N-metiléSanas reakcija veikta NaH klatbitné (eksperimentalaja
dala b metode). Tomér $aja reakcija iegtist praktiski nesadalamu reakcijas maisijumu, no kura

pec hromatografiskas daliSanas kolonna izdevas iegiit un identificét divu vielu 49 un 53

maistjumu (2.19. att.).

H_ COOCH, H_ COOCH, H,C_ COOCH,
NC COCH, NC COCH, NC COCH,
NaH
| e | + | + X
HC™ N7 CH, ) HC™ N7 CH, HC™ N7 CH,
H CH, CH,
42 49 (2%) 53 (3%)

2.19. att. 3-Acetil-5-ciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridina
monohidrata (42) N-alkilesana NaH klatbiitne
Savienojumus 49 un 53 izdodas atdalit, reakcijas maisTjumu parkristalizgjot metanola. Abu

produktu iznakumi ir loti zemi, attiecigi 2% un 3%, tade] §1 metode praks€ nav izmantojama
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un liecina par to, ka spécigu elektronakceptoru grupu saturosais 1,4-DHINS metilesteris 42
nav stabils stipras bazes — NaH klatbaitng.

Literatiira par efektivu atzita simetriski aizvietotu 1,2-DHP N-alkiléSana acetona, NaOH
klatbiitng generédtos anjonus apstradajot ar metiljodidu [15]. Sados reakcijas apstaklos veikta
N-metiléSana 1,4-DHINS metilesterim 42 izradijas daudz efektivaka (eksperimentalaja dala
¢ metode) un 3-acetil-5-ciano-1,2,6-trimetil-4-metoksikarbonil-1,4-dihidropiridina  (49)

iznakumu izdevas paaugstinat Iidz 65% (2.20. att.).

H_ COOCH, H_ COOCH, H_  COOCH,
NC COCH3 NC COCH3 NC COCH3
| _NaOH_ | cHy |
acetons .
HC™ "NT e, H,C~ "N “CH, HC™ "NT TCH
H Na* CH,
42 49 (65%)

2.20. att. 3-Acetil-5-ciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridina
monohidrata (42) N-alkilesana NaOH klatbitné
Darba izstradatas efektivas N-alkiléSanas metodes simetriski un nesimetriski aizvietotu
N-metil-1,4-DHINS atvasinajumu 46-51 iegtiSanai ar labiem — 55% Iidz 66% — iznakumiem.
Reakcijas produkta iznakums mainas atkariba no alkiléSanas reakcija izmantotas bazes

(CHsONa, NaOH, NaH).

Nesimetriski aizvietotu 4-fenil-1,4-DHP sintéze

Ka viens no uzdevumiem 8aja darba izvirzits izpétit un salidzinat sintezéto 1,4-DHINS
atvasinajumu fizikalkimiskas 1pasibas, ka arT meklét sakaribas starp 1,4-DHINS atvasinajumu
strukturas konformaciju un elektronisko uzbiivi. Datu salidzinaSanai bija nepiecieSams
sintezét nesimetriski aizvietotus 4-fenil-1,4-DHP atvasinajumus, lai varétu novertet
Cy-stavokli esosa aizvietotaja ietekmi uz heterocikla Tpasibam.

Sakotng&ji bija nepiecieSams sintez&t izejvielas nesimetrisku 4-fenilaizvietotu 1,4-DHP
ieglisanai.  3-Benzilidénpentan-2,4-dionu  (54) un  3-fenil-2-propionilakrilskabes
metilesteri (55) iegiist benzaldehida un acetilacetona vai acetetikskabes metilestera
Knévenagela kondens€Sanas reakcija, to veicot paaugstinata temperatira etanola ka

katalizatoru izmantojot piperidinu (2.21. att.).
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R L R
7z Piperidins HC~ .~
H,C EtOH C
+ I — 2 . I
_C 60°C Co

s 07" cH, 07" cH,

R = COCH, (54 44%);
COOCH, (55 52%)

2.21. att. 3-Benzilidenpentan-2,4-diona (54) un 3-fenil-2-propionilakrilskabes
metilestera (55) iegiisana Knévenagela kondensésanas reakcija
Divu komponentu Hanca sinté€z&€ 3-benzilidénpentan-2,4-dionam (54) reaggjot ar
3-aminokrotonitrilu ledus etikskab@ istabas temperatiira vai 3-aminokrotonskabes metilesteri
etanola paaugstinata temperatiira, ieglist 5-acetil-3-ciano-4-fenil-2,6-dimetil-
1,4-dihidropiridinu ~ (56)  (46%) vai  5-acetil-4-fenil-3-metoksikarbonil-2,6-dimetil-
1,4-dihidropiridinu (57) (48%) (2.22. att.).

HC~ _COCH, R
=c HC
L, o
07 “CH, HN"cH,
54

R = CN (56 46%);
COOCH, (57 48%)

2.22. att. 4-Fenil-1,4-DHP 56 un 57 iegiisana divu komponentu Hanca sintézé
5-Ciano-4-fenil-3-metoksikarbonil-2,6-dimetil-1,4-dihidropiridinu ~ (58) iegist ar 77%
iznakumu, 3-fenil-2-propionilakrilskabes metilesterim (55) reaggjot ar 3-aminokrotonitrilu

etanola paaugstinata temperattra (2.23. att.).

H
HC-~ - COOCH, ,CN NC COOCH,
HC EtOH
| + I — ||
_Co _C. 60°C
0”7 "CH, H,N CH, H.C I}l CH,
55 H
58 (77%)

2.23. att. 4-Fenil-1,4-DHP 58 iegusana divu komponentu Hanca sintezé
Darba izstradatas efektivas metodes nesimetriski aizvietotu 4-fenil-1,4-DHINS atvasinajumu

57-58 ieguSanai ar labiem — 46% lidz 77% — iznakumiem.
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2.2. Nesimetriski aizvietotu 1,4-DHINS atvasinajumu sadaliSana optiskajos izoméros
1,4-DHINS diastereoméro salu sadalisana

Literatiira zinama racémisku 1,4-DHP karbonskabju (skabes grupa atrodas heterocikla
Cs-stavokli) optiska sadaliSana, sintez&jot to diastereoméros salus, izmantojot hiralas aminu
bazes (cinhonidinu, cinhoninu, hinidinu un hininu) ka sadaloSos agentus [126-129].
Racémisko 1,4-DHP karbonskabi apstradajot ar hiralu bazi, iegiist kristalisku diastereoméru
sali, kuru vairakas reizes parkristaliz&jot un p&c tam paskabinot, iesp&jams iegiit enantiotiru
1,4-DHP karbonskabi. Viens no darba mérkiem ir sadalit enantioméros sintez&tas racémiskas
1,4-DHINS, tadel pielietota diastereomé@ro salu sadaliSanas metode, kas izradijusies efektiva
1,4-DHP ar skabes grupu heterocikla Cs-stavoklt [126-129].

Racémiskas 1,4-DHINS 33, 36 un 38 reakcija ar optiski tiru (8S,9R)-cinhonidinu vai
(8R,9S)-cinhoninu iegiist pulverveida 33, 36 un 38 cinhonidina vai cinhonina salus
(2.24. att.) ar augstiem iznakumiem (77% lidz 99%). legiito savienojumu struktiiras apstiprina

'H un **C KMR, ka arT 2D gHSQC un gHMBC spektri.

H COOH H H
N - N +
Rl R2 HO / . H COO , HO \
o —H R R H
CH,OH | |
H,C”™ "NT TCH, o X
I H,C N CH,
H N/ |1| _
N
R!=COCH,, R? =CN 33; . -
8S,9R)-Cinhonid i idina si
R! = COOCH,, R® = CN 36; (85,9R) V':il onidins 33, 36,38 c\glihomdma sals
R!=COOCH;, R? = COCH, 38 (8R,9S)-Cinhonins 33, 36, 38 cinhonina sals

2.24. att. Racemiskas 1,4-DHINS 33, 36 un 38 reakcija ar (8S,9R)-cinhonidinu vai
(8R,9S)-cinhoninu
1,4-Dihidroizonikotinskabes 33, 36 un 38 cinhonidina salus, ka art 33, 36 un 38 cinhonina
salus méginats parkristalizét no dazadiem $kidinatajiem (metanola, etanola, izopropilspirta,
tdens, metilénhlorida, acetona, acetonitrila, etilacetata, dimetilformamida) un to
maisijumiem, tacu lidz §im diastereoméro 33, 36 un 38 cinhonidina salu vai 33, 36 un 38
cinhonina salu maisijumus nav izdevies sadalit. P&c vairakkart€jiem nesekmigiem
méginajumiem secinats, ka diastereoméro salu kristalizéSanas metode, izmantojot hiralas
aminu bazes — cinhonidinu un cinhoninu — nav pielietojama racémiskas 1,4-DHINS 33, 36 un

38 ar skabes grupu heterocikla Cy4-stavokli sadali$anai enantiom@ros.
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1,4-DHINS amidu diastereomeru sadalisana

Saskana ar veiksmigajiem pétijumiem 1,4-DHP karbonskabes (skabes grupa atrodas
heterocikla Cs-stavokli) sadalisana pielietojot amidéSanas stratégiju [27], ka darba mérkis
izvirzits 1,4-DHINS 33, 36 un 38 amidu diasterecoméru sint€ze un tai sekojosSa
hromatografiska diastereoméru sadaliSana.

Racémiskas 1,4-dihidroizonikotinskabes 33 reakcija ar enantiotiru optiski aktivu
(S)-(-)-a-metilbenzilaminu, ka  aktivatoru lietojot  1-etil-3-(3-dimetilaminopropil)-
karbodiimidu (EDC) un katalizatora DMAP klatbiitng, vélamais 1,4-DHINS amids 59 netika
iegiits (2.25. att.). Reakciju veic sausa DMF argona atmosfera.

2.25. att. 1,4-Dihidroizonikotinskabes 33 reakcija ar (S)-(-)-a-metilbenzilaminu
No reakcijas vides izdalits 3,4,6-trimetil-1-okso-1,3-dihidro-furo[3,4-C]piridina-7-karbonitrils
(60). legiita savienojuma 60 struktiru apliecina 'H un *C KMR spektri, ka ari

rentgenstruktiiranalize (pielikuma 10. att.).

o)
0
NC H
\\ CH,
—
H,C”™ N7 TCH,
60

Reakcija aktivéjot 1,4-DHINS 33 karboksilgrupu ar EDC, notiek atra tas un acetilgrupas

iekSmolekulara ciklizacija, izveidojot laktonu 60 atbilstosi shémai (2.26. att.).

o .
N\ _OH

Hy \ed
NC c’ +
ﬁ CH, ~H"

HC™ N TeH,

H H H
33
0 0
0 o]
NC H VY NC H
CH X
- \ (P \ CH,
= Z
H,C™ N7 TCH, H,C™ "N” TCH,
60

2.26. att. 3,4,6-Trimetil-1-okso-1,3-dihidro-furo[3,4-C] piridina-7-karbonitrila (60)

rasandas mehanisms
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Mingtas iekSmolekularas ciklizacijas dél (2.26. att.) 1,4-DHINS amidu 59 iegiit nav izdevies
ne in situ sametinasanas reakcija, mainot reakcijas apstaklus ($kidinataju, aktivatoru un
katalizatoru), ne ari karboksilgrupu nomainot pret reagétsp&jigaku grupu — acilhalogenidu.

Sekmiga izradas 5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes
(36) reakcija ar (S)-(-)-a-metilbenzilaminu, kura iegist (R,S)-5-ciano-2,6-dimetil-
3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridinu  (61) ar 68% iznakumu
(2.27. att.).

H COOH

NH,
NC COOCH, S EDC
| * | + ey DMAP
H % CHCN
HC™ N7 TCH,
H
36 61 (68%)

2.27. att. (R,S)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-

1,4-dihidropiridina (61) iegisana
legttais diastereomé&ru maisijums 61 ir dzelteniga pulverveida viela, un ta struktiiru apstiprina
'"H KMR spektrs. 1,4-DHINS amida diastereoméru 61 $kidiba acetona ievérojami atskiras,
tadgjadi, vairakas reizes apstradajot diastereomé€ru maisijumu ar acetonu un filtrgjot
neizskiduso vielu, ieglst optiski tiru 1,4-DHINS amidu 61a ar 22% iznakumu. Savienojuma
6la optiskas grieSanas lenka vertiba [a]3’ = -45,2 (EtOH). Diemzél savienojumam 6la
neizdodas iegiit rentgenstruktiranalizei derigus kristalus Cs stereogéna centra absolitas
konfiguracijas noteiksanai.

Atlikusais 1,4-DHINS amida diastereom&ru 61 maistjums (filtrats) sadalits, izmantojot
apgrieztas fazes kolonnas hromatografiju (kolonna Waters XTerra C18, eluents —
37% metanols : 63% tdens). Rezultata ar 3% iznakumu iegiits optiski tirs 1,4-DHINS amids
61b, kura optiskas griesanas lenka vértiba []3° = -310,3 (EtOH).

(S,5)-61a (22%) (R,S)-61b (3%)
Savienojumam 61b acetona ieguts rentgenstruktiiranalizei derigs monokristals, ar kura

palidzibu noteikta hirala C,4 centra absoluita konfiguracija (2.28. att).
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o (R,S5)-61b

2.28. att. (R)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-
1,4-dihidropiridina (61b) molekulas telpiskais modelis
Rentgenstruktiiranalizes dati parada, ka 1,4-DHINS amida 61b elementar$iinas neatkarigaja
dala atrodas viena acetona molekula un ¢etras 61b molekulas, kuras sava starpa atSkiras ar
3-metoksikarbonilgrupas konformaciju (s-trans un s-cis konformacija attieciba 3:1) un

heterocikla vannas dzilumu (pielikuma 11. att.).

Informaciju par molekulas telpisko uzbtivi sniedz cietvielu KMR spektri, kas ipasi
svarigi ir gadijumos, kad nav iesp€ams ieglit rentgenstruktiiranalizei derigus kristalus,
pieméram, 1,4-DHINS amida 61a gadijuma. Lai noskaidrotu 1,4-DHINS amida 61a telpisko
uzbivi, registréti cietvielu *C un N KMR spektri (2.29. un 2.30. att.) un iegatie dati

interpretéti ar kvantu kimisko aprékinu palidzibu.

—123.34

—120.60
13.70

~143.73

167.38
—161.70

?

—137.85

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (m.d.)

2.29. att. 1,4-DHINS amidu 61a un 61b *C KMR spektri cieta stavoklt
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125.71

+61b

258.81

270 260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110
fl (m.d.)

2.30. att. 1,4-DHINS amidu 61a un 61b >N KMR spektri cieta stavoklt
Analizgjot iegiitos datus *C un N cietvielu spektros (2.29. un 2.30. att.) un teorétiskos
aprekinus gazveida stavokli, noskaidrots, ka savienojums 61a cieta stavokli eksisté tikai viena
konformacija, kura 3-metoksikarbonilgrupa novietota s-trans stavokli attieciba pret 1,4-DHP
cikla divkarSo saiti.

1,4-DHINS amida 61b gadijuma iegiitie dati *3C cietvielu spektra (2.29.) apliecina, ka
savienojums 61b cieta stavokli eksisté divas konformacijas, kuras 3-metoksikarbonilgrupa ir
novietota s-trans vai s-Cis stavokli attieciba pret 1,4-DHP cikla divkarso saiti, kas novérots ari
61b rentgenstruktiranalizé (pielikuma 11. att.). N cietvielu spektra (2.30. att.) 1,4-DHINS
amida 61b gadijuma novéro fenilgrupas raditu telpisku ietekmi uz ciano grupas slapekla
rezonanses signalu, kas ir nobidits par 11,5 m.d. vajaka lauka salidzinot ar 61a.

Talaka darba salidzinati abu iegiito diastereom&ru 61a un 61b *H KMR spektri CDCl3
(2.31. att.), kuros noveérota fenilgrupas radita ievérojama anizotropija uz 2,6-metilgrupam un
secinats, ka 61a gadijjuma fenilgrupa pagriezta uz 2-metil un 3-metoksikarbonilgrupas pusi,
ko apstiprina 2-CH; un 3-COOCHj5 signalu nobide stipraka lauka neka 61b gadijuma.
Savukart savienojumam 61b fenilgrupa pagriezta uz 6-metil un 5-ciano grupas pusi, ko
apstiprina  gan 6-CHj3 signala nobide stipraka lauka (1,45 m.d.), gan ieguta
rentgenstruktiiranalize (2.28. att.).
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2.31. att. 1,4-DHINS amida 61 un optiski tiru diastereomeru 61a un 61b
'H KMR spektri CDCl;
No iegiitajiem KMR datiem var pienemt, ka skiduma fenilgrupas novietojumu 1,4-DHINS
amidos 61a un 61b raksturo *H signalu nobide stipraka lauka.

Racémiskas 1,4-DHINS 38 reakcija ar (S)-(-)-o-metilbenzilaminu iegust (R,S)-5-acetil-
2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridina (62) un
3,4,6-trimetil-7-metoksikarbonil-1-okso-1,3-dihidro-furo[3,4-c]piridina ~ (63)  maisijumu
(2.32. att.). 'H KMR spektra novéro, ka vélamais produkts 62 un laktons 63 ir attieciba 1:1.
Ari  5-acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes  (38)  gadijuma,
aktivgjot skabes grupu ar EDC, notiek laktona cikla veidoSanas karboksilgrupas un
acetilgrupas iekSmolekularas ciklizacijas rezultata, kas notiek p€c lidziga mehanisma, ka
paradits 2.26. att€la. Reakcijas produktu 62 sadala optiski tiros diastereoméros 62a (R = 0,20)
un 62b (Rf = 0,12), ka arT attira no laktona 63 (Rf = 0,72), izmantojot kolonnu hromatografiju
(eluents metilénhlorids : acetons (5:1)). Rezultata iegiist dzeltenas kristaliskas vielas 62a
(16%) un 62b (16%), kuru struktiras apstiprina *H KMR spektri. Savienojuma 62a optiskas
griesanas lenka veértiba [e]2’ = -161,2 (CH.Cl,), savukart 62b — []3° = -291,8 (CHCly).
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hromatografiska R ,COC

sadaliSana
H,C H,C l}l CH,
H
(R,S)-62a (16%) (S,5)-62b (16%)

2.32. att. (R,S)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-
1,4-dihidropiridina (62) iegiusana un sadaliSana optiski tiros diastereoméros
Savienojumiem 62a un 62b acetona iegiti rentgenstruktiiranalizei derigi monokristali, ar

kuras palidzibu noteikta hirala C, centra absolata konfiguracija (2.33. att).

c16 cie
cqa ‘ ;I

Cl7
c1s
C2|

-,; N14 c1
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“/;\/ \? \/

C”\g\, | N1 (ly cr
(R,S)-62a (S,5)-62b

2.33. att. 1,4-DHINS amidu 62a un 62b molekulu telpiskie modeli

Rentgenstruktiiranalizes dati parada, ka 1,4-DHINS amida 62a elementarStinas neatkarigaja
dala atrodas divas 62a molekulas, kuras sava starpa atSkiras ar 3-metoksikarbonil- un
5-acetilgrupas konformaciju (s-trans/s-cis un s-cis/s-trans) un heterocikla vannas dzilumu
(pielikuma 12. att.).

AT registrétie cietvielu KMR spektri liecina, ka 1,4-DHINS amids 62a cieta stavokli
eksiste divas konformacijas, kas sava starpa atSkiras ar 3-metoksikarbonilgrupas un
5-acetilgrupas novietojumu (s-trans/s-cis vai s-cis/s-trans) attieciba pret 1,4-DHP cikla
divkarSo saiti, ka rezultata abiem konformé&riem noveéro atskirigas kimiskas nobides B3C un
N KMR spektros (2.34. un 2.35. att.). Savukart 1,4-DHINS amids 62b cieta stavokli eksisté
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tikai viena konformacija, kura 3-metoksikarbonilgrupa novietota s-cis un 5-acetilgrupa s-trans
stavoklT attieciba pret 1,4-DHP cikla divkarSo saiti (2.34. un 2.35. att.).

L62b
B
62a
i M;L i
Z(I)O llﬁ) léO 1‘70 léO 150 1“10 130 léO 1 iO lll)O 90 8‘0 7‘0 éO 5‘0 4’0 3‘0 iO lb
f1 (m.d.)
- 13 C _
2.34. att. 1,4-DHINS amidu 62a un 62b ~C KMR spektri cieta stavokli
9 5]
8 & -62b
| |
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¥ c o
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2.35. att. 1,4-DHINS amidu 62a un 62b *°*N KMR spekiri cieta stavoklt
No augstak minéta var izdarit secinajumu, ka registrétie cietvielu spektri (2.34. un 2.35. att.)
1,4-DHINS amidiem 62a un 62b sniedz lidzigu informaciju par savienojumu telpisko uzbtivi
cieta stavokli, kada iegiita monokristaliem rentgenstruktiiranalizé (2.33. att.). Tadgjadi
cietvielu KMR eksperimentus varétu izmantot molekulas telpiskas uzbiives pétijumiem

gadijumos, kad nav iesp&jams iegiit rentgenstruktiiranalizei derigus monokristalus.

46



1,4-DHINS amidu 62a un 62b *H KMR spektros CDCls (2.36. att.) novéro fenilgrupas
raditu ievérojamu anizotropiju Uz 2,6-metilgrupam. Savienojuma 62a gadijuma fenilgrupa
pagriezta uz 6-metil- un 5-acetilgrupas pusi, ko apstiprina 6-CH3z un 5-COCHpg signalu nobide
stipraka lauka neka 62b gadijuma. Savukart savienojumam 62b fenilgrupa pagriezta uz
2-metil- un 3-metoksikarbonilgrupas pusi, ko apstiprina 2-CHj signala nobide stipraka lauka.
Sadu fenilgrupas novietojumu 1,4-DHINS amidos 62a un 62b novéro ari cieta stavokli, ko

apstiprina rentgenstruktiiranalizes dati (2.33. att.).

3-COOCH; S'Co‘zic"‘m
|2-CH3
62b
IP ' |
A
3-COOCH; 5.COCH;3;
2-CHj
6-CH3
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2.36. att. 1,4-DHINS amida optiski tiru diastereomeru 62a un 62b 'H KMR spektri CDCl3
1,4-DHINS amidu 61b, 62a un 62b rentgenstruktiranalizes dati (2.28. un 2.33. att.)
liecina par noteiktu energétiski izdevigo amida konformaciju (2.37. att. [130]), t.i., heterocikla
Cy-stavoklt esosa karbonilgrupa novietota antiperiplanari pret C4-H atomu un CH grupas

protons (S)-(-)-a-metilbenzilamina aizsedz C4-C=0 skabekla atomu.

_H JH

2.37. att. Amida energetiski izdevigaka konformdcija
Zinot energgetiski izdevigako amida saiSu konformaciju un (S)-(-)-a-metilbenzilamina

konfiguraciju no iegitajiem ‘H KMR datiem (2.31. att. un 2.36. att.), iespgjams noteikt
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1,4-DHINS amidu 6l1a, 61b un 62a, 62b C,; stereogéna centra absolito konfiguraciju
$kiduma — C,- vai Ce-stavokli esosas metilgrupas 'H signdla nobidiSanas stipraka lauka
raksturo fenilgrupas noteiktu novietojumu molekula. Tatad, ari savienojumiem, kuriem nav
iespejams iegut derigus kristalus rentgenstruktiranalizei (pieméram, 6la gadijuma),
stereogena centra absolito konfiguraciju var noteikt, izmantojot tikai *H KMR datus.
Datormodel@&sana ir efektiva struktiiras analizes metode, jo sniedz vertigu informaciju
par savienojuma geometriju, tade] 1,4-DHINS amidiem 61a, 61b un 62a, 62b aprekinatas to

energgtiski izdevigakas konformacijas gazveida stavokli (2.38. att.).

Y T Y

"

(R,S)f«sza 5 . (S,S)J-62b i
2.38. att. 1,4-DHINS amidu 61a, 61b un 62a, 62b aprékinatas energétiski izdevigas
konformacijas
Iegiitie teoretiskie dati (2.38. att.) atspogulo energétiski izdevigakas 1,4-DHINS amidu 61a,
61b un 62a, 62b konformacijas gazveida stavokli un tas atbilst eksperimentali noteiktam cieta
stavokli ar rentgenstruktiiranalizes metodi (2.29. un 2.32. att.). Redzams, ka arT aprékinatajas

1,4-DHINS amidu 61a, 61b un 62a, 62b strukturas heterocikla Cgs-stavokli eso$a
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karbonilgrupa novietota antiperiplanari pret Cs,-H atomu un CH grupas protons
(S)-(-)-a-metilbenzilamina aizsedz C4-C=0 skabekla atomu (2.38. att.). Savienojuma 6la
metoksikarbonilgrupa novietota s-trans konformacija attieciba pret 1,4-DHP cikla divkar$o
saiti, savukart 61b gadijjuma s-cis konformacija, ko apstiprina ari ieguta
rentgenstruktiiranalize (2.28. att.). Aprekinataja 1,4-DHINS amida 62a struktiira
metoksikarbonilgrupa novietota s-cis un acetilgrupa s-trans konformacija, kas atbilst cieta
stavokli esoSajai konformacijai (2.33. att.). Savukart 62b gadijuma gazveida stavokli
energgtiski izdevigaka ir struktiira, kura metoksikarbonilgrupa atrodas s-trans, bet acetilgrupa
s-cis konformacija, kas ir pret&ji eksperimentali ieglitajiem datiem — s-cis/s-trans (2.33. att.).
Energijas starpiba starp savienojuma 62b teor€tiski aprékinato energétiski izdevigako
metoksikarbonilgrupas un acetilgrupas s-trans/s-cis konformaciju un eksperimentali iegiito
s-cis/s-trans konformaciju ir nieciga 4 kJ/mol.

Optiski tiru (S,S)-1,4-DHINS 36 méginats iegtt hidrolizgjot 1,4-DHINS amidu 61a ar
KOH, maisot istabas temperatira 12 stundas metanola, tomér vélamo produktu iegut
neizdodas. Reakcija notiek Cs-stavokli eso$as metoksikarbonilgrupas hidrolize un

dihidropiridina cikla oksidéSanas Iidz piridinam, ka rezultata iegtst savienojumu 64

(2.39. att).
0
i \-N CH ° N’ CH

3 3

S H
NC ' COOCH NC COOH
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HC N CH, H,C™ "N~ TCH,
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(S,5)-61a

2.39. att. 1,4-DHINS amida (S,S)-61a hidrolize

No literattiras [131] datiem ir zinams, ka 2,6-dimetil-1,4-DHP 3,5-dikarbonskabju esteri ir loti
stabili pret hidrolizi un secinats, ka $o savienojumu esteru grupas nav iesp&jams hidrolizét bez
1,4-DHP molekulas sadaliSsanas [19]. Tadel parsteidzoss ir 1,4-DHINS amida (S,S)-61a
hidrolizes rezultats, kura vélamas (S,S)-1,4-DHINS 36 vieta iegiits piridins 64 ar skabes grupu
Cs-stavokli.
1,4-DHINS atvasinajumu enzimdtiska hidrolize

Ka jau minéts literatiras apskata, 1,4-DHINS alkilesteri ir stabili daudzu komerciali
pieejamu hidrolazu klatbutng, t.i., to esteru hidrolize nenotiek. Lai panaktu enzimatisko

hidrolizi viens no pan€mieniem, ir alkilesteru aizvietoSana ar enzimatiski labilam grupam.
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Izvirzita meérka sasniegSanai 1,4-DHINS 33 esterifice ar propioniloksimetilhloridu
K,COs klatbiitng, ka Skidinataju izmantojot DMF (2.40. att.). Rezultata vélamais produkts 65

iegits ar 50% iznakumu.

H COOH H COOCH,0COCH,CH,
NC COCH, NC COCH,
| | CICH,0COCH,CH, | |
K,CO, / DMF
HC™ N TCH, HC” N7 eH,
H H
33 65 (50%0)

2.40. att. 3-Acetil-5-ciano-2,6-dimetil-4-propioniloksimetil-1,4-dihidropiridina (65) iegiisana

Enzimatisko hidrolizi ir iesp&jams veikt gan tidens vide, gan organiskajos Skidinatajos.
Vairuma gadijumu 1,4-DHINS atvasinajumi tidens videé ir grati $kistoSi savienojumi un to
Skidibu var ievérojami uzlabot, pievienojot organiskos $kidinatajus, pieméram,
izopropilspirtu, acetonitrilu, DMF. No literatiras [49] zinams, ka nesimetriski aizvietotu
1,4-DHINS aciloksimetilesteru enzimatiska hidrolize ar lipazi Candida rugosa ar acetonitrilu
modificéta 20mM fosfata bufert (pH 7,5) noris enantioselektivi un atbilsto$as nesimetriskas
1,4-DHINS iegiitas ar augstu enantioméro parakumu.

3-Acetil-5-ciano-2,6-dimetil-4-propioniloksimetil-1,4-dihidropiridina (65) enzimatiska
hidrolize veikta istabas temperatira 12 stundas, izmantojot lipazi Candida rugosa ar
acetonitrilu modificéta 20mM fosfata bufera (pH 7,5) skiduma (2.41. att.). Reakcijas gaitai
seko lidzi ar AESH un konstaté, ka 65 hidrolizei seko atra oksidéanas reakcija (notiek
dekarboksilésanas), kuras rezultata ieglst 3-acetil-5-ciano-2,6-dimetilpiridina (66) un 65
maisijumu (2.41. att.).

H COOCH,OCOCH,CH, H H COOCH,OCOCH,CH,

NC COCH, _ NC COCH, NC COCH,
Candida rugosa N
| 15% CH,CN Skidums | P + |

H,C l}l CH, fosfata buferi, pH 7,5 H.,C N CH, H,C N CH,
H 66 y
65 65

2.41. att. 1,4-DHINS propioniloksimetilestera (65) lipazes katalizéta hidrolize
Iegitie rezultati liecina, ka hidrolizes produkts 65 nav stabils — viegli oksidg&jas, tadél $ados
reakcijas apstaklos (2.41. att.) enzimatiska hidrolize nav pielietojama enantiotiras
1,4-DHINS 33 iegtSanai.
KMR pielietojums 1,4-DHINS enantioméru analizé
Lidz $im izstradatas vairakas KMR metodes, kuras plasi tiek pielietotas enantiomeras
tiribas un stereogéna centra absoliitas konfiguracijas noskaidroSanai hiraliem spirtiem un

aminiem [130], tom&r hiralam karbonskabém S$adu metozu ir loti maz. Tadgl, ka viens no
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darba mérkiem ir efektivas KMR metodes izstrade nesimetrisku 1,4-DHINS enantioméru
atSkirSanai un stereogéna C, centra absoliitas konfiguracijas noskaidroSanai.

Zinams, ka hiralam karbonskab&m nevar izmantot plasi lietotos hiralos lantanoidu
nobides reagentus, jo skabes grupa tos var hidrolizet [132]. Lietojot hiralos eiropija (Eu*®) un
prazeodima (Pr*®) nobides reagentus 1,4-DHINS 33, 36 un 38 gadijuma, *H KMR spektros
novero signalu nobidiSanos un ievérojamu paplasinasanos, kas apgriitina 1,4-DHINS
enantioméru atskirSanu.

Literattra [133] par veiksmigu atzita a-, f- un j-Ciklodekstrinu pielietosana amlodipina
maleata enantioméru atSkirSanai Udeni, izmantojot 1D un 2D KMR metodes. Tomér
nesekmiga izradas ciklodekstrinu pielietoSana 1,4-DHINS 33, 36 un 38 enantioméru analizei,
jo 'H KMR spektra nenovéro ne signalu kelSanos, ne arf nobidisanos. Problematiska izradas
KMR paraugu pagatavosana 1,4-DHINS 33, 36 un 38 to sliktas skidibas tident d&l.

Veiksmiga 1,4-DHINS 33, 36 un 38 enantioméru atskirSana izradas diastereoméro salu
metode, izmantojot alkaloidus — (8S,9R)-cinhonidinu vai (8R,9S)-cinhoninu. Registréjot
1,4-DHINS 33, 36 un 38 'H KMR spektrus hloroforma (8S,9R)-cinhonidina klatbtng
(attieciba 1:1), novéro 1,4-DHINS 33, 36 un 38 cinhonidina salu veido$anos, kam
raksturigas atskirigas kimiskas nobides spektrd. Izmantojot 'H, 3¢, gHSQC un gHMBC
spektru analizi, veikta pilniga protonu un oglekla KMR signalu identificéSana 1,4-DHINS 33,
36 un 38 cinhonidina saliem. Analiz&jot 1,4-DHINS 33, 36 un 38 cinhonidina salu kimiskas
nobides *H KMR spektros noskaidrots, ka cinhonidina molekuld protongsands notiek pie
hinuklidina esosa slapekla atoma, nevis hinolina fragmenta.

Izmantojot (8R,9S)-cinhoninu 1,4-DHINS 33, 36 un 38 diastereoméro salu veidosana,
KMR spektros novéro loti lidzigas kimiskas nobides, ka 1,4-DHINS 33, 36 un 38
cinhonidina salu gadijuma, tadel abas hiralas bazes vienlidz sekmigi var izmantot
enantioméru atskirsana.

Izstradata metode 1,4-DHINS 33, 36 un 38 cinhonidina salu atskirSanai KMR spektros
neatrisina jautajumu par C4 stereogéna centra absoliito konfiguraciju 1,4-DHINS molekula.
Mgeginajumi sadalit 1,4-DHINS 33, 36 un 38 cinhonidina salus (izmantojot kristalizéSanas
metodi) un péc tam ieglt rentgenstruktiranalizei derigus kristalus bija nesekmigi, tapéc, lai
noskaidrotu telpisko struktiiru 1,4-DHINS 33, 36 un 38 diastereomé&rajiem saliem, veikti
kvantu kimiskie aprékini gazveida stavokli. legutas 1,4-DHINS 33, 36 un 38 cinhonidina

salu energétiski izdevigakas konformacijas gazveida stavokli att€lotas 2.42. attéla.
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(R)-33 cinhonidina sals (5)-33 cinhonidina sals

(R)-36 cinhonidina sals (:5)-36 cinhonidina sals

9
9 9

(R)-38 cinhonidina sals (5)-38 cinhonidina sals
2.42. att. 1,4-DHINS 33, 36 un 38 cinhonidina salu energétiski izdevigakas konformacijas

Energijas starpiba starp (R)-33, 36 un 38 un (S)-33, 36 un 38 cinhonidina salu energgtiski
izdevigako konformaciju ir ~13-17 kJ/mol. Analiz&jot KMR spektru un teorétisko aprékinu
rezultatus, ka arT balstoties uz ieprieks$ iegtito informaciju par 1,4-DHINS amidu 61a, 61b un
62a, 62b absoltto konfiguraciju, noteikt C4 stereogéna centra konfiguraciju 1,4-DHINS 33,

36 un 38 cinhonidina saliem ir problematiski. Teorétiskie aprékini (2.42. att.) parada, ka
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diastereoméro (R)-33, 36 un 38 cinhonidina salu gadijuma hinolina gredzens novietots uz
6-metilgrupas un 5-ciano vai 5-acetilgrupas pusi, savukart (S)-33, 36 un 38 cinhonidina salu
gadijuma uz 2-metilgrupas un 3-acetilgrupas vai 5-metoksikarbonilgrupas pusi. Tadgjadi *H
un *C KMR spektros biitu sagaidamas $o grupu kimiskas nobides stipraka lauka hinolina
gredzena raditas anizotropijas dél. Tomér Skiduma (R)-33, 36 un 38 un (S)-33, 36 un
38 cinhonidina salu konformacija ir daudz labilaka, jo attalums un novietojums starp
1,4-dihidroizonikotinskabes anjonu un cinhonidina katjonu var buit mainigs, ka ar1 iesp&jama
jonu paru disociacija. lepriek§ mingtais varétu bat par iemeslu *H un *C KMR kimisko
nobizu tikai nelielam atSkiribam (R)-33, 36, 38 un (S)-33, 36, 38 cinhonidina salu spektros.
Tomer rapigi izvertgjot iegiitos *H un **C KMR datus, iespgjams noteikt C, stereogéno centru
konfiguracijas 1,4-DHINS 33, 36 un 38 cinhonidina saliem (2.43. att.).

CH,3.51 B (4. 168.19 CH,3.55

50.98 N 0 50.98

2.00 H,C N CH; 2,21
/'.('A(’ Hs.,s /,‘\:\\“

CH33.65
51.14

19.05 Hé.06 ,4;' 15 i
(R)-38

2.43. att. 1,4-DHINS 33, 36 un 38 cinhonidina salu *H un **C KMR kimiskas nobides CDCl,
un teorétiski noteikta Cy stereogena centra konfigurdcija

leglitie rezultati pierada, ka hiralas aminu bazes — (8S,9R)-cinhonidinu vai

(8R,9S)-cinhoninu — var izmantot racémisku 1,4-DHINS enantioméru at$kirSana, ka ari

optiskas tiribas kontrol€, izmantojot KMR spektroskopiju.

53



2.3. 1,A-DHINS atvasinajumu elektrokimiskie petijjumi

Daudzu biologisko procesu virzitajspeks ir redoksreakcijas. Farmakologiski aktivo
dihidropiridinu metabolisma pamata ir So savienojumu oksidéSana Iidz atbilstoSajiem
piridiniem, tomér joprojam literatiira nerimst diskusijas par procesa mehanismu.
Elektrokimisko pétijumu meérkis ir noskaidrot sintezéto 1,4-DHINS atvasinagjumu
elektrokimiskas oksidéSanas mehanismu aprotona vide, izpétit aizvietotaju ietekmi uz
elektronu parneses stadijam; izstradat metodi piridinija salu elektrosint€zei, novertét iegiito
salu anjonradikalu stabilitati un iesp&u tos izmantot jaunu 4,4-diaizvietotu 1,4-DHINS
atvasinajumu elektrosint€z€ ka ladinu parneses mediatorus.
Cikliska voltamperometrija

Izmantojot ciklisko voltamperometriju, pétita aizvietotaju ietekme uz heterocikla
elektrokimiskam 1pasibam darba sintezEtajiem simetriski un nesimetriski aizvietotiem
1,4-DHINS atvasinajumiem 2, 3, 32, 33, 36, 38-42 un 44-51 aprotona vide.

Sausa acetonitrila uz stacionara stiklgrafita (GC) diska elektroda 1,4-DHINS
atvasinajumi 2, 3, 32, 33, 36, 38-42 un 44-51 oksidgjas viena neapgriezeniska stadija
(2.44. att.) pieejamaja potencialu diapazona no 0 1idz 2,5 V (2.1. tabula).

H COOH H COOCH,

NC COOCH, +1.26 NC COOCH,

+1.31

2.0E-04

8.0E-05

LA 1.0E-04

4.0E-05

0.0E+00
0.0E+00

0.0 0.4 0.8 1.2 1.6 0.0 0.4 0.8 1.2 1.6
E,V E,V

2.44. att. 1,4-DHINS atvasinajumu 36 un 41 elektrokimiska oksidésana uz stacionara
GC elektroda. Fons 0,1 M NaClO4/CH;CN
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2.1. tabula

1,4-DHINS atvasinajumu 2, 3, 32, 33, 36, 38-42, 44-51 un 4-fenil-1,4-DHP 56-58, 66-68

elektrokimiskas oksidesanas potenciali (E®) un preparativaja elektrolizé patéréto elektonu

skaits (n)
H R4
RS R?
||
H3C N CH
1
1,4-DHP R! R? R3 R* E™ V n, F/mol
32 H COOCH, COOCH, COOH +1,18 0,75
39 H COOCH;, COOCH; COOCH;  +1,19 0,92
66 H COOCH, COOCH, CeHs +1,15 -
46 CH;  COOCH, COOCH;  COOCH;  +1,10 1,00
2 H COCH,4 COCH, COOH +1,18 0,93
44 H COCH, COCH, COOCH;  +1,17 1,03
67 H COCH,4 COCH, CeHs +1,08 -
47 CH,q COCH,4 COCH; COOCH;  +1,06 0,95
3 H CN CN COOH +1,34 1,26
40 H CN CN COOCH;  +1,39 1,41
68 H CN CN CeHs +1,32 -
48 CH,q CN CN COOCH;  +1,32 0,96
36 H COOCH, CN COOH +1,26 1,35
41 H COOCH;, CN COOCH;  +1,31 1,06
58 H COOCH, CN CeHs +1,19 -
50 CH;  COOCH, CN COOCH;  +1,21 1,20
33 H COCH, CN COOH +1,32 0,90
42 H COCH, CN COOCH;  +1,35 1,39
56 H COCH,4 CN CeHs +1,17 -
49 CH,q COCH,4 CN COOCH;  +1,26 1,03
38 H COCH,q COOCH, COOH +1,13 1,05
45 H COCH,4 COOCH;  COOCH;  +1,19 1,14
57 H COCH,q COOCH, CeHs +1,10 -
51 CH,q COCH,q COOCH; COOCH;  +1,08 1,01

Simetriski aizvietotu 1,4-DHINS atvasinajumu Cjs-stavoklos esosas metoksikarbonil-

vai acetilgrupas heterocikla oksidéSanas potencialu izmaina maz. Pirma elektrona atrauSanu

no 1,4-DHINA molekulas batiski apgritina ciano grupu klatbiitne heterocikla Cj s-stavok]os,

nobidot potencialu pat par 300 mV uz anodisko pusi. Salidzinot Cj;s-stavoklos esoSo

aizvietotaju ietekmi uz heterocikla oksidésanas potencialu simetriski aizvietotiem 1,4-DHINS

atvasinajumiem 2, 3, 32; 39, 40, 44 un 46-48, to elektronakceptoras Tpasibas raksturo seciba

COCH; < COOCHj3 < CN (2.1. tabula), kas atbilst arT noteiktajam attiecigi simetriski

aizvietotu 1,4-DHP pKa vértibam [134].

Salidzinot elektrokimiskas oksidéSanas potencialus ar ciano grupu aizvietotiem

nesimetriskiem 1,4-DHINS atvasinajumiem 33, 36; 41, 42 un 49, 50 visos gadijumos
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metoksikarbonilgrupas aizstasana ar acetilgrupu nedaudz apgritina heterocikla oksidéSanu
(2.1. tabula). Aizvietojot vienu metoksikarbonilgrupu 4-fenil-1,4-DHP 66 ar ciano grupu,
savienojuma 58 oksidéSanas potencials nobidas uz anodisko pusi par 40 mV, otras
metoksikarbonilgrupas aizstaSana ar ciano grupu 1,4-DHP 68 potencialu nobida vél par
130 mV. Lidziga likumsakariba ir spéka ar1 savienojumu rindai 67, 56, 68. Savukart, pretéju
efektu ciano grupas ietekmei novéro 4-metoksikarbonilaizvietoto 1,4-DHINS atvasinajumu
rindas 39, 41, 40 un 44, 42, 40, ka ar1 4-karboksilaizvietoto analogu rinda 32, 36, 3 un
2, 33, 3 — lielako potenciala nobidi rada vienas ciano grupas klatbiitne heterocikla, otras ciano
grupas ietekme uz oksidé$anas potencialu ir ievérojami mazaka (2.1. tabula).

Elektronakceptora karboksilgrupa vai metoksikarbonilgrupa heterocikla Cg-stavokli
nedaudz apgritina 1,4-DHINA atvasinajumu 2, 3, 32, 33, 36, 38 un 39-42, 44, 45 oksidéSanu
salidzinajuma ar 4-fenilaizvietotiem 1,4-DHP analogiem 56-58 un 66-68 (vidgji par 50 mV),
kameér elektrodonora metilgrupa pie slapekla atoma likumsakarigi atvieglo 1,4-DHINS
atvasinajumu 46-51 oksidéSanos par 70-110 mV salidzinajuma ar to N-neaizvietotiem
analogiem 39-42, 44, 45.
Kulonometriska analize
1,4-DHINS atvasindjumu preparativa elektrokimiska oksidésana

Literatura 1,4-dihidropiridinu elektrokimiska oksidéSana tiek aprakstita gan ka
vienelektronu EC” [135], gan divelektronu ECEC [60, 70] vai EECC [136] process. Literatiira
piedavatie 1,4-DHP atSkirigie oksidéSanas mehanismi, iesp&jams, skaidrojami ar So
savienojumu oksidéSanas mehanisma mainu atkariba no konkrétiem eksperimenta apstakliem,
no vides, ka arT no molekula esoSajiem aizvietotajiem. Lai noskaidrotu sintez&to 1,4-DHINS
atvasinajumu elektrokimiskas oksidéSanas mehanismu, veikta kontroléta potenciala
elektrolize dalita Stina N-neaizvietotiem 2, 3, 32, 33, 36, 38-42, 44, 45 un N-aizvietotiem
46-51 1,4-DHINS atvasinajumiem aprotona vidé (CH3CN), meérot oksidéSanas procesa
patéréto kulonu skaitu (n) (2.1. tabula). Preparativaja oksidésana neizreaggjosi 1,4-DHINS
atvasinajumi vai to protonétas formas reakcijas maisijumos péc elektrolizes nav konstatétas.
Attiecigie piridinija perhlorati Py+ 2, 3, 32, 33, 36, 38-42, 44, 45 un Py+ 46-51 pieraditi ka
vienigie reakcijas produkti, registrgjot 'H un *C KMR spektrus anolitam uzreiz péc
Skidinataja ietvaic€Sanas vakuuma. Summari 1,4-DHINS molekulas oksidéSana Iidz

atbilstosam piridinam/piridinijam ir divu elektronu process, tau elektrolizes gaita uz

*
E - elektrokimiska stadija (elektronu parnese), C - tai sekojoSa kimiska stadija (protona vai citas aizejosas
grupas atskelSana)
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elektroda registréto kulonu skaits liecina, ka 1 mola vielas oksidé$anai formali patéréts 1 F
(2.1. tabula). Iegiitais rezultats liecina par to, ka otru elektronu primarais oksidésanas produkts
nezaudg elektrokimiskaja, bet gan kimiskaja reakcija, eliming&jot heterocikla C4-stavokli esoso
aizvietotaju ka brivu radikali. Katjonradikalos, kas elektrokimiski generéti no 1,4-DHINS 2,
3, 32, 33, 36, 38, homolitiski tiek Skelta C4-COOH saite, savukart 39-42, 44, 45 un 46-51

gadijuma tiek eliminéts tidenradis ka brivs radikalis (2.45. att.).

H 0N H_ cooH |* H 2
R3 R 3 2 3 ) n o
-e R R R AN R HoO N
[ | —— | i olele) | ) |
+ -H* P
H3C 'Tl CH3 H3C l}l CH3 H3C | CH3 H3C N CH3
; 4 H cio, Py 2, 3,32, 33, 36,38
2,3,32,33, 36,38 ;

- Py* 2,3, 32, 33, 36, 38

H,_ COOCH, H_ COOCH, v COOCH; COOCH,
R3 R R3 R? R3 R? R3 R2
| | -e -H’ N H,0 ~
P S S EadP S e
HC™ "N™ "CH, HC™ "N™ "CH, HC™ N CH, H,C™ N7 "CH,
R! R! R - Py 39-42, 44, 45
39-42, 44, 45 L B clo, yERa
46-51 Py+ 39-42, 44, 45
Py* 46-51

2.45. att. 1,4-DHINS atvasinajumu 2, 3, 32, 33, 36, 38 un 39-42, 44, 45, un 46-51
elektrokimiska oksidésana
Preparativas elektrolizes produktu izdaliSanai reakcijas maisijumu apstrada ar tideni, lai
atbrivotos no fona elektrolita (NaClOy), ka rezultata piridinija perhlorati Py+ 2, 3, 32, 33, 36,
38-42, 44, 45 deprotongjas, un tiek izdaliti piridini Py 2, 3, 32, 33, 36, 38-42, 44, 45
(2.45. att.), kuru struktiiras pierada "H un B3C KMR spektri.
1,4-DHINS atvasinajumiem, kuru molekula ir vismaz viena acetilgrupa, apstrades
procesa, paraleli deprotonéSanas reakcijai notiek §is grupas iekSmolekulara ciklizacija ar
metoksikarbonilgrupu, izveidojot laktona L 42, 44, 45 un piridina Py 42, 44, 45 maisijumu.
Problematiska izradas $0 maisijumu hromatografiska sadaliSana, jo neizdodas piemeklét
eluentu, kura piridina un laktona iznakSanas laiki no kolonnas pietiekami atSkirtos, ka

rezultata samazinas izdalito produktu iznakumi.

L 42, 44, 45
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legiito savienojumu L 42, 44 un 45 struktiiras pierada 'H un BC KMR spektri, ka ari
L 42 gadijuma rentgenstruktiiranalize (pielikuma 14. att.).

Savukart N-metilaizvietota piridinija perhlorata Py" 46-51 izdalisana péc elektrolizes
problémas rada ta atdaliSana no parakuma eso$a fona elektrolita (NaClO,4) abu perhloratu
lidzigas Skidibas d€] gan tideni, gan ar1 organiskajos Skidinatajos, ka rezultata izdalito
piridinija perhloratu iznakumi ir zemaki. Piridinija salus Py" 46, 47, 49 un 51 izdodas izdalit,
apstradajot reakcijas maistjumu ar nelielu idens daudzumu, tadu piridinija perhloratu Py* 50
no reakcijas maisijjuma izdevas izdalit vienigi, izmantojot apgrieztas fazes kolonnas
hromatografiju (kolonna Biotage SNAP Cartridges, KP-C18-HS 12g) gradienta rezima
CH3CN-HCOOH (0,1%) tideni. Savukart m&ginajumi izdalit piridinija perhloratu Py* 48 no
reakcijas maisfjuma beidzas nesekmigi, izmantojot ari apgrieztas fazes kolonnas
hromatografiju, jo NaClO4un Py+ 48 skidiba, ka ar1 iznaksanas laiks no kolonnas ir vienadi.

Problémas radija Py* 49 struktiras pieradisana ar ‘H-KMR spektriem, jo iegiitais
savienojums lidzigi pargjiem perhloratiem hloroforma neskist, bet ta Skidums baziskos
skidinatajos (CDsCN, DMSO-ds) krasojas dzeltens, un *H-KMR spektra redzams divu vielu
maisijums, kuru koncentraciju attiecibas mainas laikd. Dimetilsulfoksida notiek atra
iekSmolekulara ciklizacija, veidojot laktonu L 49, kura savukart 1&ni tiek deprotonéta cikla
otraja stavokli eso$a metilgrupa, ka gala produktu iegtstot 3-metoksi-3,5,6-trimetil-
4-metilén-1-o0kso-1,3,4,5-tetrahidro-furo[3,4-c]piridina-7-karbonitrilu  (69) ar eksociklisku
C=C dubultsaiti (2.46. att.).

0 0
0 0
COOCH, OCH, OCH,
NC COCH NC NC. A
—_— —_— |
+ +=
HC™ “NT TCH, HC™ TNT ToH, HC™ N7 TeH,
CH, CIO; CH; clo; CH,
Py* 49 L 49 69

2.46. att. 3-Acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetilpiridinija perhlorata (Py" 49)
parvertibas baziska vide
legiita savienojuma 69 struktiiru pierada *H un *3C KMR spektri, ka ar rentgenstruktiranalize
(pielikuma 15. att.).
Mazak baziskos $kidinatajos Py" 49 iek§molekulara cikliz&$anas tiek bremzéta, un ta
struktiiru apstiprina registrétais 'H-KMR spektrs CD3CN.
Udens fazeé, ar kuru apstradats piridinija perhlorata Py* 49 reakcijas maisijums péc

elektrolizes beigam, ieguti 3-hidroksi-7-karbamoil-3,4,5,6-tetrametil-1-okso-1,3-dihidro-
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furo[3,4-C]piridinija perhlorata (70) kristali. legiita savienojuma 70 struktiiru apliecina *H un
3C KMR spektri, ka arf rentgenstruktiiranalize (pielikuma 16. att.).

o
Q Q_oH
C
re
H,N Y CcH,
+ 2
H,C™ N TCH,
CH;  cio;
70

Skaba vidé un tdens klatbiitn€é notiek metilestera un ciano grupas hidrolize, kam seko
karboksilgrupas un acetilgrupas ieckSmolekulara ciklizacija, izveidojot laktonu 70 atbilstosi
shémai (2.47. att.).

\ _O—CH, \ _OH 0
C O ¢C L. 5 O 0
_0 I \8//0 I OH
NC. AL LA . SO
| CH, _HO _ HN | cH, M, HN | CH,
o H + + o
HC™ N TCH, HC™ N TCH, HC™ N TCH,
CH;  cio, CH, clo, CH, clo,”
Py* 49 70

2.47. att. 3-Hidroksi-7-karbamoil-3,4,5,6-tetrametil-1-okso-1,3-dihidro-furo[3,4-C]/ piridinija
perhlorata (710) rasanas mehanisms

4,4-Diaizvietotu 1,4-DHINS atvasinajumu sintéze, reducejot piridinija katjonu

Viens no daba mérkiem ir izstradat metodi 4,4-diaizvietotu 1,4-dihidroizonikotinskabes
atvasinajumu sintézei, elektrokimiski reducgjot piridinija sali dazadu alkilhalogenidu
klatbutné. Lai to realiz€tu nepiecieSams piridinija sals, kura elektrokimiski generétie
produkti — brivais radikalis un anjons — biitu pietickami stabili, lai darbotos ka ladina
parneses mediatori, kas sp&jigi reducét gritak reduc€jamus savienojumus atbilstoSi shémai
1.22. att. literatiras apskata. Tas nozimé, ka piridinija katjonam jareduc&jas divas
vienelektronu apgriezeniskas stadijas. Diemzel piridinija salu elektrokimiska reduc€Sana
literatira nav pétita sistematiski, tomeér iegiitie rezultati liecina, ka vairums piridinija katjonu
reducgjas neapgriezeniski, iesaistoties nevélamas blakus reakcijas (skat. literatiiras apskata).
Iznémums ir 1-metil-4-metoksikarbonilpiridinija katjons (23) (skat. literatiiras apskata) [78],
kura abas reduc€Sanas stadijas atbilst nepiecieSamajiem nosacijumiem. Darba pétita
heterocikla aizvietotu 4-metoksikarbonilpiridiniju elektrokimiska reducésana aprotona vidé un
novertétas uz katoda generéto starpproduktu stabilitates, lai noskaidrotu, vai uz $o salu bazes
iesp&jams iegiit heterocikla pilnigi aizvietotus 1,4-DHINS atvasinajumus.
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Darba iegitie N-metilaizvietotie piridinija perhlorati Py" 46-51 acetonitrila uz
stacionara Pt, ka arT GC diska elektroda reducgjas divas stadijas (2.2. tabula), no kuram pirma

elektrona parnese ir kvaziapgriezeniska, otra — neapgriezeniska (2.48. att.).

1.2E-05

8.0E-06

I, A 4.0E-06

0.0E+00

-4.0E-06
-1.6 -0.8 0.0

2.48. att. 1,2,6-Trimetil-3,4,5-trimetoksikarbonilpiridinija perhlorata (Py* 46) (c = 5x10™* M)
elektrokimiska reducésana uz stacionara Pt diska elektroda. Fons CH3;CN/0,1 M TBABF4
Lidzigi simetriski aizvietoto 1,4-DHINS 46 un 47 oksidésanai ar simetriski aizvietotu
piridinija perhloratu Py” 46 un 47 reducé$ana pirma elektrona parneses potencidlus maz
ietekmé heterocikla Css-stavoklos esoSas metoksikarbonilgrupas vai acetilgrupas. Savukart
elektronakceptords ciano grupas biitiski palielina simetriski aizvietota Py* 48 tieksmi p&c
elektrona, un reducésanas pirmas stadijas potencials nobidas par ~400 mV uz anodisko pusi
(2.2. tabula). Arl nesimetrisku Py" 49 un 50 gadijuma, kad molekula ir tikai viena ciano
grupa, ta biutiski atvieglo heterocikla reducéSanu — pirmas stadijas potencials nobidas par
~270 mV uz anodisko pusi.
2.2. tabula
Piridinija perhlorata Py* 46-51 elektrokimiskas reduc&$anas potenciali CHsCN/0,1 M NaClO,
uz stacionara GC diska elektroda

Py+ Elred’ V Ezred’ V

46 -0,79 -1,25
47 -0,76 -1,15
48 -0,39 -0,79
49 -0,52 -1,03
50 -0,58 -1,07
51 -0,69 -1,14
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Uznemtas cikliskas voltamperogrammas sintezétajiem piridinija perhloratiem Py* 46-51
pierada, ka acetonitrila elektrokimiskas reducéSanas stadijas nav apgriezeniskas un iegiitie
anjoni ir nestabili un tadél nav izmantojami ka ladina parneses mediatori. Nomainot
acetonitrilu pret dimetilformamidu, piridinija perhloratu abu elektronu parneses stadiju
apgriezeniba palielinas.

Dimetilformamida uz Pt elektroda Py 46 reducgjas divas stadijas, pirma elektrona
parnese notiek pie -0,67 V, otra pie -1,32 V (2.49. att.).

-0.67
1.6E-05

8.0E-06
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0.0E+0.0

-8.0E-06
-1.6 -0.8 0.0
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2.49. att. 1,2,6-Trimetil-3,4,5-trimetoksikarbonilpiridinija perhlorata (Py* 46) (¢ = 5x10™ M)
elektrokimiska reduceésana uz stacionara Pt diska elektroda. Fons DMF/0,1 M TBABF,
Pirmas stadijas katodiskas (Epk) un anodiskas (Eps) smailes potencialu starpiba ir 69 mV,
otras — 82 mV (stravu attieciba ip/ipa= 1 abam stadijam”), kas atbilst kvaziapgriezenisku
procesu nosacijumiem. Savukart izvéletie alkilhalogenidi uz katoda reducgjas viena
neapgriezeniska stadija ap -2,0 V, Kas ir par ~ 500 mV griitak, salidzinot ar Py" 46 otro stadiju

(2.3. tabula).

2.3. tabula
Piridinija perhlorata Py" 46 un alkilhalogenidu elektrokimiskas reducgSanas potenciali
DMF/0,1 M TBABF, uz stacionara Pt diska elektroda

Py"46 CHsl C,HsBr  (CHs),CHBr
E.;9 VvV  -067 -7 1,7 2,0
E, v -1,32 - - i

" Apgriezeniskas elektronu parneses kriterijs ir Ep — Epa = 57/n mV (ip/ipa = 1)
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Registréjot ciklisko voltamperogrammu Py 46 alkilhalogenidu (CHsl, C,HsBr,
(CH3),CHBr) klatbiitng, pirma elektrona parnese nemainas, savukart otra stadija klast

neapgriezeniska (ipk/ipa>> 1) (2.50. att.).

L8E-0.5

1.2E-05

1, A 6.0E-06

0.0E+00

I Y, 00
E,V
2.50. att. 1,2,6-Trimetil-3,4,5-trimetoksikarbonilpiridinija perhlorata (Py* 46) (c = 5x10™* M)
elektrokimiska reducesana 0,5 ml CHsl (-), CoHsBr (-), (CH3),CHBr (-) klatbitné uz
stacionara Pt diska elektroda. Fons DMF/0,1 M TBABF,4

Izveletais preparativas elektrolizes potencials E™ = -1,50 V nodrosina divu elektronu
parnesi no katoda uz Py" 46, genergjot atbilstosu anjonu, tadu tas nav pietickams, lai notiktu
alkilhalogenidu tieSa reducéSana uz elektroda. legiitais anjons ir pietieckami stabils un specigs
elektronu donors, kas sp&j reducét alkilhalogenidus, kuru potencials ir par 400 mV negativaks
(2.3. tabula). NetieSaja reducésana iegitais alkilhalogenida anjonradikalis ir nestabils, notiek
atra un neapgriezeniska C-alkilsaites rausana, un, rekombingjoties piridilradikaliem ar
alkilradikaliem, ieguti 4,4-diaizvietoti 1,4-dihidroizonikotinskabes atvasinajumi.

Reducgjot Py" 46 metiljodida vai izopropilbromida klatbiitng, iegiti 4-alkil-
1,2,6-trimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridini 71 un 72 (2.51. att.). Iegutajiem

savienojumiem 71 un 72 iegiiti rentgenstruktiiranalizei derigi kristali (pielikuma 4. att.).
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COOCH, COOCH, COOCH,

H,COOC COOCH H ,C00C COOCH H ,CO0C COOCH,
+ BX—>
+/

CH clo, H, H,
Py* 46
H,C_ COOCH, HC \CH COOCH H, COOCH,
choocfﬁicoow H, COOCﬁCOOCH H cooc COOCH,
H.,C I}l CH, CH,C,H,
CHS 3 3
71 72 73
BX= CH,l (CH,),CHBr C,HgBr

2.51. att. 1,2,6-Trimetil-3,4,5-trimetoksikarbonilpiridinija perhlorata (Py* 46) reducésana
alkilhalogenida BX klatbiitné

Etilbromida klatbiitne reducgjot Py* 46, iegiist 1,4-DHINS atvasindjumu 73 —
savienojumu, kura ir notikusi ne tikai etilgrupas pievienoSana heterocikla Cy-stavokli, bet arl
viena tdenraza atoma aizvietoSana Cp-stavokli eso$aja metilgrupa ar etilgrupu (2.51. att.).
legitie savienojumi 71, 72 un 73 liecina par to, ka lidz §im maz zinamo 4,4-diaizvietotu
1,4-DHINS atvasinajumu sint€z€ limit&joss faktors nav bijis So aizvietotaju stériskie efekti.
Izstradata metode ir izmantojama 4,4-diaizvietotu 1,4-DHINS atvasinajumu sintézg, lai iegiitu
savienojumus ar atSkirigiem aizvietotajiem pie heterocikla C4 atoma.

Piridinija perhlorata Py* 47, 49 un 51 tieksme veidot laktona ciklu iek§molekularas
acetilgrupas un metoksikarbonilgrupas ciklizé$anas rezultata baziska vidé nelauj So
savienojumu elektrokimisko reducéSanu veikt dimetilformamida. Atkartoti uzpemot
voltamperogrammas laika, Skidums iekrasojas dzeltens, samazinas abu reduc€Sanas stadiju
apgriezeniba. Lai ari 1énak neka dimetilformamida vai dimetilsulfoksida, tomér ari
acetonitrila veidojas laktona cikls, kas ir elektrokimiski neaktivs potencialu diapazona no
0 Iidz -1,5 V. 4,4-Diaizvietotu 1,4-DHINS atvasinajumu elektrosintéze uz Py* 47, 49 un 51
bazes butu iesp&jama, ja izdotos piemeklet $kidinataju, kura preparativas elektrolizes laika
nenotiek piridinija sals Py" 47, 49 un 51 iek$molekulara ciklizé$anas, un kur§ atbilstu
elektrokimija nepiecieSamajiem nosacijumiem — biitu aprotons, polars un ar ,,potencialu logu”

no 0 Iidz -2,0 V.
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2.4.1,4-DHINS atvasinajumu stereokimijas peétijjumi

Bitisku ieguldijumu 1,4-DHINS struktiras izp&te sniedz rentgenstruktiiranalizes dati un
teoretiskie aprekini, ar kuru palidzibu iesp&jams noskaidrot 1,4-DHINS konformacionalas un
stereokimiskas prasibas, kadas varétu but noteico$as S$o savienojumu farmakologiskai
aktivitatei. Lai arT literatira pieejama fragmentara konformacijas analize atseviskiem 1,4-DHP
[85-96], tomér nav veikti sistematiski p&tfjumi, ka aizvietotaji 1,4-DHP molekula ietekmé
konformaciju, kas sniegtu ieguldijumu 1,4-DHP struktiiras izp&te.
Rentgendifrakcijas analize

Saja darba stereokimijas (konformacijas) pétijumiem izvéléti sintezétie 1,4-DHINS
atvasingjumi 2, 3, 32, 33, 36, 38-42 un 44-50, 52, 53, 71 un 72 (2.4. tabula), kuru
rentgendifrakcijas datu registréSanas, procesé$anas un geometrijas parametri uzdoti pielikuma
1. un 2. tabula.

2.4. tabula

Rentgendifrakcijas analizé iegitie 1,4-DHINS atvasinajumu un 4-fenilaizvietotu 1,4-DHP
struktiiras parametri

RS R4

3 | 3
Rr1
a a
14DHP R! R R? R* R G NEY o 0 m@ PO ()
32 H COOCH; COOCH; H  COOH 0,233(9) 0,102(7) 167,5(5) 1755(5) 693(7) 79,2
39 H COOCH; COOCH; H  COOCH; 0,313(4) 0,132(3) 54(6) -1715(3) 919(4) 828
66  H COOCH; COOCH; H  CeHs 0,341(9) 0,168(8) 1766(6) 6,0(1) 102,0(8) 858
46 CH; COOCH; COOCH; ~ H  COOCH; 0,520(7) 0283(6) 1624(6) -150(1) 304(3) 856

71 CHy COOCH; COOCH; CH;  COOCH, 0,419(4) 0,209(3) -26,9(6) 37,6(6) 122,4(5) 88,4
72 CHy COOCH; COOCH; CH(CHs), COOCH, 0,325(3) 0,163(3) -28,7(3) -41,9(3) 94,6(3) 83,2
2 H COCH; COCH;, H COOH 0,341(1) 0,152(1) 167,7(8) 170,08) 102,0(1) 76,5

44 H COCH; COCH, H  COOCH, 0,332(3) 0,159(2) -14,9(3) 171,0(2) 99,8(3) 82,3
67 H COCH; COCH, H CeHs  0,341(2) 0,143(2) 160,8(2) -149(3) 99,7(2) 83,8
47  CHy COCH; COCH, H  COOCH, 0,553(3) 0,262(3) -159,8(2) -152(3) 161,9(2) 85,5
3 H CN CN H COOH 0,319(1) 0,171(1) - - 958(2) 90,0
40 H CN CN H  COOCH; 0,134(3) 0,052(2) - - 385(3) 723
68 H CN CN H CeHs  0,107(4) 0,045(3) - - 311(3) 884
48 CHy CN CN H  COOCH; 0,374(3) 0,169(3) - - 1094(3) 756
52 CH; CN CN CH; COOCH; 0,203(2) 0,118(2) - - 616(2) 719
36 H COOCH; CN H COOH 0,255(4) 0,1003) 1759(3) -  743(3) 804
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41molA H COOCH; CN H  COOCH; 0,182(4) 0,066(4) 2,5(5) - 523(4) 803
41molB H COOCH; CN H  COOCH, 0,232(4) 0,091(3) 2,7(5) - 674(4) 799
58molA H COOCH; CN H CeHs  0,214(3) 0,116(2) 4,7(4) - 650(3) 769
58molB H COOCH; CN H CeHs  0,260(3) 0,123(3) 2,3(4) - T7712B3) 761
50  CH; COOCH; CN H  COOCH, 0427(3) 0,223(2) -215(3) -  1280(3) 79,0
33 H COCH; CN H COOH 0,012(4) 0,023(3) -1745(5) -  149(3) 729
42molA H COCH; CN H  COOCH, 0,213(3) 0,077(3) -172.2(5) -  614(4) 742
42molB H COCH; CN H  COOCH, 0,303(3) 0,136(3) -168,4(5) -  89,8(4) 79,6
56 H COCH; CN H CeHs  0,009(2) 0,015(2) -32,4(2) -  148(2) 87,7
49  CH; COCH; CN H  COOCH, 0445(3) 0,218(3) -33,3(4) -  131,3(4) 86,2
53 CH; COCH; CN CH; COOCH, 0,022(3) 0,028(3) -134,1(4) -  147(3) 895
38 H COOCH; COCH;, H COOH 0,347(3) 0,153(3) 0,8(4) 169,9(2) 103,03) 86,3
45 H COOCH; COCH;, H  COOCH, 0,232(8) 0,125(6) -3,4(7) -30,7(7) 70,7(6) 84,2

57 H COOCH; COCH;  H CoHs  0,364(2) 0,154(2) -33(3) -174,8(2) 106,7(2) 85,0
% Novirze no C,-C3-C-Cs plaknes

legitie rentgenstruktiiranalizes dati liecina, ka 1,4-DHINS cikls pastav plakanas vannas
forma un to raksturo heterocikla ieks€jo torsijas lenku summa (P). Vidéja P vértiba
14-DHINS 2, 3, 32, 33, 36, 38, 14-DHINS metilesteriem 39-42, 44, 45,
N-metilaizvietotiem 1,4-DHINS atvasinajumiem 46-50 un 4,4-diaizvietotiem 1,4-DHINS
atvasinajumiem 52, 53, 71 un 72 ir 82°, lai gan ta mainas plasa diapazona no 14,7° lidz 161,9°
(2.4. tabula), kas norada uz ievérojamu 1,4-DHINS cikla novirzi no idealas vannas
konformacijas (P = 90°). No literatiiras zinams, ka nifedipinam, kur§ darbojas ka kalcija
kanalu blokators, P = 72° [86,96]. 4-Fenilaizvietotu 1,4-DHP struktiiras p&tijumi apstiprina,
ka 1,4-DHP cikla vannas dzilums ir saistits ar o savienojumu farmakologisko aktivitati — jo
plakanaks heterocikls, jo lielaka aktivitate [86, 98].

1,4-DHINS atvasinajumu kristaliskajas struktiiras slapekla atoms N; atrodas gandriz
heterocikla plakng, savukart C4 atoms ievérojami izvirzits no §is plaknes, par ko liecina N; un
C4 novirzes no C,-C3-Cs-Cg plaknes (2.4. tabula). 1,4-DHINS atvasinajumos 2, 3, 32, 33, 36,
38-42, 44-50, 52, 53, 71 un 72 C4 novirze no heterocikla plaknes ir lineari atkariga no N1 — jo

lielaks ir N izvirzijums, jo lielaka C4 novirze no plaknes (2.52. att.).
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2.52. att. Korelacija starp Cyq un Ny novirzem no heterocikla plaknes N-neaizvietotu (4) un
N-metilaizvietotu (m) aizvietotiem 1,4-DHINS atvasinajumiem

Salidzinot iegiitos rentgenanalizes datus 2.4. tabula skaidri redzams, ka heterocikla
planaritate picaug rinda COCH3 < COOCH3; < CN. Pilnigi planaru 1,4-DHINS gredzenu
noveéro 33 un 53 gadijuma, savukart Ny aizvietoSana ar metilgrupu 46-50 rada ievérojamu
heterocikla vannas padzilinaSanos (2.4. tabula). N-metilgrupa 1,4-DHINS atvasinajumos
46-50 ir novietota pseidoekvatoriali heterocikla plaknei. Specifisku 4-karboksilgrupas vai
4-metoksikarbonilgrupas ietekmi uz heterocikla planaritati nenovéro, salidzinot ar
4-fenilaizvietotiem 1,4-DHP 56-58, 66-68 (2.4. tabula).

Lidzigi ka 4-fenilgrupa 1,4-DHP 56-58, 66-68, ari 4-karboksilgrupa un
4-metoksikarbonilgrupa 1,4-DHINS 2, 3, 32, 33, 36, 38-42, 44-50 un 52 ir novietotas
pseidoaksiali heterocikla plaknei. Torsijas lenkis (7) starp heterocikla C,-C3-Cs-Cg plakni un
4-karboksilgrupu vai 4-metoksikarbonilgrupu mainas no 71,9° Iidz 90,0°, tadgjadi apliecinot,
ka abas grupas atrodas perpendikulari heterocikla plaknei (2.4. tabula).

Bitiskas izmainas molekulas konformacija novéro 4,4-diaizvietotu 1,4-DHINS
atvasinajumu 53, 71 un 72 gadijuma, salidzinot ar 4-monoaizvietotiem atvasinajumiem 46 un
49, kam par c€loni ir otra aizvietotaja (alkilgrupas) ievadisana C4-stavokli 1,4-DHINS
molekula. 4-Alkil-4-metoksikarbonilaizvietotajos 1,4-DHINS atvasinajumos 53, 71 un 72
4-metoksikarbonilgrupa ienem pseidoekvatorialu konformaciju, kas konstatéta ari

4-metil-4-fenil-1,4-DHP struktiira [85]. Visticamak pseidoekvatorialo konformaciju nosaka
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alkilgrupas stériskie efekti. Turklat alkilgrupas ievadiSana Cs-stavokli ietekmé 52, 53, 71 un
72 heterocikla vannas dzilumu — ta kliist plakanaka (2.4. tabula).

Literattra uzsverts, ka noteicosa loma 1,4-DHP aktivitaté ir Css-stavokli eso$ajam
karbonilgrupam [91, 114, 115]. Principa iesp&jamas tris atSkirigas Cjs-karbonilgrupu
konformacijas molekula: s-trans/s-trans, s-Cis/s-Cis un enantioméra S-Cis/s-trans vai
s-trans/s-cis. 1,4-DHP rentgendifrakcijas analizes, teorétisko aprékinu un in vitro pétijumi
norada, ka vismaz vienai karbonilgrupai jabiit s-cis konformacija, kas nodroSina Gidenraza
saites veidoSanos ar receptoru [22].

Estera un acetilgrupas orientaciju molekula raksturo torsijas lenki C,-C3-C7-Og (¢1) un
C6-C5-Cy-O10 (¢2) (2.4. tabula). Iegiito savienojumu rentgendifrakcijas datu analize liecina, ka
kristaliska stavokli 1,4-DHINS atvasinajumos 33, 36, 38, 39, 41, 42, 44-47, 49, 50, 53, 71 un
72 karbonilgrupai energétiski izdevigaka ir enantiom&ra S-trans/s-cis vai s-cis/s-trans
konformacija un s-cis konformacija monokarbonilaizvietotos savienojumos (2.4. tabula).
Tikai divos gadijumos 2 un 32 iegliti monokristali ar s-trans/s-trans karbonilgrupas
orientaciju molekula.

1,4-DHINS atvasinajumu 3, 36 un 40 monohidratu kristaliskajas struktiiras tidens
molekula veido starpmolekularu Gidenraza saiti ar COOH vai NH grupu (pielikuma 1., 2. un
7. att.). 1,4-DHINS atvasinajuma 41 elementarSunas neatkarigaja dala iegtitas divas nedaudz
atskirigas $1 savienojuma konformacijas (2.4. tabula). Lidzigi kristalizgjas ari 1,4-DHINS
atvasinajums 42 (2.4. tabula).

Kvantu kimiskie aprékini

Darba sintezetajiem 1,4-DHINS atvasinajumiem veikti Uz blivuma funkcionalas teorijas
balstiti (DFT) aprékini, lai noskaidrotu molekulas energgetiski izdevigako konformaciju un
elektronisko uzbiivi gan gazveida stavokli, gan Skiduma (CHCI; un DMSO). Iegitie
teorétiskie aprékini gazveida stavokli ir analogiski rezultatiem, kas ieguti, pielietojot
Skidinataja modeli (PBF). Tadel darba apskatiti tikai tie dati, kas iegiti, veicot aprékinus
gazveida stavokli (2.5. tabula).
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2.5. tabula

1,4-DHINS atvasinagjumu un 4-fenilaizvietotu 1,4-DHP struktiiras geometrijas parametri,

veicot molekulas optimizésanu gazveida stavokli (B3LYP/6-31G* metode)

1,4-DHP Cynovi, A Ninovi, A ¢, (°) o, P, 7 (°)
32 0,389 0,171 2,85 7,65 1148 756
39 0,400 0,176 2,45 750 118,0 757
66 0,298 0,128 -1,60 127 871 899
46 0,469 0,246 6,02 1231 1408 831
71 0,494 0,252 -27,83 -14599 1432 90,0
72 0,582 0,285 146,99 28,19 166,1 70,1
2 0,429 0,184 -554 -4,78 1258 76,0
44 0,429 0,186 -5,16  -3,68 126,1 754
67 0,349 0,145 599 3,62 101,2 899
47 0,492 0,244 -14,07 -5,76 1459 88,8
3 0,273 0,123 - - 80,1 82,6
40 0,278 0,119 - - 810 838
68 0,202 0,102 - - 60,4 88,3
48 0,354 0,165 - - 1034 855
52 0,336 0,160 - - 87,5 834
36 0,262 0,116 5,18 - 76,9 793
41 0,279 0,122 5,26 - 819 793
58 0,252 0,120 -2,85 - 74,9 86,2
50 0,382 0,195 -8,14 - 1135 83,1
33 0,307 0,120 0,38 - 88,6 86,9
42 0,314 0,120 0,46 - 90,1 87,7
56 0,269 0,117 4,06 - 78,6 82,7
49 0,452 0,213 16,33 - 132,6 86,8
53 0,401 0,182 132,34 - 1150 70,9
38 0,389 0,161 -7,25  -11,26 1135 81,3
45 0,397 0,163 -6,38 -11,53 1157 81,3
57 0,338 0,144 -385 191 986 861
51 0,470 0,237 -7,71  -1494 1400 86,3

& Novirze no C,-C3-Cs-Cq plaknes
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Dazas no darba optimizétam struktiiram gazveida stavokli att€lotas 2.53. attéla.

¢ ?/‘ % - b

9
42 45

2.53. att. 1,4-DHINS atvasinajumu 39-42, 44 un 45 energetiski izdevigaka geometrija
Teorétiskie aprékini liecina, ka 1,4-DHINS cikls 2, 3, 32, 33, 36, 38-42, 44-53, 71 un 72
ienem plakanas vannas formu (2.5. tabula). Linearu sakaribu novéro C4 un Nj novirzém no
heterocikla C,-C3-Cs-Cg plaknes — jo lielaks ir N; izvirzijums, jo lielaka C4 novirze no plaknes

(2.54. att.), ko apliecina arT eksperimentali iegtitie dati rentgenstruktiiranalizg (2.52. att.).
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2.54. att. Korelacija starp teorétiski aprekinatam C4 un N1 novirzém no heterocikla plaknes

N-neaizvietotiem (4) un N-metilaizvietotiem (m) aizvietotiem 1,4-DHINS atvasindjumiem
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1,4-DHINS atvasinajumiem 2, 3, 32, 33, 36, 38-42, 44-53, 71 un 72 P vértiba mainas
plasa diapazona no 60,4° lidz 166,1° (2.5. tabula). Gan kvantu kimiskie aprékini, gan ari
rentgenstruktiiranaliz€ iegutie dati parada, ka izmainas 1,4-DHINS atvasinajumu cikla
planaritaté rada pavisam nelielas izmainas heterocikla saiSu garumos (pielikuma 2. un
3. tabula).

Bitiskas izmainas heterocikla konformacija novéro N-metilaizvietotu 1,4-DHINS
atvasinajumu 46-51 gadijuma — metilgrupas ieveSana molekula pie Nj atoma rada ievérojamu
heterocikla vannas padzilinasanos (2.5. tabula), ko apstiprina arl rentgenstruktiiranalizé
iegutie dati (2.4. tabula).

legutie teorctiskie dati apstiprina, ka 1,4-DHINS atvasinajumos 4-karboksilgrupa un
4-metoksikarbonilgrupa ir novietotas pseidoaksiali pret heterocikla C,-C3-Cs-Cg plakni,
iznemot savienojumus 53, 71, un 72, kur 4-metoksikarbonilgrupa ienem pseidoekvatorialu
konformaciju, kas novérots arT $o savienojumu rentgenstruktiranalizé. Tam par iemeslu
varétu but stériskie efekti, kurus rada otra aizvietotdja icveSana heterocikla Cg-stavokli.
Torsijas lenkis (7) starp heterocikla C,-C3-Cs-Cgs plakni un 4-karboksilgrupu vai
4-metoksikarbonilgrupu (70,1°-90,0°) apliecina, ka abas grupas atrodas perpendikulari
heterocikla plaknei (2.5. tabula), kas ir saskana ar ieglitajiem rentgenstruktiiranalizes datiem
(2.4. tabula).

Pretgji literatira [22] publicétajiem 1,4-DHP aprékinu datiem, S$aja darba iegitie
rezultati gan gazveida stavokli, gan $kiduma liecina, ka energgtiski izdevigaks ir stavoklis,
kura karbonilgrupas Css-stavoklt 1,4-DHINS atvasinajumos 2, 32, 38, 39, 44-47 un 51
novietotas s-cis/s-cis konformacija (¢ un ¢, 2.5. tabula). Tikai divos gadijumos 71 un 72
novéro enantioméro S-trans/s-cis vai s-cis/s-trans karbonilgrupas orientaciju molekula.
Interesanti, ka s-trans/s-trans konformaciju nenovéro nevienam no apskatitajiem 1,4-DHINS
atvasinajumiem. Analiz€jot iegiitos teorétiskos datus 5-ciano-3-metoksikarbonil-1,4-DHINS
atvasinajumiem 36, 41, 50 un 3-acetil-5-ciano-1,4-DHINS atvasingjumiem 33, 42, 49,
noskaidrots, ka ari monokarbonilaizvietotos savienojumos karbonilgrupai energgtiski
izdevigaka ir s-Cis konformacija, iznemot gadijumu 53, kura noveéro s-trans karbonilgrupas
orientaciju molekula (2.5. tabula). Pavisam nesen, izmantojot kvantu kimiskos aprékinus,
noteikta 33-42 kJ/mol liela energijas barjera karbonilgrupas rotacijai ap Css-C=0 saiti [116].
Darba iegiitie teoretiskie dati atSkiras no eksperimentali iegiitajiem rentgenstruktiiranalize,
tomer §is struktiiras geometrijas atSkiribas varétu skaidrot ar kristala pakojuma efektiem cieta
stavokli.
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2.5. 1,4-DHINS atvasinajumu KMR petijumi

Visplasako informaciju par 1,4-DHINS atvasinajumu struktiiras geometriju Sniedz
rentgenstruktiiranalizes dati un kvantu kimiskie aprékini, tomer iegutie rezultati var atskirties
no to konformacijas S$kiduma. Lai uzlabotu un papildinatu jau esoSos 1,4-DHP
konformacionalos pétTjumus, darba veikta sistematiska *H, **C un ®N KMR datu analize
sintezétajiem 1,4-DHINS atvasinajumiem, kas lautu noskaidrot, ka 1,4-DHINS molekula
esosie aizvietotaji ietekme struktiiras konformaciju un elektronisko uzbiivi.

Darba KMR pétijumiem izvél&tie savienojumi apkopoti 2.6. tabula, un to svarigakas *H,
>N KMR kimiskas nobides un *J(**N-'H) spinu sadarbibas konstantes uzdotas 2.7. tabula.

2.6. tabula
1,4-DHP kimiskas strukttiras
R R4
RS R2
|
HC™ "N” “CH,
Rl
1,4-DHP R! R? R® R* RS 1,4-DHP R! R? RE R* RS

32 H COOCH; COOCH; H COOH 84 H CN CN H CH,
39 H COOCH; COOCH; H  COOCH, 68 H CN CN H CeHs
74 H COOCH; COOCH; H H 48 CH; CN CN H COOCH,
75 H COOCH; COOCH; H CH; 85 CH; CN CN H CeHs
76 H COOCH; COOCH; H  CH,CH, 52 CH; CN CN CH; COOCH,
77 H COOCH; COOCH; H CH,CH,CHj, 86 H CN CN CH;  CHs
78 H COOCH; COOCH; H  CH(CH,), 87 CH; CN CN CH; CH;
79 H COOCH; COOCH; H CH,CH(CHj),| 36 H COOCH; CN H  COOH
66 H COOCH; COOCH; H CeHs 41 H COOCH; CN H COOCH;
46 CH; COOCH; COOCH; H  COOCH, 58 H COOCH; CN H CeHs
80 CH; COOCH; COOCH; H  CH(CHj), 50 CH; COOCH; CN H COOCH;
2 H COCH; COCH; H COOH 33 H COCH;, CN H COOH
44 H COCH; COCH; H  COOCH, 42 H COCH; CN H COOCH;
81 H COCH; COCH; H H 56 H COCH; CN H CeHs
67 H COCH; COCH; H CeHs 49 CH; COCH; CN H COOCH;
47 CH; COCH; COCH; H  COOCH, 53 CH; COCH; CN CH; COOCH;
82 CH; COCH; COCH; H CeHs 38 H COOCH; COCH; H  COOH
3 H CN CN H COOH 45 H COOCH; COCH; H COOCH;
40 H CN CN H  COOCH; 57 H COOCH; COCH; H CeHs
83 H CN CN H H 51 CH; COOCH; COCH; H COOCH;
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2.7. tabula

1,4-DHP atvasinajumu eksperimentali noteiktas &(*Hn), {*°N) KMR kimiskas nobides (m.d.)

un spinu sadarbibas konstantes *J(**N-'H) (Hz): N; atoma novirze no plaknes (A); aprekinatas

S*°N) kimiskas nobides (m.d.) un slapekla atoma N; Malikena ladini

AN) Aprékinatas (*Hy) LI(BN-TH) . N; atoma
1,4-DHP 15 N; nov . = 3 e
DMSO-d; cDCl; & °N)  DMSO-d; CDCl, DMSO-d; CDCl, Malikena ladini
32 1397  136,9 142,4 8,93 6,04 943  -928 0,102 -0,70
39 1402 1362 1424 9,01 6,08 944  -932 0,132 -0,70
74 1344  130,9 133,1 8,31 5,18 948 931 0,014 -0,71
75 1389  134,9 140,9 8,71 5,66 940  -921 0,186 -0,70
76 1400  136,2 142,7 8,65 5,61 939  -921 0,118 -0,69
77 1401 1359 142,5 8,68 5,56 939 91,7 - -0,69
78 1414 1375 145,0 8,70 5,67 937  -918 0,182 -0,69
79 1404 1364 142,9 8,77 5,67 936 91,6 0,169 -0,69
66 1389  134,4 1394 8,87 5,67 943  -925 0,168 -0,70
46 1265 1243 132,0 - - - - 0,283 -0,52
80 1276 1234 132,9 - - - - 0,163 -0,51
2 1415 1408 146,2 8,01 6,65 938  -937 0,152 -0,69
44 1419 139, 146,1 9,03 6,15 938 928 0,159 -0,69
81 1362 1335 134,6 8,28 5,26 943  -927 - -0,71
67 1412  137,9 1447 8,88 5,98 936  -923 0,143 -0,69
47 1282 1256 135,8 - - - - 0,262 -0,50
82 1271 124,6 1315 - - - - - -0,52
3 1323  Neskist 1233 9,62  Negkist 960  Neskist 0,171 -0,71
40 1330  127,7 123,2 9,72 6,62 964  -958 0,052 -0,71
83 1281 1215 116,8 9,08 5,66 959  -953 0,042 -0,72
84 1296  123,0 120,1 9,28 578 962  -954 0,053 -0,71
68 1305  122,9 118,6 9,52 6,08 964  -956 0,045 -0,71
48 1233 1194 123,1 - - - - 0,169 -0,54
85 1193  114,9 116,5 - - - - 0,097 -0,55
52 1227 1188 123,3 - - - - 0,118 -0,54
86 1313 124,4 119,9 9,40 6,05 960  -956 0,000 -0,72
87 1223  116,8 120,4 - - - - 0,186 -0,55
36 1348  130,7 1315 9,24 5,91 952  -951 0,100 -0,71
M 1349  130,8 131,4 9,31 5,89 957  -952 0,066;0,091 -0,71
58 1337 1281 128,9 9,19 575 95,3 94,1 0,116; 0,123 -0,71
50 1247  122,2 126,5 - - - - 0,223 -0,53
33 1360  134,7 134,5 9,21 6,92 949  -946 0,023 -0,70
42 1363 1321 134,5 9,29 7,02 952  -950 0,077;0,136 -0,70
56 1343  129,0 131,1 9,13 5,89 949  -938 0,015 -0,71
49 1245  121,8 1294 - - - - 0,218 -0,52
53 1220  119,6 119,1 - - - - 0,028 -0,54
38 1403  139,6 1440 8,01 6,63 944 942  0,1538 -0,70
45 1408 1382 144,2 8,99 6,01 941  -927  0,1242 -0,70
57 1400  136,3 142,2 8,87 5,66 938  -925 0,154 -0,70
51 1268 1250 1333 - - - - - -0,52

2 Novirze no C»-C3-Cs5-Cg plaknes
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P&tamajiem savienojumiem heterocikla esoSie aizvietotdaji un to daba (donors vai akceptors)
stipri ietekmé >N kimiskas nobides, ka ari tas ir jutigas pret N; atoma nesadalita elektronu
para sadaltijuma 1,4-DHP konjugacijas sistema.

N-neaizvietotu 1,4-DHP 2, 3, 32, 33, 36, 38-42, 44, 45, 56-58, 66-68, 74-79, 81, 83, 84
un 86 gadijuma atkariba no heterocikla C3s-stavokli esosa aizvietotaja N kimiskas nobides
mainas no 128-142 m.d. DMSO-ds un 121-141 m.d. CDCl; (2.7. tabula). Slapekla atoma
signala nobidi vajaka lauka novero savienojumiem, kuriem heterocikla Csz- un/vai
Cs-stavokli atrodas metoksikarbonil- un/vai acetilgrupas, salidzinajuma ar ciano grupas
saturoSiem 1,4-DHP atvasinajumiem (2.7. tabula).

Izmantojot °N-'H HSQC eksperimentus iegitas &'°N) kimiskas nobides
N-aizvietotiem 1,4-DHP atvasingjumiem 46-53, 80, 82, 85 un 87. N-metilaizvietotiem
atvasinajumiem 46-51, 80, 82, 85 un 87 °N signals nobidits spektra par 8-14 m.d. stipraka
lauka, salidzinajuma ar N-neaizvietotiem analogiem 39-42, 44, 45, 67, 68, 78 un 86
(2.55. att., 2.7. tabula).
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115 ¥ =1,267x - 36,679
R?=0939
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8 ¥ =1,311x - 46,643
- R*=10,953
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145 140 135 130 125 120 115

S15N) DMSO-ds
2.55. att. Korelacija starp §N) kimiskam nobidem (m.d.) N-neaizvietotiem (¢) un
N-metilaizvietotiem aizvietotiem (0) 1,4-DHP atvasinajumiem divos daZados Skidinatajos
Slapekla atoma &*°N) kimisko nobizu atskiribas N-metilaizvietotu un N-neaizvietotu
savienojumu rindas varétu radit stipru NH---X Gidenraza saisu’ veidoganas DMSO-dg, kas nav

iesp€jama N-metilaizvietotu atvasinajumu 46-53, 80, 82, 85 un 87 gadijuma. Tomér tadas

I Stipras tidenraza saites veidosanas N-neaizvietotiem atvasinajumiem ar DMSO-dg novérojama *H KMR
spektros — &(*Hy) kimiskas nobides mainas no 8,3-9,7 m.d. DMSO-dg, kas ir par 2,2-3,5 m.d. vajaka lauka neka
CDCls.
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pasas S*N) Kkimisko nobizu atikiribas novéro ari CDCls, kurd nav iesp&jama
tdenraza saites veidoSanas ar $kidinataja molekulam N-neaizvietotos atvasinajumos 39-42,
44, 45, 67, 68, 78 un 86 (2.7. tabula). Slapekla atoma kimiskas nobides N-metilaizvietotiem
atvasinajumiem 46-53, 80, 82, 85 un 87 DMSO-ds ir nobiditas stipraka lauka par
2-5 m.d., salidzinot ar kimiskam nobidém CDCl3 (2.7. tabula).

Aprekinatas &*°N) kimiskas nobides ir tuvas eksperimentali iegiitam (2.56. att.).
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Eksperimentali iegiitas S1°N) DMSO-d;

2.56. att. Korelacija starp eksperimentali iegiitam un teorétiski aprekinatam gazveida stavoklt
S°N) kimiskam nobidém (m.d.) N-neaizvietotiem () un N-metilaizvietotiem (¢) 1,4-DHP
atvasinajumiem

Aizvietotjot tdenraza atomu pie N; ar metilgrupu palielinas elektronu blivums uz

slapekla atoma, ka rezultata §°N) nobidas stipraka lauka (2.57.att., 2.7. tabula).
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2.57. att. Korelacija starp S°N) kimiskam nobidém (m.d.) un Ny atoma Malikena ladiniem
N-neaizvietotiem (&) un N-metilaizvietotiem (0) 1,4-DHP atvasinajumiem
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Tomér par bitiskako ieguldijumu &*°N) nobidei stipraka lauka N-metilaizvietotos
atvasinajumos 46-53, 80, 82, 85 un 87 var uzskatit heterocikla geometrijas izmainas un
slapekla atoma nesadalita elektronu para delokalizacija kop€ja konjugacijas sistéma 1,4-DHP
cikla, ko iespaido gan Cjs-stavokli esoSo aizvietotaju elektronisko efektu raditas
1,4-DHP cikla vannas dziluma izmainas, gan pie slapekla atoma eso$a aizvietotdja
pseidoaksiala-pseidoekvatoriala novietojuma lidzsvara izmainas. P&dgjais minétais efekts
varétu biit saistits ne tikai ar heterocikla vannas konformaciju un Css-stavokll esoSo
aizvietotaju elektroniskajiem efektiem, bet ar ar slapekla atoma piramidalas inversijas
lidzsvara izmainam. legttie rentgendifrakcijas analizes dati liecina, ka N-metilaizvietotiem
atvasinajumiem 46-50, 80, 85 un 87 slapekla atoma izvirzijums no plaknes (N; nov) ir lielaks
neka N-neaizvietotiem analogiem 39-42, 44, 68, 78 un 86 (2.58. att., 2.7. tabula).
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2.58. att. §*°N) kimisko nobizu (m.d.) atkariba no N1 atoma novirzém no heterocikla
plaknes (4) N-neaizvietotiem (#) un N-metilaizvietotiem (0) 1,4-DHP atvasinajumiem
Tadgjadi N-metilaizvietoto atvasinajumu 46-50, 80, 85 un 87 &*°N) kimiskas nobides stipraka
lauka varetu skaidrot ar daléju NCH3 slapekla atoma sp® rakstura pieaugumu salidzinajuma ar

N-neaizvietotiem analogiem.

No literatiiras [137] zinams, ka §*°N) kimisko nobidi stipri ietekmé pie slapekla atoma
esoSais aizvietotajs — pseidoaksiali novietotiem aizvietotajiem BN signals nobidits stipraka
lauka, salidzinot ar kimisko nobidi pseidoekvatorialai konformacijai, ko apliecina ari darba
veiktie teorétiskie aprékini gan gazveida stavokli, gan Skiduma (CHCl3 un DMSO)
1,4-DHINS atvasinajumiem 40 un 48 ar NH vai NCH; grupu pseidoekvatoriala un
pseidoaksiala konformacija (2.59. att.).
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H,CO0C H,CO0C

H
y NC CH, N—H NC CH, N7
— S(5N) = 138,5 m.d. H S(5N) = 116,1 m.d.
NC
40 40

CH, NC CH,
NH pseidoekvatoriali NH pseidoaksiali
H,COOC H,COOC p CH,
H NC CHy N— CH, H NC CH; N
5(15N) = 1259 m.d. S(15N) = 120,8 m.d.
NC CH, NC CH,
48 48
NCH, pseidoekvatoriali NCH, pseidoaksiali

2.59. att. Pie Ny atoma esosa aizvietotdja novietojuma ietekme uz X°N) kimisko nobidi
1,4-DHINS atvasinajumos 40 un 48, veicot aprékinus DMSO

Izvertgjot eksperimentali iegitas &(°N) kimiskas nobides (2.7. tabula) un salidzinot tas ar
teor€tiski aprékinatajam pseidoekvatorialajai un pseidoaksialajai konformacijai secinats, ka
N-neaizvietotiem 1,4-DHINS atvasinajumiem tdenradis pie slapekla atoma novietots
pseidoekvatoriali, savukart N-aizvietotos atvasinajumos metilgrupa atrodas pseidoekvatoriala-
pseidoaksiala lidzsvara. Noskaidrots, ka N-neaizvietotiem atvasinajumiem pseidoekvatoriala
konformacija ir par 30-35 kJ/mol energétiski izdevigaka neka pseidoaksiala konformacija, bet
N-metilaizvietotiem atvasinajumiem §1 energijas starpiba ir tikai 3-5 kJ/mol.

Analizgjot iegltos KMR spektrus pieradits, ka heterocikla Cj-stavokli esosais
aizvietotajs ietekme BN kimiskas nobides 1,4-DHP atvasinajumiem 32, 39, 66, 74-79.
Pieaugot C4-stavokli esosa aizvietotdja stériskajiem efektiem, &(*°N) signals nobidas vajaka
lauka (2.7. tabula), kas saistits ar heterocikla vannas dziluma palielinasanos, izmainot pie
slapekla esosa aizvietotaja pseidoaksiala-pseidoekvatoriala novietojuma lidzsvaru.

Darba noteiktas 'J(*N-'H) spinu sadarbibas konstantes 1,4-DHP atvasinajumiem
mainas atkariba no izmantota Skidinataja, to vertibas atbilst gandriz planaram slapekla
novietojumam molekula (2.7. tabula). Jo liclaka vertiba 'J(**N-'H) spinu sadarbibas
konstantém, jo plakanaka vanna 1,4-DHP, ko novéro Css-ciano-1,4-DHP 3, 33, 36, 40-42, 56,
58, 68, 83, 84 un 86 gadijuma (2.60. att., 2.7. tabula). Tatad no iegitajiem datiem secinams,
ka ciano grupas saturoSiem 1,4-DHP atvasinajumiem ir vismazakais vannas dzilums,
salidzinot ar metoksikarbonilgrupas vai acetilgrupas saturosiem 1,4-DHP, iesp&jams, tas mazo

telpisko izméru del.
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2.60. att. §(°N) kimisko nobizu (m.d.) atkariba no *J(*°N-"H) spinu sadarbibas
konstantem (Hz) N-neaizvietotiem 1,4-DHP DMSO-dg. C4-stavokit neaizvietoti 1,4-DHP 74,
81 un 83 apzimeéti ar A

1,4-DHP heterocikla C3 s-stavokli eso$o aizvietotaju elektronegativitatei ir tieSa ietekme
ne tikai uz *J(**N-'H), bet arT uz &§*Hy) kimiskam nobidem (2.61. att.).
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2.61. att. §(*H) kimisko nobizu (m.d.) atkariba no *J(*°N-'H) spinu sadarbibas
konstantem (Hz) N-neaizvietotiem 1,4-DHP DMSO-dg. C4-stavokit neaizvietoti 1,4-DHP 74,
81 un 83 apziméti ar A
Savienojumiem, kuriem heterocikla Cz- un/vai Cs-stavokli atrodas ciano grupa — 3, 33, 36,
40-42, 56, 58, 68, 83, 84 un 86 — novéro &1HN) nobidi vajaka lauka, salidzinot ar
metoksikarbonil- un/vai acetilgrupas saturosiem 1,4-DHP atvasinagjumiem (2.7. tabula). Tas
skaidri norada, ka savienojumiem, kuriem heterocikla C3- un/vai Cs-stavokli atrodas ciano

grupa — 3, 33, 36, 40-42, 56, 58, 68, 83, 84 un 86 — slapekla p-orbitales un abu heterocikla
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eso$o dubultsai$u konjugacija ir spéciga. legutie KMR dati vélreiz apstiprina, ka ciano grupai
ir izteiktaka elektronakceptora daba neka metoksikarbonilgrupai vai acetilgrupai.

Veiktie kvantu kimiskie aprekini liecina, ka &(*Hy) signala nobidi vajaka lauka nevar
skaidrot tikai ar ladinu efektiem, jo iegiita Malikena elektronu populacija Hy atomam mainas
tikai par 0,01 vienibu atkariba no aizvietotajiem heterocikla. Tade] par domingjoso efektu uz
S*Hn) kimiskam nobidem uzskatama heterocikla esofo aizvietotdju ictekme uz
1,4-DHP cikla vannas konformaciju. Heterocikla vannas dzilumam samazinoties, Hy atoms
novietojas viena plakné ar heterocikla abam dubultsaitém, kuru raditas anizotropijas dél
novéro &*Hy) signala nobidisanos vajaka lauka.

Darba pétamajiem savienojumiem analizéta arT heterocikla esoSo aizvietotaju ietekme
uz &Cs-'H), §*C) KMR kimiskam nobidem un *J(**C4-'H) spinu sadarbibas konstantem.
Iegttie KMR dati apkopoti 2.8. tabula.

2.8. tabula
1,4-DHP atvasinajumu &Cs-"H) un §**C) KMR kimiskas nobides (m.d.) un spinu sadarbibas

konstantes J(**C4-'H) (Hz) DMSO-dg; C,4 atoma novirze no plaknes (A) un Malikena ladini

(® C C, atoma
L4DHP  §Ci'H) , Ce i Cs) Ce C. J(°CeH) n0\4/a MalilA(ena ladini
32 4,58 146,2 1462 97,0 97,0 392 135,7 0,233 0,34
39 4,69 1468 1468 96,3 96,3 394 136,7 0,313 0,35
74 3,15 146,7 146,77 96,9 9,9 248 133,9 0,037 0,34
75 3,66 1460 1460 102,1 1021 27,7 135,9 0,391 -0,19
76 3,75 1465 1465 100,0 1000 33,3 135,9 0,257 0,21
77 3,77 146,3 1463 100,7 100,7 321 135,6 - 0,21
78 3,73 1460 1460 99,2 99,2 380 135,4 0,396 0,21
79 3,79 1459 1459 101,6 1016 30,2 135,6 0,420 -0,22
66 4,88 1457 1457 101,5 1015 385 136,2 0,341 -0,28
46 4,83 1509 1509 99,1 99,1 389 135,8 0,520 0,35
80 3,69 1492 1492 103,0 1030 384 1345 0,325 -0,22
2 4,61 1448 1448 107,7 107,7 405 131,8 0,341 -0,38
44 4,74 1454 1454 107,2 1072 404 133,1 0,332 -0,39
81 3,26 1452 1452 107,6 1076 264 131,2 - -0,40
67 5,03 1444 1444 1125 1125 387 132,2 0,341 -0,30
47 4,73 1490 1490 1096 1096 405 131,2 0,553 -0,38
82 4,97 1478 1478 1147 1147 388 130,7 - -0,35
3 4,02 1484 1484 78,0 780 406 138,8 0,319 -0,27
40 4,24 1489 1489 773 773 405 140,1 0,134 -0,28
83 3,13 1484 1484 76,9 76,9 246 136,9 0,057 -0,33
84 3,29 1471 1471 831 831 297 136,9 0,130 -0,17
68 4,39 146,7 146,7 82,7 82,7 409 138,2 0,107 -0,25
48 4,23 1529 1529 793 793 397 138,7 0,374 0,29
85 4,34 150,1 150,1 84,7 84,7 403 137,9 0,285 0,26
52 - 151,1  151,1 855 855 420 - 0,203 0,12
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86 - 1458 1458 87,6 87,6 32,6 - 0,000 0,00

87 - 1494 1494 900 900 313 ] 0,393 0,01
36 404 1461 1483 966 793 412 137.1 0,255 -0,29
41 417 1470 1491 955 782 412 139,3 %12%22 -0,30
0,214:
58 444 1457 1464 995 843 406 136,5 2 0,27
50 423 1507 1528 981 796 402 1374 0,427 0,31
33 416 1450 1483 1063 794 410 136,0 0,012 0,32
42 427 1457 1488 1062 789 412 137.6 %é%)% -0,33
56 458 1446 1459 1089 852 407 134,9 0,009 -0,29
49 435 1482 1526 1083 800 404 135,0 0,445 0,34
53 ) 1489 1506 1167 863 454 ] 0,022 0,07
38 458 1462 1447 976 1068 401 1338 0,347 0,34
45 471 1468 1453 970 1064 401 134,9 0,232 -0,36
57 494 1451 1449 1025 1114 388 134,0 0,364 0,31
51 477 1510 1488 993 1093 398 1335 ] 0,36

% Novirze no C,-C3-C-Cs plaknes

Salidzinot iegiitos KMR datus, var apgalvot, ka aizvietotajiem heterocikla Cj s-stavoklt
ir tieSa ietekme uz 5(C4-1H) kimiskam nobidém. Savienojumiem 3, 33, 36, 40-42, 48-50, 56,
58, 68 un 83-85, kuriem heterocikla Cs- un/vai Cs-stavokli atrodas ciano grupa, noveéro
&Cs'H) signalu stipraka lauka, savukart metoksikarbonilgrupas un/vai acetilgrupas
saturo$ajiem 1,4-DHP atvasinajumiem 2, 32, 38, 39, 44-47, 51, 57, 66, 67, 74, 75, 81 un 82
vajaka lauka (2.8. tabula), kam par iemeslu varétu bit So aizvietotaju raditais anizotropijas
efekts.

1,4-DHP &C4-'H) kimisko nobidi ietekmé arf C,4-stavoklT eso§a aizvietotaja lielums un
daba. To skaidri raksturo 3,5-dimetoksikarbonilaizvietoto 1,4-DHP 32, 39, 66 un 74-79 rinda
jegitas &Cs4-'H) Kkimiskas nobides — pieaugot Cys-aizvietotdgja lielumam un
elektronegativitatei, novéro &Cs-'H) signila nobidisanos vajaka lauka (2.8. tabula).
Pieméram, 4-izobutilaizvietota 1,4-DHP 79 gadijuma &C4-"H) signals nobidits par 0,13 m.d.
vajaka lauka neka ta 4-metilaizvietots analogs 75 (2.8. tabula). Savukart 1,4-DHINS
atvasinagjumu 32 un 39 heterocikla C,-stavokli esosas elektronakceptoras karboksilgrupas vai
metoksikarbonilgrupas ietekmé &C,-'H) signals nobidas vajaka lauka, salidzinot ar
1,4-DHP atvasinajumiem 74-79 (2.8. tabula). 4-Fenilaizvietotu 1,4-DHP 56-58 un 66-68
gadijuma &C,-'H) signala nobidisanos vajaka lauka var izskaidrot ar fenilgrupas
anizotropijas efektu radito ietekmi.

Mainot aizvietotajus 1,4-DHP molekula, novéro biitiskas izmainas uz heterocikla esoso

oglekla atomu &(**C) KMR kimiskajam nobidem. Salidzinot simetriski aizvietotus 1,4-DHP
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2, 3, 32; 39, 40, 44 un 66-68, var secinat, ka elektronakceptoras ipasSibas heterocikla
Css-stavokli esoSajiem aizvietotajiem pieaug rinda COCH; < COOCH; < CN -
N*3Cp6) Un K*C,) signali nobidas vajaka lauka, savukart &(*Css) signali stipraka lauka
(2.8. tabula). Noveértet Css-stavokli esoSo aizvietotaju ietekmi nesimetriski aizvietotos
1,4-DHP atvasinajumos ir problematiski, jo katrs no aizvietotajiem (ciano-, acetil- vai
metoksikarbonilgrupa) dod atskirigu ieguldijumu uz heterocikla oglek]a kimiskajam nobidém.
Tomér arT nesimetriski aizvietotos 1,4-DHP 33, 36, 38, 41, 42, 45 un 56-58 Cjs-stavoklt
esoso aizvietotaju elektronticksme saglabajas sectba — COCH3 < COOCH3; < CN.

Aizvietojot tdenraza atomu ar metilgrupu pie Ni, 1,4-DHINS molekula 46-51 novéro
&*3C,6) signala nobidi par 2,5-4,2 m.d. vajaka lauka, kamér &(*°Css) signali nobiditi par
1,1-2,9 m.d. stipraka lauka, salidzinot ar N-neaizvietotiem analogiem 39-42 un 44, 45
(2.8. tabula). Tas atspogulo molekula nozimigu C;=Cs5 dubultsaites polarizaciju ievaditas
metilgrupas ietekmes rezultata. Metilgrupas ievadisana 1,4-DHINS 46-51 molekula noved pie
nelielam izmainam &13C4) kimiskajas nobidés un atkariba no Cjs-stavokli eso$ajiem
aizvietotajiem novero signala nobidisanos par 0,1-1,0 m.d. stipraka lauka (2.8. tabula). Svarigi
uzsvert, ka, ievadot molekula metilgrupu, ievérojami izmainas heterocikla vannas dzilums,
samazinot slapekla atoma nesadalita elektronu para lomu kopgja konjugacijas sistema
1,4-DHP cikla (N1 un C4 nov., 2.7. un 2.8. tabula).

Biitiskas izmainas uz *C kimiskam nobidém novéro 4,4-diaizvietotu 1,4-DHINS
atvasinajumu 52 un 53 gadijuma, kas saistits ar otra aizvietotaja klatbiitni heterocikla
C,-stavokli. 1,4-DHP 52 un 53 molekula &(**Cs;) signali nobiditi par 6,2-8,4 m.d. un &§*°Cy)
signals par 2,3-5,0 m.d. vajaka lauka, salidzinot ar 4-monoaizvietotiem analogiem 48 un 49
(2.8. tabula). Iespgjams, So efektu var skaidrot ar iepriek§ darba novéroto
4-metoksikarbonilgrupas konformacijas mainu no pseidoaksialas uz pseidoekvatorialu
4,4-diaizvietotos atvasinajumos 52 un 53, kas ietekmétu B3¢ kimiskas nobides.

Analizgjot darba iegitas ‘J(**C,-'H) spinu sadarbibas konstantes vértibas
4-monoaizvietotiem 1,4-DHP atvasinajumiem, var apgalvot, ka tas butiski ietekme
aizvietotdju maina heterocikla Css-stavokli. Lielaku vertibu *J(**C4-'H) novéro ciano grupas
saturosu 1,4-DHP 3, 33, 36, 40-42, 48-50, 56, 58, 68, 83 un 84 gadijuma, salidzinot ar acetil-
vai metoksikarbonilaizvietotiem analogiem 2, 32, 38, 39, 44-47, 51, 57, 66, 67 un 74-82

(2.8. tabula). No iegitiem KMR datiem secinams, ka ciano grupas saturoSiem 1,4-DHP
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atvasinajumiem ir vismazakais vannas dzilums — ta ir plakanaka, ko apstiprina arl
rentgendifrakcijas analiz€ iegiitie dati (N7 un C4 nov., 2.7. un 2.8. tabula).
Kvantu kimiskajos aprékinos iegatie 1,4-DHP atvasinajumu Malikena ladini
(2.8. tabula) neuzrada acimredzamu saisttibu ar KMR kimiskam nobidém, iesp&jams,
Cs5-stavokli eso$0 ciano-, acetil- vai metoksikarbonilgrupu radito anizotropijas efektu dél.
Darba veiktie sistematiskie *H, *C un N KMR pétijumi dod svarigu informaciju par
heterocikla esoso aizvietotaju ietekmi uz 1,4-DHINS atvasinajumu struktiras konformaciju

skiduma.
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3. EKSPERIMENTALA DALA

3.1. Lietotie reagenti, metodes un aparatiira

Darba datu salidzinasanai nepiecieSamie 1,4-DHP atvasinajumi 66-68 un 74-87 sintezé&ti
Latvijas Organiskas sintezes instituta.

Reakcijas izmantotie kimiskie reagenti iepirkti no firmam Acros, Sigma-Aldrich vai
Fluka un darba izmantoti bez iepriek$¢jas attiriSanas. Deiterétie $kidinataji pirkti no Deutero
GmbH un Apollo Scientific.

Reakciju norises gaita kontrol&ta, izmantojot planslana hromatografijas plaksnes “Silica
gel 60 Fus4, Merck”.

Rentgenstruktiiranalize veikta ar automatisko difraktometru “Nonius Kappa CCD”,
izmantojot molibdéna anoda starojumu. Rentgenstruktiiranalizei derigi monokristali iegiti,
1eni ietvaicgjot ar vielu piesatinatu organisko skidinataju.

IS spektri registréti nujola ar FTIR spektrometru “IRPrestige-21 Shimadzu”.

Elementanalize veikta ar automatisko analizatoru “EA 1106 (Carlo Erba Instruments,
Italija).

Augstas 1zSkirtsp€jas masspektri uzpemti, izmantojot augsti efektivo Skidruma
hromatografu “Agilent 6230 TOF LC/MS” ar masselektivo detektoru elektroizsmidzinasanas
pozitiva reZima.

Ku$anas temperatiira noteikta ar “OptiMelt” automatiskas kusSanas punkta noteikSanas
iekartu (SRS, Stanford Research Systems).

Optiskas grieSanas vértibas noteiktas ar “Rudolph Research Analytical A22500 A700T-
2-1-HA”.

KMR spektroskopija

'H, °C un °N-KMR spektri registréti uz Varian 400-MR 400 MHz vai Varian INOVA
600 MHz spektrometra deiterohloroforma (CDCls), deiterodimetilsulfoksida (DMSO-dg) vai
deiteroacetonitrila (CD;CN) $kiduma. 'H kimiskas nobides spektrd méritas attieciba pret

ieksgjas standartvielas — tetrametilsilana (TMS) signalu 0,0 m.d., B3¢ kimiskas nobides pret
skidinataja signalu — CDCl; 77,0 m.d., DMSO-ds 39,5 m.d. un CDsCN 118,3 m.d.;
>N kimiskas nobides pret 3kidra NHj signalu 0,0 m.d. 'H, BC un N kimiskas nobides

noteiktas ar eksperimenta klidu +0,01 m.d., 0,1 m.d. un +£0,2 m.d. attiecigi.
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LI®N-'H) un 2(™C-'H) sadarbibas konstantes méritas 1D *H-KMR spektra ka
satelitsignali. Eksperimenta kluda, nosakot *2J(**N-'H) un *J(*3*C-'H) sadarbibas konstantes, ir
+0,1 Hz.

N kimiskas nobides méritas *H-">N gradientu heterokodolu vienkvantu korelacijas
(gHSQC gradient-selected heteronuclear single guantum correlation) spektros, izmantojot
"J(**N-'H) sadarbibas konstantes 3,0 Hz un 95,0 Hz. Divdimensionalaja gHSQC spektra *H
dimensijas platums 8000 Hz, °N dimensija — 20000 Hz. Visi 2D gHSQC spektri registréti,
izmantojot 2048 punktus tieSaja 'H dimensija un 256 inkrementus netiesaja N dimensija.
Pirms Furjé transformacijas brivas indukcijas dziSanas signals (FID free induction decay)
pagarinats ar nulles vertibas punktiem Iidz 2048 x 2048 matricai un pareizinats ar kosinusa
funkciju.

Cietvielu **C un N KMR spektri registréti uz 800 MHz Bruker Avance 11l HD
spektrometra, izmantojot cirkonija oksida rotorus (@ 3,2 mm) un grie$anas atrumu 20 kHz.

KMR spektri transform@i un analiz&ti, izmantojot datorprogrammas VnmrJ,
MestReNova un TopSpin.

Elektrokimija

Elektrokimiska oksidéSana un reduc€Sana veikta, izmantojot potenciostatu
“PARSTAT 2273” (Princeton Applied Research, USA) ar cikliskas voltamperometrijas un
hronoamperometrijas metodém.

Cikliskas voltamperogrammas uznemtas nedalita $tina, izmantojot stacionaru Pt disku
(Q 2 mm) vai stiklgrafita disku (@ 6 mm) ka darba elektrodu, Pt stiepli — ka paligelektrodu.
Visi darba uzdotie potenciali mériti pret Ag/Ag” elektrodu (0,1 M NaClO4/MeCN $kiduma).

Preparativa elektrolize veikta dalita S§tna, izmantojot ka darba elektrodu un
paligelektrodus Pt sietus (3,5%2,5 cm).

CH3CN zavésana preparativai elektrolizei

2,5 L CH3CN pievieno 2 — 3 g KMnO,4 un vakuuma atdestilé, destilatam pievieno
5 g P,Os un atkal atdestil€; iegiito CH3CN glaba kolba ar 10 g CaH; un destilé vakuuma pirms
lietoSanas.

Kvantu kimiskie aprékini

Aprekini veikti ar 8.0 versijas Jaguar programmu (Jaguar, Version 8.0, Schrodinger,

LLC, New York, 2011), kas ieklauta Schrédingera programmas paketé. Darba pétito
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savienojumu struktiiras geometrija optimizéta, izmantojot blivuma funkcionalas teorijas

(DFT) B3LYP limeni ar 6-31G* bazes funkciju.

3.2. Sintezu apraksti
3,5-Diacetil-2,6-dimetil-1,4-dihidroizonikotinskabe (2) [43]

18,0 g (0,18 mol) acetilacetonamina (resintéze p&c [138]) izSkidina 10 mL C,HsOH.
Maisot un dzes€jot Skidumam pakapeniski pievieno 4,6 g (0,05 mol) glioksalskabes
monohidrata Skiduma 15 mL C;HsOH ta, lai reakcijas maisijuma temperatiira neparsniegtu
+10 °C. P&c tam reakcijas maisijumam lauj sasilt Iidz istabas temperattrai, un péc 12 stundam
to vakuuma ietvaice. 'H-KMR spektrs apstiprina, ka sakotngji veidojusies 3,5-diacetil-
2,6-dimetil-1,4-dihidroizonikotinskabes amonija sals (2 amonija sals).

'H-KMR (400 MHz, DMSO-ds, 8): 2.20 (s, 6H), 2.25 (s, 6H), 4.51 (s, 1H),
8.91 (s, 1H) m.d.

legiito oranzbriino ellu izSkidina 30 mL H2O un reakcijas maisijumu paskabina ar
koncentrétu HCI skidumu Iidz pH 3. Izveidojas smalkas nogulsnes, tas filtré, mazga ar H,O
un zavé istabas temperatura. 3,5-Diacetil-2,6-dimetil-1,4-dihidroizonikotinskabe (2) ir
dzeltena pulverveida viela ar k. t. 173-174 °C (lit. [43] k.t. 170 °C). Iegiist 2,9 g (25%)
savienojuma 2. Kristalus audz€ acetona, veic rentgenstruktiiranalizi (pielikuma 1. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.23 (s, 6H), 2.27 (s, 6H), 4.61 (s, 1H), 8.91 (s, 1H),
12.11 (s, 1H) m.d.

BC-KMR (100 MHz, DMSO-dg, 8): 18.75, 29.65, 40.47, 107.67, 144.84, 174.41,
196.42 m.d.

Apréekinats C1o,H1sNOy: C, 60.75; H, 6.37; N, 5.90. Noteikts: C, 60.55; H, 6.36; N, 5.80.

IS (nujols, cm™): 3318 (NH), 1715 (C=0), 1601 (C=0).

3,5-Diciano-2,6-dimetil-1,4-dihidroizonikotinskabes monohidrats (3)

9,9 g (0,100 mol) 3-aminokrotonitrila iz§kidina 50 mL C,HsOH. Maisot un dzesgjot,
Skidumam pakapeniski pievieno 4,6 g (0,05 mol) glioksalskabes monohidrata skiduma 10 mL
CyHsOH ta, lai reakcijas maisijuma temperatiira neparsniegtu +10 °C. Péc tam reakcijas
maisijumam lauj sasilt lidz istabas temperatiirai, un péc 12 stundam to vakuuma ietvaice.
'H KMR spekirs apstiprina, ka sakotngji veidojies 3,5-diciano-2,6-dimetil-1,4-dihidro-
izonikotinskabes amonija sals (3 amonija sals).

'H-KMR (400 MHz, DMSO-d, 8): 1.96 (s, 6H), 3.34 (s, 1H), 6.46 (s, 1H) m.d.
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Iegiito briino ellu izSkidina 50 mL H>O un reakcijas maisijumu paskabina ar koncentrétu HCI1
Skidumu Iidz pH 3. Izveidojas smalkas nogulsnes, tas filtr€, mazga ar H,O un zavé istabas
temperatira.  3,5-Diciano-2,6-dimetil-1,4-dihidroizonikotinskabes = monohidrats (3) ir
bezkrasaina pulverveida viela ar k. t. 189-190 °C (lit. [45] k.t. 190 °C). Iegiist 7,1 g (64%)
savienojuma 3. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi (pielikuma 1. att.).

'H-KMR (400 MHz, DMSO-ds, 8): 2.03 (s, 6H), 4.02 (s, 1H), 9.62 (s, 1H),
13.09 (s, 1H) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 17.71, 40.57, 78.00, 119.03, 148.42, 172.01 m.d.;

Aprekinats CioH11N303: C, 54.30; H, 5.01; N, 18.99. Noteikts: C, 54.21; H, 4.89;
N, 18.86.

IS (nujols, cm™): 3245 (NH), 2211 (C=N), 1714 (C=0).

2,6-Dimetil-3,5-dimetoksikarbonil-1,4-dihidroizonikotinskabe (32)

14,0 g (0,1 mol) 3-aminokrotonskabes metilestera (resintéze péc [139]) izSkidina 35 mL
ledus CH3COOH. Maisot un dzesgjot, Skidumam pakapeniski pievieno 4,8 g (0,05 mol)
glioksalskabes monohidrata (98%, Acros) Skiduma 45 mL ledus CH3COOH ta, lai reakcijas
maisijuma temperatiira neparsniegtu +10 °C. Péc tam reakcijas maisjjumam Jauj sasilt [idz
istabas temperatiirai un péc 12 stundam izveidojusas nogulsnes filtré, uz filtra tas mazga ar
ledus CH3COOH un zavé istabas temperatiira. leguta 2,6-dimetil-3,5-dimetoksikarbonil-
1,4-dihidroizonikotinskabe (32) ir bezkrasaina pulverveida viela ar k. t. 234 °C. legiist
6,1 g (38%) savienojuma 32. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 1. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.22 (s, 6H), 3.60 (s, 6H), 4.58 (s, 1H), 8.93 (s, 1H),
11.95 (s, 1H) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 17.85, 39.16, 50.79, 96.98, 146.17, 167.24,
174.42 m.d.

Aprekinats Ci2HisNOg: C, 53,53; H, 5,62; N, 5,20. Noteikts: C, 53,52; H, 5,54;
N, 5,16.

IS (nujols, cm™): 3346 (NH), 1700 (C=0), 1662 (C=0).
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3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes amonija sals monohidrats (33
amonija sals)

a) 5,0 g (0,05 mol) acetilacetonamina (resintéze péc [138]) un 4,1 g (0,05 mol)
3-aminokrotononitrila izSkidina 15 mL ledus CH3COOH. Ledus vanna atdzesétam Skidumam
maisot pakapeniski pievieno 4,8 g (0,05 mol) glioksalskabes monohidrata skiduma 20 mL
ledus CH3COOH. Reakcijas maistjumu dzesgjot, turpina maisit vél 5 stundas, tad lauj tam
sasilt 11dz istabas temperatirai un turpina maisit v&l 12 stundas. Reakcijas maistjumu ietvaice
vakuuma, atlikumu mazga ar 50 mL CHClz. CHCI; neSkisto$o viskozo masu apstrada ar
30 mL CH3OH, iegust 2,2 g dzeltenu pulverveida vielu, kuru filtre un Zzavé istabas
temperatira. 'H-KMR spektrs rada divu vielu maisijumu — 3,5-diacetil-2,6-dimetil-
1,4-dihidroizonikotinskabi ~ (2)  (25%) un  3-acetil-5-ciano-2,6-dimetil-1,4-dihidro-
izonikotinskabes amonija sals monohidratu (33 amonija sals) (75%). Reakcijas atlikumu tris
reizes  parkristalizé no CH3OH. Iegutais  3-acetil-5-ciano-2,6-dimetil-1,4-dihidro-
izonikotinskabes amonija sals monohidrats (33 amonija sals) ir dzeltena pulverveida viela,
kas virs 130 °C sadalas. Iegtst 1,8 g (14%) 33 amonija sals. Kristalus audzé CH3OH, veic
rentgenstruktiiranalizi (pielikuma 5. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 1.97 (s, 3H), 2.11 (s, 3H), 2.14 (s, 3H), 3.75 (s, 1H),
8.83 (s, 1H) m.d.

'H-KMR (400 MHz, DMSO-dg + CFsCOOH, 8): 2.04 (s, 3H), 2.22 (s, 6H), 4.16 (s, 1H),
7.12 (t, 4H, J=52.0 Hz), 9.24 (s, 1H) m.d.

B3C-KMR (100 MHz, DMSO-dg, 8): 17.32, 18.77, 29.36, 43.11, 82.70, 108.24, 120.98,
141.86, 145.68, 174.62, 197.81 m.d.

Apréekinats C13Hi17N3O4: C, 51.75; H, 6.71; N, 16.46. Noteikts: C, 51.76; H, 6.68;
N, 16.29.

IS (nujols, Cm'l): 3400 (NH), 3170 (NH4"), 2211 (C=N), 1655 (C=0), 1584 (C=0).

b) Reakciju veic ieprieks aprakstitajos apstaklos, izmainot vienigi izejvielu molaras
attiecibas. Reakcija starp 4,8 g (0,05 mol) glioksalskabes monohidrata, 11,8 g (0,1 mol)
acetilacetonamina un 9,8 g (0,1 mol) 3-aminokrotononitrila pé&c identiskas reakcijas
maistjuma apstrades iegust 3,8 g (29%) 33 amonija sals.

c) 11,9 g (0,1 mol) acetilacetonamina un 9,8 g (0,1 mol) 3-aminokrotononitrila iz§kidina
40 ml ledus CH3COOH. Ledus vanna atdzesétam S$kidumam maisot atri pievieno

4,8 g (0,05 mol) glioksalskabes monohidrata $kiduma 20 mL ledus CH3COOH. Péc tam
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reakcijas maisijumam lauj sasilt [idz istabas temperatiirai un maisa veél 12 stundas. Ledus
CH3COOH ietvaicé vakuuma un atlikumu kolba apstrada ar CHCl3z (~ 50 ml), filtré un zave
istabas temperatiira. Parkristaliz€é no CH3OH. Veic rentgenstruktiiranalizi (pielikuma 5. att.).

legtist 9,5 g (71%) 33 amonija sals.

3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes monohidrats (33)

1,0 g (0,004 mol) 33 amonija sals izskidina 15 mL H,O un reakcijas maisijumu
paskabina ar koncentrétu HCl skidumu Ilidz pH 3. Izveidojas smalkas, gaiSi dzeltenas
nogulsnes, tas filtré, mazga ar HyO un 7avé istabas temperatiira. legitais 3-acetil-5-ciano-
2,6-dimetil-1,4-dihidroizonikotinskabes monohidrats (33) ir gaisi dzeltena pulverveida viela
ar k. t. 138-140 °C. Iegust 0,9 g (99%) savienojuma 33. Kristalus audzé CH3OH, veic
rentgenstruktiiranalizi (pielikuma 5. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.04 (s, 3H), 2.21 (s, 3H), 2.22 (s, 3H), 4.16 (s, 1H),
9.21 (s, 1H), 12.54 (s, 1H) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 17.40, 19.13, 29.98, 41.03, 79.43, 106.34, 119.60,
145.01, 148.33, 173.30, 196.23 m.d.

Aprekinats CiiH14N2O4: C, 55.46; H, 5.92; N, 11.76. Noteikts: C, 55.51;
H, 5.78; N, 11.82.

IS (nujols, cm™): 3306 (NH), 2208 (C=N), 1701 (C=0), 1662 (C=0).

3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes (8S,9R)-cinhonidina sals (33
cinhonidina sals)

0,5 g (0,002 mol) savienojuma 33 izskidina 10 mL CH3OH un maisot pievieno
0,7 g (0,002 mol) (8S,9R)-cinhonidina, maisa 2 stundas istabas temperatira. Reakcijas
maistjumu ietvaicé vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtré un
zave istabas temperatira. legutais 3-acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes
(8S,9R)-cinhonidina sals (33 cinhonidina sals) ir dzeltena pulverveida viela. Iegust
1,1 g (89%) 33 cinhonidina sali.

'H-KMR (400 MHz, CDCls, 8): 1.24-1.28 (m, 1H), 1.71-1.78 (m, 1H), 1.94-1.98
(m, 1H), 1.94 (s, 1.5H), 1.99 (s, 1.5H), 2.00-2.05 (m, 2H), 2.07 (s, 1.5H), 2.08 (s, 1.5H), 2.21
(s, 1.5H), 2.23 (s, 1.5H), 2.56-2.60 (m, 1H), 3.01-3.06 (m, 1H), 3.14-3.17 (m, 1H), 3.34-3.39
(m, 2H), 4.11 (s, 0.5H), 4.17 (s, 0.5H), 4.19-4.24 (m, 1H), 4.96 (d, 1H, J=10.4 Hz), 5.01
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(d, 1H, J=17.1 Hz), 5.55 (ddd, 1H, J=6.8, 10.4 un 17.1 Hz), 6.29 (s, 1H), 7.35 (s, 0.5H),
7.41 (s, 0.5H), 7.56 (t, 1H, J=7.6 Hz), 7.69 (t, 1H, J=7.6 Hz), 7.70 (d, 1H, J=4.5 Hz), 8.07
(d, 1H, J=8.4 Hz), 8.09 (d, 1H, J=8.4 Hz), 8.84 (d, 1H, J=4.5 Hz) m.d.

¥3C-KMR (100 MHz, CDCls, 8): 18.03, 18.08, 19.11, 19.65, 19.77, 25.00, 27.06, 29.60,
29.72, 37.72, 43.53, 45.32, 45.50, 54.41, 59.91, 66.96, 83.46, 83.66, 108.93, 109.27, 116.60,
118.71, 120.59, 120.65, 122.63, 124.82, 127.49, 129.38, 130.15, 138.22, 142.55, 143.06,
146.38, 146.46, 147.95, 150.04, 178.55, 178.70, 198.91, 199.15 m.d.

Aprekinats C11H11N203 ¢ C1gHasN,O: C, 70.02; H, 6.66; N, 10.89. Noteikts: C, 69.86;
H, 6.60; N, 10.84.

3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes (8R,9S)-cinhonina sals (33
cinhonina sals)

0,5 g (0,002 mol) savienojuma 33 izskidina 10 mL CH3OH un maisot pievieno
0,7 g (0,002 mol) (8R,9S)-cinhonina, maisa 2 stundas istabas temperatira. Reakcijas
maisTjumu ietvaic€ vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtr€ un
zaveé istabas temperatira. legitais 3-acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes
(8R,9S)-cinhonina sals (33 cinhonina sals) ir dzeltena pulverveida viela. Iegtst 0,9 g (77%)
33 cinhonina sali.

'"H-KMR (400 MHz, CDCls, 8): 0.91 (m, 1H), 1.62-1.67 (m, 1H), 1.78-1.82 (m, 1H),
1.90 (pl.s., 1H), 1.96 (s, 1.5H), 2.01 (s, 1.5H), 2.08 (s, 1.5H), 2.10 (s, 1.5H), 2.16 (m, 1H),
2.21 (s, 1.5H), 2.23 (s, 1.5H), 2.46-2.50 (m, 1H), 3.03-3.08 (m, 1H), 3.23 (t, 1H, J=11.7 Hz),
3.31-38 (m, 1H), 4.08-4.12 (m, 1H), 4.14 (s, 0.5H), 4.19 (s, 0.5H), 5.19 (d, 1H, J=17.4 Hz),
5.20 (d, 1H, J=10.5 Hz), 5.97 (ddd, 1H, J=7.4, 10.5 un 17.4 Hz), 6.30 (s, 1H), 7.17 (s, 0.5H),
7.23 (s, 0.5H), 7.55 (t, 1H, J=7.6 Hz), 7.69 (t, 1H, J=7.6 Hz), 7.72 (d, 1H, J=4.4 Hz),
8.00 (d, 1H, J=8.4 Hz), 8.10 (d, 1H. J=8.4 Hz), 8.88 (d, 1H, J=4.4 Hz) m.d.

B3C-KMR (100 MHz, CDCls, 8): 18.07, 18.14, 18.94, 19.63, 19.78, 23.85, 27.63, 29.57,
29.71, 37.87, 45.42, 45.62, 48.55, 48.99, 59.95, 67.24, 83.56, 83.61, 109.12, 109.34, 117.04,
118.84, 120.53, 122.55, 124.81, 127.29, 129.25, 130.34, 136.95, 142.48, 142.91, 146.33,
146.49, 147.98, 150.17, 178.77, 179.08, 198.71, 199.28 m.d.

Aprekinats C11H11N203 ¢ C19H23N,0: C, 70.02; H, 6.66; N, 10.89. Noteikts: C, 69.77;

H, 6.63; N, 10.82.
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3-Ciano-2,6-dimetil-4-okso-1,4-dihidropiridins (34)

Dzeltena pulverveida viela ar k. t. 302-304 °C.

'H-KMR (400 MHz, DMSO-ds, 8): 2.21 (s, 3H), 2.38 (s, 3H), 6.17 (s, 1H),
12.26 (s, 1H) m.d.

B¥C-KMR (100 MHz, DMSO-ds, 8): 18.24, 20.04, 90.96, 116.23, 116.39, 150.51,
154.86, 161.63 m.d.

Aprekinats CgHgN,O: C, 64.85; H, 5.44; N, 18.91. Noteikts: C, 64.57; H, 5.33;
N, 18.63.

IS (nujols, cm™): 2217 (C=N), 1662 (C=0).

3,4,6-Trimetil-1-okso-1,3-dihidro-furo[3,4-C]piridina-7-karbonskabes amids (35)

Balta pulverveida viela ar k. t. 256-258 °C.

'H-KMR (400 MHz, DMSO-ds, 8): 1.57 (d, 3H, J=6.4 Hz), 2.51 un 2.55 (2 s, 6H), 5.84
(9, 1H, J=6.4 Hz), 7.76 un 7.90 (2 s, 2H) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 18.93, 21.15, 21.18, 126.71, 129.45, 140.23,
152.45, 154.09, 166.50, 167.19 m.d.

Apréekinats C13H1oN2O3: C, 59.99; H, 5.49; N, 12.72. Noteikts: C, 59.94; H, 5.38;
N, 12.89.

5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes monohidrats (36)

4,6 g (0,05 mol) glioksalskabes monohidrata izskidina 10 ml ledus CH3COOH, pievieno
5,4 g (0,05 mol) acetetikskabes metilestera un maisa 6 stundas 80 °C temperatiira. Péc tam
Skidumu atdzes¢ Iidz istabas temperatiirai. Iegiist 3-metoksikarbonil-4-okso-pent-2-&nskabi
(37).

'H-KMR (400 MHz, CDCls, 8): 1.89 (s, 3H), 3.91 (s, 3H), 6.65 (s, 1H) m.d.

B3C-KMR (100 MHz, CDCls, 8): 24.46, 52.97, 105.88, 127.92, 160.88, 167.99 m.d.
Reakcijas maistjumam pievieno 4,1 g (0,05 mol) 3-aminokrotononitrila un maisa 12 stundas
istabas temperattira. Reakcijas maistjumu ietvaic€ vakuuma, iegiist brunu ellu, kas liela
parakuma satur CH3COOH. Lai atbrivotos no CH3COOH, reakcijas maistjumu izskidina
30 mL @idens un liofilizg, iegiist 11,9 g dzeltenbriinu pulverveida vielu. "H-KMR spektrs rada
divu vielu maisijumu — 5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabi (36)
(86%) un 2,6-dimetil-3,5-dimetoksikarbonil-1,4-dihidroizonikotinskabi (32) (14%).
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11,9 g reakcijas maisijuma, kur§ satur 1,4-dihidroizonikotinskabi 32 un 36, izSkidina
30 mL CH3CN un pievieno 10 mL (0,05 mol) dicikloheksilamina. Reakcijas maisijumu maisa
30 mindtes istabas temperatira. Izveidojas smalkas, gaiSi dzeltenas nogulsnes, tas filtre, zave
istabas temperatiira. legiitas nogulsnes divas reizes parkristalizé no C,HsOH. Iegiitais 5-ciano-
2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes dicikloheksilamonija sals
(36 dicikloheksilamonija sals) ir dzeltena kristaliska viela ar k. t. 227 — 229 °C. legtist 8,2 g
(39%) 36 dicikloheksilamonija sali. Kristalus audzé CH3OH, veic rentgenstruktiranalizi
(pielikuma 7. att.).

'H-KMR (400 MHz, DMSO-ds, 8): 1.09-1.24 (m, 10H), 1.57 (m, 2H), 1.88 (m, 4H),
1.69 (m, 4H), 1.97 (s, 3H), 2.16 (s, 3H), 2,78 (m, 2H), 3.53 (s, 3H), 3.74 (s, 1H), 8.91 (s, 1H)
m.d.

BC-KMR (100 MHz, DMSO-dg, 8): 17.38, 17.97, 24.30, 25.24, 30.36, 41.99, 50.54,
51.80, 81.61, 98.63, 120.57, 143.73, 146.26, 167.66, 173.81 m.d.

Aprekinats Cy3H3sN3O4: C, 66.16; H, 8.45; N, 10.06. Noteikts: C, 66.19; H, 8.54;
N, 10.23.

IS (nujols, cm™): 3185 (NH), 2197 (C=N), 1701 (C=0), 1620 (C=0).

8,2 g (0,02 mol) 5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes
dicikloheksilamonija sals (36 dicikloheksilamonija sals) maisot un sildot 60 °C temperatira
1z8kidina 300 mL H»O. Pakapeniski pievieno 1N NaOH skidumu lidz reakcijas maisijums
sasniedz pH 7 — 8. Lai atdalitu dicikloheksilaminu reakcijas maisijumu ekstrah€ ar dietiléteri
(3 x 300 mL). Péc tam H,O fazi maisot paskabina ar koncentrétu HCI lidz pH 3, izveidojas
smalkas, baltas nogulsnes, tas filtré, zavé istabas temperatira. legitais 5-ciano-2,6-dimetil-
3-metoksikarbonil-1,4-dihidroizonikotinskabes monohidrats (36) ir bezkrasaina pulverveida
viela ar k. t 202-203 °C. Iegust 3,4 g (68%) savienojuma 36. Kristalus audzé C,HsOH, veic
rentgenstruktiranalizi (pielikuma 7. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.02 (s, 3H), 2.23 (s, 3H), 3.57 (s, 3H), 4.04 (s, 1H),
9.24 (s, 1H), 12.50 (s, 1H) m.d.

B3C-KMR (100 MHz, DMSO-ds, 8): 17.50, 18.10, 40.94, 50.96, 78.74, 96.09, 119.37,
146.47, 148.66, 166.77, 173.16 m.d.

Aprekinats C13H14N20s: C, 51.97; H, 5.55; N, 11.02. Noteikts: C, 52.02; H, 5.46;
N, 10.84.

IS (nujols, cm™): 3419 (NH), 2213 (C=N), 1699 (C=0).
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5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (8S,9R)-cinhonidina
sals (36 cinhonidina sals)
0,5 g (0,002 mol) savienojuma 33 izSkidina 5 mL CH3OH un maisot pievieno

0,6 g (0,002 mol) (8S,9R)-cinhonidina, maisa 2 stundas istabas temperatira. Reakcijas
maistjumu ietvaic€ vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtré un
7ave istabas temperatira. legutais 5-ciano-2,6-dimetil-3-metoksikarbonil-
1,4-dihidroizonikotinskabes (8S,9R)-cinhonidina sals (36 cinhonidina sals) ir dzeltena
pulverveida viela. legtst 1,1 g (99%) 36 cinhonidina sali.

'H-KMR (400 MHz, CDCls, 8): 1.17-1.25 (m, 1H), 1.73-1.78 (m, 1H), 1.90-1.95
(m, 1H), 1.96 (s, 1.5H), 2.01 (s, 1.5H), 2.02-2.09 (m, 2H), 2.21 (s, 1.5H), 2.22 (s, 1.5H), 2.60
(pl.s., 1H), 3.06 (t, 1H, J=11.9 Hz), 3.26 (d, 1H, J=12.9 Hz), 3.35-3.45 (m, 2H), 3.51
(s, 1.5H), 3.55 (s, 1.5H), 4.16 (s, 0.5H), 4.20 (s, 0.5H), 4.24-4.32 (m, 1H), 4.96 (d, 1H, J=10.5
Hz), 5.02 (d, 1H, J=17.2 Hz), 5.54 (ddd, 1H, J=6.6, 10.5 un 17.2 Hz), 6.37 (s, 1H), 7.45
(s, 0.5H), 7.48 (s, 0.5H), 7.60 (t, 1H, J=7.7 Hz), 7.71 (t, 1H, J=7.7 Hz), 7.72 (d, 1H,
J=4.4 Hz), 8.09 (d, 1H, J=8.1 Hz), 8.12 (d, 1H, J=8.1 Hz), 8.90 (d, 1H, J=4.4 Hz) m.d.

B3C-KMR (100 MHz, CDCls, 8): 17.89, 17.96, 18.75, 18.81, 18.88, 24.75, 26.93, 37.46,
43.48, 44.74, 44,94, 50.98, 54.14, 59.87, 66.48, 82.23, 82.39, 99.51, 116.66, 118.78, 120.56,
120.71, 122.70, 124.73, 127.46, 129.35, 130.03, 137.95, 145.38, 145.46, 146.24, 147.45,
147.57, 147.82, 149.97, 168.19, 168.25, 179.17, 179.35 m.d.

Apréekinats C11H11N,04 « C19H23N,0: C, 67.91; H, 6.46; N, 10.56. Noteikts: C, 67.80;
H, 6.42; N, 10.49.

5-Ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes  (8R,9S)-cinhonina
sals (36 cinhonina sals)
0,5 g (0,002 mol) savienojuma 36 izSkidina 5 mL CH3zOH un maisot pievieno
0,6 g (0,002 mol) (8R,9S)-cinhonina, maisa 2 stundas istabas temperatura. Reakcijas
maistjumu ietvaicé vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtré un
zave istabas temperatura. legiitais 5-ciano-2,6-dimetil-3-metoksikarbonil-
1,4-dihidroizonikotinskabes (8R,9S)-cinhonina sals (36 cinhonina sals) ir dzeltena
pulverveida viela. Tegist 1,0 g (89%) 36 cinhonina sali.
'H-KMR (400 MHz, CDCls, 8): 0.85-0.90 (m, 1H), 1.50-1.59 (m, 1H), 1.64-1.69
(m, 1H), 1.81-1.87 (m, 1H), 1.92 (s, 1.5H), 1.99 (s, 1.5H), 2.14 (s, 1.5H), 2.14-2.17 (m, 1H),
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2.19 (s, 1.5H), 2.49-2.53 (m, 1H), 3.07-3.13 (m, 1H), 3.29 (t, 1H, J=11.4 Hz), 3.36 (t, 1H,
J=9.6 Hz), 3.42 (t, 1H, J=11.6 Hz), 3.48 (s, 1.5H), 3.51 (s, 1.5H), 4.11 (s, 0.5H), 4.17-4.20
(m, 1H), 4.19 (s, 0.5H), 5.20 (d, 1H, J=10.5 Hz), 5.21 (d, 1H, J=17.4 Hz), 5.96 (ddd, 1H,
J=7.2, 105 un 17.4 Hz), 6.39 (s, 1H), 7.57 (t, 1H, J=7.5 Hz), 7.70 (t, 1H, J=7.5 Hz),
7.73 (d, 1H, J=4.4 Hz), 7.95 (s, 0.5H), 8.03 (d, 1H, J=8.4 Hz), 8.10 (s, 0.5H), 8.11 (d, 1H,
J=8.4 Hz), 8.89 (d, 1H, J=4.4 Hz) m.d.

13C.KMR (100 MHz, CDCls, 8): 17.96, 18.09, 18.71, 18.79, 18.85, 23.52, 27.53, 37.57,
44.88, 45.18, 48.42, 48.84, 50.99, 51.08, 59.95, 60.12, 66.53, 82.41, 82.56, 99.66, 99.69,
117.32, 118.95, 120.45, 120.58, 122.48, 124.69, 127.31, 129.26, 130.35, 136.47, 145.33,
145.49, 147.38, 147.50, 147.94, 150.18, 168.02, 168.26, 179.42, 179.85 m.d.

Aprekinats C11H11N,04 « C1gHasNoO: C, 67.91; H, 6.46: N, 10.56. Noteikts: C, 67.74;
H, 6.40; N, 10.51.

5-Acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabe (38)

4,6 g (0,05 mol) glioksalskabes monohidrata izskidina 10 mL ledus CH3;COOH,
pievieno 5,4 g (0,05 mol) acetetikskabes metilestera un maisa 6 stundas 80 °C temperatura.
Péc tam Skidumu atdzesé lidz istabas temperatiirai. Reakcijas maisijjumam pievieno
7,4 g (0,08 mol) acetilacetonamina (resintéze péc [138]) un maisa 12 stundas istabas
temperatiira. Reakcijas maisijumu ietvaic€ vakuuma, iegiist dzeltenbriinu ellu. To apstrada ar
30 mL Hy0, izveidojas smalkas nogulsnes, tas filtré, mazga ar H,O un Zavé istabas
temperatira. legita 5-acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabe (38) ir
dzeltena pulverveida viela ar k. t. 189-190 °C. Iegiist 6,8 g (53%) savienojuma 38. Kristalus
audzé CH30H, veic rentgenstruktiiranalizi (pielikuma 9. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.19 (s, 3H), 2.25 (s, 3H), 2.26 (s, 3H), 3.61 (s, 3H),
4.58 (s, 1H), 8.91 (s, 1H), 12.06 (s, 1H) m.d.

B3C-KMR (100 MHz, DMSO-ds, 8): 17.88, 18.71, 29.44, 40.06, 50.88, 97.63, 106.83,
144,74, 146.21, 167.15, 174.38, 196.75 m.d.

Aprekinats Ci2HisNOs: C, 56.91; H, 5.97; N, 5.53. Noteikts: C, 56.88; H, 5.86;
N, 5.49.

IS (nujols, cm™): 3310 (NH), 1734 (C=0), 1672 (C=0).
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5-Acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes (8S,9R)-cinhonidina
sals (38 cinhonidina sals)
0,5 g (0,002 mol) savienojuma 38 izSkidina 5 mL CH3zOH un maisot pievieno

0,6 g (0,002 mol) (8S,9R)-cinhonidina, maisa 2 stundas istabas temperatira. Reakcijas
maistjumu ietvaic€ vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtré un
zave istabas temperatira. legatais 5-acetil-2,6-dimetil-3-metoksikarbonil-
1,4-dihidroizonikotinskabes (8S,9R)-cinhonidina sals (38 cinhonidina sals) ir dzeltena
pulverveida viela. legtst 1,0 g (92%) 38 cinhonidina sali.

'H-KMR (400 MHz, CDCls, 8): 1.15-1.22 (m, 1H), 1.65-1.72 (m, 1H), 1.85-1.91
(m, 1H), 1.94 (s, 1.5H), 1.96-2.01 (m, 1H), 2.13 (s, 1.5H), 2.23 (s, 1.5H), 2.25 (s, 1.5H), 2.43
(s, 1.5H), 2.45 (s, 1.5H), 2.50-2.55 (m, 1H), 2.90-2.97 (m, 1H), 3.10-3.14 (m, 1H), 3.24-3.33
(m, 2H), 3.65 (s, 1.5H), 3.66 (s, 1.5H), 4.08-4.16 (m, 1H), 4.60 (s, 0.5H), 4.62 (s, 0.5H), 4.93
(d, 1H, J=10.4 Hz), 4.99 (d, 1H, J=17.2 Hz), 5.53 (ddd, 1H, J=6.8, 10.4 un 17.2 Hz), 6.07
(s, 0.5H), 6.12 (s, 1H), 6.36 (s, 0.5H), 7.55 (t, 1H, J=7.7 Hz), 7.68 (d, 1H, J=4.5 Hz), 7.69
(t, 1H, J=7.7 Hz), 8.01 (d, 1H, J=8.5 Hz), 8.10 (d, 1H, J=8.5 Hz), 8.88 (d, 1H, J=4.5 Hz) m.d.

B3C-KMR (100 MHz, CDCls, 8): 19.05, 19.08, 19.15, 19.39, 19.58, 25.24, 27.17, 29.14,
29.43, 37.93, 43.32, 43.42, 43.83, 51.14, 51.19, 54.36, 59.61, 67.19, 101.26, 101.38, 110.05,
110.75, 116.31, 118.73, 122.85, 124.86, 127.21, 129.24, 130.19, 138.62, 141.40, 142.57,
144.14, 144.20, 146.59, 147.98, 150.11, 168.48, 168.73, 179.44, 179.49, 200.64, 201.89 m.d.

Apréekinats CioH14NOs ¢ CioH3N,0: C, 67.99; H, 6.81; N, 7.67. Noteikts: C, 67.82;
H, 6.85; N, 7.60.

5-Acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes  (8R,9S)-cinhonina
sals (38 cinhonina sals)

0,5 g (0,002 mol) savienojuma 38 izskidina 5 mL CH3OH un maisot pievieno
0,6 g (0,002 mol) (8R,9S)-cinhonina, maisa 2 stundas istabas temperatira. Reakcijas
maistjumu ietvaicé vakuuma, apstrada ar 20 mL dietilétera. Izveidojas nogulsnes, tas filtré un
zave istabas temperatura. legiitais 5-acetil-2,6-dimetil-3-metoksikarbonil-
1,4-dihidroizonikotinskabes (8R,9S)-cinhonina sals (38 cinhonina sals) ir dzeltena
pulverveida viela. legiist 0,9 g (83%) 38 cinhonina sali.

'H-KMR (400 MHz, CDCls, 8): 0.80-0.84 (m, 1H), 1.58-1.63 (m, 1H), 1.75-1.79
(m, 1H), 1.86 (pl.s., 1H), 1.92 (s, 1.5H), 2.07-2.12 (m, 1H), 2.10 (s, 1.5H), 2.22 (s, 1.5H), 2.23
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(s, 1.5H), 2.41 (s, 1.5H), 2.44-2.47 (m, 1H), 2.45 (s, 1.5H), 2.95-3.00 (m, 1H), 3.12-3.16
(m, 1H), 3.26 (t, 1H, J=9.3 Hz), 3.34 (t, 1H, J=11.4 Hz), 3.64 (s, 1.5H), 3.65 (s, 1.5H),
4.05-4.09 (m, 1H), 4.59 (s, 0.5H), 4.60 (s, 0.5H), 5.16 (d, 1H, J=10.0 Hz), 5.18 (d, 1H, J=17.4
Hz), 5.95 (ddd, 1H, J=7.3, 10.0 un 17.4 Hz), 6.17 (s, 1H), 6.36 (s, 0.5H), 6.68 (s, 0.5H),
7.54 (t, 1H, J=7.5 Hz), 7.68 (t, 1H, J=7.5 Hz), 7.71 (d, 1H, J=4.4 Hz), 7.97 (d, 1H, J=8.6 Hz),
8.09 (d, 1H, J=8.6 Hz), 8.87 (d, 1H, J=4.4 Hz) m.d.

13C.KMR (100 MHz, CDCls, §): 18.80, 18.91, 18.94, 19.04, 19.46, 23.70, 27.66, 29.10,
29.44, 37.79, 43.60, 44.06, 48.24, 48.62, 51.09, 51.14, 59.57, 66.95, 101.09, 101.25, 109.92,
110.62, 116.93, 118.88, 122.76, 124.76, 127.13, 129.18, 130.22, 136.96, 141.40, 142.71,
144.33, 144.44, 146.06, 147.89, 150.15, 168.44, 168.73, 179.98, 180.06, 200.49, 201.88 m.d.

Aprekinats C12H1NOs « CigH23N,0: C, 67.99; H, 6.81; N, 7.67. Noteikts: C, 67.89;
H, 6.74; N, 7.63.

2,6-Dimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (39)

4,0 g (0,02 mol) savienojuma 32 izskidina 30 mL CH3OH, pievieno 10 pilienus
koncentrétas H,SO4 un 2 stundas vara kolba ar atteces dzesinataju. Pec tam Skidumu atdzese
lidz istabas temperatiirai. Reakcijas maisijjumam pievieno ~ 30 mL H,O un neitraliz€ ar
IN NaOH skidumu lidz pH 7 — 8. Reakcijas gaita radusas baltas nogulsnes filtré, mazga ar
H,O un zavé istabas temperatira. legitais 2,6-dimetil-3,4,5-trimetoksikarbonil-
1,4-dihidropiridins (39) ir bezkrasaina kristaliska viela ar k. t. 158 — 159 °C. Iegist
39 g (93%) savienojuma 39. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 2. att.).

'"H-KMR (400 MHz, DMSO-dg, 8): 2.23 (s, 6H), 3.50 (s, 3H), 3.62 (s, 6H), 4.69 (s, 1H),
9.01 (s, 1H) m.d.

B3C-KMR (100 MHz, DMSO-ds, 8): 17.89, 39.38, 50.89, 51.75, 96.30, 146.83, 166.97,
173.35 m.d.

Aprekinats Ci3H17NOg: C, 55,12; H, 6,05; N, 4,94. Noteikts: C, 55,17; H, 5,98;
N, 4,82.

IS (nujols, cm™): 3338 (NH), 1709 (C=0), 1647 (C=0).

3,5-Diciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridina monohidrats (40)
3,5 g (0,02 mol) savienojuma 3 izskidina 25 mL CH3OH, pievieno 15 pilienus
koncentrétas H,SO, un 2 stundas vara kolba ar atteces dzesinataju. Peéc tam Skidumu atdzese
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lidz istabas temperatiirai. Reakcijas maisijumam pievieno ~ 30 mL H>O un neitralizé ar
IN NaOH skidumu lidz pH 7 — 8. Reakcijas gaita radusas nogulsnes filtré, mazga ar tideni un
7aveé istabas temperatira. legitais 3,5-diciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidro-
piridins (40) ir bezkrasaina kristaliska viela ar k. t. 176-178 °C (lit. [45] k.t. 184 °C). Iegiist
3,2 g (86%) savienojuma 40. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi (pielikuma
2. att.).

'H-KMR (400 MHz, CDCls, 8): 2.15 (s, 6H), 3.82 (s, 3H), 4.06 (s, 1H),
6.62 (s, 1H) m.d.

BC-KMR (100 MHz, CDCls, 8): 18.63, 41.59, 53.05, 79.69, 117.93, 147.62,
170.68 m.d.

Aprekinats CpiHi3N3Os: C, 56.16; H, 5.57; N, 17.86. Noteikts: C, 56.01;
H, 5.42; N, 17.79.

IS (nujols, cm™): 3200 (NH), 2204 (C=N), 1747 (C=0).

5-Ciano-2,6-dimetil-3,4-dimetoksikarbonil-1,4-dihidropiridins (41)

2,2 g (0,008 mol) savienojuma 36 izskidina 15 mL CH3OH, pievieno 10 pilienus
koncentrétas H,SO, un 2 stundas vara kolba ar atteces dzesinataju. Pec tam Skidumu atdzese
lidz istabas temperatiirai. Reakcijas maisijumam pievieno 15 mL H;O un neitralizé ar
IN NaOH skidumu lidz pH 7 — 8. Reakcijas gaita radusas baltas nogulsnes filtré, mazga ar
H,O un zavé istabas temperatira. legitais 5-ciano-2,6-dimetil-3,4-dimetoksikarbonil-
1,4-dihidropiridins (41) ir bezkrasaina pulverveida viela ar k. t. 141 — 143 °C. legist
19 g (92%) savienojuma 41. Kristalus audzé CH,Cl,, veic rentgenstruktiiranalizi
(pielikuma 7. att.).

'H-KMR (400 MHz, CDCls, 8): 2.12 (s, 3H), 2.35 (s, 3H), 3.69 (s, 3H), 3.76 (s, 3H),
4.36 (s, 1H), 5.89 (s, 1H) m.d.

BC-KMR (100 MHz, CDCl;, 8): 18.57, 19.55, 41.42, 51.52, 52.54, 81.04, 97.67,
118.60, 145.53, 147.30, 166.83, 172.65 m.d.

Aprekinats C12H14N2O4: C, 57.59; H, 5.64; N, 11.19. Noteikts: C, 57.66; H, 5.55;
N, 11.11.

IS (nujols, cm™): 3222 (NH), 2211 (C=N), 1742 (C=0).
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3-Acetil-5-ciano-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridina monohidrats (42)

3,1 g (0,01 mol) savienojuma 33 izskidina 135 mL CH3OH un maisot pievieno svaigi
pagatavotu CH;N; skidumu (resintéze pec [140]). Turpina maisit, kamér beidz izdalities gaze
(~2 stundas). Neizreagéjuso CH,N; neitralizé ar CH3COOH. Péc tam reakcijas maisTjumu
ietvaicEé vakuuma un parkristalizé no CH3;OH. Iegatais 3-acetil-5-ciano-2,6-dimetil-
4-metoksikarbonil-1,4-dihidropiridina monohidrats (42) ir gaisi dzeltena kristaliska viela ar
kuSanas temperatiiru 149 — 151 °C. legust 2,4 g (78%) savienojuma 42. Kristalus audze
CH30H, veic rentgenstruktiiranalizi (pielikuma 5. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.04 (3H, s), 2.23 (3H, s), 2.25 (3H, s), 3.60 (3H, 3),
4.27 (1H, s), 9.30 (1H, s) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 17.44, 19.24, 30.21, 41.16, 52.05, 78.87, 106.17,
119.23, 145.69, 148.82, 172.26, 195.88 m.d.

Aprekinats CioHigN2O4: C, 57.13; H, 6.39; N, 11.10. Noteikts: C, 57.23; H, 6.45;
N, 11.22.

IS (nujols, cm™): 3312 (NH), 2202 (C=N), 1747 (C=0), 1696 (C=0).

3,5-Diciano-2,4,6-trimetilbenzols (43)

Iegtst 0,4 g (5%) bezkrasainu pulverveida vielu ar k. t. 150-152 °C.

'H-KMR (400 MHz, DMSO-dg, 8): 2.53 (s, 6H), 2.64 (s, 3H), 7.45 (s, 1H) m.d.

BC-KMR (100 MHz, DMSO-dg, 8): 19.66, 20.63, 111.42, 115.80, 129.70, 145.59,
146.51 m.d.

Aprekinats CyiHioN2: C, 77.62; H, 5.92; N, 16.45. Noteikts. C, 77.61;
H, 5.85; N, 16.47.

IS (nujols, cm™): 2221 (C=N).

3,5-Diacetil-2,6-dimetil-4-metoksikarbonil-1,4-dihidropiridins (44) [44]

3,6 g (0,01 mol) savienojuma 2 izskidina 120 mL CH3OH un maisot pievieno svaigi
pagatavotu CH;N; Skidumu (resintéze pec [140]). Turpina maisit, kamér beidz izdalities gaze
(~2 stundas). NeizreaggjuSo CH,N; neitralizé ar CH;COOH. P&c tam reakcijas maisijumu
ietvaicEé vakuuma un parkristalizé¢ no CH3;OH. Iegatais 3,5-diacetil-2,6-dimetil-

4-metoksikarbonil-1,4-dihidropiridins (44) ir gaiSi dzeltena kristaliska viela ar kuSanas
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temperatiiru 151 — 153 °C (lit. [44] k.t. 157-158 °C). legiist 2,4 g (63%) savienojuma 44.
Kristalus audzé CH3OH, veic rentgenstruktiiranalizi (pielikuma 2. att.).

'H-KMR (400 MHz, CDCls, 8): 2.32 (s, 6H), 2.38 (s, 6H), 3.64 (s, 3H), 4.85 (s, 1H),
6.15 (s, 1H) m.d.

BC-KMR (100 MHz, CDCls, 8): 20.16, 29.73, 41.38, 52.26, 108.24, 144.42, 173.52,
197.27 m.d.

Aprekinats Ci3Hi7NOs: C, 62.14; H, 6.82; N, 5.57. Noteikts: C, 61.87,
H, 6.81; N, 5.52.

IS (nujols, cm™): 3307 (NH), 1728 (C=0), 1675 (C=0).

5-Acetil-2,6-dimetil-3,4-dimetoksikarbonil-1,4-dihidropiridins (45)

4,3 g (0,02 mol) savienojuma 38 izskidina 80 mL CH3OH un maisot pievieno svaigi
pagatavotu CH;N; Skidumu (resintéze pec [140]). Turpina maisit, kamér beidz izdalities gaze
(~2 stundas). Neizreag€juso CH,N; neitralizé ar CH3COOH. Péc tam reakcijas maisTjumu
ietvaicEé vakuuma un parkristalizé no CH3OH. Iegatais  5-acetil-2,6-dimetil-
3,4-dimetoksikarbonil-1,4-dihidropiridins (45) ir dzeltena kristaliska viela ar kuSanas
temperatiiru 158 — 160 °C. Iegiist 4,0 g (87%) savienojuma 45. Kristalus audzé CH30H, veic
rentgenstruktiiranalizi (pielikuma 9. att.).

'H-KMR (400 MHz, CDCls, 8): 2.27 (s, 3H), 2.35 (s, 3H), 2.38 (s, 3H), 3.64 (s, 3H),
3.75 (s, 3H), 4.82 (s, 1H), 6.01 (s, 1H) m.d.

BC-KMR (100 MHz, CDCls, 8): 19.31, 20.05, 29.32, 41.11, 51.42, 52.20, 98.67,
107.14, 144.26, 145.86, 167.41, 173.73, 198.22 m.d.

Aprekinats Ci3H17NOs: C, 58.42; H, 6.41; N, 5.24. Noteikts: C, 58.35; H, 6.36;
N, 5.07.

IS (nujols, cm™): 3344 (NH), 1707 (C=0), 1676 (C=0).

1,2,6-Trimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (46)

a) 1,0 g (0,004 mol) savienojuma 39 izskidina 50 mL CH3CN. Maisot argona
atmosfera, $kidumam pievieno 0,4 g (0,008 mol) CH;ONa. Skidums krasojas fluoriscgjosi
dzeltena krasa. Nepartraucot maisit, pec 10 minitém pievieno 1,2 mL (0,02 mol) CHsl un
turpina maisit 12 stundas. Reakcijas maisijumu ietvaic€ vakuuma, atlikumu apstrada ar 20 mL
CH,Cl; un dala kolonna (2 x 45 cm), kas uzpildita ar silikagelu (0,060-0,200 mm, Acros).
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Eluents ir metilénhlorids : petroléteris : acetons (9:7:1). Savac 10 eluenta frakcijas pa 20 mL,
to kontrolei izmanto planslana hromatografiju. *H-KMR spektrs rada, ka frakcijas 5 — 9 satur
1,4-DHP 46 (Rf = 0,42), tas apvieno un vakuuma ietvaic€. legtais 1,2,6-trimetil-3,4,5-
trimetoksikarbonil-1,4-dihidropiridins (46) ir dzelteniga kristaliska viela ar k. t. 132 — 133 °C.
legtst 0,5 g (47%) savienojuma 46. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 3. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 2.42 (s, 6H), 3.17 (s, 3H), 3.49 (s, 3H), 3.64 (s, 6H),
4.83 (s, 1H) m.d.

B3C-KMR (100 MHz, DMSO-ds, 8): 15.77, 33.96, 38.89, 51.19, 51.79, 99.14, 150.89,
166.92, 172.84 m.d.

Aprekinats C14H19NOg: C, 56.56; H, 6.44; N, 4.71%. Noteikts: C, 56.86; H, 6.49;
N, 4.60.

IS (nujols, cm™): 1736 (C=0), 1684 (C=0).

b) 0,9 g (0,02 mol) NaH supensiju ella (60%), maisot argona atmosféra, mazga ar
petroléteri (3 x 10 mL), pievieno 3,4 g (0,01 mol) savienojuma 39 Skiduma 70 mL CH3CN.
Skidums krasojas fluoriscgjosi dzeltena krasa, un novérojama gazes izdalisanas. Nepartraucot
maisit, péc 2 stundam pievieno 2,5 mL (0,04 mol) CHsl un turpina maisit 12 stundas.
Skidums atkrasojas. Filtrg, filtratu vakuuma ietvaicé. Péc tam atlikumu kolba apstrada ar
20 mL H20 un ekstrahé ar CHCl; (3 x 20 mL). Organiskos ekstraktus apvieno un Zavé ar

beziidens NaySOy, filtré un filtratu vakuuma ietvaice. legist 1,9 g (55%) savienojuma 46.

3,5-Diacetil-1,2,6-trimetil-4-metoksikarbonil-1,4-dihidropiridins (47)

1,0 g (0,004 mol) savienojuma 44 izskidina 20 mL CH3CN. Maisot argona atmosfera,
$kidumam pievieno 0,5 g (0,009 mol) CH3ONa. Skidums krasojas spilgti oranza krasa.
Nepartraucot maisit, peéc 10 minitém pievieno 1,2 mL (0,02 mol) CH3l un turpina maisit
12 stundas. Reakcijas maisijumu ietvaicé vakuuma, atlikumu apstrada ar 20 mL CH,Cl, un
dala kolonna (2 x 45 cm), kas uzpildita ar silikagelu (0,060-0,200 mm, Acros). Eluents ir
metilénhlorids : petroléteris : acetons (9:7:1). Savac 23 eluenta frakcijas pa 20 mL, to
kontrolei izmanto planslana hromatografiju. *H-KMR spektrs rada, ka frakcijas 8 — 22 satur
1,4-DHP 47 (Rf = 0,19), tas apvieno un vakuuma ietvaice. legatais 3,5-diacetil-1,2,6-trimetil-
4-metoksikarbonil-1,4-dihidropiridins (47) ir dzeltena pulverveida viela ar kuSanas
temperatiiru 106 — 108 °C. Iegiist 0,7 g (65%) savienojuma 47. Kristalus audzé CH,Cl,, veic
rentgenstruktiiranalizi (pielikuma 3. att.).
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'H-KMR (400 MHz, CDCls, 8): 2.38 (s, 6H), 2.41 (s, 6H), 3.19 (s, 3H), 3.50 (s, 3H),
4.77 (s, 1H) m.d.
BC-KMR (100 MHz, CDCls, 8): 16.84, 29.98, 34.32, 41.11, 52.18, 110.52, 149.05,
173.06, 197.59 m.d.
Aprékinats C14H10NOy: C, 63.38; H, 7.22; N, 5.28. Noteikts: C, 63.42; H, 7.32; N, 5.21.
IS (nujols, cm™): 1736 (C=0), 1649 (C=0).

3,5-Diciano-1,2,6-trimetil-4-metoksikarbonil-1,4-dihidropiridins (48)

1,0 g (0,005 mol) savienojuma 40 izskidina 20 mL CH3CN. Maisot argona atmosfera,
$kidumam pievieno 0,5 g (0,01 mol) CH3ONa. Skidums krasojas fluoriscgjosi zalgandzeltena
krasa. Nepartraucot maisit, p&c 10 minatém pievieno 1,4 mL (0,02 mol) CHzl un turpina
maisit 2 stundas. Reakcijas maisijumu ietvaicé vakuuma, atlikumu apstrada ar
20 mL CHyCly, nogulsnes filtré. Filtratu dala kolonna (2 x 45 cm), kas uzpildita ar silikagelu
(0,060-0,200 mm, Acros). Eluents ir metilénhlorids : petrol&teris : acetons (9:7:1). Savac 20
eluenta frakcijas pa 20 mL, to kontrolei izmanto planslana hromatografiju. 'H-KMR spektrs
rada, ka frakcijas 11 — 20 satur 3,5-diciano-1,2,6-trimetil-4-metoksikarbonil-
1,4-dihidropiridinu (48) (Rf = 0,13), tas apvieno un ietvaicé vakuuma. legttais 3,5-diciano-
1,2,6-trimetil-4-metoksikarbonil-1,4-dihidropiridins (48) ir bezkrasaina pulverveida viela ar
kuSanas temperattiru 148 — 150 °C. Iegust 0,7 g (66%) savienojuma 48. Kristalus audze
acetona, veic rentgenstruktiiranalizi (pielikuma 3. att.).

'H-KMR (400 MHz, CDCl;, 8): 2.29 (s, 6H), 3.17 (s, 3H), 3.78 (s, 3H),
3.97 (s, 1H) m.d.

BC-KMR (100 MHz, CDCls, 8): 18.92, 34.54, 41.03, 52.88, 81.29, 118.73, 151.09,
170.61 m.d.

Aprekinats C1oH13N3O0,: C, 62.33; H, 5.67; N, 18.17. Noteikts: C, 62.23; H, 5.61;
N, 18.17.

IS (nujols, cm™): 2195 (C=N), 1762 (C=0).

Frakcijas 2 — 9 satur 3,5-diciano-1,2,4,6-tetrametil-4-metoksikarbonil-1,4-dihidro-
piridinu (52) (Rf = 0,25), tas apvieno un ietvaic€ vakuuma. Parkristaliz€ no CH3OH, filtrg,
zavé istabas temperatira. legitais 3,5-diciano-1,2,4,6-tetrametil-4-metoksikarbonil-

1,4-dihidropiridins (52) ir roziga pulverveida viela ar kuSanas temperatiiru 103 — 105 °C.
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legtst 0,25 g (22%) savienojuma 52. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 4. att.).
'H-KMR (400 MHz, CDCls, 8): 1.73 (s, 3H), 2.29 (s, 6H), 3.17 (s, 3H), 3.76 (s, 3H)

m.d.

B¥C-KMR (100 MHz, CDCls, 8): 19.20, 25.19, 34.64, 42.42, 52.98, 88.02, 118.09,
149.59, 173.03 m.d.

Aprekinats Ci3H1sN3O2: C, 63.66; H, 6.16; N, 17.13. Noteikts: C, 63.53; H, 6.07;
N, 17.08.

IS (nujols, cm™): 2198 (C=N), 1725 (C=0).

3-Acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetil-1,4-dihidropiridins (49)

a) 1,4 g (0,006 mol) savienojuma 42 izskidina 30 mL CH3CN. Maisot argona atmosfera,
$kidumam pievieno 0,4 g (0,006 mol) CH3ONa. Skidums krasojas spilgti oranza krasa.
Nepartraucot maisit, peéc 10 miniit€ém pievieno 2,2 mL (0,03 mol) CH3l un turpina maisit
2 stundas. Reakcijas maisTjumu ietvaic€ vakuuma, atlikumu apstrada ar 20 mL CH,ClIy,
nogulsnes filtré. Filtratu dala kolonna (2 x 45 cm), kas uzpildita ar silikagelu (0,060-0,200
mm, Acros). Eluents ir metilénhlorids : acetons (5:1). Savac 13 eluenta frakcijas pa 20 mL,
to kontrolei izmanto planslana hromatografiju. 'H-KMR spektrs rada, ka frakcijas 3 — 12
satur 3-acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetil-1,4-dihidropiridinu (49) (Rf = 0,73),
tas apvieno un ietvaic€é vakuuma. legtais 3-acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetil-
1,4-dihidropiridins (49) ir dzeltena kristaliska viela ar kuSanas temperattiru 114 — 117 °C.
Iegtst 0,5 g (36%) savienojuma 49. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 6. att.).

'H-KMR (400 MHz, CDCls, 8): 2.29 (s, 3H), 2.32 (s, 3H), 2.37 (s, 3H), 3.18 (s, 3H),
3.69 (s, 3H), 4.30 (s, 1H) m.d.

BC-KMR (100 MHz, CDCl;, 8): 16.95, 18.53, 29.80, 34.35, 41.40, 52.54, 81.62,
108.87, 119.73, 147.80, 151.74, 171.88, 197.98 m.d.

Aprekinats Ci3HigN2O3: C, 62.89; H, 6.50; N, 11.28. Noteikts: C, 62.82;
H, 6.54; N, 11.24.

IS (nujols, cm™): 2198 (C=N), 1734 (C=0), 1654 (C=0).

b) 0,5 g (0,01 mol) NaH suspensiju ella (60%), maisot argona atmosféra, mazga ar

petroléteri (3 x 10 ml), pievieno 2,2 g (0,009 mol) savienojuma 42 skiduma 80 mL CH3CN.
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Skidums krasojas spilgti oranza krasa, un novérojama gazes izdali$anas. Nepartraucot maisit,
péc 2 stundam pievieno 4 mL (0,06 mol) CHsl un turpina maisit 12 stundas. Skidums klast
tumsi briins. Filtrg, filtratu vakuuma ietvaice. Pec tam atlikumu kolba apstrada ar 10 mL H,0
un ekstrahé ar CH3Cl (3 x 20 mL). Organiskos ekstraktus apvieno un zavé ar beziidens
Na,SO,, filtré un filtratu vakuuma ietvaicé. Reakcijas maisijumu dala kolonna
(2 x 75 cm), kas uzpildita ar silikagelu (0,060-0,200 mm, Acros). Eluents ir metilénhlorids :
etilacetats (4:1). Savac 20 eluenta frakcijas pa 10 mL, to kontrolei izmanto planslana
hromatografiju. 'H-KMR spektrs rada, ka frakcijas 3 — 11 satur divu vielu maisijumu —
1,4-DHP 49 (Rf = 0,5) un 53 (Rf = 0,5). Nesadalitos vielu maisijumus apvieno un vakuuma
ietvaicd. Parkristalizé no CHsOH, filtré, 7avé istabas temperatira un registre "H-KMR
spektru. Iegutais 3-acetil-5-ciano-4-metoksikarbonil-1,2,4,6-tetrametil-1,4-dihidropiridins
(53) ir dzeltena kristaliska viela ar kuSanas temperatiru 158 — 160 °C. Iegust 0,07 g (3%)
savienojuma 53. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi (pielikuma 6. att.).

'H-KMR (400 MHz, CDCl;, 8): 146 (s, 3H), 213 (s, 3H),
2.24 (s, 3H), 2.31 (s, 3H), 3.17 (s, 3H), 3.74 (s, 3H) m.d.

B3C-KMR (100 MHz, CDCls, 8): 17.81, 19.24, 24.72, 32.12, 33.87, 45.57, 52.71, 87.94,
117.62, 118.52, 147.98, 149.83, 173.94, 200.88 m.d.

Aprekinats C14Hi1gN2O3: C, 64.11; H, 6.92; N, 10.68. Noteikts: C, 63.91; H, 6.95;
N, 10.67.

CH3OH filtratu vakuuma ietvaic€, parkristalizé no CH3OH, filtré un zavé istabas
temperatiira. Registré 'H-KMR spektru. Iegust 0,05 g (2%) savienojuma 49.

¢) 1,1 g (0,004 mol) savienojuma 42 izskidina 100 mL acetona. Maisot argona
atmosfera, skidumam pievieno 0,4 g (0,01 mol) sasmalcinatu NaOH. Nepartraucot maisit, péc
10 minatém pievieno 2 mL (0,03 mol) CH3l un turpina maisit 10 mintites. Reakcijas
maisijumu ietvaic€ vakuuma, atlikumu apstrada ar 10 mL HO un ekstrahé ar dietiléteri
(3 x 40 mL). Organiskos ekstraktus apvieno un zave ar beziidens Na,SO,, filtre un filtratu
vakuuma ietvaicé. Parkristaliz€é no CH3OH, filtré un Zavé istabas temperatiira. legist

0,7 g (65%) savienojuma 49.

5-Ciano-3,4-dimetoksikarbonil-1,2,6-trimetil-1,4-dihidropiridins (50)
1,0 g (0,004 mol) savienojuma 41 izskidina 20 mL CH3CN. Maisot argona atmosfeéra,
$kidumam pievieno 0,3 g (0,005 mol) CHzONa. Skidums krasojas fluoriscgjosi

101



zalgandzeltena krasa. Nepartraucot maisit, péc 10 miniitém pievieno 1,3 mL (0,02 mol) CHsl
un turpina maisit 2 stundas. Reakcijas maisijumu ietvaicé vakuuma, atlikumu apstrada ar
20 mL CH,Cl;, nogulsnes filtré un filtratu ietvaic€ vakuuma. Filtratu parkristalizé no CH3OH,
filtre, zavé istabas temperatira. legutais 5-ciano-3,4-dimetoksikarbonil-1,2,6-trimetil-
1,4-dihidropiridins (50) ir bezkrasaina kristaliska viela ar kusanas temperatiiru 103 — 105 °C.
Iegtst 0,6 g (57%) savienojuma 50. Kristalus audzé CH3OH, veic rentgenstruktiiranalizi
(pielikuma 8. att.).

'H-KMR (400 MHz, CDCls, 8): 2.25 (s, 3H), 2.49 (s, 3H), 3.17 (s, 3H), 3.70 (s, 6H),
4.38 (s, 1H) m.d.

B3C-KMR (100 MHz, CDCls, 8): 16.25, 18.67, 34.25, 40.48, 51.62, 52.39, 81.91, 99.64,
119.68, 150.07, 151.51, 167.07, 172.39 m.d.

Apréekinats Cyi3Hi6N2O4: C, 59.08; H, 6.10; N, 10.60. Noteikts: C, 58.92; H, 6.09;
N, 10.41.

IS (nujols, cm™): 2201 (C=N), 1743 (C=0).

5-Acetil-1,2,6-trimetil-3,4-dimetoksikarbonil-1,4-dihidropiridins (51)

2,0 g (0,008 mol) savienojuma 45 izskidina 40 mL CH3CN. Maisot argona atmosfera,
$kidumam pievieno 0,5 g (0,009 mol) CH3ONa. Skidums krasojas spilgti oranza krasa.
Nepartraucot maisit, peéc 10 miniitém pievieno 1,2 mL (0,04 mol) CHsl un turpina maisit
12 stundas. Reakcijas maisijumu ietvaicé vakuuma, atlikumu apstrada ar 15 mL CH,Cl, un
dala kolonna (2 x 45 cm), kas uzpildita ar silikagelu (0,060-0,200 mm, Acros). Eluents ir
metilénhlorids : petroléteris : acetons (9:7:1). Savac 14 eluenta frakcijas pa 20 mL, to
kontrolei izmanto planslana hromatografiju. *H-KMR spektrs rada, ka frakcijas 2 — 12 satur
1,4-DHP 51 (Rf = 0,20), tas apvieno un vakuuma ietvaic€. Parkristaliz€ no CH3OH, filtrg,
7ave istabas temperatira. legutais 5-acetil-1,2,6-trimetil-3,4-dimetoksikarbonil-
1,4-dihidropiridins (51) ir b&Sa pulverveida viela ar kuSanas temperatiiru 79 — 81 °C. legiist
1,2 g (53%) savienojuma 51.

'H-KMR (400 MHz, CDCls, 8): 2.37 (s, 3H), 2.38 (s, 3H), 2.50 (s, 3H), 3.18 (s, 3H),
3.60 (s, 3H), 3.75 (s, 3H), 4.83 (s, 1H) m.d.

BC-KMR (100 MHz, CDCl;, 8): 16.14, 16.80, 29.65, 34.27, 40.58, 51.54, 52.11,

100.57, 109.89, 148.71, 150.88, 167.47, 173.32, 198.57 m.d.
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Aprekinats CisH.gNOs: C, 59.78; H, 6.81; N, 4.98. Noteikts: C, 59.68; H, 6.83;
N, 4.87.
IS (nujols, cm™): 1742 (C=0), 1692 (C=0).

3-Benzilidénpentan-2,4-dions (54)

3,0 g (0,03 mol) acetilacetona izskidina 20 ml C,HsOH, pievieno 3,2 g (0,03 mol)
benzaldehida, 50 mkL (0,0005 mol) piperidina un maisa 12 stundas 60 °C temperatira.
Reakcijas maisijumu ietvaicé vakuuma un dala kolonna (6 x 18 cm), kas uzpildita ar
silikagelu (0,060-0,200 mm, Acros). Eluents ir metilénhlorids : petroléteris : acetons (9:7:1).
Savac 22 eluenta frakcijas pa 20 mL, to kontrolei izmanto planslana hromatografiju. *H-KMR
spektrs rada, ka frakcijas 14 — 22 satur 3-benzilidénpentan-2,4-dionu (54) (R = 0,73), tas
apvieno un ietvaicé vakuuma. legitais 3-benzilidénpentan-2,4-dions (11) ir dzeltens $kidums.
legiist 2,4 g (44%) savienojuma 54.

'"H-KMR (400 MHz, CDCls, 8): 2.28 (s, 3H), 2.43 (s, 3H), 7.40 (m, 5H), 7.49 (s, 1H)
m.d.

BC-KMR (100 MHz, CDCls, 8): 26.52, 31.64, 129.04, 129.69, 130.65, 132.91, 139.78,
142.83, 196.43, 205.56 m.d.

3-Fenil-2-propionilakrilskabes metilesteris (55)

3,5 g (0,03 mol) acetetikskabes metilestera izSkidina 20 ml C,HsOH, pievieno
3,2 g (0,03 mol) benzaldehida, 50 mkL (0,0005 mol) piperidina un maisa 12 stundas 60 °C
temperatiira. Reakcijas maisfjumu ietvaicé vakuuma un dala kolonna (3,5 x 50 cm), kas
uzpildita ar silikagelu (0,060-0,200 mm, Acros). Eluents ir metilénhlorids : petroléteris :
acetons (9:7:1). Savac 16 eluenta frakcijas pa 20 mL, to kontrolei izmanto planslana
hromatografiju. 'H-KMR spektrs rada, ka frakcijas 10 — 16 satur 3-fenil-
2-propionilakrilskabes metilesteri (55) (Rf = 0,75), tas apvieno un ietvaicé vakuuma. legiitais
3-fenil-2-propionilakrilskabes metilesteris (55) ir dzeltens skidums. legiist 3,2 g (52%)
savienojuma 55.

'H-KMR (400 MHz, CDCls, 8) cis un trans izomérs: 2.36 (s, 1,5H), 2.43 (s, 1,5H), 3.84
(s, 1,5H), 3.85 (s, 1,5H), 7.39-7.43 (m, 5H), 7.58 (s, 0,5H), 7.71 (s, 0,5H) m.d.
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¥3C-KMR (100 MHz, CDCls, 8): 26.51, 31.20, 52.53, 52.56, 128.93, 129.44, 129.68,
130.49, 130.79, 132.84, 132.86, 133.70, 134.29, 140.86, 141.58, 164.89, 168.24, 194.54,
203.34 m.d.

5-Acetil-3-ciano-4-fenil-2,6-dimetil-1,4-dihidropiridins (56)

1,8 g (0,01 mol) 3-benzilidénpentan-2,4-dionu (54) izskidina 10 mL ledus CH3COOH,
pievieno 0,8 g (0,01 mol) 3-aminokrotononitrila un maisa 12 stundas istabas temperatiira.
Reakcijas maistjumu ietvaic€ vakuuma un dala kolonna (3,5 x 49 cm), kas uzpildita ar
silikagelu (0,060-0,200 mm, Acros). Eluents ir metilénhlorids : petroléteris : acetons (9:7:1).
Savac 45 eluenta frakcijas pa 20 mL, to kontrolei izmanto planslana hromatografiju. ‘H-KMR
spektrs rada, ka frakcijas 38 — 45 satur 5-acetil-3-ciano-4-fenil-2,6-dimetil-1,4-dihidropiridinu
(56) (Rf = 0,20), tas apvieno un ietvaicé vakuuma. legutais 5-acetil-3-ciano-4-fenil-
2,6-dimetil-1,4-dihidropiridins (56) ir dzeltena pulverveida viela ar k. t. 54-56 °C. legst
1,1 g (46%) savienojuma 56. Kristalus audzé dietiléteri, veic rentgenstruktiranalizi
(pielikuma 6. att.).

'H-KMR (400 MHz, CDCls, 8): 2.02 (s, 3H), 2.05 (s, 3H), 2.36 (s, 3H), 4.58 (s, 1H),
5.89 (s, 1H), 7.23-7.35 (m, 5H) m.d.

BC-KMR (100 MHz, CDCls, 8): 18.38, 20.45, 29.41, 42.14, 87.84, 109.43, 119.43,
127.26, 127.46, 129.04, 143.37, 144.08, 144.34, 198.54 m.d.

Aprekinats CieHigN2O: C, 76.16; H, 6.39; N, 11.10. Noteikts: C, 75.92;
H, 6.44; N, 10.94.

IS (nujols, cm™): 3286 (NH), 2197 (C=N), 1667 (C=0).

5-Acetil-4-fenil-2,6-dimetil-3-metoksikarbonil-1,4-dihidropiridins (57)

1,8 g (0,01 mol) 3-benzilidenpentan-2,4-dionu (54) izskidina 20 mL C,HsOH, pievieno
1,1 g (0,01 mol) 3-aminokrotonskabes metilesteri un maisa 10 stundas 60 °C temperatira.
Reakcijas maisijumu ietvaic€é vakuuma un parkristalizé no CH3OH. Iegtais 5-Acetil-4-fenil-
2,6-dimetil-3-metoksikarbonil-1,4-dihidropiridins (57) ir dzeltena pulverveida viela ar
k.t. 172-173 °C (lit.[95] k.t. 170-172°C). Iegiist 1,3 g (48%) savienojuma 57. Kristalus audzé
CH3OH, veic rentgenstrukttranalizi (pielikuma 9. att.).

'H-KMR (400 MHz, CDCls, 8): 2.16 (s, 3H), 2.29 (s, 3H), 2.37 (s, 3H), 3.71 (s, 3H),
5.01 (s, 1H), 5.66 (s, 1H), 7.15-7.22 (m, 5H) m.d.
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B¥C-KMR (100 MHz, CDCls, 8): 19.73, 20.35, 29.62, 40.21, 51.06, 104.63, 111.99,
126.52, 127.59, 128.34, 143.56, 143.61, 146.48, 167.99, 198.82 m.d.

Aprekinats Ci7H1gNO3: C, 71.56; H, 6.71; N, 4.91. Noteikts: C, 71.41; H, 6.81;
N, 4.83.

IS (nujols, cm™): 3270 (NH), 1682 (C=0), 1655 (C=0).

5-Ciano-4-fenil-2,6-dimetil-3-metoksikarbonil-1,4-dihidropiridins (58)

0,8 g (0,004 mol) 3-fenil-2-propionilakrilskabes metilesteri (55) izskidina
10 mL C;HsOH, pievieno 0,3 g (0,004 mol) 3-aminokrotononitrila un maisa 10 stundas 60 °C
temperattra. Reakcijas maisjjumu ietvaic€ vakuuma un dala kolonna (3,5 x 50 cm), kas
uzpildita ar silikagelu (0,060-0,200 mm, Acros). Eluents ir metilenhlorids : petroléteris :
acetons (9:7:2). Savac 35 eluenta frakcijas pa 20 mL, to kontrolei izmanto planslana
hromatografiju. *"H-KMR spektrs rada, ka frakcijas 26 — 35 satur 5-ciano-4-fenil-2,6-dimetil-
3-metoksikarbonil-1,4-dihidropiridinu (58) (Rf = 0,52), tas apvieno un ietvaicé vakuuma.
legiitais 5-ciano-4-fenil-2,6-dimetil-3-metoksikarbonil-1,4-dihidropiridins (58) ir dzeltena
pulverveida viela ar k. t. 165-167 °C. Iegust 0,8 g (77%) savienojuma 58. Kristalus audze
acetona, veic rentgenstruktiranalizi (pielikuma 8. att.).

'H-KMR (400 MHz, CDCls, 8): 2.09 (s, 3H), 2.37 (s, 3H), 3.57 (s, 3H), 4.61 (s, 1H),
5.75 (s, 1H), 7.22-7.29 (m, 5H) m.d.

BC-KMR (100 MHz, CDCls, 8): 18.46, 19.71, 41.06, 51.14, 87.49, 101.81, 119.44,
127.05, 127.27, 128.57, 144.07, 144.32, 145.19, 167.45 m.d.

Aprekinats CigHi1gN202: C, 71.62; H, 6.01; N, 10.44. Noteikts: C, 71.49; H, 6.04;
N, 10.29.

IS (nujols, cm™): 3301 (NH), 2192 (C=N), 1696 (C=0).

3,4,6-Trimetil-1-okso-1,3-dihidro-furo[3,4-C]piridina-7-karbonitrils (60)

Gaisi dzeltena kristaliska viela ar k. t. 109-110 °C. Kristalus rentgenstruktiiranalizei
audzé CH30H (pielikuma 10. att.).

'H-KMR (400 MHz, DMSO-dg, 5): 1.60 (d, 3H, J=6.6 Hz), 2.64 (s, 3H), 2.75 (s, 3H),
5.89 (q, 1H, J=6.6 Hz) m.d.

¥3C-KMR (100 MHz, DMSO-ds, 8): 18.19, 21.93, 22.72, 77.55, 100.04, 113.81, 134.79,
141.81, 157.63, 161.70, 166.11 m.d.
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Aprekinats Cy11HioN20,: C, 65.34; H, 4.98; N, 13.85. Noteikts: C, 65.38; H, 4.86;
N, 13.85.
IS (nujols, cm™): 2232 (C=N), 1776 (C=0).

(R,S)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidro-
piridins (61)

2,0 g (0,008 mol) savienojuma 36 izSkidina 70 mL sausa CH3CN. Maisot argona
atmosfera tumsa Skidumam pievieno 1,8 g (0,009 mol) 1-etil-3-(3-dimetilamino-
propil)karbodiimida hidrohloridu (EDC) un 0,2 g (0,002 mol) 4-dimetilaminopiridinu
(DMAP). Nepartraucot maisit, péc 10 mintGtém pievieno 1,5 mL (0,01 mol) (S)-(-)-a-metil-
benzilaminu un turpina maistt 12 stundas. Reakcijas maisijumu ietvaic€ vakuuma, apstrada ar
30 mL CH,Cl; un ekstrahé ar 40 mL 2N HCI skidumu. Organisko ekstraktu zave ar bezudens
Na SOy, filtré un filtratu vakuuma ietvaice. (R,S)-5-ciano-2,6-dimetil-
3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridins ~ (61) ir  dzelteniga

pulverveida viela. legiist 1,8 g (68%) savienojuma 61.

(S)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidro-
piridins (61a)

1,8 g (0,005 mol) 1,4-DHINS amida 61 diastereom&ru maisijumu apstrada ar 15 mL
acetona, nogulsnes, kas neskist filtr€ un zave istabas temperatura. Filtratu ietvaicé vakuuma
un apstrades procesu ar acetonu atkarto vairakas reizes. Apstrades procesa gaitai seko Iidzi ar
'H-KMR spektriem. ‘H-KMR spektri apstiprina, ka iegiitds nogulsnes ir optiski firs
(S)-5-ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridins
(61a). Ieguist 0,4 g (22%) bezkrasainas pulverveida vielas ar k. t. 231-233 °C.

[a]3°=-45.2 (c 1.0, C;HsOH).

'H-KMR (400 MHz, CDCls, 8): 1.52 (d, 3H, J=7.0 Hz), 1.86 (s, 3H), 2.09 (s, 3H), 3.61
(s, 3H), 4.17 (s, 1H), 5.02 (m, 1H), 6.43 (d, 1H, J=8.0 Hz), 7.23-7.32 (m, 5H), 8.13 (s, 1H)
m.d.

B3C-KMR (100 MHz, CDCls, 8): 17.79, 18.90, 22.02, 43.63, 49.47, 51.36, 80.76, 95.95,
119.15, 125.95, 127.36, 128.58, 143.16, 147.86, 148.30, 167.72, 171.63 m.d.

Aprekinats C19H,1N3O3: C, 67.24; H, 6.24; N, 12.38. Noteikts: C, 67.14; H, 6.24;
N, 12.32.

IS (nujols, cm™): 3286 (NH), 2198 (C=N), 1709 (C=0), 1660 (C=0).
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(R)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidro-
piridins (61b)

Acetona filtrats satur abu diastereom&ru maisijumu 61, kur parakuma ir (R)-5-ciano-
2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridins 61b.

0,1 g (0,0003 mol) 1,4-DHINS amida diastereoméro maisijumu 61 dala uz Waters
XTerra C18 apgrieztas fazes kolonnas (10 x 150 mm, 10 um), eluents 37% CH3OH tdent.
legist 0,06 g (3%) dzeltenigas pulverveida vielas ar k. t. 222-224 °C. Kristalus
rentgenstruktiiranalizei audze acetona (pielikuma 11. att.).

[a]3° =-310.3 (c 0.6, C,HsOH).

'H-KMR (400 MHz, CDCls, 8): 1.45 (s, 3H), 1.47 (d, 3H, J=7.0 Hz), 2.19 (s, 3H), 3.71
(s, 3H), 4.13 (s, 1H), 4.95 (m, 1H), 6.47 (d, 1H, J=7.1 Hz), 7.23-7.35 (m, 5H), 8.60 (s, 1H)
m.d.

BC-KMR (100 MHz, CDCls, 8): 16.81, 18.99, 22.39, 43.81, 50.09, 51.41, 79.69, 96.35,
119.45, 126.14, 127.30, 128.58, 143.12, 147.75, 148.89, 167.62, 172.35 m.d.

Aprekinats CigH21N3O3: C, 67.24; H, 6.24; N, 12.38. Noteikts: C, 67.06; H, 6.16;
N, 12.22.

IS (nujols, cm™): 3301 (NH), 2194 (C=N), 1706 (C=0), 1646 (C=0).

(R,S)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidro-
piridins (62)

1,0 g (0,004 mol) savienojuma 38 izskidina 40 mL CH3CN. Maisot argona atmosfera,
Skidumam pievieno 0,9 g (0,005 mol) 1-etil-3-(3-dimetilaminopropil)karbodiimida
hidrohlorida (EDC) un 0,1 g (0,001 mol) 4-dimetilaminopiridina (DMAP). Nepartraucot
maisit, péc 10 minGtém pievieno 0,8 mL (0,006 mol) (S)-(-)-a-metilbenzilamina un turpina
maisit 12 stundas. Reakcijas maisijumu ietvaicé vakuuma, apstrada ar 10 mL CH,Cl, un
ekstrah€ ar 15 mL 2N HCI §kidumu. Organisko ekstraktu zaveé ar beziidens Na,SOa, filtré un
filtratu vakuuma ietvaic€. Reakcijas maisijumu dala kolonna (3,5%56 cm), kas uzpildita ar
silikagelu (0,060-0,200 mm, Aldrich). Eluents ir metilénhlorids : acetons (5:1). Savac 70
eluenta frakcijas pa 15 mL, to kontrolei izmanto planslana hromatografiju. *H-KMR spektrs
rada, ka frakcijas 4 — 5 satur 3,4,6-trimetil-7-metoksikarbonil-1-okso-1,3-dihidro-furo
[3,4-c]piridinu  (63) (Rf = 0,72), frakcijas 20 — 40 satur (R)-5-acetil-2,6-dimetil-
3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-1,4-dihidropiridinu (62a) (Rf = 0,20), frakcijas
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42 — 69 satur (S)-5-acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletilkarbamoil)-
1,4-dihidropiridinu (62b) (Rf = 0,12).

(R)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletil-karbamoil)-1,4-dihidro-
piridins (62a)

legiist 0,2 g (16%) dzeltenas kristaliskas vielas ar k. t. 150-152 °C. Kristalus
rentgenstruktiiranalizei audze acetona (pielikuma 12. att.).

[a]3° =-161.2 (c 1.0 CH,Cl,).

'"H-KMR (400 MHz, CDCls, 8): 1.42 (d, 3H, J=7.0 Hz), 1.66 (s, 3H), 2.22 (s, 3H), 2.23
(s, 3H), 3.74 (s, 3H), 4.67 (s, 1H), 4.93 (m, 1H, J=7.0 Hz), 7.18-7.27 (m, 5H), 7.36 (d, 1H,
J=8.3 Hz), 8.14 (s, 1H) m.d.

B3C-KMR (100 MHz, CDCls, 8): 18.45, 19.32, 23.01, 30.59, 41.19, 49.10, 51.37, 99.16,
108.01, 125.81, 126.94, 128.47, 144.27, 147.07, 147.84, 167.99, 173.41, 196.47 m.d.

Aprekinats CpoH24N204: C, 67.40; H, 6.79; N, 7.86. Noteikts: C, 67.17; H, 6.80;
N, 7.72.

IS (nujols, cm™): 3352 (NH), 3265 (NH), 1705 (C=0), 1671 (C=0), 1644 (C=0).

(S)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-feniletil-karbamoil)-1,4-dihidro-
piridins (62b)

legist 0,2 g (16%) dzeltenas kristaliskas vielas ar k. t. 188-191 °C. Kristalus
rentgenstruktiiranalizei audze acetona (pielikuma 13. att.).

[]%® = -291.8 (¢ 1.0 CH,Cly).

'H-KMR (400 MHz, CDCls, 8): 1.43 (d, 3H, J=7.0 Hz), 1.89 (s, 3H), 2.23 (s, 3H), 2.32
(s, 3H), 3.66 (s, 3H), 4.63 (s, 1H), 4.96 (m, 1H, J=7.0 Hz), 7.21-7.29 (m, 6H), 7.93 (s, 1H)
m.d.

B3C-KMR (100 MHz, CDCl5, 8): 18.33, 19.98, 22.56, 30.60, 41.58, 48.86, 51.29, 98.63,
108.49, 125.80, 127.04, 128.47, 143.83, 147.06, 147.39, 168.16, 173.29, 196.65 m.d.

Aprekinats CpoH24N204: C, 67.40; H, 6.79; N, 7.86. Noteikts: C, 67.15; H, 6.83;
N, 7.69.

IS (nujols, cm™): 3370 (NH), 3278 (NH), 1686 (C=0), 1648 (C=0), 1618 (C=0).
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3,4,6-trimetil-7-metoksikarbonil-1-okso-1,3-dihidro-furo[3,4-c]piridins (63)

legiist 0,3 g (30%) dzeltenas ellas.

'H-KMR (400 MHz, CDCls, 8): 1.67 (d, 3H, J=6.6 Hz), 2.61 (s, 3H), 2.62 (s, 3H), 3.99
(s, 3H), 5.59 (kv, 1H, J=6.6 Hz) m.d.

¥3C-KMR (100 MHz, CDCls, 8): 19.19, 21.78, 21.94, 53.06, 122.63, 131.34, 140.23,
154.06, 155.77, 166.28, 166.92 m.d.

IS (ella, cm™®): 1766 (C=0), 1733 (C=0).

MS (+ESI) m/z: 236 (M+H)" a. m. v.

5-Ciano-2,6-dimetil-4-[[(1S)-1-feniletil] karbamoil|piridina-3-karbonskabe (64)

legiist 0,15 g (79%) bezkrasainas pulverveida vielas ar k. t. 168-170 °C.

'H-KMR (400 MHz, DMSO-dg, 8): 1.41 (d, 3H, J=7.2 Hz), 2.46 (s, 3H), 2.70 (s, 3H),
5.11 (kv, 1H, J=7.2 un 8.4 Hz), 7.25-7.38 (m, 5H), 9.00 (d, 1H, J=8.4 Hz) m.d.

B3C-KMR (100 MHz, DMSO-dg, 8): 21.88, 22.78, 23.42, 48.34, 102.96, 115.49, 126.13,
126.78, 128.26, 128.70, 142.65, 143.58, 159.01, 161,09, 164.18, 165.23 m.d.

Aprekinats C1gH17N3O3: C, 66.86; H, 5.30; N, 13.00. Noteikts: C, 66.69; H, 5.23;
N, 12.89.

IS (KBr, cm™®): 3281 (NH), 2231 (C=N), 1722 (C=0), 1645 (C=0).

3-Acetil-5-ciano-2,6-dimetil-4-propioniloksimetil-1,4-dihidropiridins (65)

1,0 g (0,004 mol) savienojuma 33 izskidina 7 mL DMF un maisot pievieno
0,9 g (0,007 mol) K,CO3. Reakcijas maisfjumam maisa istabas temperatira 2 stundas,
pievieno 0,8 g (0,007 mol) propioniloksimetilhloridu un turpina maisit 12 stundas. P&c tam
reakcijas maisijumam pievieno 40 mL CHCl3 un ekstrahé ar H,O (3 x 20 mL). Organiskos
ekstraktus apvieno un zave ar beztidens Na,;SO,, filtré un filtratu vakuuma ietvaic€. Reakcijas
maistjumu dala kolonna (2 x 75 cm), kas uzpildita ar silikagelu (0,060-0,200 mm, Acros).
Eluents ir heksans : acetons (2:1). Savac 20 eluenta frakcijas pa 10 mL, to kontrolei izmanto
planslana hromatografiju. "H-KMR spektrs rada, ka frakcijas 5 — 19 satur 3-acetil-5-ciano-
2,6-dimetil-4-propioniloksimetil-1,4-dihidropiridinu (65) (Rf = 0,62), tas apvieno un ietvaicé
vakuuma. legitais 3-acetil-5-ciano-2,6-dimetil-4-propioniloksimetil-1,4-dihidropiridins (65)
ir dzeltena pulverveida viela ar kuSanas temperatiiru 92 — 93 °C. legist 0,7 g (50%)

savienojuma 65.
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'H-KMR (400 MHz, DMSO-dg, 8): 1.03 (t, 3H, J=7.5 Hz), 2.04 (s, 3H), 2.23 (s, 3H),
2.25 (s, 3H), 2.34 (kv, 2H, J=7.5 Hz), 4.27 (s, 1H), 5.65 (d, 1H, J=5.9 Hz), 5.72 (d, 1H,
J=5.9 Hz), 9.35 (s, 1H) m.d.

B¥C-KMR (100 MHz, DMSO-dg, 8): 8.58, 17.43, 19.25, 26.59, 30.24, 41.32, 78.32,
79.03, 105.92, 118.80, 146.09, 149.16, 170.46, 172.34, 195.63 m.d.

Aprekinats CysH1gN,Os: C, 58.82; H, 5.92; N, 9.15. Noteikts: C, 58.68; H, 5.77;
N, 9.19.

IS (nujols, cm™): 3230 (NH), 2208 (C=N), 1765 (C=0), 1667 (C=0).

3-Metoksi-3,5,6-trimetil-4-metilén-1-0kso-1,3,4,5-tetrahidro-furo[3,4-C]piridina-7-
karbonitrils (69)

Briina kristaliska viela ar k. t. 252-253 °C. Kristalus rentgenstruktiiranalizei audze
CH30H (pielikuma 15. att.).

'H-KMR (400 MHz, DMSO-dg, 8): 1.68 (s, 3H), 2.42 (s, 3H), 3.07 (s, 3H), 3.13 (s, 3H),
4.18 (d, 1H, J=2.4 Hz), 4.34 (d, 1H, J=2.4 Hz) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 20.17, 23.09, 36.51, 51.19, 76.86, 86.25, 108.15,
116.71, 123.95, 138.78, 141.11, 160.34, 164.51 m.d.

Aprekinats Ci3H14N2O3: C, 63.41; H, 5.73; N, 11.37. Noteikts: C, 63.44;
H, 5.65; N, 11.17.

IS (nujols, cm™): 2208 (C=N), 1762 (C=0).

3.3. Preparativa elektrolize
3.3.1. 1,4-DHINS 2, 3, 32-33, 36, 38 un 1,4-DHINS metilesteru 39-42, 44-45 elektrokimiska
oksidesana

Preparativo oksideéSanu veic dalita elektrolitiskaja $tna, to uzpildot ar 100 mL
0,1 M NaClO,4 skiduma sausa CH3CN. Anoda telpa ieber oksidéjamas vielas 2, 3, 32-33, 36,
38 vai 39-42, 44-45, skidumu atbrivo no skabekla, un elektrolizi veic argona atmosféra
20 stundas pie konstanta sprieguma (2.1. tabula). P&c elektrolizes beigam reakcijas maistijumu
no anoda telpas vakuuma ietvaicg, registré "H un BC KMR spektrus iegiitajiem piridinija
perhloratiem Py 2, 3, 32-33, 36, 38 un Py" 39-42, 44-45. Lai atbrivotos no NaClOy, reakcijas
maisijumam pievieno 5 mL H>O un ekstrahé ar 20 mL CHCls. Organisko ekstraktu zave ar

beziidens NaSOy, filtré un filtratu vakuuma ietvaicé. Udens klatbiitné notiek piridinija salu
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Py" 2, 3, 32-33, 36, 38 un Py" 39-42, 44-45 deprotongsanas, ka rezultata iegiist attiecigus
piridinus Py 2, 3, 32-33, 36, 38 un Py 39-42, 44-45,

3,5-Diacetil-2,6-dimetilpiridinija perhlorats (Py" 2)
'H-KMR (400 MHz, CD4CN, 8): 2.72 (s, 6H), 2.89 (s, 6H), 8.98 (s, 1H).
3C-KMR (100 MHz, CDsCN, 8): 19.83, 29.68, 134.38, 146.18, 156.91, 197.56.

3,5-Diacetil-2,6-dimetilpiridins (Py 2)

legito dzelteno ellu dala kolonna (3,5x56 cm), kas wuzpildita ar silikagelu
(0,060-0,200 mm, Aldrich). Eluents ir metilénhlorids : acetons (5:1). Savac 14 eluenta
frakcijas pa 15 mL, to kontrolei izmanto planslana hromatografiju. *H-KMR spektrs rada, ka
frakcijas 5 — 13 satur 3,5-diacetil-2,6-dimetilpiridinu (Py 2) (Rf = 0,63), tas apvieno un
ietvaicé vakuuma. legist 0,5 g (62%) dzeltenigas pulverveida vielas ar k. t. 67-68 °C
(k.t. 63-64 °C [141]).

'H-KMR (400 MHz, CDCls, 8): 2.63 (s, 6H), 2.78 (s, 6H), 8.27 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 24.58, 29.34, 130.40, 138.23, 160.01, 198.93.

Aprekinats Ci1Hi13NO,: C, 69.09; H, 6.85; N, 7.32. Noteikts: C, 69.18; H, 6.89;
N, 7.23.

IS (nujols, cm™): 1674 (C=0).

3,5-Diciano-2,6-dimetilpiridinija perhlorats (Py" 3)
'H-KMR (400 MHz, CDsCN, 8): 2.96 (s, 6H), 8.90 (s, 1H).
B3C-KMR (100 MHz, CDsCN, 8): 20.62, 112.88, 113.12, 152.98, 163.02.

3,5-Diciano-2,6-dimetilpiridins (Py 3)

legtist 0,4 g (56%) bezkrasainas pulverveida vielas ar k. t. 122-123 °C (k.t. 120 °C
[142]).

'H-KMR (400 MHz, CDCls, 8): 2.82 (s, 6H), 8.08 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 24.21, 107.13, 115.09, 143.35, 164.87.

Aprekinats CgH;N3: C, 68.78; H, 4.49; N, 26.73. Noteikts: C, 68.78; H, 4.43;
N, 26.72.

IS (nujols, cm™): 2227 (C=N).
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2,6-Dimetil-3,5-dimetoksikarbonilpiridinija perhlorats (Py" 32)
IH-KMR (400 MHz, CDsCN, ): 3.02 (s, 6H), 3.99 (s, 6H), 9.22 (s, 1H).
BC-KMR (100 MHz, CD3CN, 08): 20.12, 54.19, 128.21, 148.88 159.67, 163.50.

2,6-Dimetil-3,5-dimetoksikarbonilpiridins (Py 32)

legust 0,6 g (73%) bezkrasainas pulverveida vielas ar k. t. 101-102 °C (k.t. 100-102 °C
[143]).

'H-KMR (400 MHz, CDCls, 8): 2.85 (s, 6H), 3.92 (s, 6H), 8.69 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 24.92, 52.29, 122.61, 141.05, 162.61, 166.21.

Aprekinats Ci1H1sNO4: C, 59.19; H, 5.87; N, 6.27. Noteikts: C, 58.86; H, 5.77;
N, 6.11.

IS (nujols, cm™): 1733 (C=0).

3-Acetil-5-ciano-2,6-dimetilpiridinija perhlorats (Py" 33)
'H-KMR (400 MHz, CDsCN, 8): 2.66 (s, 3H), 2.94 (s, 3H), 2.96 (s, 3H), 9.07 (s, 1H).
B3C-KMR (100 MHz, CD5CN, §): 19.78, 20.55, 29.59, 112.50, 113.63, 134.53, 149.87,
159.83, 160.48, 196.35.

3-Acetil-5-ciano-2,6-dimetilpiridins (Py 33)

Iegtito vielu dala kolonna (2,5%26 cm), kas uzpildita ar silikagelu (0,060-0,200 mm,
Aldrich). Eluents ir metilénhlorids : acetons (5:1). Savac 8 eluenta frakcijas pa 15 mL, to
kontrolei izmanto planslana hromatografiju. "H-KMR spektrs rada, ka frakcijas 4 — 7 satur
3-acetil-5-ciano-2,6-dimetilpiridins (Py 33) (Rf = 0,83), tas apvieno un ietvaic€é vakuuma.
Iegist 0,5 g (63%) bezkrasainas pulverveida vielas ar k. t. 85-86 °C (k. t. 83-84 °C [144]).

'H-KMR (400 MHz, CDCls, 8): 2.60 (s, 3H), 2.78 (s, 3H), 2.79 (s, 3H), 8.16 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 23.81, 25.32, 29.19, 106.39, 116.34, 130.05, 140.63,
162.19, 163.27, 197.88.

Aprekinats CioHioN2O: C, 68.95; H, 5.79; N, 16.08. Noteikts: C, 68.66; H, 5.62;
N, 16.03.

IS (nujols, cm™): 2226 (C=N), 1686 (C=0).
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5-Ciano-2,6-dimetil-3-metoksikarbonilpiridinija perhlorats (Py" 36)
'H-KMR (400 MHz, CD5CN, 8): 2.98 (s, 3H), 3.06 (s, 3H), 3.99 (s, 3H), 9.14 (s, 1H).
BC-KMR (100 MHz, CDsCN, 8): 19.91, 20.72, 54.36, 112.80, 113.43, 128.71, 151.09,
160.95, 161.66, 162.83.

5-Ciano-2,6-dimetil-3-metoksikarbonilpiridins (Py 36)

legiist 0,5 g (67%) bezkrasainas pulverveida vielas ar k. t. 68-69 °C.

'H-KMR (400 MHz, CDCl, 8): 2.78 (s, 3H), 2.87 (s, 3H), 3.93 (s, 3H), 8.40 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 23.81, 25.25, 52.64, 106.65, 116.26, 122.86, 142.43,
163.68, 163.75, 165.07.

Apréekinats CioH10N202: C, 63.15; H, 5.30; N, 14.73. Noteikts: C, 63.17; H, 5.21;
N, 14.62.

IS (nujols, cm™): 2229 (C=N), 1732 (C=0).

5-Acetil-2,6-dimetil-3-metoksikarbonilpiridinija perhlorats (Py"* 38)

'H-KMR (400 MHz, CDsCN, 8): 2.68 (s, 3H), 2.92 (s, 3H), 3.02 (s, 3H), 4.01 (s, 3H),
9.13 (s, 1H).

BC-KMR (100 MHz, CDsCN, 8): 20.03, 20.05, 29.65, 54.13, 128.14, 134.46, 147.62,
158.31, 158.39, 163.71, 197.14.

3-Acetil-2,6-dimetil-5-metoksikarbonilpiridins (Py 38)

Iegiist 0,5 g (61%) bezkrasainas pulverveida vielas ar k. t. 40-42 °C.

'H-KMR (400 MHz, CDCls, 8): 2.65 (s, 3H), 2.85 (s, 3H), 2.93 (s, 3H), 3.98 (s, 3H),
8.63 (s, 1H).

B3C-KMR (100 MHz, CDCls, 8): 24.02, 29.18, 52.68, 123.24, 130.58, 140.89, 160.74,
161.43, 165.42, 198.31.

Aprekinats C1;H13NOs: C, 63.76; H, 6.32; N, 6.76. Noteikts: C, 63.68; H, 6.27;
N, 6.63.

IS (nujols, cm™): 1735 (C=0), 1694 (C=0).
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3,4,5-Trimetoksikarbonil-2,6-dimetilpiridinija perhlorats (Py" 39)

'H-KMR (400 MHz, CD5CN, §): 2.89 (s, 6H), 3.96 (s, 9H).

BC-KMR (100 MHz, CDsCN, 8): 19.57, 54.80, 55.08, 128.47, 148.15, 158.01, 163.37,
164.78.

3,4,5-Trimetoksikarbonil-2,6-dimetilpiridins (Py 39)

Iegiist 0,6 g (64%) bezkrasainas pulverveida vielas ar K. t. 46-48 °C.

'H-KMR (400 MHz, CDCls, 8): 2.64 (s, 6H), 3.87 (s, 3H), 3.89 (s, 6H).

B3C-KMR (100 MHz, CDCls, 8): 23.36, 52.81, 53.12, 123.81, 139.12, 158.17, 165.96,
166.93.

Aprekinats CisHisNOg: C, 55.51; H, 5.38; N, 4.98. Noteikts: C, 55.55 H, 5.31;
N, 4.89.

IS (nujols, cm™): 1743 (C=0).

3,5-Diciano-2,6-dimetil-4-metoksikarbonilpiridinija perhlorits (Py" 40)
'H-KMR (400 MHz, CDsCN, 8): 3.06 (s, 6H), 4.14 (s, 3H).
BC-KMR (100 MHz, CDsCN, 8): 21.38, 55.58, 111.97, 112.17, 149.96, 160.95, 164.56.

3,5-Diciano-2,6-dimetil-4-metoksikarbonilpiridins (Py 40)

Iegtst 0,7 g (76%) bé&sas krasas pulverveida vielas ar k. t. 103-104 °C (k. t. 105 °C
[45]).

'H-KMR (400 MHz, CDCl3, 8): 2.88 (s, 6H), 4.11 (s, 3H).

BC-KMR (100 MHz, CDCls, 8): 24.63, 54.21, 105.82, 113.85, 144.91, 162.03, 165.90.

Aprekinats C11HgN3O,: C, 61.39; H, 4.22; N, 19.52. Noteikts: C, 61.50; H, 4.14;
N, 19.73.

IS (nujols, cm™): 2230 (C=N), 1737 (C=0).

5-Ciano-2,6-dimetil-3,4-dimetoksikarbonilpiridinija perhlorats (Py" 41)
'H-KMR (400 MHz, CDsCN, 8): 2.95 (s, 3H), 3.01 (s, 3H); 3.98 (s, 3H), 4.05 (s, 3H).
B3C-KMR (100 MHz, CDsCN, 8): 20.30, 20.35, 55.11, 55.65, 111.47, 112.05, 129.01,
150.02, 160.28, 162.38, 162.92, 163.11.
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5-Ciano-2,6-dimetil-3,4-dimetoksikarbonilpiridins (Py 41)

legist 0,7 g (71%) dzeltenas pulverveida vielas ar k. t. 73-75 °C.

'H-KMR (400 MHz, CDCls, 5): 2.69 (s, 3H), 2.81 (s, 3H), 3.91 (s, 3H), 3.99 (s, 3H).

BC-KMR (100 MHz, CDCls, 8): 23.90, 24.07, 53.14, 53.65, 104.63, 114.69, 124.46,
142.34, 160.86, 163.52, 164.11, 165.99.

Aprekinats C1oH1oN2O4: C, 58.06; H, 4.87; N, 11.28. Noteikts: C, 58.06; H, 4.84;
N, 11.14.

IS (nujols, cm™): 2233 (C=N), 1739 (C=0).

3-Acetil-5-ciano-2,6-dimetil-4-metoksikarbonilpiridinija perhlorats (Py" 42)
'H-KMR (400 MHz, CDsCN, 8): 2.58 (s, 3H), 2.79 (s, 3H), 3.01 (s, 3H), 4.04 (s, 3H).
BC-KMR (100 MHz, CDsCN, 8): 19.42, 20.20, 31.33, 55.51, 111.89, 112.49, 139.29,
145.66, 157.07, 161.03, 162.30, 198.31.

3-Acetil-5-ciano-2,6-dimetil-4-metoksikarbonilpiridins (Py 42)

Iegtito vielu dala kolonna (3,5x50 cm), kas uzpildita ar silikagelu (0,060-0,200 mm,
Aldrich). Eluents ir metilénhlorids : petroléteris : acetons (9:7:1). Savac 11 eluenta frakcijas
pa 15 mL, to kontrolei izmanto planslana hromatografiju. ‘H-KMR spektrs rada, ka frakcija
5-8 satur 3-metoksi-3,4,6-trimetil-1-okso-1,3-dihidro-furo[3,4-c]piridina-7-karbonitrilu (L 42)
(Rf = 0,72), frakcijas 9-11 satur  3-acetil-5-ciano-2,6-dimetil-4-metoksikarbonilpiridins
(Py 42) (Rf = 0,65). Frakcijas 7-12 apvieno un ietvaicé vakuuma. legist 0,1 g (10%)
bezkrasainas pulverveida vielas ar k. t. 80-82 °C.

'H-KMR (400 MHz, CDCls, 8): 2.53 (s, 3H), 2.55 (s, 3H), 2.79 (s, 3H), 3.97 (s, 3H).

B3C-KMR (100 MHz, CDCls, 8): 23.16, 23.98, 31.41, 53.62, 104.81, 115.03, 134.75,
138.32, 157.67, 162.85, 163.74, 201.76.

Aprekinats C12H1oN2O5: C, 62.06; H, 5.21; N, 12.06. Noteikts: C, 62.11; H, 5.18;
N, 11.97.

3-Metoksi-3,4,6-trimetil-1-okso-1,3-dihidro-furo[3,4-c]piridina-7-karbonitrils (L 42)
Frakcijas 5 — 8 apvieno un ietvaicé vakuuma. legust 0,2 g (20%) bezkrasainas
pulverveida vielas vielu ar k. t. 93-94 °C. Kiristalus rentgenstruktiranalizei audzé

metilénhlorida (pielikuma 14. att.).
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'H-KMR (400 MHz, CDCls, 8): 1.89 (s, 3H), 2.72 (s, 3H), 2.88 (s, 3H), 3.16 (s, 3H).

B¥3C-KMR (100 MHz, CDCls, §): 21.49, 23.40, 23.90, 51.74, 101.70, 109.08, 112.96,
136.84, 137.34, 158.19, 163.25, 164.48.

Aprekinats CioHioN,Os: C, 62.06; H, 5.21; N, 12.06. Noteikts: C, 62.07; H, 5.13;
N, 11.93.

IS (nujols, cm™): 2221 (C=N), 1774 (C=0).

3,5-Diacetil-2,6-dimetil-4-metoksikarbonilpiridinija perhlorats (Py" 44)

'H-KMR (400 MHz, CDsCN, 8): 2.57 (s, 6H), 2.71 (s, 6H), 3.94 (s, 3H).

BC-KMR (100 MHz, CDsCN, 8): 18.49, 31.49, 55.27, 139.39, 140.69, 153.05, 163.74,
199.27.

3,5-Diacetil-2,6-dimetil-4-metoksikarbonilpiridins (Py 44)

Iegtto vielu dala kolonna (3,5%50 cm), kas uzpildita ar silikagelu (0,060-0,200 mm,
Aldrich). Eluents ir metilénhlorids : etilacetats (4:1). Savac 13 eluenta frakcijas pa 15 mL, to
kontrolei izmanto planslana hromatografiju. ‘H-KMR spektrs rada, ka frakcija 5 satur
7-acetil-3-metoksi-3,4,6-trimetil-3H-furo[3,4-c]piridin-1-onu (L 44) (Rf = 0,80), frakcijas
7-12 satur 3,5-diacetil-2,6-dimetil-4-metoksikarbonilpiridinu (Py 44) (R¢ = 0,66). Frakcijas
7-12 apvieno un ietvaicé vakuuma. legiist 0,7 g (70%) bezkrasainas pulverveida vielas ar
k. t. 79-81 °C.

'H-KMR (400 MHz, CDCls, 8): 2.52 (s, 6H), 2.54 (s, 6H), 3.84 (s, 3H).

BC-KMR (100 MHz, CDCls, 8): 22.44, 31.55, 53.11, 132.19, 134.35, 153.69, 165.19,
203.36.

Aprekinats Ci3HisNO4: C, 62.64; H, 6.07; N, 5.62. Noteikts: C, 62.72; H, 6.05;
N, 5.54.

IS (nujols, cm™): 1726 (C=0), 1701 (C=0).

7-Acetil-3-metoksi-3,4,6-trimetil-3H-furo[3,4-c]piridin-1-ons (L 44)

'H-KMR (400 MHz, CDCls, 8): 1.89 (s, 3H), 2.57 (s, 3H), 2.65 (s, 3H), 2.66 (s, 3H),
3.15 (s, 3H).

BC-KMR (100 MHz, CDCls, 5): 20.86, 21.99, 24.22, 32.18, 51.64, 109.75, 131.05,
131.89, 136.04, 154.57, 156.04, 165.51, 202.25.
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AIMS (m/z): [M+H]" aprekinats C13H1sNO4: 250.1085. Noteikts: 250.1074.

5-Acetil-3,4-dimetoksikarbonil-2,6-dimetilpiridinija perhlorats (Py" 45)

'H-KMR (400 MHz, CDsCN, 8): 2.57 (s, 3H), 2.76 (s, 3H), 2.85 (s, 3H), 3.94 (s, 3H),
3.96 (s, 3H).

BC-KMR (100 MHz, CDsCN, &): 18.99, 19.11, 31.37, 54.78, 55.24, 129.26, 138.08,
144.49, 154.81, 156.09, 163.86, 164.51, 199.19.

5-Acetil-3,4-dimetoksikarbonil-2,6-dimetilpiridins (Py 45)

Iegtito dzelteno ellu dala kolonna (3,5%40 cm), kas uzpildita ar silikagelu (0,060-0,200
mm, Aldrich). Eluents ir metilénhlorids : petroléteris : acetons (9:7:1). Savac 16 eluenta
frakcijas pa 10 mL, to kontrolei izmanto planslana hromatografiju. "H-KMR spektrs rada, ka
frakcijas 8 — 12 satur 3,4,6-trimetil-3-metoksi-7-metoksikarbonil-1-okso-1,3-dihidrofuro[3,4-
c]piridinu (L 45) (Rf = 0,41), frakcijas 14 — 16 satur 5-acetil-3,4-dimetoksikarbonil-
2,6-dimetilpiridinu (Py 45) (Rf = 0,46). Frakcijas 14 — 16 apvieno un ietvaicé vakuuma. legtist
0,3 g (30%) bezkrasainas ellas.

'H-KMR (400 MHz, CDCls, 8): 2.53 (s, 3H), 2.54 (s, 3H), 2.62 (s, 3H), 3.86 (s, 3H),
3.91 (s, 3H).

B3C-KMR (100 MHz, CDCls, 8): 22.70, 22.87, 31.53, 52.84, 53.84, 124.69, 133.66,
135.29, 154.75, 156.61, 165.51, 167.43, 202.93.

AIMS (m/z): [M+H]" aprékinats C13H1sNOs: 266.1023. Noteikts: 266.1049.

3,4,6-Trimetil-3-metoksi-7-metoksikarbonil-1-okso-1,3-dihidrofuro[3,4-c]piridins (L 45)
Frakcijas 14 — 16 apvieno un ietvaicé vakuuma. Iegist 0,2 g (20%) dzeltenigas ellas.
'H-KMR (400 MHz, CDCls, 8): 1.87 (s, 3H), 2.62 (s, 3H), 2.63 (s, 3H), 3.11 (s, 3H),

4.00 (s, 3H).

BC-KMR (100 MHz, CDCls, 8): 20.91, 22.11, 24.23, 51.55, 53.16, 109.16, 122.67,

133.03, 136.09, 155.19, 157.54, 164.51, 166.03.

AIMS (m/z): [M+H]" aprekinats C13H15NOs: 266.1023. Noteikts: 266.1045.
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3.3.2. N-metilaizvietotu 1,4-DHINS atvasindjumu 46-51 elektrokimiska oksidesana
Preparativo oksideéSanu veic dalita elektrolitiskaja Stna, to uzpildot ar 100 mL

0,1 M NaClOy $kiduma sausa CH3CN. Anoda telpa ieber oksidéjamas vielas 46-51. Skidumu

atbrivo no skabek]a, un elektrolizi veic argona atmosfera 20 stundas pie konstanta sprieguma

(2.1. tabula). P&c elektrolizes beigam reakcijas maisijumu no anoda telpas vakuuma ietvaice.

1,2,6-Trimetil-3,4,5-trimetoksikarbonilpiridinija perhlorats (Py" 46)

Lai atbrivotos no NaClO,, reakcijas maisijumam pievieno 5 mL HO, filtré un Zzave
istabas temperatiira. Pec tam reakcijas maisijumu apstrada ar 30 mL CHCls, filtré un zavé
istabas temperatiira. legitais 1,2,6-trimetil-3,4,5-trimetoksikarbonilpiridinija  perhlorats
(Py" 46) ir bezkrasaina pulverveida viela ar k. t. 219 — 220 °C. legist 2,1 g (79%)
savienojuma Py 46.

'"H-KMR (400 MHz, DMSO-ds, 8): 2.86 (s, 6H), 3.95 (s, 3H), 3.96 (s, 6H), 4.16 (s, 3H)
m.d.

BC-KMR (100 MHz, DMSO-dg, 8): 20.27, 42.85, 54.42, 54.80, 128.94, 141.40, 158.30,
163.32, 163.50 m.d.

Aprekinats C14Hi1gNO1oCl: C, 42.49; H, 4.58; N, 3.54. Noteikts: C, 42.33; H, 4.45;
N, 3.60.

IS (nujols, cm™): 1728 (C=0).

3,5-Diacetil-1,2,6-trimetil-4-metoksikarbonilpiridinija perhlorats (Py" 47)

Lai atbrivotos no NaClO,, reakcijas maisjjumam pievieno 5 mL HO, filtré un Zave
istabas temperattra. Pec tam reakcijas maisijumu apstrada ar 30 mL CHCls, filtré un zave
istabas temperatira. legutais 3,5-diacetil-1,2,6-trimetil-4-metoksikarbonilpiridinija perhlorats
(Py"* 47) ir briina pulverveida viela ar k. t. 152 — 154 °C. Iegiist 0,6 g (38%) savienojuma
Py" 47.

'H-KMR (400 MHz, CDsCN, 8): 2.59 (s, 6H), 2.72 (s, 6H), 3.92 (s, 3H),
4.10 (s, 3H).

“C-KMR (100 MHz, CD3CN, §): 20.38, 31.99, 43.09, 55.19, 138.12, 140.63, 155.52,
163.64, 200.08.

Aprekinats C14H1gNOgCl: C, 46.23; H, 4.99; N, 3.85. Noteikts: C, 46.35; H, 4.97;
N, 4.09.

IS (nujols, cm™): 1743 (C=0), 1714 (C=0).
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3,5-Diciano-1,2,6-trimetil-4-metoksikarbonilpiridinija perhlorats (Py" 48)
'H-KMR (400 MHz, CDsCN, 8): 3.17 (s, 6H), 4.15 (s, 3H), 4.26 (s, 3H).
BC-KMR (100 MHz, CDsCN, 8): 23.3, 45.6, 55.9, 112.5, 113.6, 149.5, 160.9, 167.1.

3-Acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetilpiridinija perhlorats (Py" 49)

Lai atbrivotos no NaClOg, reakcijas maisijumam pievieno 5 mL HO, filtré un zaveé
istabas temperatiira. P&c tam reakcijas maisijumu apstrada ar 40 mL CHCls, filtré un zave
istabas temperatara. legitais 3-acetil-5-ciano-4-metoksikarbonil-1,2,6-trimetilpiridinija
perhlorats (Py" 49) ir bezkrasaini mirdzosi kristali, kas virs 230 °C sadalas. legiist
0,5 g (42%) savienojuma Py" 49.

'H-KMR (400 MHz, CD4CN, 8): 2.60 (s, 3H), 2.82 (s, 3H), 3.09 (s, 3H), 3.99 (s, 3H),
4.21 (s, 3H) m.d.

BC-KMR (100 MHz, CDsCN, 8): 20.99, 22.28, 31.76, 43.81, 55.34, 111.27, 113.37,
138.65, 142.37, 159.06, 161.86, 162.91, 199.10 m.d.

Apréekinats Ci3H;sN,O7Cl: C, 45.03; H, 4.36; N, 8.08. Noteikts: C, 44.97; H, 4.28;
N, 7.97.

No H,O fazes ar kuru apstradats reakcijas maisijums péc elektrolizes beigam, iegst
3-hidroksi-7-karbamoil-3,4,5,6-tetrametil-1-okso-1,3-dihidro-furo[3,4-C]piridinija perhlorata
(70) kristalus (pielikuma 16. att.).

'H-KMR (400 MHz, CDsCN, 8): 1.98 (s, 3H), 2.83 (s, 3H), 2.92 (s, 3H), 4.13 (s, 3H),
6.79un 6.92 (2 s, 2H) m.d.

BC-KMR (100 MHz, CDsCN, 8): 18.74, 20.10, 25.30, 42.94, 108.70, 132.39, 136.56,
144.05, 155.97, 158.18, 163.08, 163.94 m.d.

7-Ciano-3-metoksi-3,4,5,6-tetrametil-1-okso-1,3-dihidro-furo[3,4-C]piridinija perhlorats
(L 49)

Bezkrasaina kristaliska viela, kas virs 205 °C sadalas.

'H-KMR (400 MHz, CDsCN, §): 1.94 (s, 3H), 2.97 (s, 3H), 3.13 (s, 3H), 3.27 (s, 3H),
4.22 (s, 3H) m.d.

B3C-KMR (100 MHz, CDsCN, 8): 19.95, 22.96, 24.64, 44.62, 53.94, 109.63, 111.36,
112.04, 142.20, 143.12, 161.24, 161.96, 165.89 m.d.
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Aprekinats Ci3H1sN,O;Cl: C, 45.03; H, 4.36; N, 8.08. Noteikts: C, 44.99; H, 4.25;
N, 7.96.
IS spektrs (nujola, v): 2245 (C=N), 1796 (C=0).

3-Ciano-1,2,6-trimetil-4,5-dimetoksikarbonilpiridinija perhlorats (Py" 50)

Iegiito oranzbruno ellu dala uz Biotage SNAP Cartridges, KP-C18-HS 129 apgrieztas
fazes kolonnas gradienta rezima CH3CN-HCOOH (0,1%) udeni. Iegutais 3-ciano-
4,5-dimetoksikarbonil-1,2,6-trimetilpiridinija perhlorats (Py" 50) ir smilskrasas pulverveida
viela ar k. t. 107-109 °C. Iegiist 0,5 g (38%) savienojuma Py 50.

'H-KMR (400 MHz, CD4CN, 8): 2.91 (s, 3H), 3.11 (s, 3H), 4.00 (s, 3H), 4.06 (s, 3H),
4.20 (s, 3H) m.d.

B3C-KMR (100 MHz, CDsCN, 8): 21.97, 23.42, 45.22, 55.95, 56.36, 113.36, 113.42,
132.32,147.41, 162.65, 163.24, 164.42, 165.25 m.d.

Aprekinats Ci3H1sN2OgCl: C, 43.05; H, 4.17; N, 7.72. Noteikts: C, 43.19; H, 4.19;
N, 7.59.

IS (nujols, cm™): 2247 (C=N), 1751 (C=0), 1734 (C=0).

3-Acetil-4,5-dimetoksikarbonil-1,2,6-trimetilpiridinija perhlorats (Py* 51)

Lai atbrivotos no NaClOg, reakcijas maisjjumam pievieno 5 mL HO, filtré un Zzave
istabas temperattira. Péc tam reakcijas maisijumu apstrada ar 30 mL CHCls, filtré un Zzave
istabas temperatiira. legutais 3-acetil-4,5-dimetoksikarbonil-1,2,6-trimetilpiridinija perhlorats
(Py" 51) ir smildkrasas pulverveida viela ar k. t. 137-139 °C. Iegast 0,57 g (35%)
savienojuma Py 51,

'H-KMR (400 MHz, DMSO-dg, 8): 2.62 (s, 3H), 2.76 (s, 3H), 2.84 (s, 3H), 3.92 (s, 3H),
3.96 (s, 3H), 4.15 (s, 3H) m.d.

BC-KMR (100 MHz, DMSO-ds, 8): 19.94, 20.19, 31.44, 42.47, 54.33, 54.73, 129.51,
137.74, 138.73, 163.03, 163.83, 156.24, 156.49, 199.42 m.d.

Aprekinats C14H1sNOoCl: C, 44.28; H, 4.78; N, 3.69. Noteikts: C, 44.42; H, 4.71,
N, 3.61.

IS (nujols, cm™): 1737 (C=0), 1714 (C=0), 1607 (C=0).
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3.3.3. Elektrokimiska reducésana alkilhalogenidu klatbiitne
1,2,4,6-Tetrametil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (71)

Dalito elektrolitisko $tinu uzpilda ar 100 mL 0,1 M TBABF, skidumu DMF. Katoda
telpa ieber 1,1 g (0,003 mol) vielas Py* 46 un pievieno 10 mL (0,2 mol) CHsl. Skidumu
atbrivo no skabekla, un reduc€sanu veic argona atmosfeéra 12 stundas (ErEd = -1,50 V). Pec
elektrolizes beigam reakcijas maisijumu no katoda telpas ielej dalamaja piltuve un ekstrah@ ar
H,O (3 x 40 mL) un dietiléteri (3 x 30 mL). Organiskos ekstraktus apvieno un zavé ar
beziudens Na,SQOy, filtré un filtratu vakuuma ietvaice.

Reakcijas maistjumu sadala kolonna (3,5 % 29 cm), kas uzpildita ar silikagelu
(0,060-0,200 mm, Acros). Eluents ir petrol&teris : acetons (2:1). Savac 25 eluenta frakcijas pa
10 mL, to kontrolei izmanto planslana hromatografiju. Frakcijas 7 — 12 satur 1,4-DHINS
atvasinajumu 46 un 71 maisijumu, no frakcijam 13 — 16 izdala dihidropiridinu 46. Frakcijas,
kuras ir nesadalits vielu maisijums, atkartoti dala uz preparativas hromatografiskas plaksnes
(Silica gel 60 Fys4, Merck) ar eluentu petroléteris : acetons (2:1). Dihidropiridinu 71 izdala no
pirmas UV absorbgjosas joslas (Rf = 0,5). legiist dzeltenigu vielu ar k. t. 122 — 126 °C.
Kristalus audzé CH30H, veic rentgenstruktiiranalizi (pielikuma 4. att.).

'H-KMR (200 MHz, CDCls;, 8): 1.34 (s, 3H), 2.25 (s, 6H), 3.16 (s, 3H),
3.64 (s, 9H) m.d.

4-izoPropil-1,2,6-trimetil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (72)

1,0 g (0,002 mol) vielas Py" 46 reducé ieprieks aprakstitajos apstaklos, CHal vieta
pievienojot 10 mL (0,1 mol) izopropilbromida. Péc elektrolizes beigam reakcijas maisijumu
apstrada tapat ka ieprieks€ja gadijuma.

Talak reakcijas maisijumu sadala kolonna (3,5 x 29 cm), kas uzpildita ar silikagelu
(0,060-0,200 mm, Acros). Eluents ir petrol&teris : acetons (2:1). Savac 25 eluenta frakcijas pa
10 mL, to kontrolei izmanto planslana hromatografiju. Frakcijas 6 — 12 satur 1,4-DHINS
atvasinajumu 46 un 72 maistjumu, no frakcijam 13 — 17 izdala dihidropiridinu 46. Frakcijas,
kuras ir nesadalits vielu maisijums, atkartoti dala uz preparativas hromatografiskas plaksnes
(Silica gel 60 Fys4, Merck) ar eluentu petrol&teris : acetons (2:1). Dihidropiridinu 72 izdala no
pirmas UV absorb&josas joslas (Rf = 0,74). Iegust dzeltenigu vielu ar k. t. 122 — 123 °C.

Kristalus audzé CH3OH, veic rentgenstruktiiranalizi (pielikuma 4. att.).
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'H-KMR (200 MHz, CDCls, 8): 0.88 (d, 6H, J=7.0 Hz), 2.26 (s, 6H), 2.34-2.41 (m, 1H),
3.09 (s, 3H), 3.63 (s, 3H), 3.64 (s, 6H) m.d.

BC.KMR (100 MHz, CDCls, 8): 17.53, 17.65, 33.83, 35.23, 51.22, 51.80, 53.62,
105.74, 146.55, 168.68, 174.24 m.d.

Aprekinats Ci7HsNOg: C, 60.16; H, 7.42; N, 4.12. Noteikts: C, 60.14; H, 7.48;
N, 4.10.

1,6-Dimetil-4-etil-2-propil-3,4,5-trimetoksikarbonil-1,4-dihidropiridins (73)

1,7 g (0,004 mol) vielas Py* 46 reduce (E™ = -1,70 V) tajos pasos apstaklos ka
1,4-DHINS atvasinajumu 71, CHsl vieta pievienojot 10 mL (0,1 mol) CyHsBr. P&c
elektrolizes beigam reakcijas maisjjumu apstrada tapat ka 1,4-DHP 71 gadijuma. P&c tam
reakcijas maisijumu sadala kolonna (3,5 % 29 cm), kas uzpildita ar silikagelu (0,060-0,200
mm, Acros). Eluents ir petrol&teris : acetons (2:1). Savac 20 eluenta frakcijas pa 10 mL, to
kontrolei izmanto planslana hromatografiju. Frakcijas 7 — 12 satur 1,4-DHINS atvasinajumu
46 un 73 maisijumu. No frakcijam 13 — 18 izdala dihidropiridinu 46. Frakcijas, kuras ir
nesadalits vielu maisijums, atkartoti dala uz preparativas hromatografiskas plaksnes (Silica
gel 60 Fas4, Merck) ar eluentu petroléteris : acetons (2:1). Dihidropiridinu 73 izdala no pirmas
UV absorbgjosas joslas (Rf = 0,62). Iegiist dzeltenigu vielu ar k. t. 123 — 125 °C.

'H-KMR (200 MHz, CDCl;, 8): 0.79 (t, 3H, J=7.0 Hz), 098 (t, 3H,
J=7.0 Hz), 1.55 (m, 2H), 1.81 (m, 2H), 2.23 (s, 3H), 2.45-2.68 (m, 2H), 3.09 (s, 3H), 3.62-
3.65 (s, 9H) m.d.
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SECINAJUMI

1. Darba sintezéti jauni simetriski un nesimetriski aizvietoti 1,4-DHINS un

4-fenilaizvietoti 1,4-DHP atvasinajumi, kuriem veikta sistematiska struktiiras analize,
izmantojot KMR spektroskopijas, rentgenstrukttiranalizes un elektrokimijas metodes,
ka arT kvantu kimiskos aprékinus.

. Izstradatas efektivas metodes 5-ciano-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizo-
nikotinskabes un 5-acetil-2,6-dimetil-3-metoksikarbonil-1,4-dihidroizonikotinskabes
amidu diastereoméru sint€zei un iegito diastereom@ru sadaliSanai optiski tiros
savienojumos. 3-Acetil-5-ciano-2,6-dimetil-1,4-dihidroizonikotinskabes sadaliSana
pielietojot amidéSanas strat€giju izradijas neveiksmiga karboksilgrupas un acetilgrupas
iekSmolekularas ciklizacijas del, kuras rezultata veidojas laktona cikls.

. Elektrokimiski oksid&jot 1,4-DHINS atvasinajumu, primarais elektroda produkts —
katjonradikalis — eliminé aizvietotaju no heterocikla Cg-stavokla ka brivu radikali
(H" vai COOQ"). Izstradatas efektivas metodes simetriski un nesimetriski aizvietotu
piridinija perhloratu elektrosint€zei, uz kuru bazes iesp&jams iegit heterocikla pilnigi
aizvietotus 1,4-DHINS atvasinajumus. Elektrokimiski reducgjot piridinija perhloratu
alkilhalogenidu klatbuitng, ieghiti jauni heterocikla pilnigi aizvietoti 1,4-DHINS
atvasinajumi. Piridinija perhloratiem, kuri heterocikla Cs- un/vai Cs-stavokli satur
acetilgrupu, nav iespgjams veikt elektrokimisko reducésanu baziska vidg, jo tiem ir
tieksme veidot laktona ciklu, iek§molekularas acetilgrupas un metoksikarbonilgrupas
ciklizéSanas rezultata.

. Darba veikta sistematiska rentgenstrukttiranalizes un kvantu kimisko aprékinu (gan
Skiduma, gan gazveida stavokli) datu analize ~30 sintezétiem 1,4-DHINS
atvasinajumiem, un iegitie dati salidzinati ar 4-fenilaizvietotiem 1,4-DHP analogiem.
Noskaidrots, ka 1,4-DHINS cikls eksisté plakanas vannas forma un karboksilgrupa vai
metoksikarbonilgrupa C,-stavokli novietota pseidoaksiali heterocikla plaknei.
4,4-Diaizvietotu 1,4-DHINS atvasinajumu gadijuma alkilgrupas radito sterisko efektu
del 4-metoksikarbonilgrupa novietota pseidoekvatoriali heterocikla plaknei.
1,4-DHINS un 4-fenilaizvietotos 1,4-DHP atvasinajumos C, atoma novirze no
heterocikla plaknes ir lineari saistita ar Ny novirzi no plaknes. Metilgrupas ieveSana

molekula pie N; atoma rada ievérojamu heterocikla vannas padzilinaSanos.
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1,4-DHINS atvasinajumiem heterocikla planaritate picaug rinda
COCH3;< COOCH3< CN.

. Veikta sistematiska 'H, *C un N KMR datu analize 1,4-DHINS un 4-alkil-,
4-fenilaizvietotiem 1,4-DHP atvasinajumiem. Noskaidrota $kidinataja un molekula
esoso aizvietotaju ietekme uz 1,4-DHINS struktiiras konformaciju un elektronisko
uzbivi. *H, *C un N KMR kimiskas nobides, ka arf *J(**C,-"H) un *J(**N-H) spinu
sadarbibas konstanSu vértibas ir atkarigas no: heterocikla esoSo aizvietotaju dabas
(donors vai akceptors); 1,4-DHINS cikla vannas dziluma; elektronu blivuma
pieauguma vai samazindjuma uz heterocikla esoSiem atomiem; aizvietotdja pie

slapekla atoma pseidoaksiala-pseidoekvatoriala Iidzsvara izmainam.
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ELECTROCHEMICAL SYNTHESIS OF 1,2,3,4,4,5,6-
SUBSTITUTED 1,4-DIHYDROPYRIDINES

I. Goba, B. Turovska, J. Stradins, I. Turovskis,

L. Liepinsh, and 5. Belyakov

It has been shown that chemical oxidation of the methyl ester of 3,4 5-trimethoxycarbonyl-
12, 6-trimethyl-1, d-dilvdropyridine o the pyridinium sall, reguiving forcing experimental conditions,
may be replaced by electrochemical oxidation. On elecirochemical reduction of 34, 5-wrimethoxy-
carbonyl-1, 2, 6-trimethylpyridinium  perchiorate in the presence of albyviating agents [,2,3,4.4,5,6-
substituted 1,d-dihydropyridines are obiained.

Keywords: alkyl halides, | 4-dihydropyridines with completely substituted heterocycle, 4-mono-
substituted |,4-dihydropyridines, pyridinium perchlorate, electrochemical reduction.

Oxidation of dihydropyridines is the basis of their versatile biological activity. It has been established
that 3,5-dicyano-1,2,4.4,6-pentamethvl- | 4-dihyvdropyridine 1s oxidized in a single one-electron step [1], the
reaction product, a stable cation radical, was demonstrated by the EPR spectrum [2]. The cation radical for the N-
unsubstituted analog is less stable, its EPR spectrum has been recorded successfully only at low temperatures.
However, the majority of pharmacologically active compounds based on | 4-dihydropyridines have at least two
protons in the heterocyele (at the C-4 and N-1 atoms). Numerous studies have been devoted to the study of the
mechanism of oxidation of dihydropyridines of precisely this tvpe. Proposals for the case in question include
ransfer of hydride ion [3], a one-electron oxidation with subsequent cleavage of a radical [4], and in the majority
of cases a two-electron oxidation with cleavage of two protons [3-7].

Possible cleavage of more stable radicals or cations (in comparison with H or H7) in the process of
oxidation may give additional information on the mechanism of action of |, 4-dihydropyridines. It has been
shown in the literature that certain anions generated in the process of electrochemical reduction of pyridinium
salts (A are electron-donors capable of reducing alkyl halides (BX).

L ks
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The products of the preparative electroreduction of pyridinium salts in the presence of alkyl halides are

alkylated dihyvdropyridines [8, %]. The aim of the present work was the synthesis of new dihvdropyridines with a
completely substituted heterocyele having various substituents in position 4.

H COOMe
MeO0C COOMe

3.4, 5-Trimethoxycarbonyl- 1, 2,6-trimethyl- |, 4-dihwvdropyridine (1) was svnthesized in a similar manner

to the procedure of [10] with subsequent alkvlation. [I1] Its structure was confirmed by X-ray structural
analysis (Fig. 1.

Fig. |. Steric model of compound 1.

Chemical oxidation of N-substituted

| 4-dihydropyridines occurs only under hard experimental
conditions [12, 13].

Rd
R R . 5 3
HL 0,/ MeQH R T B
| - -] cor
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At the same time | 4-dihydropyridine 1 in an aprotic medium is oxidized electrochemically in one
irreversible step at a potential of +1.14V (Fig. 2).

4.0E-06
0.0E+00
-4,0E-06

-B.0E-06

LA

-1.2E-D5

-2.0E-05

-2 4E-05
Q 0.4 0.8 1.2 1.6 20

£V
Fig. 2. Electrochemical oxidation of 1,4-dihydropyridine 1 (c = 5x10™ M)
at the stationary Prelectrode in 0.1 M NaClO,MeCN.

On preparative oxidation of dihydropyridine 1 (E** = +1.20 V) | F/mol is consumed. In the 'H NMR
spectrum (CDCly), maken of the reaction mixmwre directly after evaporating the acetonitrile, there were no signals,
showing that the products of electrolysis are unsoluable in chloroform. After treatment of the dry residue with
water (to remove NaClO,) repeated 'H NMR spectrum (CDCls) correspond to the initial dihydropyridine 1.

The oxidation product, pyridinium perchlorate 2, is not soluble in chloroform, its 'H NMR spectrum was
taken in DMSO-d; and the structure was confirmed by X-rav structural analysis (Fig. 3).

COOMe
MeD0DC T COOMe
I + P Cl0,
Ma ‘\I~ Me
Me
2

The significant difference in solubility of each compound in chloroform was used to separate them on
further processing the reaction mixture. The yield of oxidation product, pyridinium perchlorate 2, did not exceed
50% (Table 1), which corresponds to the average yield on chemical oxidation [13]. Analysis by HPLC of the
anolyte untreated after a repeat dectrolysis confirms that the electrolyzte contains 50% pyridinium perchlorate
2. The 'H and “C NMR spectra, and also the 2D correlation 'H-'"H-NOESY, 'H-"C-HSQC, and 'H-"C-
HMBC  spectra taken immediately for the untreated anolyte, with saturation of the solvent signal, showed
unequivocally that the electrolyzate contains the oxidized form 2 and the protonated dihyvdropyridine 3, which 1s
deprotonated in the presence of water regenerating the initial compound 1.
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TABLE 1. Yields of Products of Preparative Oxidation of |,4-Dihydro-

pyridine 1
- —
1 A-Dibydropyridine 1, g — Yicld, g {mmol) [%] —
Pyridinium perchlorate 2 1 4-Dihvdropyridine 1
2,01 097 (245)[36.2] 0.33(1.10) [16.3)
224 1.40(3.55)[47.1) 0.46 (1.55) [20.6]
2.04 132(3.35)(49.5) 0.40(1.35) [19.7)

Fig. 3. Steric model of compound 2.

3.4,5-Trimethoxycarbonyl-1,2,6-trimethylpyridinium perchlorate 2 is reduced in dry DMF in two stages.
Transfer of the first electron is effected at -0.67 V, and the second at -1.32 V (Fig. 4). Both steps are
quasireversible, the ratio of their cathodic and anodic currents is close to |, and the difference of potentials of the
cathodic and anodic peaks is equal to 69 mV for the first step and 82 mV for the second®. On reducing

MeOOC i
MeOOC S
Me N %
Me
3

* For the reversible one-electron transfer the ratio of the anodic peak current (/,) to the cathodic (/,)is equal to |,
but the difference in their potentials £, -E, = 0.58 V.
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Fig. 4. Electrochemical reduction of pyridinium perchlorate 2 (c = $x 107" M)
ar the stationary Pt electrode in | M TBABF,/DMFE.
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Fig. 5. Electrochemical reduction of pyridinium perchlorate 2 (c = 5= 107" M)
in the presence of Mel at the stationary Prelectrode in 0.1 M TBABF/DMF.
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pyridinium perchlorate 2 in the presence of alkyl halides (Mel, EtBr, Me,CHBr) the second reduction
gep becomes ireversible (Fig. 5). The potential selected for preparative electrolysis E™®*=.1.50 V is sufficient
for the generation of the corresponding anion as a result of transfer of two electrons per molecule of pyridinium
perchlorate 2, but does not provide direct reduction of alkyl halide at the cathode (Table 2). The generated anion
15 sufficiently strongly electron-donating to  be able to reduce the alkyl halide, the potential for reduction of
which is displaced by 0.40 V into the cathode region. The obtained anion radical of the alky] halide is unstable,
consequently a rapid and irreversible fission of the halogen—alky] bond oceurs in accordance with the scheme.
On carrving out the preparative reduction (E'ed =-1.50 V) of pyridinium perchlorate 2 in the presence of Mel or
i—~PrBr dihydropyridines 4 and 5§ with completely substituted heterocycles are isolated, the structures of which
were demonstrated by X-ray structural analysis (Figs. 6 and 7).

Ma COOMe i-Pr COOMe
Ma0C COOMe Me 00 COOMe
Me ‘~I~ Me Me N Me
I
Ma Me
4 5

Fig. 6. Steric mode] of compound 4.

The deviation from reversibility on reducing pyridinium perchlorate 2 indicates the entry of the generated radical
or anion of |,4-dihydropyridine into secondary chemical reactions, reducing the yield of product. Thus, as a
result of protonation of the anion, | 4-dihvdropyridine 1 15 isolated in  addition to  the

&0

146



TABLE 2. Electrochemical Reduction Potentials of Pyridinium Perchlorate 2
and Alkyl Halides

Pyndinium .

perchlomte 2 Mel EtBr i-PrBr

E™,V 067 -1.70 -1.70 2,00
E™LV 132

Fig. 7. Steric model of compound 5.

alkylated dihydropyridines. Compound 6 is also a product of secondary reactions. Its structure was demonstrated
by X-ray structural analysis (Fig. 8). The mechanism of formation of compound 6 is being studied.

H COOMe
MeDOC COOMe

| |
Me N Me

COOMe
MeOOC ﬁ COOMe
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Fig. B. Steric model of compound 6.

On reducing pyridinium salt 2 in the presence of EtBr the dihwdropyridine 7 is isolated. In it, apart from
addition of an ethyl group at position 4 of the ring, one hydrogen atom of the methyl group at position 2 is
substituted by an ethyl group.

Et COOMe
M eQ0C COOMe
Me "I~ Pr
Me
7

Consequently, as a result of the electrochemical reduction of the 3,4 5-trimethoxyearbonyl-1,2,6-
trimethylpyridinium salt 2 in the presence of alkylating agents, 1,2,3.4,4,5,6-substituted |, 4-dihydropyridines are
obtained, which have not been successfully obtained by classical organic synthesis up to the present time.

EXPERIMENTAL
Cyelic voltamperograms were taken on a PARSTAT 2273 electrochemical system. Oxidation and

reduction potentials were determined at the stationary Pt electrode (¢ = 2 mm). All potentials were measured
relative toa saturated calomel electrode provided with a salt bridge. A Pt wire served as the auxiliary electrode.
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Preparative electrolysis (oxidation of dihydropyridine 1 and reduction of pyridinium salt 2) was carried
out using a PAR 170 electrochemical system. Oxidation of dihydropyridine 1 was carried out in an H-shaped
cell at a potential of +1.20 V in acetonitrile prepared according to the procedure of [[4]. Anhvdrous NaClO,,
dried in vacuum at 40°C, was used as base electrolyte. The cell was filled with 0.1 M base electrolyte solution
(100 ml), compound 1 ({2.00 2, 6.7 mmol) was put into the anodic space, platinum meshes (3.5%2.5 cm) served as
the anode and cathode, argon was blown through the anode compartment throughout the electrolysis. Afier the
end of electrolysis the reaction mixture was evaporated. To remove NaCl0, the residue was washed with water
(5 ml), filtered, and dried. The dry residue was treated with chloroform and filtered. Pyridinium perchlorate 2,
insoluble in chloroform, was obtained. The filtrate contained dihvdropyridine 1 (Table [).

Electrochemical reduction of pyridinium perchlorate 2 was carried out in 0.1 M tetrabutylammonium
ietrafluoroborate (TBARF,) solution in DMFE at a potential of -1.50 ¥V in a stream of argon. Pyridinium
perchlorate 2 (1.00 g, 6.5 mmol) was placed in the cathode compartment and alky] halide (Mel, EtBr, i-PrBr) ( 10
ml) was added. A stirred mercury pool served as the cathode and a graphite rod was the anode. After the end of
électrolysis the catholyte was treated with water and extracted with diethyl ether. The reaction mixture obtained
was subjected o column chromartography, eluent was petroleum ether—acetone, 2 1 1.

The 'HNMR spectra were recorded on a Varian Mercury 200 (200 MHz) spectrometer, internal standard
was HMDS, and were processed with the aid of the NUTS program. The 'H and 5C spectra of compound 3 and
also the two-dimensional 'H-"HENOESY, 'H-"C-HSQC, and 'H-"C-HMBC spectra were recorded on a
Varian-Inova (600 MHz) spectrometer fitted with a ervomonitor, in acetonitrile solution at 25°C with the
capability for impulse gradient technology. The duration of mixing time for 2D-NOESY was | s. The 'n-"c-
HMBC spectra were recorded with an interaction evolution time for the generation of distant correlations of 62.5
ms. A data matrix of size 4098=1024 was used to record all the two-dimensional spectra, which provided 11, =
250 ms for 'H on recording along the F2 axis and T, = 100 ms for “C on recording along the F2 axis. To
optimize the signal-to-noise ratio the data matrix before Fourier transformation was supplemented with zeros
twice and multiplied by the cosine function. Chemical shifts of carbon and hydrogen atoms are given relative to
the residual signals of the solvent (2.01 and 1 16.53 ppm respectively).

For X-ray structural analysis the diffraction pattem for monocrystals of compounds 1, 2, and 4-6 were
taken at room temperature on a Nonius KappaCCD automatic diffractometer up to 205, = 5357 (Au, = 0.71073 A).
The main crystallographic characteristics of compounds 1, 2, and 4-6 and also the parameters of the refinement of
the crystal structures are given in Table 3.

Elemental analysis was carried out on an EA | 106 automatic analvzer. Melting points were determined
on a Boeetius instrument. Analysis by HPLC with spectrophotometric detection was carried out on a 635A-11
Liquid Chromatograph, column was Alltima CI8 (4.6x250 mm), mobile phase MeCN-0.1% H;PO, solution in
water. Linear gradient (20 min) from 5 to 95% MeCN. Consumption of mobile phase (0.8 ml/min, wavelength
300 nm. Acros silica gel (0.060-0.200 mm) was used for preparative column chromatography (column
3.5%26 cm), eluent was chloroform—hexane—acetone, % @ 7: |. A check on the progress of reactions and the
purity of the compounds obtained was carried out by TLC on Merck silica gel 60 Fasy plates in the system
chloroform—hexane—acetone, 9: 7 : 1.

34.5-Trimethoxycarbonyl-1.2,6-trimethyl-1,4-dihydropyridine (1) was synthesized by the procedure
of [10]. Yield was 33%, vellow crystals, mp [32-133°C. '"H NMER spectrum (CDCls), 8, ppm: 2.46 (61, 5, CH;y);
316 (3H, s, NCH;); 3.58 (3H, s, COOCH;); 3.73 (6H, s, COOCH;); 4.94 (IH, s, CH). Found, % C 56.86; H
049 N 4.60. T HgNOg. Caleulated, %0 C 56.56; H 6.44; N 4.71.

34, 5-Trimethoxyearbonyl-1,2,6-trimethylpyridinium Perchlorate (2). Yield was 49%, white
crystalline substance mp 219-220°C. 'H NMR spectrum (DMSO-d;), 8, ppm: 2.84 (6H, s, CHs); 3.93 (GH, s,
OO0OCH;); 4.13 (3H, s, N'CH;). Found, %: C 42.32; H 4.44; N 3.60. C,H;4NOg. Calculated, %: C 42.49;
H 4.58; N 3.54.
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3,4,5-Trimethoxyearbonyl-1,2,6-trimethyl-3,4-dihydropyridinium Perchlorate (3). 'H NMR spectrum
(CH;CN), 8, ppm: 2.43 (3H, s, CHsp 2.88 (3H, 5, CHs); 3,70 (31, 5, COOCH;x 3.71 (3H, 5, COOCH;); 3.74 (31, s,
N'CH;); 3.88 (3H, s, COOCH;); 4.59 (1H, s, J=0, CH); 4.77 (1H, s, J=10, CH). "C NMR spectrum (CH;CN), 8,
ppm: 17.0 (6-CHst 27.0 (2-CHs); 39.1 (4-C); 41.6 ([-CHs 30.0(3-C); 33.9 (5-COOCH; ¢ 54.0 (4-COOCH;); 55.0
(3-COOCH;); 122.3(5-C); 145.3(6-C); 1652 (3,5-COOCH;); 168.9 (4-COOCH; [88.8 (2-C).

34, 5-Trimethoxycarbonyl-1,2,4,6-tetramethyl-1,4-dihydropyridine  (4). Yield 30%, vellow
crystalling substance, mp 122-126°C. 'HNMR spectrum (CDCls), 8, ppm: 1.34 (31, s, CH;); 2.25 (611, s, CHs);
316 (3H, s, NCHs); 3.64 (9H, s, COOCHs).

4-1sopropyl-3.4.5-trimethoxycarbonyl-1,2.6-trimethyl-1.4-dihydropyridine (5). Yield 32%, yellow
crystalling substance, mp 122-123°C. 'H NMR spectrum (CDCl), 8, ppm f, Hz): 0.87 [6H, d, J = 7.0,
CH(CH:)2]: 2.26 (611, s, CH;); 238 [ 11, septet, J= 7.0, CH{CH;),.]; 3.09 (31, s, NCH;); 3.64 (51, s, COOCH;).

34.5-Trimethoxyearbonyl-4-(3,4,5-trimethoxyearbonyl-2,6-dimethyl-1,4-di hydro- pyridin-1-
vimethyl)-1,2,6-trimethyl-1,4-dihydropyridine (6). Yield 20%, vellow crystalline substance. 'H NMR
spectrum (CDCls), 8, ppm: 2.56 (6H, s, CHs); 2.39 (61, s, CHs); 3.539 (6H, s, COOCH;); 3.61 (3H, 5, NCHs);
3.68 (2H. s, NCHa); 3,78 (eH, 5, COOCH;); 3.81 (6H, s, COOCH;); 4.90(1H, s, CH).

4-Ethyl-3,4.5-trimethoxycarbonyl-1,6-di methyl-2-propyl-1,4-dihydropyridine (7). Yield 20%,
vellow substance, mp [23-125°C. "HNMR spectrum (CDCls), 8, ppm (S, Hz): 0.7% (3H, ¢, J= 7.0, CH.CHs);
0.98 (3H, t, J=T7.0, CH,CH,CH;); 1.55 (2H, septet, J= 7.0, CH.CH.CH;); 1.81 (2H, septet, ./ = 7.0, CH,CH;);
2.23 (31, 5, CH;); 2,45 (1H, m, J= 7.0, CH.CH,CH;); 2.68 ([H, m, /= 7.0, CILCH,CH;); 3.09 (3H, s, NCH;);
3.62 (3H, s, COOCHs); 3.63 (3H, s, COOCHs); 3.65 (3H, s, COOCH;).

The work was carried out with the support of the Larvian Council of Science (grant No. 05, 1787).
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ELECTROCHEMICAL OXIDATION
OF 4-MONOALKYL-SUBSTITUTED
L4-DIHYDROPYRIDINES

B. Turovska, I. Goba, 1. Turovskis, 8. Grinberga, S, Belyakov,
S Stupnikova, E. Liepinsh, and J. Stradins

The elecirochemical oxidation of d-monoalkyl-substinwied 1 4-dibyvdropyridines has been studied in an
aprotic medium and in the presence of pyridine. In an aprotic medivm the products of oxidation are
both d-alfyl-substituied and d-unsubstituted pyridines or mixiures of them. On oxidation in acetonitrile
of d-Ei-, d-n-Pr-, and d-i-Bu-substitured dibyvdropyridines, Z-methilene-1,2 3, d-tetrahydropyridines
were oblained in addition (o the oxidized forms. In the presence of base the products of preparative
dlectrolvsis of the studied compounds were d-alkyi-substituted pyridines. The exception was the 4-i-Pr-
substituted diliydropyridine which was deallylared on oxidation even in the presence of base.

Keywords: 4-alkyl-substituted pyridines, |.4-dihvdropyridines, alkyl radicals, exocyelic double bond,
dectrochemical oxidation.

Dihydropyridines are one of the most investigated classes of organic compounds. The synthesis and
ractions of | 4-dihydropyridines have been examined in detail in reviews [1-4]. Many compounds of this series
possess pharmacological activity. A series of pharmaceuticals [3] has been developed based mainly on 4-aryl-
substituted |,4-dihydropyridines. Antioxidant properties have also been confirmed for the heterocyele itself in
reactions with various radicals [6, 7). On the other hand study of the redox reaction of the dihydropyridine ring
is also important for the reason that its oxidation is the main metabolism of dihvdropyridines.

The attention of electrochemists is mainly attracted [8-13] by the oxidation of 4-methyl-, 4-aryl-1.4-di-
hydropyridines or those unsubstituted in position 4. In all the mentioned cases proton is split off from the
position 4 of the ring on oxidation.
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November 11, 2008.
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The electrochemical oxidation of 4-moncalkyl-substituted 1.4-dihydropyridines 1-3 by cvclic
voltamperometry and preparative electrolysis has been studied in this work. In addition the rotating disk
glectrode was used to determine oxidation potentials and limiting current values.

In aprotic medium the oxidation of all the compounds studied proceeds in one irreversible step (Fig. 1)
at potentials ~1 V (Table ). Preparative electrolvsis at a controlled potential was carried out to clarify the
products of electrochemical oxidation of dihydropyridines 1-5. Analysis of 'H NMR spectra of the reaction
mixture directly after evaporation of the solvent showed that the main oxidation products of compounds 1-5
were the comresponding pyridinium perchlorates. The deprotonated reaction mixture was analvzed by GC-MS
with subsequent isolation of products.

o b
10, A 107t A

6 1.02 L 1.03

5

4

o0 04 o8B 12 a0 | 04 0B 12
E ¥V EV
Fig. 1. Electrochemical oxidation of | 4-dihydropyridines 2 (o) and 4 ()

{concn. = 5% 107 M) at the stationary glass-graphite electrode. Base electro-
lyee 0.1 M NaClQ,/MeCN

According to literature data [ [ 4-18], the substituent in position 4 of the oxidized form of the heterocycle
is retained on electrochemical and chemical oxidation of 4-methyl-substituted |.,4-dihydropyridines. Moreover
on oxidation of 4.4-dimethyl-substituted dihyvdropyridines in an aprotic medium the sole product is a stable
cation-radical [19].

The methyl group is also retained on electrochemical oxidation of 4-methyl-substituted dihydropyridine
1 and 3,5-dimethoxvearbonyl-2,4,6-trimethvlpyridine (1a) is the sole product (95.7%) of electrolysis.

TABLE I. Oxidation Potentials (E™), Limiting Current Values (f) and the
Coulometrically Determined Number of Electrons (#) on Oxidation of
Dihydropyridines 1-5in 0.1 M NaClO,MeCN

=Y v | rwa | ruarry
Compound Stationary . . n, F/maol
glassy carbon electrode Rotating disk electmde

1 1.03 110 110 126 1.15
z 1.02 100 TR 137 0.69
3 1.01 1.00 TH 108 054
4 1.03 a7 124 117 1.50
5 1.03 a7 g 145 104

484

154



TABLE 2. Products and Yields on Electrochemical Oxidation of
4-Monosubstituted 1,4-Dihydropyridines in Acetonitrile

Com- Yield, %
pound la 3a Sa h b sh [
185 — — 12.9 — — 611
— 46 — — 194 — 73
5 — — 367 — — 7.5 4.1
H Me Me
MeDOC COOMe MeO0C o COOMe
| —_— |
MeCN =
Me ‘T Me Me M Me
H
1 la

However the products of electrochemical oxidation of dihydropyridines 2, 3, and 5 contain both
4-substituted pyridines (2a, 3a, 5a) and also 4-unsubstituted pyridine (6). In addition o both oxidized forms,
etrahydropyridines 2b, 3b, 3b were isolated from the reaction mixiure.

2,35
l MeCN
R H H R
Me0C N COOMe MeQ0OC o COOMe Me0C COOMe
| - | + | R

e i

M N Mea Me N Me Ma N CH,

A r

2a, 3a, Sa t H

2b, 3b, 5b
IRmFEr 3R mnPr SEw{-Ru

The formation of a similar exocvelic C=C bond was noted only on trving to alkylate N-substituted
| 4-dihydropyridines in the presence of a strong base (lithium diisopropylamide) [20] capable of deprotonating a
methy] group. In some cases the presence of 2-methylene- 1,23, 4-tetrahydropyridines was also demaonstrated as
an intermediate products in the Hantzsch synthesis of N-substituted, as well as N-unsubstituted,
dihydropyridines according to [21-24].

The formation of similar tetrahvdropyridines on electrochemical oxidation of 4-monocalkyl-substituted
dihydropyridines 2, 3, and 5 may be explained in two ways. After removing the first electron the alky] group is
eliminated as a carbocation, and on its subsequent attack on a double bond in the dihydropyridine molecule,
gection of proton from the 2-methy] group of the heterocyde must follow. This is extremely improbable since
the acidity of the N-H proton is significantly greater than the acidity of methyl group protons.

H — COOMe
MeO0C COOMe
+ fTH
Me 'r Me
Me  clo,-
- 4

1485

155



In addition no formation of an exocyelic bond was observed [25] in the protonated dihydroderivative 7.
3.4 5-Trimethoxvearbonyl- 1,2, 6-trimethv]-3.4-dihydropyridinium perchlorate is a stable compound which is
deprotonated in the presence of water regenerating the initial dihydropyridine.

If the primary product of anodic oxidation of dihvdropvrdine, the cation-radical, eliminates an alkyl
mdical from position 4 then, on attacking it at the double bond of the dihydropyridine molecule, fission of an H
atom from the methy! group in position 2 of the heterocvele seems more realistic.

2-Methvlene-substituted tetrahyvdropyridines 2b (Fig. 2), 3b, and 3b are stable compounds, which in
solution are slowly converted into 3.4-dihvdropyridines 2e, 3¢, and Se.

iR H R
Me0OC COOMe x-teoncféfcmm
| R — | R
Me” N7 SCH, Me” N7 “Me
H
2b, 3b, Sb Z¢, 3e, S¢

On electrochemical oxidation of 4-i-Pr-substituted dihvdropyridine 4 the substituent at position 4 of the
heterocyele is lost and the sole product of electrolysis is the pyridine 6 (92.8%), corresponding to literature data
[26-29] on the oxidation of dihydropyridines of such a tvpe. In addition to the oxidized form the presence of
nitrilium perchlorate 8, was proved in the solution by a counter-synthesis [30].

Fig. 2. Structure of the 2b molecule with numbering and thermal vibration
ellipsoids of atoms.

Compared to other alkyl radicals the isopropyl radical is more stable, its subsequent oxidation at the
anode to carbocation is therefore possible. It then attacks an acetonitrile molecule.

Preparative electrolysis in mixed solvent (MeCN-CH N, [:1) was carried out to investigate the
products obtained on electrochemical oxidation of 4-monocalkyl-substituted [ 4-dihydropyridines 1-5 in the
presence of base. The oxidation products after workup of the anolyvte were also analyzed by GC-MS. In the
presence of base the 4-alkyl-substituted pyrdine derivatives 1a-3a, Sa were the sole products of the electrolysis
of dihvdropyridines 1-3, 5, respectively.

486

156



TABLE 3. Crysallographic Data for Compound 2b

Empirical formmula CrsHzuMNO,
Maolecular mass, M 281352
Crystal system Triclinic
Space group FT
Pammeters of unit cell:

a,h 66T

b A BI04

c, A 10.2452(4)

o, deg 81 8682)

B, deg §9.108(2)

¥, deg 80 558(2)
Volume of unit cell, ¥, &2 T63.7H6)
Number of molecules in unit czll, Z I
Density of erystals, D, g/e m 1220
Absorption coefficient, (o, mm D058
Mumber of reflections with F= 30 2586
Number of parameters refined 3
Final divergence factor, R 0.047
Programs used SIR9T [22], maXus [H4]

Mg
MelCN o+ N
4 — [ 4+ Me=—C=N-CH CHa,
Ml
B

Even in the presence of base the mechanism of oxidation of dihyvdropvridine 4 was unchanged, and in
this case the sole electrolysis product was the dealkylated pyridine 6. The 4-i-Pr-substituted pyridine 4a (235%)
was only obtained on carryving out the electrolysis in pyridine, but in this case too the main product was the
dealkylated pyridine 6 (68%). In the products of electrolvsis of 4-i-Pr-substituted dihvdropyridine 4 in pyridine,
or in the presence of pyridine, the formation of isopropylpyridine 9 was demonstrated by GC-MS.

Pr i
Me00C COOMe Pred
Py ' = )
4 — & . |
e e
Me N Me N
4a 9

The results obtained indicate that in aprotic medium 4-monealkyl-substituted [, 4-dihydropyridines
undergo a one-electron oxidation (Table 1) with subsequent fission of an alkyl radical, with the exception of the
4-methyl-substituted analog 1. Depending on the substituent in position 4 of the dihydropyridine the place of
artack of the eliminated alkyl radical may be sterically screened, as was observed in the case of the oxidation of
the 4-i-Pr-substituted dihydropyridine 4. In the presence of base the mechanism of oxidation is changed and the
yield of 4-alkyl-substituted pyridines depends on the basicity of the medium.

EXPERIMENTAL
Cyclic voltamperograms were taken on a PARSTAT 2273 electrochemical system. Oxidation potentials
were determined at the stationary glass-graphite electrode (@ = 6 mm). All potentials were measured relative to a

saaturated calomel electrode fitted with a salt bridge. A Pt wire served as auxiliary electrode.
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Preparative oxidation of dihvdropyridines 1-5 was carried out using a PAR-170 electrochemical system.
Oxidation of dihydropyridines 1-5 was carried out in an H-shaped cell at a potential of +1.20 V in acetonitrile,
prepared according to the method of [31]. Anhydrous NaClQ,, dried in vacuum at 40°C, was used as base
glectrolvte. The cell was filled with 0.1 M solution of base electrolyte (100 ml), and into the anode space
compounds 1-5, 0.80 g, 3.3 mmoel, 0.81 g, 3.2 mmol, 0.80 2, 3.0 mmol, 0.88 g, 3.3 mmol, and 0.38 g, 2.1 mmol,
mespectively, were introduced. Platinum gauze (3.5 x 2.5 cm) served as anode and cathode and argon was blown
through the anode space throughout electrolysis. After the end of the electrolysis, the reaction mixture was
evaporated, the residue treated with water, and extracted with chloroform. The chloroform was evaporated, and
the residue subjected to column chromatography.

Preparative oxidation of dihydropyridine 4 (0.5 g, 1.8 mmol) was also carried out in pyridine, using
anhydrous LiCl0, dried in vacuum at 40°C as base electrolvte. Electrolysis and processing of anolyte was in
accordance with that mentioned above.

Silica gel type Acros ((L060-0.200 mm) was used for preparative column chromatography (column 2=70
cm), eluent was chloroform—hexane-acetone, %:7:1.

" NMR spectra were recorded on a Bruker WH 90 (90 MHz) in CDCl; (compounds 1, 1a, 2, 2a-c, 3,
la-c, 4, 4a, 5, Sa-c) internal standard was TMS.

Mass spectra were recorded on a HP 6890 GC-MS chromato-mass spectrometer with energy of lonizing
glectrons 70 eV.

For the X-ray crystallographic analysis the diffraction picture of a monocecrystal of compound 2b
(obtained by crystallization from methylene chloride) of size 0.153=0.28=0.44 mm, was taken on a Nonius
KappaCCD automatic diffractometer to 20, = 357 (e = 0.7 1073 A). The main crystallographic characteristics
of compound 2b, and also the parameters of the refined structure are given in Table 3. The crystal structure has
been deposited in the Cambridge structural data bank (CCDC T07926).

4-Monealkyl-substituted |, 4-dihvdropyridines 1-5 were obtained by the procedure of [32].

A 5-Dimethoxycarbonyl-2.4,6-trimethyl-1.4-dihydropyridine (1). "HNMR spectrum, &, ppm (Jf, Hz):
0.94 (3H, d, *J= 6.4, 4-CHs); 2.26 (6H, s, 2,6-CHs); 3.70 (6H, s, 3,5-CO0OCH;); 3.80 (11, q,*J = 6.4, H-4); 5.87
(1, s, NH).

3, 5-Dimethoxycarbonyl-2.4,6-trimethylpyridine (1a). 'H NMER spectrum, &
4-CHs); 2.50 (6H, s, 2.6- CI{ﬂ 3.92 (6H, s, 3,5-CO0OCH;). Mass spectrum, sz ({4, %) 2
Me]™ (63), 206 (100), 190 (16), 178 [M-COMe]™ (31).

4-Ethyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihvdropyridine (2). 'HNMR spectrum, &, ppm (.J/,
Hz): 0.72 (3H, t, 7 = 7.0, 4-CH.CHs): 134 (2H, m, 4-CH-CH;): 2.25 (6H, s, 2,6-CH;); 3.65 (6, s,
3,5-CO0CH;); 3.87 (1H, t,*J= 5.0, H-4); 5.43 (1H, 5, NIH).

4-Ethyl-3,5-dimethoxycarbonyl-2,6-dimethylpyridine [Za] 'H NMR. spectrum, &, ppm (J, Hz): 1.14
(3H, t, °J= 7.0, 4-CH.CHs); 2.49 (6H, s, 2,6-CHs); 2.58 (2H, qs J=7.0, 4-CH,CH;); 3.92 fE-II s, 3,53-COOCH;).
Mass spectrum, m= (Lo, %) 251 [MT(13), 236 [M-Me]™ (1007, 220 (39), 204 (35), 160(22), 91 (18).

34-Diethyl-3,5-dimethoxycarbonyl-6-methyl-2-methylene-1,2,3. 4-tetrahydropyridine  (2h). "
NMER spectrum, 8, ppm (4, Hz): 0.81 (6H, m, 3.4-CH,CHs); 1.62 (4H, m, 3.4-CH-CHs); 2.36 (3H, s, 6-CHs);
310 (1H, t, %7 = 5.0, H-4); 3.70 (31, 5, 3-COOCH;). 3.76 (3H, s, 5-CO0OCH;); 4.50, 4.98 (2H, two 5, =CH:);
578 (IH, s, NH). Mass spectrum, sz ([, %) 281 [M]™ (44), 266 [M-Me] (16), 252 [M-Et] (77), 222
[M-COMe]™ (100), 208 (54), 192 (70), 5% (66).

3,4-Diethyl-3,5-dimethoxycarbonyl-2,6-dimethyl-3,4-dihydropyridine (2e). "H NMER spectrum, &,
ppm (J, Hz): 081 (6H, m, 3,4-CH.CHs); 1.26 (41, m, 3,4-CH.CH;); 2.27 (3H, s, 2-CH3); 2.33 (3H, s, 6-CH;);
298 (1H, t, *J= 5.0, H-4); 3.70 (3H, 5, 3-COOCH;); 3.76 (3H, 5, 5-COOCH;).

3.5-Dimethoxycarbonyl-2,6-dimethyl-d-propyl-1,4-dihydropyridine (3). 'H NMR spectrum, 8, ppm
i/, Hz): 0.81 (3H, 1, 3f— 7.0, 4-CH;CH-CHs); 1.23 (41, m, 4-CH,CH.CHs); 2.25 (aH, s, 2,6-CHs); 3.67 (6H, s,
3,5-CO0CH;); 3.91 (1H, t, /= 5.0, H-4); 5.69 ( 1H, 5, NH).

. ppm: 224 (3H, s,
37 [N ]r J, 222 [M-
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3.,5-Dimethoxycarhonyl-2,6-dimethyl-4-propylpyridine (3a). 'H NMR spectrum, &, ppm (J, Hz): 0.87
(3H, t, 37 = 7.0, 4-CHsCH,CHs); 1.54 (4H, m, 4-CH-CH-CHs); 2.49 (6H, s, 2,6-CHs); 3.93 (6H, s, 3,5-COOCH;).
Mass spectrum, sz (L, %) 265 [M]7(11), 2350 [M-Me]™ (39), 234 (100), 218 [M-Pr] (43), 202 (25), 177 (22), 77
(24).
3,5-Dimethoxyearbonyl-6-methyl-2-methylene-3,4-dipropyl-1,2,3,4-tetrahvdropyridine  (3b). 'H
NMR spectrum, &, ppm (J, Hz): 0.80 (6H, m, 3,4-CH.CH-CHs): 51 (8H, m, 3,4-CH.CH-CHs); 2.27 (3H, s,
6-CHy); 3.12 (1H, 1, *J = 5.0, H-4); 3.67 (31, s, 3-COOCH;); 3.72 (3H, s, 5-COOCH;); 4.49, 5.00 (2H, two s,
=CH,); 5.83 (1H, s, NH). Mass spectrum, s/ ({4, %): 300 [M]7(42), 280 [M-Et]™ (71), 266 [M-Pr]™ (38), 250
[M-CO-MeT (35), 224 (100), 192 (39), 59 (53).
3.5-Dimethoxycarbonyl-2,6-dimethyl-3,4-dipropyl-3,4-dihydropyridine (3c). ' NMR spectrum, 8,
ppm (J, Hz): 0.80 (61, m, 3,4-CH.CH,CH;); 1,14 (8H, m, 3,4-CILCH.CH;); 2.2% (3H, s, 2-CHs); 2.51 (3H, s,
6-CHs); 2.89 (1H, t, *J = 5.0, H-4); 3.75 (3H, 5, 3-COOCH;); 3.76 (3H, s, 5-COOCH;).
4Isopropyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1.4-di hydropyridine (4). 'H NMR spectrum, 8,
ppm (J, Hz): 0.71 (6H1, d, *J = 6.4, 4-CH(CHy).); 1.84 (1H, m, 4-CH(CHy)s); 2.29 (61, s, 2,6-CHy); 3.70 (611, s,
3,5-COOCH; ) 3.87 (1H, d, 3/ = 5.6, H-4); 5.60 ( 1H, 5, NH).
4Isopropyl-3,3-dimethoxycarbonyl-2,6-dimethylpyridine (4a). 'TI NMR spectrum, 8, ppm (J, Hz): 1.25
(611, d, 7 = 6.4, 4-CH(CH5)2); 2.44 (6H, s, 2,6-CHs); 2.90 (1H, m, 4-CH(CHs)a); 3.91 (6H, s, 3,5-COOCH;). Mass
spectrum, #'z (£, %) 265 [MT(5), 250 [M —Me]™ (100), 234 (24), 200 (9&), 91 (L&), 77 (20).
41sobutyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihvdropyridine (5). 1 NMR spectrum, 8, ppm
(J. Hz): 0.83 (6H, d, *F = 3.6, 4-CH.CH(CH:)); 1.08 (2H, 1, *J = 6.0, 4-CH,CH{CH;)5); 1.41 (1H, m,
4 CH.CH(CH3)x 2.31 (61, 5, 2,6-CHs) 3.67 (611, 5, 3,5-COOCH; ); 3.94 (11, t, *J=6.4, H-4); 5.71 (111, 5, NH).
4Isobutyl-3,5-dimethoxycarbonyl-2.6-dimethylpyridine (5a). "H NMER spectrum, &, ppm (J, Hz):
0.82 (6H, d, J = 5.6, 4-CH.CH(CHs)2); 1.66 (3H, m, 4-CH.CH(CHs)s = 4-CH,CH(CH;)s); 2.48 (6H, s,
2,6-CHy); 3.89 (6H, s, 3,5-CO0OCH;). Mass spectrum, mi/=s (L, %) 279 [M]7(5), 264 [M-Me] (26), 248 (100),
222 [M-Bu]™ (94), 206 (52), 177 (26), 77 (30).
3.4-Diisobutyl-3,5-dimethoxycarbonyl-6-methyl-2-methylene-1,2,3,4-tetrahydropyridine  (5h). 'H
SMR spectrum, 8, ppm (J, Hz): 0,85 (12H, m, 3.4-CH-.CH(CH+)); 1.53 (4H, m, 3,4-CH-.CH{CHs)2); 1.68 (2H,
m, 3.4-CH,CH(CH;s)s); 2.25 (3H, s, 6-CH;); 3.13 (1H, m, H-4); 3.66 (31, s, 3-COOCH;y); 3.6% (3H, s,
3-CO0OCH;:); 4.53, 5.20 (2H, two s, =CH,); 5.80 (1H, s, NH). Mass spectrum, m/z ([, %) 337 [M]™ (6), 294
[M-Pr]™ (68), 262 (25), 224 (100), 41 (30).
3,4-Diisobutyl-3,5-dimethoxycarbonyl-2,6-dimethyl-3,4-dihydropyridine (Sc). 'H NMR spectrum, 8,
ppm: 0.85 (121, m, 3.4-CILCH(CH;).): 1533 (41, m, 3,4-CH.CH(CHs)2); 1.68 (2H, m, 3,4-CH.CH(CH;5)4);
225 (3H, s, 2-CHs); 2.46 (3H, s, 6-CHs); 2.82 (1H, m, H-4); 3.71 (3H, s, 3-COOCH;); 3.74 (31, s, 3-COOCH;).
3,5-Dimethoxycarbonyl-2,6-dimethylpyridine (6). '"H NMR spectrum (CDCls), &, ppm: 2.82 (6H, s,
2,6-CH;): 3.91 (6H, s, 3.5-COOCHs); 8.66 (11, s, H-4). '"H NMR spectrum (DMSO0-dg), 8, ppm: 2.71 (6H, s,
2,6-CHy); 3.85 (6H, s, 3,5-CO0OCH;); B.50 (1H, s, H-4). Mass spectrum, m/z ([, %): 223 [M]7 (55), 192 (100),
L64 [M-COMe] (40), 77 (28), 63 (33).
Isopropylnitrilium Perchlorate (8). "M NMR spectrum (DMS0-dg), 8, ppm (J, Hz): 1.00 (6H, d,
3J=7.0, CH{CHs)s); 1.76 (3H, s, CHs); 3.74 { 1H, m, CH(CH;)a).

The work was carried out with the support of the Latvian Council of Science (grant 05, 1787).
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I. Goba'*, B. Turovska', S. BE'}'HI{DV], E. Lir.*pinsh1

SYNTHESIS OF NOVEL UNSYMMETRICALLY SUBSTITUTED
L4-DIHNYDROISONICOTINIC ACID AND ITS DERIVATIVES

The synthesis of new unsymmetrically substituted | 4-dihydroisonicotinic acid bearing
cyano and acetyl groups in positions 3 and § of the heterocycle has been developed. The
methyl, ethoxycarbonylmethyl, and propionyloxymethyl esters of the acid have been
obtained. The method of Nalkylation reaction of synthesized 1 4-dihydroisonicotmic acid
esters has been elaborated.

Keywords: | 4-dihydropyridines, unsymmetrical | d-dihydroisonicotinic acid, alkyla-
tion, estenfication.

Derivatives of 4-ary]l substituted | 4-dihydropyridines (1.4-DHP) are widely
studied heterocvcles that have been approved for the use in cardiovascular
medicine, such as amlodipine [1]. [,4-DHP are mainly known as calcium mediators
and possess also vasodilatory, hepatoprotective, neuromoedulatory, memory enhan-
cing, neuroprotection, antiatherosclerotic, antidiabetic, antioxidant, antimutagenic,
and antitumor activity [2, 3].

In recent years, considerable attention has been paid to the synthesis of
unsymmetrical 4-aryl substituted 1, 4-DHP [4]. It has been shown that the enan-
tiomers of an unsymmetrically substituted [, 4-DHP may differ in biclogical
activity [5-7], one of them sometimes having it opposite the other (calcium
antagonist v, calcium agonist; hypotensive vs, hypertensive activity) [8, 9],

At the same time, little attention has been paid to the unsymmetrical 1,4-DHP
where, instead of the arv]l group, the C-4 carbon of the heterocyele is substituted
with different chemically active functional groups, e. g. carboxyl group [0, L1].
Biologically active symmetrical [.4-dihydroisonicotinic acid derivatives gamuma-
pyrone and glutapvrone have been reported in literature [12—15]. They differ from
the classical |, 4-DHP compounds by their high water solubility and low toxi-
city [16].

There is only one report on the synthesis of unsymmetrically substituted
| 4-dihydroisonicotinic acid where 3-methoxycarbonvl-2,6-dimethyl-3-propoxy-
carbonyl- 1 4-dihvdropyridine-4-carboxylic acid was isolated as a minor product
(vield 13%) besides the symmetrically substituted . 4-dihydroisonicotinic
acids [10].

The aim of the present work is to elaborate an efficient method for the synthesis
of unsymmetrical |,4-dihydroisonicotinic acid bearing cyvano and acetv] groups in
positions 3 and 5 of the heterocyele. Further eventual modifications of chemically
active carboxyl group at the stereogenic center of the heterocyele could lead to
a novel class of potentially biclogically active compounds.

The Hantzsch reaction of glyoxylic acid with acetvlacetonamine and
J-aminocrotonitrile (molar ratio 1:1:1) was carried out in glacial AcOH at 60°C,
however the desired unsymmetrical [,4-dihvdroisonicotinic acid was not obtained.
Instead 1,4-DHP 1 [17] and lactone 2 were isolated from reaction media and their
structures were confirmed by 'Hand SC NMR SpECiroscopy.
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The formation of the lactone 2 could proceed through the pyrolysis of
[ .4-dihwdroisonicotinic acid, obtained in the Hantzsch reaction. The proposed
mechanism for lactone 2 involves intramolecular cyelization between carboxy] and
acetyl groups, followed by the dehydration reaction and the hvdrolysis of cyano

aroup.
COOH

Mea

Similar transformation due to pyrolysis of |,4-dihydroisonicotinic acid into the
lactones is known for the symmetrically substituted compounds at reflux tempera-
wre in various solvents [[B-21].

In present work, it was found that an efficient three-component Hantzsch
reaction can be realized at 0°C in glacial AcOH using glvoxyvlic acid, acetvl-
acetonamine, and 3-aminocrotononitrile in the molar ratio [:2:2, respectively. The
ammonium  salt of 3-acetvl-3-cyvano-2,6-dimethyl- 1, 4-dihydropyridine-4-carbo-
xylic acid (3) was isolated as the primary product.

H. _COOH
T g C00T NI i COOH

) 0 WO OO NC COMea

NC COMe ® HOl
jl\ /[ AcOH ) HLO- .
Me NH. H.N Me 1% Me i\[ Me ggay, | A i\[ Me
2 Yz - 1,0 +H,0
3 4

The structure of compound 3 was characterized with the 'H and BC NMR
spectroscopy data and unambiguously established by X-ray diffraction analysis
(Fig. 1)

3-Acetyl-5-cyano-2,6-dimethyl- 1. 4-dihydropyridine-4-carboxylic acid mono-
hydrate (4) was obtained in 99% vyield by the acidification of a concentrated
solution of ammonium salt 3 in water with HCL Compound 4 appears to be
insoluble in water. The structure of compound 4 was confirmed by X-ray
diffraction analysis (Fig. 2).
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The esterification of the carboxylic acid was realized by the treatment of com-
pound 4 with CH-N ., a method known for esterification of S}'mme[rica] [.4-dihydro-
pyridine-4-carboxylic acids [21] to vield 3-acetyl-3-cyano-2,6-dimethyl- | 4-dihydro-
pyridine-4-carboxylic acid methyl ester monohydrate (5). The structure of 1,4-DHP 5
was confirmed by NMR spectroscopy and Xe-ray diffraction analysis (Fig. 3).

In the work a synthesis of ester derivatives differing in the size also was
developed, moreover the similar esters could be used for lipase-catalyzed kinetic
resolution of racemic mixture into enantiomers [ 10].

The corresponding ethoxycarbonvlmethyl] ester 6 and propionyloxyvmethy] ester 7
of |, 4-dihydroisonicotinic acid 4 were synthesized using ethyl bromoacetate and
propionyloxvmethyl chloride in DMF.

4
1
CHLN, BrCH,CODE CICH,OCOE
MeOH K,CO,, DMF K.C0D,, DMF
TR THY 0%
~ H_ CODMe COOCH,COOEL COOCH,0COE
NC COMe COMe COMe
| | - H,0 | |
Me N . N
H i i
g [ 7

Their structures were confirmed by 'H and BC NMR spectroscopy. Additio-
nally, the structure of | 4-DHP 6 was confirmed by X-ray diffraction analysis (Fig. 4).

The acidic properties of 1, 4-DHP are weakly expressed, and a strong alkaline
agent is therefore required for MN-alkylation. The reaction is promoted by polar
aprotic solvents [22]. The MN-alkyvlation of 14-dihydroisonicotinic acid methyl
gster 5 by treatment with Nall and methyl iodide in acetonitrile resulted in
inseparable reaction mixture, with the wvield of isolated N-methvl substituted
[4-DHP 8 onlv 2%. Unexpectedly, 4,4-disubstituted [,4-DHP 9 also was isolated
from the reaction medium.

H  COOMe Me. COOMe
NC COMe  NC COMe
Mel, NaH
5 ——h- | | Ed I I
MeCN  npe N e Me™ N e
e Mz
8(2%) 9 (3%)

That means that the presence of strong eectron acceptors in the heterocvele
increases not only the acidity of NH, but also that of 4-CH. To our knowledge, that
is the first example of the alkylation of stereogenic center of | ,4-DHP. The
siructures of both compound 8 and 9 were confirmed by NMR spectroscopy and
X-ray diffraction analvsis (Fig. 3).

The N-alkylation of [.4-DHP 5 was repeated using NaOH and methy] iodide in
acetone, a method known for N-alkylation of [2-DHP [23]. These conditions of
alkvlation reaction were more successful and 3-acetyl-5-cvano-1,2,6-trimethyl-
| 4-dihydropyridine-4-carboxylic acid methyl ester (8) was obtained in 63%
overall yield.
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Fig. I.Crystal structure of compound 3.
Thermal ellipsoids are shown at the 50% probability level

Fig. 2. Crystal structure of compound 4.
Thermal ellipsoids are shown at the 30% probability level

Molecule B

Moleccule A

Fig. 3. Crystal structures of compound 5.
Thermal ellipsoids are shown at the 50% probability level
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Fig 4 Crystal structures of compotnd &
Tharmal ellipseids are shown at the 309 probability level
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Fige 3. Crystal structures of compounds 8 (a) and 9 (&),
Thermal ellipsoids are shown at the 507 probability level

In the X-ray structures of compounds 3—6, 8, and 9 (Fig. 1-5), the |, 4-DHP ring
adopts a flattened boat conformation. Atoms N{1) and C(4) show small displa-
cements from the base of the boat plane defined by Ci{2}-Ci{3-Ci31-Ci6). As
already observed in other 1,4-DHP structures [24-27], as well as in the present
crvsial structures, Ni 1) shows a smaller deviation from that plane compared to C(4)
Table).

The sum of the absolute values of the ring internal torsion angles (F) is a
quantitative measure suggested for the evaluation of the flatness of the
six-membered ring [28]. These values range from 147 (compound 9) to 131.3
(compound 8) (Table), indicating a significant amount of flattening from the ideal
boat conformation.
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Geometric parameters for the L4-dihvdropyvridine ring in compounds 3—6, 8, and 9

Compound N()devt, A | Co)devt, A | Pregrad | }_4:11]3 Eé‘[ig}_ﬂ[ g
3 0.119(4) 0.323(5) 92.8(4) ~173.7(6}
4 0.023(3) 0.012(4) 14.9(3) ~174.5(5)
8 (molecule A) 0.077(3) 0.213(3) 61.4(4) ~172.2(5}
8 (molecule B) 0.136(3) 0.303(3) %9.8(4) _168.4(5)
6 0.117(2) 0.278(2) %2.2(3) 179.5(4)
8 0.218(3) 0.445(3) 131.3(4) ~33.3(4)
9 0.028(3) 0.022(3) 14.7(3) ~134.1{4)

= Deviation from the least squara plane defined by C(2 }=C(3=C(5)=C(a}.
=® Sum of the absolute values of the ring internal torsion angles of the 1, 4-dihydropyriding ring,.

Compounds 3—6, 8, and 9 form crystals as racemates, as it results of the
centrosymmetric space groups (P2,/a, P2,/n, C2/cand P1) in which they crystallize.
Examination of Table (¢) revealed that the acetyl group remains nearly coplanar
with the plane of the dihvdropyridine ring and shows a preference for the s-frans-
conformation with respect to the double bond, except for |.4-DHP 8 which exists
as the s-cis-conformer (Fig. 5a).

It is worth noting that in the crystal structure of compound 3 a water molecule
has been found (Fig. 1) which forms a hydrogen bond system with 1,4-DHP anions
and ammonium cations. The lengths of these hydrogen bonds lie in the interval of
2.698(4)-2.811(4) A.

Intermolecular NH- - 0O=C hydrogen bonds between the |,4-DHP NH group and
the ester carbonyl O atom interlink two molecules of 5 (Fig. 3). The length of
N(L) =001 1) is 2.857(3) A (H-O(11) 2.03 A, N(1)=H--O(11) 178%).

In summary, the present work offers a method for the synthesis of novel
unsymmetrical 1,4-dihvydroisonicotinic acid and its derivatives. The evaluation of
the biological properties of the racemic 3-acetyl-3-cyvano-2,6-dimethvl-
[ 4-dihydropyridine-4-carboxylic acid and its synthetic modifications, as well as
the separation of enantiomers are currently in progress.

EXPERIMENTAL

IR spectra were recorded on [RPrestige-21 Shimadzu spectrometer in nujol. 'H NMR
spectra were recorded on a Varian Mercury (200 MHz) and Varian 400-MR (400 MHz) and
“C NMR spectra — on Varian 400-MR (100 MHz) instruments using TMS as an intemal
standard. Elemental analysis was camed out on EA 1106 (Carlo Erba Instruments)
automatie analyzer. Melting points were determined with a SRS Stanford Research Systems
OptiMelt Automated Melting Pomt System instrument. Reactions were monitored using
analytical TLC plates (Merck, silica gel 60 Fa:) and visualized with ultraviolet light
(254 nm). Column chromatography was camed out using Acros silica gel (particle size
0.035-0.070 mm). All chemicals were purchased from commercial sources (Sigma-Aldrich
and Acros) and used without further purification.

2. 6=-DMimethyl-d-oxo-1 4=-dihydropyridine-3-carbonitrile (1) and 3.46-trimethyl-
l-oxo-1.3-dihydrofuro|34-c]pyridine-T-carboxamide (2). To the stired solution of
acetylacetonamine (5.2 g, 0,05 mol) and 3-ammocrotononitrile (4.3 g, 0.05 mol) in glacial
AcOH (40 mly at 100°C glyoxylic acid monohydrate (4.8 g, 0.05 mol) solution m glacial
AcOH (20 ml) was added, and the reaction mixture was stired for 8 h. Then the solvent
was removed under reduced pressure and treated with acetone (40 ml), filtered and dned to
afford compound 1. The crude product was punfied by erystallization from MeOH. Yield
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2.2 g (29%), yellowish solid, mp 302-304°C {mp 299°C [17]). IR spectrum, v, em™: 2217,
1662. '"H NMR spectrum (200 MHz, DMS0-ds), &, ppm: 2.21 (3H, s, 2-CH.); 2.38 (3H, s,
6-CHs); 6.17 (1H, 5, H-3); 12.26 (1H, br. 5, NH). "C NMR spectrum (DME0-d,), &, ppm:
8.2 (2-CH.x 200 (6-CH:x 91.0 (C-5) 1162 (5-CNY% 1164 (C-3) 1505 (C-2) 1549
(C-6); 161.6 (C-4). Found, %: C 64.58; H 5.34; N 18.63, CgHN:0. Calculated, %: C 64 .85;
H544; N 18.9]1. The filtrate was concentrated to yield compound 2. The crude product was
purified by crystallization from acetone. Yield 0.3 g (3%), colorless solid, mp 2536-2587C.
IR spectrum, v, e 3423, 1764, 1654, 'HNMR spectrum (200 MHz, DMSO-d;), &, ppm
[, Hz): 1.57 (3H,d, J=64, 3-CH: £ 2.51 (3H, 5, 4=CH: 2.55 (3H, 5, 6-CH:} 5.84 (1H. q.
J=6.4,3-CH); 7.76 (1H, s) and 7.90 (1H, s, T-CONH;). "CNMR spectrum (DMSO-d),
. ppm: 189 (3-CH.); 21.1 (4-CHa); 21.2 (6-CH:); T6.6 (C-3) 126.7 (C-T) 129.5 (C-Tak
[40.2 (C-3a); 1525 (C-4y; 15341 (C-6); 1665 (C-1); 167.2 (7T-CONH:). Found, %: C 59.94;
H5.39; N 12.89. C|Hz:N;0;. Calculated, %: C 59.99; H 549, N 12.72,
3-Acetyl-5-cyano-2,6-dimethyl-1,4-dihydropyridine-4-carboxylic acid ammonium
salt monohydrate (3). To the stirred solution of acetylacetonamine (11.9 g, 0.10 mol) and
Jaminocrotononitrile (9.8 g, 0010 mol) o glaeial AcOH (40 ml) at 0°C was added
glyoxylic acid monohydrate (4.8 g, 0.05 mol) solution in glacial AcOH (20 ml). Then, the
reaction mixture was stirred for 12 h at room temperature, and then the solvent was
removed under reduced pressure. The mixture was treated with CHCL (50 ml), filtered and
dried. The crude product was purified by crystallization from MeOH. Yield 9.5 g (71%4),
vellow solid, mp =130°C (dec.). IR spectrum, v, cm™ : 3400, 3170, 2211, 1655, 1584, 'H NMR
spectrum (200 MHz, DMSO-ds), &, ppm: 1.97 (3H, s, 6-=CHz); 2.11 (3H, s, 2-CH:} 2.14
(3H, s, 3-COCH:); 3.75 (1H, s, 4-CH); 8.83 (1H, s, NH). "C NMR spectrum (DMS0-ds),
G, ppm: 17.3 (6=-CH: ¢ 188 (2-CHs); 29.3 (3-COCH:; 43,1 (C-d); 82.7 (C-5); 108.2 (C-3};
12009 (5-CNY 1419 (C-2); 1457 (C6) 1746 (40007 197.8 (3-COMe). Found, M
C51.76; H 668 N 16,30, CHi-N:0y, Caleulated, M: C 5175 HE T N 16,46,
3-AcetylS-cyano-2,6-dimethyl-1.4-dihy drop yridine-4-carboxylic acid monohydrate (4).
To the solution of compound 3 (1.0 g, 0.004 mol) m H;O (15 ml) conc. HCI (1.0 ml) was
added. The formed yellow precipitate was filtered, washed with H;0, and dned to afford
compound 4. Yield 0.9 g (99%%), vellow solid, mp 138-140°C. Crystal of compound 4 for
X-ray diffraction analysis was obtained by crystallization from MeOH. IR spectrum, v, em™:
3421, 2208, 1701, 1662, '"H NMR spectrum (400 MHz, DMSO-d,), & ppm: 2.04 (3H, s,
6-CHa:); 2.21 (3H, 5, 3-COCH.} 2.22 (3H, s, 2-CH1); 4.16(1H, 5, 4-CH); 9.21 (IH, 5, NH};
12.54 (1H, s, OH). “C NMR spectrum (DMSO-d,), & ppm: 174 (6-CH.x 19.1 (2-CH:);
299 (3-COCH:E 410 (C=d); 794 (Ca5y; 106.3 (Ca3); 1196 (5-CNY; 1450 (Ca2); 148.3 (C-6);
[173.3 (4-CO0OH); 196.2 (3-COMe). Found, %: C 55.52; H 5.79; N 11.82. CH; N0,
Calculated, %: C 5546, H5.92; M 11.76.
3-Acetyl-5-cyano-2,6-dimethyl-1 4-dihydropyridine-4-carboxylic acid methyl ester
monohydrate (5). To the stimed solution of compound 4 (3.1 g, 0,01 mol) n MeOH
(135 ml) a freshly prepared solution of CH;N; n diethyl ether (prepared from diazogen
accordimg to the protocol given in literature [29]) was added. Then the solvent was removed
under reduced pressure and obtained solid was punfied by erystallization from MeOH.
Yield 2.4 g (T8%), vellow crystals, mp 150-152°C. Crystal of compound 5§ for X-ray
diffraction analysis was obtained by crystallization from CH.Cl. IR spectrum, v, cm™:
3312, 2202, 1747, 1696. 'H NMR spectrum (400 MHz, DMSO-d,), &, ppm: 2.04 (3H, s,
6-CH:); 2.23 (3H, 5, 3-COCH,); 2.25 (3H, 5, 2-CH,); 3.60 (3H,5,4-CO0CH: £ 4.27 (1H, 5,
4-CH); 930 (1H, s, NH). “"C NMR spectrum (DMSO-d,), &, ppm: 174 (6-CHy) 19.2
(2=CH:f 302 (3-COCH: % 41.2 (C=d); 52,0 (4-COOCH:); 789 (C-5); 106.2 (C-3); 119.2
(S-C™); 1457 (Ca2); 1488 (Ca2); 1722 (4-COOCH:); 1959 (3.COMe). Found, %«
CS5T23 HA645; N 11.22, CizHsN:00 Caleulated, %: C 57.13; H6.39; N 11,10,
3-Acetyl-5-cyano-2,6-dimethyl-1 4-dihydropyridine-4-carboxylic acid ethoxycarbo-
nylmethyl ester (6). To the solution of compound 4 (1.0 g, 0.004 mol) in dry DMF (2 ml)
KC0: (0.9 g, 0.007 mol) was added at room temperature and the reaction mixture was
stirred for 2 h, after which ethyl bromoacetate (0.8 ml, 0.007 mol}) was added. Then, the
reaction mixture was stirred overnight at room temperature. The mixture was treated with

784

167



H:O (10 ml) and the precipitate that had precipitated was filtered off and dried to afford
compound 6. Yield 1.1 g (T6%), colorless solid, mp 138-159°C. Crystal of compound & for
X-ray diffraction analysis was obtained by crystallization from CH,Cl,. IR spectrum, v, cm™:
3270, 2205, 1749, 1659. 'H NMR spectrum (400 MHz, DMS0-d,), 8, ppm (J, Hz): 1.18
(3H.t, J=7.1, CH,CH.x 2.06 (3H, s, 6-CH:); 2.23 (3H, s, 3.COCH;x 2.25 (3H, s, 2-CH;};
410 (2ZH, q. /= 7.1, CH:CH:); 441 (IH, 5, 4-CH}); 4.66 (2H, s, OCHCOY; 9.36 (IH, s,
NH). "C NMR spectrum (DMSO-d; ). 8, ppm: 13.9 (CH.CH:k 174 (6-CH.x 19.2 (2-CH:):
30.0(3-COCH: ;40,9 (C-4); 60.8 (CH:CH:x 61.2 (OCH-CO); 785 (C-5); 1051 (C-3); 119.2
(S-CNY; 146.0 (C-2); 149.0 (Ce6); 167.3 (COOEL); 1712 (4-CO0CHE 1959 (3-COMe).
Found, %: C 58.68; H 5.85; N 9.04, C:H gN:0; Calculated, % C 58.82; H592; N 9.15,
J-Acetyl-5-cyano=2,6-dimethyl-1. 4-dihydropyridine-d-carboxylic acid propionyl-
oxymethyl ester (7). To the solution of compound 4 (1.0 g, 0.004 mol) in dry DMF (7 ml)
KC0: (0.9 g, 0,007 mol) was added at room temperature and the reaction mixture was
stirred for 2 h, after which propionyloxymethyl chloride (0.8 g, 0.007 mol) was added. The
mixture was stired ovemnight, diluted with CHCL: and washed with brine, drned over
anhydrous Na;50; and evaporated. The crude residue was chromatographed on silica gel
with hexane—acetone, 2:1, to yield compound 7. Yield 0.7 g (50%), vellow solid, mp 92—
03°C. IR spectrum, v,cm": 3230, 2208, 1765, 1667, 'H NMR spectrum (400 MHz,
DMS0-dg), &, ppm (/. Hz) 1.03 (3H, t, /=7.5, CH:CH,); 2.04 (3H, 5, 6-CH: % 2.23 (3H, s,
3-.COCH:} 225 (3H. s, 2-CHa); 2.34 (2ZH, q.J= 7.5, CH:CHz); 427 (1H, s, 4-CH}; 5.65
(IH, d, J=59)and 572 (1H, d. /=59, OCH;0); 9.35 (1H, 5, NH). "C NMR spectrum
(DMS0-ds), &, ppm: 8.6 (CH:CHs); 174 (6-CH:); 19.2 (2-CH:); 26.6 (CH:CH:); 302
(3-COCH:x 41.3 (Ced); 7R3 (Ca5); 79.0 (OCH0) 1059 (C.3); 1188 (5-CN); 146.1
(C=2); 1492 (Ca2); 1705 (4-COOCH:) 172.3 (COCH,CH:); 195.6 (3-COMe). Found, %:
C5864 HSTTN9.19. CsHigN:0s Calculated, %6: C 58.82; H 5.92; N 9.15,
3-Acetyl-5-cyano-1.2,6-trimethyl-1 4-dihydropyridine-d-carboxylic  acid methyl
ester (8). To the solution of compound 5§ (1.1 g, 0.004 mol) m acetone under argon
atmosphere NaOH (0.4 g, 0.0]1 mol) was added. The resultmg solution was stirred for
10 mm, then Mel (2 ml, 0.03 mol) was added. The reaction mixture was stirred at 1t for
additional 10 min, and then the solvent was removed under reduced pressure. Then H.O
i 10 ml}) was added to the mixture, and the product was extracted with E60 (3 « 30 ml}). The
combmed organic layers were dred over anhydrous Na;80,, and the solvent was removed
under reduced pressure. The crude product was punfied by erystallization from MeOH.
Teld 0.7 g (63%), vellow erystals, mp [15-1177C. IR spectrum, v,cm": 219K, 1734, 1654,
'H NMR spectrum (200 MHz, CDCL), &, ppm: 229 (3H, s, 6-=CH;x 2.32 (3H. s
3-COCH:} 2.37 (3H, s, 2-CH.} 3.18 (3H, s, NCH: ¥ 3.69 (3H, 5, 4.CO0CH:); 4.30 {1H. s,
4.CH). "CNMR spectrum (CDCL), &, ppm: 16.9 (2-CHz); 18.5 (6-CH.); 29.8 (3-COCH.);
343 (NCHa); 41,4 (Cd); 52,5 (4-COOCH: % 81.6 (C-5); 1089 (C3); 119.7 (5-CN); 1478
(C=2); 151.7 (Ceh); 1719 (4-COO0Me), 197.9 (3.COMe). Found, %: C 62.82; H 6.54;
N 1124, CsHygN:00 Caleulated, %6 C 62.88; H6.49; N 11.28,
3-Acetyl-5-cyano-1.24.6-tetramethyl-1 4-dihydropyridine-d-carboxylic acid methyl
ester (9). Sodium hydrnde (0.5 g, 0.010 mol) was added o the solution of compound §
2.2 g 0009 mol) in 80 ml of anhydrous MeCN. The resultmg solution was stirred for
10 mun, then Mel (4 ml, 0.06 mol) was added, and the mixture was stirred at rt for 12 h. The
snlvent was removed under reduced pressure, and the mixture was treated with Hu0 (10 ml)
and extracted with CHCL (2 =20 ml). The combined organic layers were dried over
anhydrous Na;80,, and the solvent was removed under reduced pressure. The crude residue
was chromatographed on silica gel with CH,CL —ethyl acetate, 4:1. The obtained solid was
purified by cr?'stallizalinn from MeOH. Yield 007 g (3%), yellow crystals,
mp 158-160°C. 'H NMR spectrum (200 MHz, CDCls), &, ppm: 1.46 (3H, s, 4-CH:); 2.13
(3H, s, 2-CH.k 2.24 (3H, &, 6-CH:); 2.31 (3H, 5, 3-COCH.); 3.17 (3H, ¢, NCH.); 3.74 (3H,
s, 4-COOCH;). “C NMR spectrum (CDCly), & ppm: 17.8 (2-CH:x 19.2 (6-CHy); 24.7
(4-CH:f 32.1 (3-COCHs); 33.9 (NCHa); 45.6 (C-4); 52.7 (4-COOCH:); B7.9 (C-5); 117.6
(C-3) 1185 (5-CN); 1479 (C-2) 1498 (C-6); 173.9 (4-COOMey;, 2009 (3-COMe).
Found, %: C63.91; H6.95 N 1067, C Hia™N:0s. Calculated, %6 C 64.11; H 6.92; N 10.68,
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Xeray structural study of compounds 3—6, 8 and 9 were collected on a Nonius
KappaCCD automatic diffractometer using graphite monochromated MoKoo radiation
{#.0.71073 A). The crystal structures of compounds 3-6, 8 and 9 were solved by the direct
method and refined by full-matnx least squares.

Cryvstallografic data for compound 3: C H)-N:0: monoelinie; a 2101(2), b21.9161(9),
c9.8S36(4) A; P 9R.TIEB(15); V1279.68(9) A% Z 4, w0102 mm™; Do, 1.325 g.-"cm:’;
gpace group 1s P22 A total of 2022 independent reflection mtensities were collected at rt.
For structure refinement, 1742 reflections with / = 2o(/) were used. The final R-factor 1s
0.0791.

Crystallographic data for compound 4: CpHppN-O:; monoclinic; a 7.6661(3),
h9.0402(4), ¢ 15.1405(8) A; [ 90.RGS(2); 1 1049, 16(8) A 74 w0103 mm™; Do 1.394
gic m, space group is P2 /m A total of 2623 independent reflection intensities were collected at —
#0°C. For structure refinement, 1 555 reflections with /2 2o(/) were used. The final B-factor
50056,

Crystallographic data for compound 5. Cp2HeN:0s; monoclinie; a 18.9169(4),
h&4317(2), c29.7239(9) A; B 92.6462(3); V 4735.96(19) A% 7 16; w0096 mm™;
Do 1.314 g.-"cm:’; space group 15 C2/c. A total of 5823 ndependent reflection intensities
were collected at rt. For structure refinement, 3259 reflections with [ 2 2o were used.
The final RA-factori1s 0.062.

Cryvstallographic data for compound 62 CsH gN;0:; mclinic; g 7.3008(3), b 9.7183(4),
c 114310060 A; o 107.853(2), p 92.714(2), v 103.050(3)%; V 755.29(6) ALz w2 mm”™';
Daic1.347 glom’; space group is P1. A total of 3817 independent reflection intensities were
collected at —100°C. For structure refinement, 1835 reflections with [ 2 2o/ were used.
The final #R-factor1s 0.046,

Crystallographic data for compound 8: C;HsNoOs; triclinie, a 8.3347(4), b 8.7044(5),
c9.4134(6) A; w 84.218(2), P 77.323(2), v BR.050(3)%; V662.84(T) A%, Z2; n0.089 mm™;
Di:1.244 g/em’; space group is P1. A total of 3364 independent reflection intensities were
collected at rt. For structure refinement, 1718 reflections with 2 2o(f) were used. The final
R-factor1s 0,084,

Cryvstallographic data for compound 90 C H gN:05; tnelinie; o B.8469(4), b Q.03 10(3),
c08536(4) A; o 8598300 14), f 82.637(2), v 63.8345(13 ) 1 T00.80(5) AhZz p 088 mm™';
Dy 1.243 glem™; space group is PT. A total of 3424 independent reflection intensities were
collected at rt. For structure refinement, 2238 reflections with £ 2 2a() were used. The final
R-factor 1 0.067.

Crystallographic data for compounds 3 (deposit CCDC EE6198), 4 (deposit CCDC
BEOELG), 5 (deposit CCDC EEA6199), 6(deposit CCDC 883314, B (deposit CCDC BE5313)
and 9 (deposit CCDC 886197 have been deposited at the Cambridge Crystallographic Data
Center.

This work was financed by European Social Fund
(No., 20090203 0DPA 112009 APIAVTAA023).
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>N NMR of 1,4-dihydropyridine derivatives

Inguna Goba* and Edvards Liepinsh

In this article, we describe the characteristic '*N and "Hy NMR chemical shifts and "J('°N-"H) coupling constants of various
symmetrically and unsymmetrically substituted 1,4-dihydropyridine derivatives. The NMR chemical shifts and coupling
constants are discussed in terms of their relationship to structural features such as character and position of the substituent
in heterocycle, N-alkyl substitution, nitrogen lone pair delocalization within the conjugated system, and steric effects.

Copyright © 2013 John Wiley & Sons, Ltd.
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Introduction

The 14-dihydropyridines (1,4-DHPs) are a class of nitrogen-
containing heterocycles that have received much attention because
of their wide range of pharmaceutical and biological properties.!"? It
is well known that the 1,4-DHP nucleus serves as scaffold for impor-
tant cardiovascular drugs and that the calcium-modulating activity
is determined by structural requirements.”!

In past, 'H and '>C NMR were used to follow the structure of
1,4-DHP derivatives very broadly™®'”; however, few >N NMR
data exist in the literature for this class of compounds, ¥
which are not straightforwardly comparable due to well-known
sensitivity of '*N parameters to the external conditions.

Owing to the potential of >N NMR in the study of structure and
chemical properties of various classes of organic compounds,”*'*!
>N NMR parameters of 1,4-DHPs are of considerable interest. In this
work, the interest in "°N NMR parameters is directed toward reveal-
ing their significance as a structural probe in various symmetrically
and unsymmetrically substituted 1,4-DHPs.

"N NMR chemical shift and 'J("*N-"H) spin-spin scalar
coupling are relayed via interactions with the electrons of the
system."'® The interaction is dominated by the four Ramsey
terms: the diamagnetic and paramagnetic spin orbit, spin dipole,
and Fermi contact mechanisms.'”! The first two, diamagnetic and
paramagnetic spin orbit mechanisms, are related to the diamag-
netic and paramagnetic shielding terms that lead to chemical
shift perturbation. The two-center perturbation in coupling
values arising from both these terms should resemble the pattern
seen for monocentric chemical shift perturbation too. The last
two terms have no shielding counterparts, and for one-bond
scalar coupling, the Fermi contact term dominates. The largest
contribution arises from s-orbital spin density centered at 'H
nucleus overlapping with the '"*N nucleus and thus has a strong
dependence on bond lengths and angles. On the other hand,
the nitrogen atom environment in 1,4-DHP is controlled by the
planarity of the heterocycle normally having flattened boat
conformation.””’ The depth of the boat could influence &('°N)
and "J("*N-"H). The NH bond length depends on its immediate
electronic environment, on hydrogen bonding in particular."®'®!

The application of inverse-detected methods®® allows for
routine measurements of '*N spectral parameters at natural

isotope abundance in moderate substrate concentrations and
during a reasonable instrumental time. The 8('*N) chemical shifts
and "J("*N-"H) coupling constants obtained from proton-coupled
spectra of 1,4-DHPs can be discussed in terms of the electronic
and stereochemical environment of the nitrogen atom. The pres-
ent paper deals with the effects on N-shielding and 'J('">N-"H)
coupling constants exerted by diverse substitution of 1,4-DHP
system, molecular stereochemistry, and solvents.

The survey of the compounds studied is presented in Table 1.

Results and Discussion

The "N and 'H NMR chemical shifts and direct 'J("°N-"H)
coupling constants measured for 1,4-DHP derivatives are summa-
rized in Table 2.

it was found that "N NMR chemical shifts of 1,4-DHP deriva-
tives are affected by the character and position of the substituent
in heterocycle and that the chemical shifts are sensitive to the
electronic state of the nitrogen unshared pair.

The 1,4-DHPs containing a free NH-group in the DHP ring,
depending on the nature of the substitution at the 3,5-positions,
exhibit nitrogen resonances in the range of 128-142ppm in
deuterated dimethyl sulfoxide (DMSO-dg) and 121-141 ppm in
CDCl; (Saint-Aubin Cedex, France) (Table 2).

The 1,4-DHP derivatives bearing methoxycarbonyl and acetyl
groups on 3-position and/or 5-position of heterocycle (1a-1i,
2a-2d, and 6a-6b) have '*N resonating the farthest downfield
relative to the 1,4-DHPs bearing cyano group (3a-3e, 3m, 4a-4b,
and 5a-5b) (Table 2).

The 'H and "N NMR data could indicate the importance of
tautomeric equilibrium discussed already for a long time in
literature.”" Such tautomeric equilibrium should change the elec-
tronic density around the nitrogen and NH proton, cause the flat-
tening of nitrogen pyramid as well, and probably influence the
depth of the flattened boat conformation of the 1,4-DHPs (Fig. 1).
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Table 1. Chemical structures for 1,4-dihydropyridine derivatives
5
RS R?
HC l N CH,
R!
14-DHP R R? R® R* R® 14-DHP R R? R? R* R®
1a H COOCH; COOCH; H COOH 3b H CN CN H COOCH;
1b H COOCH; COOCH;3 H COOCH; 3c H CN CN H H
1c H COOCH; COOCH; H H 3d H CN CN H CeHs
1d H COOCH; COOCH, H CeHs 3e H CN CN H CHs
1e H COOCH; COOCH; H CHs 3m H cN CN CHs CHs
1f H COOCH; COOCH; H CH,CH3 3j CH; CN CN H COOCH;
19 H COOCH; COOCH; H CH,CH,CH; 31 CHs cN CN H CeHs
1h H COOCH; COOCH; H CH(CH3); 3n CH; CN CN CH; CH;
1i H COOCH; COOCH; H CH,CH(CH;), 30 CH; CN CN CH; COOCH;
1j CH; COOCH; COOCH; H COOCH; 4a H COOCH; cN H COOH
1k CH; COOCH; COOCH; H CH(CH3), 4b H COOCH,; CN H COOCH;
2a H COCH; COCH; H COOH 4j CH; COOCH; CN H COOCH;
2b H COCH; COCH; H COOCH; 5a H COCH; CN H COOH
2c H COCH; COCH; H H 5b H COCH; CN H COOCH;
2d H COCH; COCH; H CeHs 5j CH; COCH; CN H COOCH;
2j CHs COCH; COCH; H COOCH; 6a H COOCH; COCH; H COOH
21 CH; COCH,4 COCH,4 H CeHs 6b H COOCH; COCH,4 H COOCH,
3a H CN CN H COOH 6j CH; COOCH; COCH; H COOCH;

A three-bond correlation from the protons of 2,6-methyl
groups to the nitrogen in N-"H HSQC spectra allow to obtain
the 6('°N) chemical shifts in N-substituted 1,4-DHPs 1j, 1k, 2j,
21, 3j, 31, 3n, 30, 4j, 5j, and 6j (Table 2). N-methyl substitution
results in an upfield shift by 8-14 ppm as compared with NH
analogues (Fig. 2, Table 2). The shielding effects on N-CHs-
substitution in 1,4-DHP derivatives could originate from at least
three counterbalancing factors: the ‘true’ CHs-substitution effect,
the change in ability to form an H-bond, and a contribution from
the change of N-hybridization.

Our quantum chemical calculations show that the calcu-
lated &('*N) values are in good agreement with experimental
values and indicate the shielding effect of CH; group (Fig. 3).
The replacement of hydrogen by methyl group decreases the
positive charge on nitrogen that should cause the deshielding
effect on the >N nucleus (Fig. 4, Table 2). So, one should
find the another explanation to the low frequency shift of
3("*N) in N-CH; analogues of 1,4-DHPs as compared with
the NH ones.

Partially, the effects could be explained by the formation of
strong hydrogen bond NH---X, which is impossible for N-methyl
derivatives. However, the electronic effects of the substituents
in 1,4-DHP cycle act similarly as revealed by the slopes of the cor-
relations, in both rows in two solvents DMSO-ds and CDCls
strongly differing in their ability to form the hydrogen bonds
(Fig. 2). The nitrogen atom in N-methyl derivatives in DMSO-dg
is shielded by 2-5ppm as compared with their chemical shifts
in CDCl5 solutions (Fig. 2). This is not enough to explain the
experimental change of 5(**N).

The formation of strong hydrogen bond with solvent DMSO is
manifested in the chemical shift of hydrogen nucleus.

Accordingly, the d('Hy) in DMSO-ds was found to be between
83 and 9.7 ppm, which is 2.2-3.5 ppm downfield from those in
CDCl; (Table 2).

The changes in geometry and different ability of the lone pair
delocalization in N-CH; derivatives must be considered as the
dominant J(**N) shielding contribution. There are two effects
possible in our 1,4-DHPs: first, the change of the flattened
boat conformation of the 1,4-DHPs upon the electronic effects
of 3,5-substituents, and second, the change of pseudoaxial-
pseudoequatorial equilibrium on the nitrogen depending on
both the conformation of the flattened boat and the electronic
effects of 3,5-substituents. This last effect could be regarded
as equilibrium of the nitrogen pyramidal invertomers too. The
X-ray structures of N-methyl derivatives show that the nitrogen
atom has larger displacement (dy;) from the base of the boat
plane defined by carbon atoms C,-C3-Cs-C¢ as compared
with the NH analogues (Fig. 5, Table 2). The upfield shift of the
N-methyl nitrogen may therefore be rationalized in terms of
partial increase in sp> character of the N-CH; nitrogen relative
to the NH analogues.

In literature,?? it was found that '*N chemical shift has a
strong orientational dependence for axial-equatorial positions
of N-substituent in saturated heterocycles - the axial substituents
have 4('°N) at higher fields as compared with the equatorial
ones. Probably, this originates from the sterical interactions being
more pronounced for axial positions. Such sterical effect could
influence the ('°N) in 1,4-DHPs - the sterical interaction
between the nitrogen and 2,6-methyl groups increases when
1,4-DHP ring becomes more planar. Sterical upfield shift is very
well documented for '*C resonances and is widely employed
for stereochemical analysis.>*!
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Table 2. Experimental NMR chemical shifts 4('°N), ("Hy) (ppm), and coupling constants 'J('*N-"H) (Hz); displacement of dy; (A) from the boat
plane; calculated 4(**N) (ppm) and Mulliken charge located on nitrogen atom for compounds 1a-6j
14- 3(°N) Calculated 3("Hy) UEN-TH) dri Mulliken
DHP S("°N) charge on
DMSO-dy CDCl; DMSO-dg €Dcl DMSO-dg cDcl, N,
1a 139.7 136.9 1424 8.93 6.04 —94.3 -92.8 0.1015 -0.70
1b 140.2 136.2 1424 9.01 6.08 —94.4 —93.2 0.1325 —0.70
1c 134.4 130.9 1331 8.31 5.18 —948 -93.1 0.0137 —-0.71
1d 1389 134.4 1394 8.87 5.67 —943 —925 0.1477 -0.70
1e 1389 1349 1409 8.71 5.66 —94.0 —-92.1 0.1858 —-0.70
1f 140.0 136.2 142.7 8.65 5.61 -939 -92.1 0.1178 —-0.69
19 140.1 1359 1425 8.68 5.56 —-939 -91.7 — —0.69
1h 1414 1375 145.0 8.70 5.67 —93.7 -91.8 0.1820 —0.69
1i 140.4 1364 142.9 8.77 5.67 -93.6 -91.6 0.1690 —-0.69
1j 126.5 1243 1320 — — — — 0.2831 -0.52
1k 1276 1234 1329 — — — — 0.1625 —0.51
2a 141.5 140.8 146.2 8.91 6.65 —-938 —-93.7 — —0.69
2b 1419 139.2 146.1 9.03 6.15 —93.8 —92.8 0.1596 —-0.69
2c 136.2 1335 134.6 8.28 5.26 —943 -92.7 — —-0.71
2d 141.2 137.9 144.7 8.88 5.98 —-93.6 —-92.3 — —-0.69
2j 128.2 1256 135.8 — — — — 0.2620 —0.50
21 1271 1246 1315 — — — — — —0.52
3a 1323 Insoluble 1233 9.62 Insoluble —-96.0 Insoluble 0.1709 —0.71
3b 1330 127.7 1232 9.72 6.62 —96.4 —95.8 0.0516 —-0.71
3c 1281 121.5 116.8 9.08 5.66 -959 —95.3 0.0423 -0.72
3d 130.5 1229 1186 9.52 6.08 —-96.4 —95.6 0.0339 —-0.71
3e 129.6 123.0 1201 9.28 5.78 —96.2 —95.4 0.0532 -0.71
3m 1313 1244 1199 9.40 6.05 —96.0 —95.6 0.0000 -0.72
3j 1233 119.4 1231 — — — — 0.1691 —0.54
3l 119.3 1149 1165 — — —_ —_ 0.0970 —-0.55
3n 1223 116.8 1204 — — — — 0.1862 —0.55
30 1227 118.8 1233 — — —_ —_ 0.1184 -0.54
4a 134.8 130.7 1315 9.24 591 —95.2 —95.1 0.0996 —-0.71
4b 1349 130.8 1314 9.31 5.89 -95.7 —-95.2 0.0666 -0.71
4j 124.7 122.2 126.5 — — — — 0.2236 —0.53
5a 136.0 134.7 1345 9.21 6.92 —-949 —94.6 0.0235 -0.70
5b 136.3 1321 1345 9.29 7.02 —95.2 —95.0 0.0772 0.1356 -0.70
5§ 124.5 121.8 1294 — — — — 0.2181 —0.52
6a 140.3 139.6 144.0 8.91 6.63 —-94.4 —94.2 0.1538 -0.70
6b 140.8 138.2 144.2 8.99 6.01 —94.1 -92.7 0.1242 -0.70
6j 1268 125.0 1333 — — — — — -0.52

o e, CH,

'}‘ 'I.t CH, H,
H H

Figure 1. Representation of possible tautomeric forms influencing the
conjugation of p-orbital of the nitrogen and double bond in 1,4-DHPs,

The effect of the substituent in C-4 position of heterocycle on
the d('*N) chemical shifts was followed in case of compounds
1a-1i. There seems to be downfield shift of '*N on increase of
the sterical demand of C-4 substituent (Table 2). The substituents
at C-4 position considered in this study do not allow any interac-
tion to the nitrogen that was postulated in literature.?*! However,
the increase of volume of C-4 substituent increase the depth of

110
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<
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145 150 135 130 125 120 15
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Figure 2. Relationship between '*N chemical shifts (ppm) of NH and
NCH; 1,4-DHP derivatives in two different solvents.
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Figure 4. Relationship between '*N chemical shifts (ppm) in DMSO-ds
and Mulliken charges on nitrogen atom of NH and NCH; 1,4-DHP
derivatives.
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Figure 5. Relationship between '°N chemical shifts (ppm) in CDCI3
and displacement of dy, (A) from the boat plane of NH and NCH;
1,4-DHP derivatives.

the DHP boat (X-ray data, not shown) and probably shifts the
pseudoaxial-pseudoequatorial equilibrium on nitrogen that
could influence the 5('°N).

The 'J('N-'H) coupling constants were determined and
shown to be solvent dependent (Table 2). The range of
1J(">N-"H) values corresponds to the nearly planar arrangement
around the nitrogen. The planarity of nitrogen first of all comes
from its fast pyramidal inversion in 1,4-DHPs. Essentially parallel
trends are seen in the two different solvents; the magnitude of
the coupling is larger in DMSO-d, (Table 2).

It was found that 'J('°*N-"H) is larger for 3(5)-cyano-1,4-DHP
derivatives (3a-3e, 3m, 4a-4b, and 5a-5b) (Fig. 6, Table 2). It
should be noted that the sign of "J('>N-"H) is negative!'’; this
leads to the opposite appearance of the influence of the elec-
tronic effects in 1,4-DHP ring to 'J("*N-"H) and ('°N) values in
correlation. However, the observed approximate linearity be-
tween J('N-"H) and 8('°N) points to the significance of elec-
tronic terms to both of these parameters (Fig. 6).

Substituents giving a flattened DHP boat and/or the pyramid
at nitrogen lead to the larger absolute value of the 'J('*N-"H)
coupling constant that is observed for 3(5)-cyano-1,4-DHP deriv-
atives (Fig. 6).

The electronegativity of substituents on 3,5-positions of het-
erocycle has a straightforward effect on the 8('Hy) chemical shifts
(Table 2). A regular dependence of the 'J("*N-"H) coupling con-
stants on the &('Hy) chemical shifts is observed in the 1,4-DHP
derivatives (Fig. 7). The increase of 'J("*N-"H) coupling constants
by the introduction of cyano group in molecule demonstrates
that 3(5)-cyano group is a more effective boat and/or nitrogen
pyramid flattening substituent than methoxycarbonyl or acetyl
groups in 1,4-DHPs probably because of its smaller volume.

The &('Hy) chemical shifts in 3(5)-cyano-1,4-DHP analogues
(3a-3e, 3m, 4a-4b, and 5a-5b) are shifted downfield compared
with 3(5)-acetyl- or 3(5)-methoxycarbonyl-ones (1a-1i, 2a-2d,
and 6a-6b) (Fig. 7, Table 2). This indicates that both double
bonds and the p-orbital of the nitrogen are in stronger conjuga-
tion in 3(5)-cyano-1,4-DHP analogues (3a-3e, 3m, 4a-4b, and
5a-5b). The increase of 'J('*N-"H) coupling constants by the
introduction of cyano group in molecule demonstrates that
3(5)-cyano group is a more effective electron-withdrawing sub-
stituent than methoxycarbonyl and acetyl groups in 1,4-DHPs.

47
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= . .
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®e 0 a
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144 142 140 138 136 134 132 130 128 126
80N)

Figure 6, A plot of the observed '°N chemical shifts (ppm) of
1,4-DHPs against J("°N-"H) coupling constants (Hz) in DMSO-ds.
14-DHPs 1¢, 2¢, and 3c with no substituents in position C-4 are
labeled by open triangle A.
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Figure 7. A plot of the observed 'Hy chemical shifts (ppm) of
1,4-DHPs against 1J("5N="H) coupling constants (Hz) in DMSO-dg.
1,4-DHPs 1¢, 2¢, and 3c with no substituents in position C-4 are
labeled by open triangle A,

Qur quantum chemical calculations show that the S("Hy)
deshielding in 3(5)-cyano-1,4-DHP analogues could not be
explained simply by charge effects, because the Mulliken elec-
tronic population on Hy changes by only 0.01 unit (data not
shown). So, the dominant effect on 4('Hy) is that 3(5)-cyano
group makes more flattened DHP boat as compared with
methoxycarbonyl or acetyl groups. Flattening of the boat moves
Hy atom into the plane of two double bonds, and their anisot-
ropy has a strong deshielding effect on 4('Hy,).

Interestingly that 1,4-DHPs with no substituents in position C-4
(labeled by open triangles in Figs 6 and 7) having flattened boat
conformation’" (or faster boat-boat equilibrium) seems to be
located on the separate slope in the correlation &('Hy) versus
J('*N-"H) (Fig. 7). However, the reasons are rather ambiguous
at the moment, and the influence of substituent in position C-4
on the 3("°N) and 8('Hy) chemical shielding deserves further
study.

In summary, the experimental NMR study of various symmetri-
cally and unsymmetrically substituted 1,4-DHP derivatives was
carried out to investigate the role of diverse substitution of
14-DHP system, molecular stereochemistry, and solvents on
3("N), 8('Hy), and J('*N-"H) parameters. It is concluded that
>N NMR chemical shifts are a sensitive probe for local structural
modifications, whereas one-bond 'J{('*N-"H) coupling essentially
reflects local geometric distortions.

Experimental

The 1,4-DHP derivatives studied were synthesized at the Latvian
Institute of Organic Synthesis and obtained as stable solids with
good yields. The identity and purity of compounds were
controlled by "H NMR spectra and elemental analysis (EA 1106
Carlo Erba Instruments). X-ray crystal structure determination
was performed on Bruker-Nonius KappaCCD automated diffrac-
tometer. CCDC deposition numbers for the structures reported
in this paper are presented in Table 3. Crystallographic data for
the structures reported in this paper have been deposited at
the Cambridge Crystallographic Data Center. These data can be
obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.
html (or from the Cambridge Crystallographic Data Centre,

Table 3. CCDC deposition numbers for 1,4-dihydropyridine
derivatives

1,4-DHP [davle 1,4-DHP ccoc
1a 901800 3d WIYOCR®
1b 901798 3e 918777

1c cucwut 3m 918779
1d BELGUU™® 3j 906252
1e 928285 3l 922240

1f 928949 3n 918781
1h 929530 30 907992

1 927995 4a 901796

1j 6769892 ab 901797
1k 922267 4j 901799
2b 908863 5a 836816

2j 915981 5b 836199
3a 907698 5j 885313
3b 907699 6a 907700
3c 928306 6b 907837

12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 (1223)336033,
E-mail: deposit@ccdc.cam.ac.uk).

The 14-DHP derivatives were dissolved in deuterated
chloroform (CDCl;) or DMSO-dg for NMR experiments. The 'H
and '*N NMR experiments were carried out on Varian INOVA
600 MHz instrument operating at 599.9 ('H) and 60.8 MHz ("°N).
Accurate one-bond 'J{('*N-"H) coupling constants were directly
extracted from conventional 1D 'H NMR spectra. The 'H-'°N
gradient-selected gHSQC experiments were used to measure
the 8('*N) chemical shifts. Experiments were adjusted for a direct
"J("N-"H) coupling constants of 3.0 and 95.0Hz. The spectral
widths for 'H and "°N were 8000 and 20000 Hz, respectively.
Each 'H-""N gHSQC spectrum was collected with 2048 points
in the direct 'H dimension and 256 increments in the indirect
>N dimension. Before Fourier transformation, the dataset was
zero-filled to a 2048 x 2048 matrix and subjected to the applica-
tion of cosine window function.

The NMR spectra were measured at 298 K. Sample concentra-
tions were 0.02m. The 'H chemical shifts were referenced to
TMS at 0.0 ppm. The ('°N) chemical shifts were referenced to
liquid NH; at 0.0 ppm. The isotropic d('°N) chemical shifts were
determined with an experimental error =0.2 ppm; the experi-
mental error in the determination of the 'J('°N-"H) values was
+0.1 Hz.

For theoretical calculations, the geometries of various sym-
metrically and unsymmetrically substituted 1,4-DHP derivatives
have been optimized at density functional theory level using
B3LYP with 6-31G* basis set method. All quantum chemical
calculations were performed by using JAGUAR 7.9 program
package.”? The optimized geometries were used to obtain
the Mulliken charges on nitrogen atom in heterocycle. The
"N NMR chemical shifts were calculated with gauge-
including atomic orbitals approach by subtracting the
shieldings of the individual atoms from the shielding of the
standard J('°NHs)=254.4ppm (gas phase) calculated using
the same method.
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conjugated system.

Structural and conformational properties of 1,4-dihydroisonicotinic acid derivatives, characterized by
ester, ketone or cyano functions at positions 3 and 5 in solid and liquid states have been investigated
by X-ray analysis and nuclear magnetic resonance and supported by quantum chemical calculations.
The dihydropyridine ring in each of the compounds exists in flattened boat-type conformation. The
observed ring distortions around the C(4) and N(1) atoms are interrelated. The substituent at N(1) has
great influence on nitrogen atom pyramidality. The 'H, >C and "N NMR chemical shifts and coupling
constants are discussed in terms of their relationship to structural features such as character and position
of the substituent in heterocycle, N-alky! substitution and nitrogen lone pair delocalization within the

© 2014 Elsevier B.V. All rights reserved.

Introduction

1,4-Dihydroisonicotinic acid derivatives (1,4-DHINA) are
important precursors for the synthesis of biologically active
1,4-dihydropyridines  (1,4-DHPs). The parental compound,
2,6-dimethyl-3,5-diethoxycarbonyl-1,4-dihydroisonicotinic  acid
sodium salt, as well as 1,4-DHINA coupled with glutamic acid

* Corresponding author at: Latvian Institute of Organic Synthesis, 21 Aizkraukles,
LV-1006, Riga, Latvia. Tel.: +371 29107428.
E-mail address: inguna@osi.lv (1. Goba).
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0022-2860/© 2014 Elsevier B.V. All rights reserved.

residue - glutapyrone, both possess antimutagenic properties
[1-3]. Besides, glutapyrone shows a wide variety of pharmacolog-
ical properties, amongst which the neuromodulatory one is the
most pronounced [4,5]. Taurine derivative of 1,4-dihydroisonicoti-
nic acid (tauropyrone) shows anti-platelet properties and is active
as an anti-aggregant at concentrations that are six times lower
than those for taurine [6].

Since the discovery of pharmacological effects of this class of
substances, it has been of interest to know which conformation
produces the optimum effect. The conformation of the dihydropyr-
idine ring, the nature of the substituents and their mutual
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orientation play a key role for the biological activity of 1,4-DHPs
[7]. A number of studies have been devoted to the conformational
analysis of numerous 4-phenyl and 4-heteroaryl substituted
1,4-DHP derivatives [8-19], however the crystal structures of
1,4-DHINA derivatives are not analysed in literature until now.

In the course of studies on the chemistry of 1,4-DHINA we
focused on conformation and spectroscopic properties of several
symmetrically and unsymmetrically substituted derivatives
(Table 1).

Experimental section
General information

Previously we have reported the synthesis and X-ray analysis of
compounds 1d-1f [20] and 5a, 5b, 5d and 5e [21]. The symmetrical
4-phenyl substituted 1,4-DHP derivatives 1c-3c¢ were synthesized
at Latvian Institute of Organic Synthesis and obtained as stable sol-
ids with good yields.

All chemicals were purchased from commercial sources
(Sigma-Aldrich and Acros) and used without further purification.
Reactions were monitored using analytical TLC plates (Merck, silica
gel 60 F3s4), and visualized with ultraviolet light (254 nm). Column
chromatography was carried out using Acros silica gel (particle size
0.035-0.070 mm). IR spectra were recorded on a IRPrestige-21
Shimadzu spectrometer in Nujol. Melting points were determined
with a SRS Stanford Research Systems OptiMelt Automated
Melting Point System instrument. Elemental analysis was carried
out on EA 1106 (Carlo Erba Instruments) automatic analyzer.

Table 1
Chemical structures for 1,4-DHP derivatives.

1,4-DHP R' R? R R R

1a H COOCH; COOCH3 H COOH
1b H COOCH; COOCH; H COOCH;
1c H COOCH;3 COOCH; H CeHs

1d CHs COOCH; COOCH; H COOCH;
1e CHs COOCH; COOCH; CHs COOCH;
1f CHs COOCH; COOCH;3 CH(CHs), COOCH;3
2a H COCH; COCH; H COOH
2b H COCH; COCH3 H COOCH;
2¢ H COCH; COCH; H CeHs

2d CHy COCH; COCH3 H COOCH;
3a H CN CN H COOH
3b H CN CN H COOCH;
3¢ H CN CN H CeHs

3d CHs CN CN H COOCH;
3e CHs CN CN CH; COOCH;3
4a H COOCH; CN H COOH
4b H COOCH; CN H COOCH;
4c H COOCH;3 CN H CeHs
4d CH; COOCH; CN H COOCH3
5a H COCH3 CN H COOH
5b H COCH; CN H COOCH;
5¢ H COCH; CN H CeHs

5d CHs COCH; CN H COOCH;
5e CHs COCH; CN CHs COOCH;3
6a H COOCH;3 COCH; H COOH
6b H COOCH; COCH; H COOCH;
6c H COOCH; COCHs H CeHs

6d CH; COOCH, COCH; H COOCH;

Synthesis

2,6-Dimethyl-1,4-dihydropyridine-3,4,5-tricarboxylic  acid
3,5-dimethyl ester (1a) was synthesized by the procedure given
in literature [22]. Yield 38%, colourless solid, mp 233-234 °C (from
MeOH). '"H NMR 6 2.22 (s, 6H, 2,6-CHs), 3.60 (s, 6H, 3,5-COOCH;),
458 (s, 1H, 4-H), 8.93 (s, 1H, NH), 11.95 (s, 1H, 4-COOH). '3*C
NMR 17.85, 39.16, 50.79, 96.98, 146.17, 167.24, 174.42. Found: C,
53.52; H, 5.54; N, 5.16. Calc. for C;,H;sNOg: C, 53.53; H, 5.62; N,
5.20%. IR spectrum, vmax/cm™': 3346 (NH), 1700 (CO), 1662 (CO).
2,6-Dimethyl-1,4-dihydropyridine-3,4,5-tricarboxylic  acid
trimethyl ester (1b) was synthesized by the procedure given in lit-
erature [23]. Yield 93%, colourless solid, mp 158-159 °C (from
MeOH). '"H NMR 6 2.23 (s, 6H, 2,6-CH3), 3.50 (s, 3H, 4-COOCH3),
3.62 (s, 6H, 3,5-COOCH3), 4.69 (s, 1H, 4-H), 9.01 (s, 1H, NH). '*C
NMR 17.89, 39.38, 50.89, 51.75, 96.30, 146.83, 166.97, 173.35.
Found: C, 55.17; H, 5.98; N, 4.82. Calc. for C;3H;7NOg: C, 55.12;
H, 6.05; N, 4.94%. IR spectrum, vyax/cm™": 3338 (NH), 1709 (CO),
1647 (CO).
3,5-Diacetyl-2,6-dimethyl-1,4-dihydropyridine-4-carboxylic
acid (2a) was synthesized by the procedure given in literature [22].
Yield 25%, yellow solid, mp 173-174 °C (from MeOH) (lit. [22],
170°C). "H NMR & 2.23 (s, 6H, 2,6-CH3), 2.27 (s, 6H, 3,5-COCH3),
461 (s, 1H, 4-H), 8.91 (s, 1H, NH), 12.11 (s, 1H, 4-COOH). '3C
NMR 18.75, 29.65, 40.47, 107.67, 144.84, 174.41, 196.42. Found:
C, 60.55; H, 6.36; N, 5.80. Calc. for Cy2H,5NO4: C, 60.75; H, 6.37;
N, 5.90%. IR spectrum, vyax/cm™': 3318 (NH), 1715 (CO), 1601 (CO).
3,5-Diacetyl-2,6-dimethyl-1,4-dihydropyridine-4-carboxylic
acid methyl ester (2b) was synthesized by the procedure given in
literature [21]. Yield 2.4 g (63%), yellow solid, mp 151-153 °C
(from MeOH). '"H NMR ¢ 2.24 (s, 6H, 2,6-CHs), 2.28 (s, 6H, 3,5-
COCH3), 3.50 (s, 3H, 4-COOCH3), 4.74 (s, 1H, 4-H), 9.03 (s, 1H,
NH). '3C NMR 18.78, 29.74, 40.36, 51.75, 107.18, 145.43, 173.32,
196.06. Found: C, 61.87; H, 6.82; N, 5.52. Calc. for C;3H;7NO4: C,
62.14; H, 6.82; N, 5.57%. IR spectrum, Vma/cm™': 3307 (NH),
1728 (C0), 1675 (CO).
3,5-Diacetyl-1,2,6-trimethyl-1,4-dihydropyridine-4-carbox-
ylic acid methyl ester (2d). To a stirred solution of compound 2b
(1.0 g, 0.004 mol) in anhydrous CH3CN (20 mL) at r.t. was added
sodium methoxide (0.3 g, 0.005 mol), as a result of which a vigor-
ous reaction with hydrogen evolution was observed, and strongly
colored anion, which gives characteristic orange fluorescence,
was formed. At the end of hydrogen evolution CHsl (1.2 mL,
0.02 mol) was added. Reaction mixture was stirred for 12 h and
evaporated under reduced pressure. The crude residue was puri-
fied by column chromatography on silica gel (CH,Cl,-petroleum
ether-acetone, 9:7:1) to give compound 2d. Yield 0.6 g (57%), yel-
low solid, mp 106-108 °C (from CH,Cl,). 'H NMR 6 2.31 (s, 6H,
2,6-COCH3), 2.36 (s, 6H, 2,6-CH3), 3.18 (s, 3H, N—CH3), 3.51 (s,
3H, 4-COOCH3), 4.73 (s, 1H, 4-H). '>C NMR 16.27, 29.94, 33.97,
40.47, 51.89, 109.62, 148.99, 172.86, 196.77. Found: C, 63.42; H,
7.32; N, 5.21. Calc. for C14H;9NO4: C, 63.38; H, 7.22; N, 5.28%. IR
spectrum, Vmax/cm™': 1736 (CO), 1649 (CO).
3,5-Dicyano-2,6-dimethyl-1,4-dihydropyridine-4-carboxylic
acid monohydrate (3a) was synthesized by the procedure given in
literature [22]. Yield 64%, colourless solid, mp 189-190 °C (from
MeOH) (lit. [24], 190°C). 'H NMR 4 2.03 (s, 6H, 2,6-CH3), 4.02 (s,
1H, 4-H), 9.62 (s, 1H, NH), 13.09 (s, 1H, 4-COOH). '3C NMR 17.71,
40.57, 78.00, 119.03, 148.42, 172.01. Found: C, 54.21; H, 4.89; N,
18.86. Calc. for C,oH;,N503: C, 54.30; H, 5.01; N, 18.99%. IR spec-
trum, viax/cm™': 3245 (NH), 2211 (CN), 1714 (CO).
3,5-Dicyano-2,6-dimethyl-1,4-dihydropyridine-4-carboxylic
acid methyl ester monohydrate (3b) was synthesized by the pro-
cedure given in literature [23]. Yield 3.2 g (86%), colourless solid,
mp 176-178 °C (from MeOH) (lit. [24], 184 °C). "H NMR 4 2.04 (s,
6H, 2,6-CH3), 3.70 (s, 3H, 4-COOCH3), 4.24 (s, 1H, 4-H), 9.72 (s,
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1H, NH). 13C KMR 17.74, 40.45, 52.58, 77.30, 118.79, 148.95,
170.98. Found: C, 56.01; H, 5.42; N, 17.79. Calc. for C;;H;3N305:
C, 56.16; H, 5.57; N, 17.86%. IR spectrum, v, cm~': 3200 (NH),
2204 (CN), 1747 (CO).

3,5-Dicyano-1,2,6-trimethyl-1,4-dihydropyridine-4-carbox-
ylic acid methyl ester (3d). To a stirred solution of compound 3b
(1.0 g, 0.005 mol) in anhydrous CH3CN (20 mL) at r.t. was added
sodium methoxide (0.3 g, 0.005 mol), as a result of which a vigor-
ous reaction with hydrogen evolution was observed, and strongly
colored anion, which gives characteristic green fluorescence, was
formed. At the end of hydrogen evolution CHsl (1.4 mL, 0.02 mol)
was added. Reaction mixture was stirred for 2 h and evaporated
under reduced pressure. The crude residue was treated with
CH,Cl, (20 mL), filtered and evaporated under reduced pressure.
The residue was recrystallized from MeOH to afford compound
3d. Yield 0.6g (55%); colourless solid, mp 148-150°C (from
MeOH). '"H NMR 4 2.24 (s, 6H, 2,6-CHs), 3.16 (s, 3H, N—CH3), 3.68
(s, 3H, 4-COOCH3), 4.23 (s, 1H, 4-H). '*C NMR 18.44, 34.52, 39.65,
52.58, 79.33, 119.33, 152.89, 170.89. Found: C, 62.23; H, 5.61; N,
18.17. Calc. for Cy2Hy3N302: C, 62.33; H, 5.67; N, 18.17%. IR
spectrum, vpax/cm™': 2195 (CN), 1762 (CO).

3,5-Dicyano-1,2,4,6-tetramethyl-1,4-dihydropyridine-4-car-
boxylic acid methyl ester (3e). To a stirred solution of compound
3b (1.0 g, 0.005 mol) in anhydrous CH3CN (20 mL) at r.t. was added
sodium methoxide (0.5 g, 0.01 mol), as a result of which a vigorous
reaction with hydrogen evolution was observed, and strongly col-
ored anion, which gives characteristic green fluorescence, was
formed. At the end of hydrogen evolution CHsl (2.3 mL, 0.04 mol)
was added. Reaction mixture was stirred for 12 h and evaporated
under reduced pressure. The crude residue was purified by column
chromatography on silica gel (CH,Cl,-petroleum ether-acetone,
9:7:1) to give compound 3e. Yield 0.3 g (22%); beige solid, mp
103-105 °C (from MeOH). 'H NMR & 1.54 (s, 3H, 4-CH3), 2.25 (s,
6H, 2,6-CHs3), 3.17 (s, 3H, N—CH3), 3.68 (s, 3H, 4-COOCH3;). '*C
NMR 18.81, 25.19, 34.67, 41.98, 52.92, 85.47, 118.46, 151.09,
172.77. Found: C, 63.53; H, 6.07; N, 17.08. Calc. for C;3H;sN30,:
C, 63.66; H, 6.16; N, 17.13%. IR spectrum, vp,,,/cm~': 2198 (CN),
1725 (CO).

5-Cyano-2,6-dimethyl-1,4-dihydropyridine-3,4-dicarboxylic
acid 3-methyl ester monohydrate (4a). A mixture of methyl ace-
toacetate (5.4 mL, 0.05 mol) and glyoxylic acid monohydrate (4.6 g,
0.05 mol) in glacial acetic acid (10 mL) was stirred at 80 °C for 6 h.
The reaction mixture was cooled and 3-aminocrotononitrile (4.1 g,
0.05 mol) was added under stirring. The mixture was stirred over-
night and evaporated under reduced pressure. The remaining ace-
tic acid was not fully removed by lyophilisation though. The crude
residue was dissolved in anhyd CH3CN (45 mL), and dicyclohexyl-
amine (9.9 mL, 0.05 mol) was added. The mixture was stirred at r.t.
for 1 h, filtered and washed with CH3CN (10 mL). The residue was
recrystallized from EtOH to afford 3-cyano-5-methoxycarbonyl-
2,6-dimethyl-1,4-dihydro-pyridine-4-carboxylate dicyclohexy-
lammonium salt. Yield 8.2 g (39%), yellow solid, mp 227-229 °C
(from EtOH). '"H NMR 6 1.09-1.24 (m, 10H, CH), 1.57 (m, 2H, CH),
1.88 (m, 4H, CH), 1.69 (m, 4H), 1.97 (s, 3H, 2-CHs), 2.16 (s, 3H, 6-
CHs), 2,78 (m, 2H), 3.53 (s, 3H, 5-COOCHs), 3.74 (s, 1H, 4-H), 8.91
(s, 1H, NH). '3C NMR 17.38, 17.97, 24.30, 25.24, 30.36, 41.99,
50.54, 51.80, 81.61, 98.63, 120.57, 143.73, 146.26, 167.66, 173.81.
Found: C, 66.16; H, 8.45; N, 10.06. Calc. for C23H35N304: C, 66.19;
H, 8.54; N, 10.23%. IR spectrum, Vpa/cm™': 3185 (NH), 2197
(CN), 1701 (CO), 1620 (CO).

To a stirred solution of compound 3-cyano-5-methoxycar-
bonyl-2,6-dimethyl-1,4-dihydropyridine-4-carboxylate dicyclo-
hexyl-ammonium salt (8.2 g, 0.02 mol) in H,0 (200 mL) at 70 °C
was added dropwise 1 N NaOH until the mixture became basic
(pH 8). It was then extracted with Et;0 (3 x 200 mL). The aqueous
layer was separated and acidified with concentrated HCI to pH 3.
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The solution was extracted with EtOAc (3 x 200 mL). The com-
bined organic extracts were dried (Na,SO4), and concentrated
under reduced pressure. The residue was washed with H,0, filtered
and dried to give the desired product 4a. Yield 3.4 g (68%), colour-
less solid, mp 202-203 °C (from EtOH). '"H NMR & 2.02 (s, 3H,
6-CH3), 2.23 (s, 3H, 2-CH3), 3.57 (s, 3H, 3-COOCHj3), 4.04 (s, 1H,
4-H), 9.24 (s, 1H, NH), 12.50 (s, 1H, 4-COOH). '3C NMR 17.49,
18.17, 41.21, 5091, 79.31, 96.64, 119.67, 146.05, 148.28, 167.00,
173.47. Found: C, 52.02; H, 5.46; N, 10.84. Calc. for C;;H4N20s:
C 51.97; H, 5.55; N, 11.02%. IR spectrum, Vpa/cm™': 3419 (NH),
2213 (CN), 1699 (CO).
5-Cyano-2,6-dimethyl-1,4-dihydropyridine-3,4-dicarboxylic
acid dimethyl ester (4b) was synthesized by the procedure given
in literature [23]. Yield 1.9 g (92%), colourless solid, mp 141-143 °C
(from CH,Cl,). 'H NMR 6 2.02 (s, 3H, 6-CH3), 2.24 (s, 3H, 2-CH3),
3.57 (s, 3H, 3-COOCH3), 3.62 (s, 3H, 4-COOCH3), 4.17 (s, 1H, 4-H),
931 (s, 1H, NH). '*C NMR 17.53, 18.14, 41.18, 51.06, 52.11,
78.21, 95.53, 119.04, 146.99, 149.12, 166.58, 172.19. Found: C,
57.66; H, 5.55; N, 11.11. Calc. for C,2H4N204: C, 57.59; H, 5.64;
N, 11.19%. IR spectrum, Vmay/cm™': 3222 (NH), 2211 (CN), 1742
(CO).
5-Cyano-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3-car-
boxylic acid methyl ester (4c). A mixture of 3-phenyl-2-propio-
nyl-acrylic acid methyl ester (0.8g, 0.004mol) and 3-
aminocrotononitrile (0.3 g, 0.004 mol) in EtOH (10 mL) was stirred
at 60 °C for 10 h and evaporated under reduced pressure. The crude
residue was purified by column chromatography on silica gel (CH,-
Cly-petroleum ether-acetone, 9:7:2) to give compound 4c. Yield:
0.8 g (77%), yellow crystals, mp 165-167 °C (from acetone). 'H
NMR é 2.01 (s, 3H, 6-CH3), 2.27 (s, 3H, 2-CH3), 3.47 (s, 3H, 3-
COOCH3), 4.44 (s, 1H, 4-H), 7.17-7.31 (m, 5H, CgHs), 9.19 (s, 1H,
NH). 3C NMR 17.43, 18.37, 41.61, 50.72, 84.32, 99.52, 119.92,
126.74, 126.96, 128.49, 145.68, 146.24, 146.37, 167.02. Found: C,
71.49; H, 6.04; N, 10.29. Calc. for Ci6H16N202: C, 71.62; H, 6.01;
N, 10.44%. IR spectrum, Vma/cm™": 3301 (NH), 2192 (CN), 1696
(co).
5-Cyano-1,2,6-trimethyl-1,4-dihydropyridine-3,4-dicarbox-
ylic acid dimethyl ester (4d). To a stirred solution of compound 4b
(1.0 g, 0.004 mol) in anhydrous CH5CN (20 mL) at r.t. was added
sodium methoxide (0.3 g, 0.005 mol), as a result of which a vigor-
ous reaction with hydrogen evolution was observed, and strongly
colored anion, which gives characteristic green fluorescence, was
formed. At the end of hydrogen evolution CHsl (1.3 mL, 0.02 mol)
was added. Reaction mixture was stirred for 2 h and evaporated
under reduced pressure. The crude residue was treated with CH,.
Cl, (20 mL), filtered and evaporated under reduced pressure. The
residue was recrystallized from MeOH to afford compound 4d.
Yield: 0.6g (57%), colourless crystals, mp 103-105°C (from
MeOH). "H NMR 4 2.22 (s, 3H, 6-CH3), 2.45 (s, 3H, 2-CH3), 3.17 (s,
3H, N-CH3), 3.61 (s, 6H, 3,4-COOCH3), 4.23 (s, 1H, 4-H). '3C NMR
15.84, 18.30, 34.14, 40.17, 51.41, 52.22, 79.59, 98.11, 119.77,
150.65, 152.78, 166.62, 171.75. Found: C, 58.92; H, 6.09; N,
10.41. Calc. for C;3H;6N,04: C, 59.08; H, 6.10; N, 10.60%. IR spec-
trum, vmax/cm™': 2201 (CN), 1743 (CO).
5-Acetyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3-car-
bonitrile (5c¢). A mixture of 3-benzylidene-2,4-pentanedione
(1.8 g, 0.01 mol) and 3-amino-crotononitrile (0.8 g, 0.01 mol) in
glacial acetic acid (10 mL) was stirred for 12 h and evaporated
under reduced pressure. The crude residue was purified by column
chromatography on silica gel (CH,Cl,-petroleum ether-acetone,
9:7:1) to give compound 5c. Yield: 1.1 g (46%), yellow crystals,
mp 54-56 °C (from diethyl ether). '"H NMR ¢ 1.99 (s, 3H, 2-CH5),
2.00 (s, 3H, 5-COCH3), 2.27 (s, 3H, 6-CH3), 4.58 (s, 1H, 4-H), 7.17-
7.34 (m, 5H, CgHs), 9.13 (s, 1H, NH). '3C NMR 17.37, 19.18, 29.83,
40.74, 85.21, 108.87, 119.93, 126.83, 127,03, 128.67, 144.59,
145.84, 145.93, 196.88. Found: C, 75.92; H, 6.44; N, 10.94. Calc.
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for Ci6H16N20: C, 76.16; H, 6.39; N, 11.10%. IR spectrum, Vmax/
cm™': 3286 (NH), 2197 (CN), 1667 (CO).
5-Acetyl-2,6-dimethyl-1,4-dihydropyridine-3,4-dicarboxylic
acid 3-methyl ester (6a). A mixture of methyl acetoacetate
(54mL, 0.05mol) and glyoxylic acid monohydrate (4.6g,
0.05 mol) in glacial acetic acid (10 mL) was stirred at 80 °C for
6 h. The reaction mixture was cooled and acetylacetonamine
(7.4 g,0.07 mol) was added under stirring. The mixture was stirred
overnight and evaporated under reduced pressure. The crude resi-
due was treated with H,0 (30 mL), the precipitate was removed
by filtration, washed with H,0, and dried to give the product 6a.
Yield: 6.8 g (53%), yellow solid, mp 189-190 °C (from MeOH). 'H
NMR 6 2.19 (s, 3H, 6-CH3), 2.25 (s, 3H, 2-CH3), 2.26 (s, 3H, 5-COCH3),
3.61 (s, 3H, 3-COOCH3), 4.58 (s, 1H, 4-H), 8.91 (s, 1H, NH), 12.06 (s,
1H, 4-COOH). '3C NMR 17.88, 18.71, 29.44, 40.06, 50.88, 97.63,
106.83, 144.74, 146.21, 167.15, 174.38, 196.75. Found: C, 56.88;
H, 5.86; N, 5.49. Calc. for C;,H,5NOs: C, 56.91; H, 5.97; N, 5.53%.
IR spectrum, viax/cm™': 3310 (NH), 1734 (C0), 1672 (CO).
5-Acetyl-2,6-dimethyl-1,4-dihydropyridine-3,4-dicarboxylic
acid dimethyl ester (6b) was synthesized by the procedure given
in literature [21]. Yield 4.0 g (87%), yellow solid, mp 158-160 °C
(from MeOH). 'H NMR & 2.21 (s, 3H, 6-CHs), 2.25 (s, 3H, 2-CH3),
2.26 (s, 3H, 5-COCH3), 3.50 (s, 3H, 4-COOCH3), 3.62 (s, 3H, 3-
COOCH3), 4.71 (s, 1H, 4-H), 8.99 (s, 1H, NH). >C NMR 17.89,
18.79, 29.58, 40.05, 50.95, 51.76, 96.98, 106.42, 145.35, 146.78,
166.95, 173.32, 196.22. Found: C, 58.35; H, 6.36; N, 5.07. Calc. for
Cy3H7NOs: C, 58.42; H, 6.41; N, 5.24%. IR spectrum, \'m,,x/cm":
3344 (NH), 1707 (CO), 1676 (CO).
5-Acetyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3-car-
boxylic acid methyl ester (6¢). A mixture of 3-benzylidene-2,4-
pentanedione (1.8 g, 0.01 mol) and methyl-3-aminocrotonate
(1.1 g, 0.01 mol) in EtOH (20 mL) was stirred at 60 °C for 6 h and
evaporated under reduced pressure. The residue was recrystallized
from MeOH to afford compound 6c. Yield: 1.3 g (48%), yellow crys-
tals, mp 172-173 °C (from MeOH) (lit. [18],170-172°C). '"H NMR &
2.12 (s, 3H, 5-COCH3), 2.23 (s, 3H, 2-CHs), 2.28 (s, 3H, 6-CH3), 3.58
(s, 3H, 3-COOCH3;), 4.94 (s, 1H, 4-H), 7.11-7.21 (m, 5H, CgHs), 8.87
(s, TH, NH). '*C NMR 18.14, 19.08, 30.02, 38.78, 50.68, 102.48,
111.42, 125.98, 127.07, 128.13, 144.89, 145.12, 147.40, 167.39,
196.36. Found: C, 71.41; H, 6.81; N, 4.83. Calc. for C;7H;9N,03: C,
71.56; H, 6.71; N, 4.91%. IR spectrum, vma/cm™': 3270 (NH),
1682 (CO), 1655 (CO).
5-Acetyl-1,2,6-trimethyl-1,4-dihydropyridine-3,4-dicarbox-
ylic acid dimethyl ester (6d). To a stirred solution of compound 6b
(2.0 g, 0.008 mol) in anhydrous CH3CN (40 mL) at r.t. was added
sodium methoxide (0.5 g, 0.009 mol), as a result of which a vigor-
ous reaction with hydrogen evolution was observed, and strongly
colored anion, which gives characteristic orange fluorescence,
was formed. At the end of hydrogen evolution CHsl (1.2 mL,
0.04 mol) was added. Reaction mixture was stirred for 12 h and
evaporated under reduced pressure. The crude residue was puri-
fied by column chromatography on silica gel (CH,Cl,-petroleum
ether-acetone, 9:7:1) to give compound 6d. Yield: 1.2 g (53%), col-
ourless crystals, mp 79-81 °C (from MeOH). 'H NMR 4 2.28 (s, 3H,
5-COCH3), 2.33 (s, 3H, 6-CH3), 2.45 (s, 3H, 2-CH3), 3.17 (s, 3H,
N-CH3), 3.50 (s, 3H, 4-COOCH3;), 3.65 (s, 3H, 3-COOCH3), 4.77 (s,
1H, 4-H). '>*C NMR 15.71, 16.37, 29.77, 33.98, 39.84, 51.26, 51.86,
99.32, 109.27, 148.76, 151.01, 166.85, 172.78, 196.96. Found: C,
59.69; H, 6.84; N, 4.87. Calc. for C;4H,gNOs: C, 59.78; H, 6.81; N,
4.98%. IR spectrum, vp,,,/cm~': 1742 (CO), 1692 (CO).

X-ray crystallography
Single crystals suitable for X-ray analysis were obtained by slow

evaporation from saturated MeOH (1a-3a, 6a, 1b-3b, 6b, 2c, 6c¢,
3d-4d, 6d, 3e), EtOH (1c, 4a), acetone (3c-4c), CH,Cl, (4b and

2d) and diethyl ether (5c), however suitable crystals for 6d were
not obtained.

X-ray crystal structure determination was performed on Bru-
ker-Nonius KappaCCD automated diffractometer using graphite
monochromated Mo Ko radiation (/=0.71073 A). The crystal
structures of compounds 1a-6¢ were solved by the direct method
and refined by full-matrix least squares. The details of X-ray struc-
tures, data collections and refinements are listed in Supplementary
material Figs. 1-6, Table 1 and 2.

NMR spectroscopy

The NMR spectra were measured at 298 K. Sample concentra-
tions were 0.02 M. The 1,4-DHINA derivatives were dissolved in
deuterated dimethy! sulphoxide (DMSO-d;) for NMR experiments.
The 'H chemical shifts were referenced to tetramethylsilane at
0.0 ppm, the '>C chemical shifts to the solvent DMSO-ds at
39.5 ppm and the '>N chemical shifts to liquid NH5 at 0.0 ppm.

The isotropic 'H, *C and '*N chemical shifts were determined
with an experimental error +0.01 ppm, 0.1 ppm and *0.2 ppm
accordingly; the experimental error in the determination of the
J(*SN—"H) and "J("*C4—"H) values was #0.1 Hz.

The 'H, '*N and '*C NMR experiments were carried out on Var-
ian INOVA 600 MHz instrument operating at 599.9 MHz ('H),
60.8 MHz (*°N) and 150.8 MHz ('*C) and equipped with cryoprobe.
Accurate one bond 'J(">N—"H) and 'J(*3*C—"H) coupling constants
were directly extracted from conventional 1D 'H NMR spectra.
The "H—"°N gradient-selected heteronuclear single quantum cor-
relation (gHSQC) experiments were used to measure the §('°N)
chemical shifts. Experiments were adjusted for a direct "J('>N—'H)
coupling constants of 3.0 Hz and 95.0 Hz. The spectral widths for
'H and '*N were 8000 and 20,000 Hz, respectively. Each 'H—'°N
gHSQC spectrum was collected with 2048 points in the direct 'H
dimension and 256 increments in the indirect >N dimension.
Before Fourier transformation, the dataset was zero-filled to a
2048 x 2048 matrix and subjected to the application of cosine
window function.

Theoretical calculations

For theoretical calculations the geometries of various conforma-
tions of symmetrically and unsymmetrically substituted 1,4-DHIN-
A derivatives have been optimized at density functional theory
(DFT) level using B3LYP with 6-31Gx basis set method in both
gas and liquid - CHCl3 and DMSO (Poisson Boltzmann Finite ele-
ment method) phases. The geometry optimization of 1,4-DHINA
derivatives has been carried out with different starting points —
several initial structures/conformations for each molecule. The
starting structures of 1,4-DHINA derivatives have been based on
some known typical values of bond lengths and angles. All quan-
tum chemical calculations were performed by using Jaguar 8.0 pro-
gram package [25]. The optimized geometries were used to obtain
the Mulliken charges on nitrogen and carbon atoms in heterocycle.
The >N and '*C NMR chemical shifts were calculated with gauge-
including atomic orbitals (GIAO) approach by subtracting the shiel-
dings of the individual atoms from the shielding of the standard ¢
("Nnn3) = 254.4 ppm, & (">Crys) = 189.5 ppm calculated using the
same method in the gas phase.

Results and discussion
Synthesis

The symmetrical 1,4-DHINA 1a-3a were prepared (25-64%
yield) according to the modified Hantzsch condensation of one
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Table 2
The X-ray geometric and puckering parameters of the 1,4-DHP ring in compounds 1a-6a, 1b-6b, 1c-6¢, 1d-5d, 1e, 3e, 5e and 1f.
1,4-DHP C(4) dev’, A N(1) dev?, A . (%) 02, () P, (%) 7, (%)
1a 0.233(9) 0.102(7) 167.5(5) 175.5(5) 69.3(7) 79.2
1b 0.313(4) 0.132(3) 5.4(6) —~171.5(3) 91.9(4) 82.8
1c 0.341(9 ) 0.168(8) 176.6(6) 6.0(1) 102.0(8) 85.8
1d 0.520(7) 0.283(6) 162.4(6) ~15.0(1) 30.4(3) 85.6
le 0.419(4) 0.209(3) —-26.9(6) 37.6(6) 122.4(5) 88.4
1f 0.325(3) 0.163(3) -28.7(3) -41.9(3) 94.6(3) 832
2a 0.341(1) 0.152(1) 167.7(8) 170.0(8) 102.0(1) 76.5
2b 0.332(3) 0.159(2) -14.9(3) 171.0(2) 99.8(3) 823
2c 0.341(2) 0.143(2) 160.8(2) —14.9(3) 99.7(2) 83.8
2d 0.553(3) 0.262(3) -159.8(2) -15.2(3) 161.9(2) 85.5
3a 0.319(1) 0.171(1) - 95.8(2) 90.0
3b 0.134(3) 0.052(2) - 38.5(3) 723
3c 0.107(4) 0.045(3) - 31.1(3) 88.4
3d 0.374(3) 0.169(3) - 109.4(3) 75.6
3e 0.203(2) 0.118(2) - 61.6(2) 71.9
4a 0255( ) 0.100(3) 175.9(3) - 74.3(3) 80.4
4b mol A 0.182(4) 0.066(4) 2.5(5) - 52.3(4) 80.3
4b mol B 0.232(4) 0.091(3) 2.7(5) - 67.4(4) 79.9
4c mol A 0.214(3) 0.116(2) 4.7(4) - 65.0(3) 76.9
4c mol B 0.260(3) 0.123(3) 2.3(4) - 77.2(3) 76.1
ad 0.427(3) 0.223(2) -21.5(3) - 128.0(3) 79.0
5a 0.012(4) 0.023(3) —174.5(5) - 14.9(3) 729
5b mol A 0.213(3) 0.077(3) -172.2(5) - 61.4(4) 74.2
5b mol B 0.303(3) 0.136(3) ~168.4(5) - 89.8(4) 796
5¢c 0.009(2) 0.015(2) -32.4(2) - 14.8(2) 87.7
5d 0.445(3) 0.218(3) —33.3(4) - 131.3(4) 86.2
5e 0.022(3) 0.028(3) —134.1(4) - 14.7(3) 89.5
6a 0.347(3) 0.153(3) 0.8(4) 169.9(2) 103.0(3) 86.3
6b 0.232(8) 0.125(6) —3.4(7) -30.7(7) 70.7(6) 84.2
6c 0.364(2) 0.154(2) -33(3) —-174.8(2) 106.7(2) 85.0

# Deviation from the least-squares plane defined by C(2}—C(3)—C(5}—C(6).

equivalent of a glyoxylic acid with two equivalents of a methyl
B-aminocrotonate, acetylacetone imine or 3-amino-crotononitrile,
as reported in Scheme 1.

The unsymmetrical 1,4-DHINA 4a and 6a were synthesized by
condensing first glyoxylic acid in a Knoevenagel manner with
methyl p-aminocrotonate. The condensation of Knoevenagel
adduct with 3-aminocrotononitrile or acetylacetone imine gives
1,4-DHINA 4a and 6a in 68% and 53% overall yield (Scheme 2).

The esterification of the carboxylic acids 1a-4a and 6a was real-
ized in a similar manner to the procedures described previously
[21,23] in 63-93% yield.

The N-substituted and 4,4-disubstituted 1,4-DHINA derivatives
2d-4d, 6d (~55% yield) and 3e (22% yield) were obtained by the
treatment of 1,4-DHINA methyl esters 2b-4b or 6b with sodium
methoxide and methyl iodide.

The unsymmetrical 4-phenyl-1,4-DHP derivatives 4c-6¢ were
prepared (48-77% yield) by the modified method of the Hantzsch
condensation which involved Michael addition of a Knoevenagel
adduct with an enamine.

The structures of the title compounds were confirmed by IR, 'H,
13C and "N NMR spectroscopy, X-ray and elemental analysis.
All final products were pure and stable compounds. Chemical

COOH
* H,0
07 TH
R R
R
H,C© 'NH, H,N"  "CH,

—_—

structures of the prepared compounds as well as compounds
which were reported previously are summarized in Table 1.

X-ray crystallography

Many X-ray structural analyses of 1,4-DHPs show that the dihy-
dropyridine ring has a flattened boat conformation [8-19]. The
X-ray structural studies of 4-phenyl substituted 1,4-DHPs indicate
that the degree of puckering of the 1,4-DHP ring is related to phar-
macological activity, the latter increasing with increasing ring pla-
narity [8,26]. The sum of the absolute values of the ring internal
torsion angles (P) was suggested as a quantitative measure for
the evaluation of the flatness of the six-membered ring [9]. These
values range from 14.7(3)° (5e) to 161.9(2)° (2d) in Table 2, indi-
cating a significant amount of flattening from the ideal boat confor-
mation (P=90°). A mean value of 77(2)° was found previously for
1,4-DHP rings, although the P values generally vary over a wide
range from 4° to 130° [27]. For example, in nifedipine, a calcium
channel blocking drug, the value of P is 72° [8,26].

The crystal structures for the compounds studied (la-6a,
1b-6b, 1c-6¢, 1d-5d, 1e, 3e, 5e and 1f) reveal that the 1,4-DHP
ring exists in a boat form flattened at the N(1) and puckered at

R = COOCH, (1a); COCH, (2a); CN (3a)

Scheme 1. Synthesis of symmetrically substituted 1,4-dihydroisonicotinic acid 1a-3a.
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R =CN (4a); COCH, (6a)

Scheme 2. Synthesis of unsymmetrically substituted 1,4-dihydroisonicotinic acid 4a and 6a.

the C(4) atoms as evidenced by the distances of N(1) and C(4) to
the main plane C(2)—C(3)—C(5)—C(6) of the olefinic double bonds
(Table 2). The C(4) puckering, which varies considerably among the
compounds, is linearly related to that at the nitrogen (Fig. 1); the
greater the displacement of C(4) from the ring, the larger is the ring
puckering at N(1).

Comparative analysis of the data reported in Table 2 indicates
that the deviations of the C(4) and N(1) atoms from the planarity
follow the order COCH3 > COOCHj3 > CN. So, the substitution with
ester and acetyl groups at C(3) and C(5) positions induces more
deviation on C(4) and N(1) atoms from the plane. A completely pla-
nar 1,4-DHP ring was found in the structures of 5a, 5¢ and 5e, but
N(1) substitution with methyl group (1d-5d) causes the 1,4-DHP
ring to become more puckered (Table 2).

Comparative analysis with 4-phenyl group substituted 1,4-DHP
derivatives 1c-6¢ was carried out to elucidate the individual effect
of 4-carboxyl and 4-methoxycarbonyl groups on the 1,4-DHP ring
planarity. No relation between the nature of C(4) substituent and
the puckering of the C(4) and N(1) atoms could be established.

Similarly to 4-phenyl substituted 1,4-DHP derivatives 1c-6¢ the
4-carboxyl and 4-methoxycarbony!l groups in compounds 1a-6a,
1b-6b, 1d-5d and 3e prefer a pseudo-axial position on C(4). The
dihedral angle (t) between the least-squares plane of the 1,4-
DHP ring and the 4-carboxy! or 4-methoxycarbonyl groups range
from 71.9° (3e) to 90.0° (3a) indicating that both groups are almost
perpendicular to the 1,4-DHP ring. It is worth noting that both 4-
carboxyl and 4-methoxycarbonyl groups can rotate freely about
their adjacent C(4)—CO bond.

However, the X-ray structures of 4,4-disubstituted 1,4-DHP
derivatives 1e, 1f and 5e in comparison with those of 4-monosub-
stituted 1d and 5d revealed drastic changes in conformation
caused by the second 4-substitution. In 4-alkyl-4-methoxycar-
bonyl disubstituted 1,4-DHP (1e, 1f and 5e) 4-methoxycarbonyl
group moved from pseudo-axial into the pseudo-equatorial confor-
mation, as already observed in other 4-phenyl-4-methyl disubsti-
tuted 1,4-DHP structure [15]. It seems that the steric influence of
alkyl group dominates the conformation.

0.3
.
.
0.25
y=0.465x + 0.02
R =0.972
0.2
et
> -
< 0154
~
=)
<
Z 0.1 y=0.435x + 0.004
R*=0.920
a
0.05 1 ./A a
»
0 T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6
C (9)dev, A

Fig. 1. The correlations of the NH (A) and NCH; substituted (M) 1,4-dihydropyr-
idine ring distortion of C(4) with that at N(1).

The C(4) hydrogen substitution with alkyl group in compounds
1e, 1f, 3e and 5e causes the 1,4-DHP ring to become more flat
(Table 2).

The carbony! groups at the C(3) and C(5) positions of the 1,4-
DHP ring are of crucial importance to the pharmacological effect,
therefore important aspect is the rotation of the carbonyl group.
It has been shown that unsymmetrical substituents at the C(3)
and C(5) positions alter the activity [28].

Assuming a favoured coplanar arrangement of the ester or
acetyl carbonyl with the double bound of the dihydropyridine ring,
in principle, three different conformations at 3(5)-positions are
possible for the carbonyl groups: s-trans/s-trans, s-cis/s-cis, and
enantiomeric s-cis/s-trans and s-trans/s-cis. X-ray structural investi-
gations, theoretical calculations and in vitro analyses of fused
1,4-DHPs indicate that, probably, at least one of the carbonyl must
be in the s-cis arrangement making hydrogen bond to the receptor
[28].

The orientation of ester and acetyl carbonyls is defined by tor-
sion angles C(2)—C(3)—C(7)—0(8) (¢;) and C(6)—C(5)—C(9)—
0(10) (¢2) in Table 2. An analysis of results of 22 X-ray structures
shows a preference for the s-trans/s-cis arrangement in the crystal
of 1,4-DHPs 1a-1f, 2a-2d, 6a-6¢, and a preference for the s-cis
arrangement is found for unsymmetrical ones 4a-4d, 5a-5e
(Table 2). Only in two cases of 1a and 2a both carbony! groups have
s-trans/s-trans arrangement. Examination of ¢, and ¢, (Table 2)
revealed that ester and acetyl groups remain nearly coplanar with
the plane of the 1,4-DHP ring due to the electron delocalization in
the conjugated double bond system.

It is worth noting that in the crystal structure of compounds 3a,
3b and 4a a water molecule has been found, which forms an
intermolecular hydrogen bond system with 1,4-DHP carboxylic
acid and NH group. The lengths of these hydrogen bonds are
0(12)—H---0(1w) 1.73(2)A; 0(12)---0(1w) 265(2)A (3a);
O(11)—H---0(1w) 1.70(2)---A; O(11)---0(1w) 2.58(3)A (4a) and
N(1)—H---0(1w) 2.01(1)A; N(1)---O(1w) 2.82(2) A (3b). In 4b
and 4c there are two independent molecules with similar confor-
mation in the crystal asymmetric unit.

Quantum chemical conformational analysis

The prepared compounds as well as compounds which were
reported previously were subjected to conformational analysis by
quantum chemical calculations. The high level density functional
theory (DFT) B3LYP method with 6-31G= basis set was used to
obtain the optimum structures of the 1,4-DHINA derivatives in
gas and liquid (CHCl3 and DMSO) phases. The calculations in gas
phase produced the same relative conformation patterns with
respect to the liquid phase (CHCl; and DMSO) calculations (Supple-
mentary material Tables 3-5). The results of calculations in gas
phase are summarized in Table 3, and the optimized structures
for some representative 1,4-DHINA derivatives 1b-6b are demon-
strated in Scheme 3.

The 1,4-DHP ring puckering analysis confirmed the known pref-
erence for a flattened boat conformation for all of the considered
structures 1a-6a, 1b-6b, 1c-6¢, 1d-6d, 1e, 3e, 5e and 1f. Stronger
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Table 3
The gas phase optimized geometric and puckering parameters for the 1,4-DHP ring in
compounds 1a-6a, 1b-6b, 1c-6¢c, 1d-6d, le, 3e, 5e and 1f using B3LYP/6-31G"
method.

14-DHP  C(4)devi A N(1)dev, A ¢,(*) (%) P (%)
la 0.389 0171 2.85 765 1148 75.6
1b 0.400 0176 2.45 750 1180 75.7
Ic 0.208 0.128 -160 127 87.1 899
1d 0.469 0.246 6.02 1231 1408 83.1
le 0.494 0252 -27.83 -145.99 1432 900
1f 0.582 0.285 14699  28.19 166.1  70.1
2a 0.429 0.184 -554 478 1258  76.0
2b 0.429 0.186 -516  -368 126.1  75.4
2¢ 0.349 0.145 5.99 -3.62 1012 899
2d 0.492 0244 -1407 -576 1459 888
3a 0273 0123 - - 80.1 826
3b 0278 0119 - - 81.0 838
3¢ 0.202 0.102 - - 60.4 883
3d 0.354 0.165 - - 1034 855
3e 0.336 0.160 - - 875 834
4a 0.262 0.116 5.18 - 769 793
ab 0.279 0122 5.26 - 819  79.3
4c 0.252 0.120 -285 - 749  86.2
4d 0.382 0.195 -814 - 1135 831
5a 0.307 0120 0.38 - 886 869
5b 0314 0.120 0.46 - 90.1  87.7
5¢ 0.269 0117 4.06 - 786 827
5d 0.452 0213 1633 - 1326 86.8
5e 0.401 0.182 13234 - 115.0 709
6a 0.389 0.161 -725 -1126 1135 813
6b 0.397 0.163 -638 -1153 1157 81.3
6¢ 0338 0.144 -385 191 98.6  86.1
6d 0.470 0237 -7.71  -1494 1400 863

# Deviation from the least-squares plane defined by C(2}—C(3)—C(5}—C(6).

distortion from planarity around the C(4) was highlighted for all
compounds (Table 3). The C(4) puckering is linearly related to that
at the N(1) (Fig. 2).

The N(1) atom substitution with methyl group (1d-5d) causes
the 1,4-DHP ring become more puckered (Fig. 2, Table 3). The
quantum chemical calculations of these compounds show that
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Fig. 2. The correlations of the NH {(A) and NCHj substituted (M) 1,4-DHP ring
distortion of C(4) with that at N(1) obtained by calculations in gas phase.

the N-methyl substituent occupies a pseudo-equatorial position
that agrees with X-ray structural analysis.

The sum of the absolute values of the ring internal torsion
angles (P) ranges from 60.4° to 166.1° in Table 3. These findings
are in good agreement with the results of X-ray studies (Table 2).

Both X-ray structural analysis and quantum chemical calcula-
tions show that the change of the planarity of 1,4-DHP ring has
small effect on bond lengths in 1,4-DHP heterocycle (Supplemen-
tary material Tables 2-5).

Regarding the orientation of the 4-carboxyl and 4-methoxycar-
bonyl groups with respect to the 1,4-DHP ring, the computational
data confirmed the preference of C(4) substituent for pseudo-axial
position. The pseudo-equatorial conformation of 4-methoxycar-
bonyl group was observed in 4-alkyl-4-methoxycarbonyl substi-
tuted 1,4-DHPs 1le, 1f and 5e what is in agreement with the
X-ray results.

The dihedral angle (t) between the ((4) substituent and
1,4-DHP ring ranges from 70.1° to 90.0° which indicates that they
are nearly perpendicular to each other (Table 3) as it was found by
the X-ray analysis (Table 2).

o
A

Scheme 3. The DFT optimized structures of 1,4-DHINA derivatives 1b-6b.
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Unlike calculations reported in literature [29-32], the orienta-
tion of the carbonyl groups at the C(3) and C(5) positions of the
studied 1,4-DHP derivatives 1a-1f, 2a-2d and 6a-6c¢, the s-cis/s-
cis arrangement seemed to be the preferred one both in gas and
liquid phases, with the s-cis/s-trans arrangement showing up only
in compounds 1e and 1f (Table 3). Interestingly, the s-trans/s-trans
conformation was obtained for none of the 1,4-DHP derivatives. In
the optimized structures of unsymmetrical 1,4-DHPs 4a-4d and
5a-5d the carbonyl group at C(3) or C(5) position is oriented in
s-cis arrangement, only in 5e the carbonyl group is oriented in
s-trans conformation (Table 3). These small differences relative to
X-ray studies (Table 2) could be explained by crystal packing
effects in solids. Quite recently, it was found by quantum chemical
calculations that C(3) and C(5) carboxyl group rotation around
C(3,5)—CO0 has energy barrier 8-10 kcal/mol [33].

This conformational flexibility of 1,4-DHINA derivatives could
be of great relevance and could be exploited in the interaction pro-
cess with the biological receptor.

Most conclusions about conformational characteristics of
1,4-DHP derivatives come from X-ray analysis and theoretical cal-
culations, however these data may not reflect the conformation in
solution. In order to improve and to complete the insight into the
conformation of 1,4-DHPs, we present here NMR study of these
compounds.

Spectral analysis

Several experimental studies have shown the usefulness of the
H, 'C and >N NMR in structural and conformational studies of
1,4-DHP derivatives; in fact, the chemical shifts of these nuclei
are highly influenced by structural changes [33-40]. In particular,
'H and '3C chemical shifts for a series of 4-phenyl substituted
1,4-DHPs have been studied [33-39], however, no systematic
investigation has been made of substituent effects on NMR data
for 1,4-DHINA derivatives.

The representative 'H, >C, "> N NMR chemical shifts and direct
YJ(">SN—"H), 'J("3C4—"H) spin-spin coupling constants measured
for 1,4-DHP derivatives 1a-6a, 1b-6b, 1c-6¢c, 1d-6d, 3e and 5e

are summarized in Table 4 (fully in Supplementary material Tables
6 and 7).

The electronegativity of the substituents at C(3,5) positions of
heterocycle has a straightforward effect on the N'H and C,—'H
proton chemical shifts (Table 4). The N'H chemical shifts in 3(5)-
cyano-1,4-DHP analogues (3a-3c, 4a-4¢ and 5a-5c) are shifted
downfield compared with 3(5)-acetyl- or 3(5)-methoxycarbonyl-
ones (1a-1c¢, 2a-2c¢ and 6a-6¢) (Table 4). This indicates that both
double bonds and the p-orbital of the nitrogen are in stronger
conjugation in 3(5)-cyano-1,4-DHP analogues (3a-3c, 4a-4c¢ and
5a-5c). Substituents at C(3,5) positions have a direct influence
on the chemical shift of C4—'H, leading to upfield shifts for
3(5)-cyano-1,4-DHP derivatives (3a-3c, 4a-4c and 5a-5c¢) and
downfield shifts for 3(5)-acetyl- or 3(5)-methoxy-carbonyl-ones
(1a-1¢, 2a-2c and 6a-6¢) (Table 4). This effect can be attributed
at least partially to the anisotropic effect of the C(3,5) substituents.

The chemical shift of the C4—'H protons varies with the nature
of the C(4) substituent (Table 4). In the case of the 4-phenyl substi-
tuted 1,4-DHPs 1c-6¢ the signal corresponding to the C,—'H atom
in the 1,4-DHP ring is shifted downfield by 0.3-0.4 ppm as com-
pared with 4-carboxyl substituted 1,4-DHP analogues (1a-6a),
due to the influence of the anisotropic effect of the phenyl group.

The effect of the substituent at C(4) position of heterocycle on
the N'H chemical shifts is small (Table 4).

The signals of carbon-13 resonance in the 1,4-DHP moiety were
found in the range from 144.4 to 152.9 ppm for the C(2,6) atoms, in
the range 77.3-112.5 ppm for the C(3,5) atoms, and in the range
from 38.4 to 41.9 ppm for the C(4) atom (Table 4). As the
electron-withdrawing characteristics of the C(3,5) substituents
are increased in the series COCH3 <COOCH; <CN the signals
corresponding to the C(2,6) atoms, as well as the C(4) carbon are
shifted downfield. The upfield shift was observed for the carbons
located at the C(3,5) positions of the 1,4-DHP ring (Table 4). In
the case of N-methyl 1,4-DHP derivatives 1d-6d the signals corre-
sponding to the C(2,6) atoms are shifted downfield, while C(3,5)
signals are shifted upfield, reflecting substantial polarization of
the C(2,6)=C(3,5) double bonds under the influence of N-methyl
group (Table 4). The introduction of a methyl group to the nitrogen

Table 4
The 'H, "*N and "*C NMR chemical shifts and coupling constants 'J("*N—"H), 'J(**C4—"H) in DMSO-ds for compounds 1a-6a, 1b-6b, 1c-6c, 1d-6d, 3e and Se.
1,4-DHP 5, ppm '], Hz
N N'H C—'H (<p) c(6) c3) c(5) c(4) SN—TH 3¢~"H

1a 139.7 8.93 458 1462 146.2 97.0 97.0 39.2 -943 135.7
1b 1402 9.01 469 146.8 146.8 96.3 96.3 39.4 -94.4 136.7
1c 138.9 8.87 488 145.7 1457 1015 101.5 38.5 -943 136.2
1d 126.5 - 483 150.9 150.9 99.1 99.1 38.9 - 135.8
2a 1415 8.91 461 14438 14438 107.7 107.7 405 -93.8 1318
2b 141.9 9.03 474 145.4 1454 107.2 107.2 404 -93.8 1331
2¢ 141.2 8.88 5.03 1444 1444 1125 1125 38.7 -93.6 1322
2d 1282 - 473 149.0 1440 109.6 109.6 405 - 131.2
3a 1323 9.62 4.02 148.4 148.4 78.0 78.0 40.6 -96.0 138.8
3b 133.0 9.72 424 148.9 148.9 77.3 773 405 -96.4 140.1
3c 1305 9.52 439 146.7 146.7 82.7 82.7 409 -96.4 138.2
3d 1233 - 423 1529 152.9 793 793 39.7 - 138.7
3e 122.7 - 1.54 151.1 151.1 85.5 85.5 42.0 - -
4a 134.8 9.24 4.04 146.1 148.3 96.6 793 412 -95.2 137.1
4b 134.9 9.31 417 147.0 149.1 95.5 782 412 -95.7 139.3
4c 133.7 9.19 444 1457 146.4 99.5 843 406 -95.3 136.5
ad 1247 = 423 150.7 152.8 98.1 79.6 402 - 137.4
5a 136.0 9.21 416 145.0 1483 106.3 794 41.0 -94.9 136.0
5b 136.3 9.29 427 1457 148.8 106.2 789 412 -95.2 1376
5¢ 1343 9.13 458 1446 1459 108.9 85.2 40.7 -94.9 1349
5d 1245 - 435 148.2 1526 1083 80.0 404 - 135.0
5e 122.0 - 1.25 1489 150.6 116.7 863 454 - -
6a 1403 8.91 458 146.2 144.7 97.6 106.8 40.1 -94.4 1338
6b 1408 8.99 47 146.8 1453 97.0 106.4 40.1 -94.1 134.9
6c 140.0 8.87 494 145.1 1449 102.5 114 3858 -938 134.0
6d 126.8 - 477 151.0 148.8 99.3 109.3 39.8 - 133.5
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atom significantly changes the depth of the 1,4-DHP boat (X-ray
data in Table 2) that reduces the role of the nitrogen unshared elec-
tron pair in the overall conjugation of the heterocycle. In the case
of 4,4-disubstituted 1,4-DHP 3e and 5e introduction of methyl
group instead of proton at C(4) position causes drastic downfield
shift to the C(3,5) and C(4) resonances (Table 4). This effect could
be probably explained by the shift of pseudo-equatorial into
pseudo-axial conformation of 4-methoxycarbonyl group at C(4)
position in 3e and 5e that could influence the '>C chemical shifts.

The '*C chemical shift values within the phenyl ring can be used
to analyze the effect of 1,4-DHP ring on the phenyl ring itself. In the
case of 4-phenyl substituted 1,4-DHP derivatives studied herein
(compounds 1c-6¢) the electron withdrawing characteristics of
the C(3,5) substituent are increased in row COOCH; < COCH; < CN,
as the signals corresponding to the meta- and para-carbon atoms in
the phenyl ring are shifted downfield (Supplementary material
Table 7). The meta-carbon resonance is less affected, but the chem-
ical shift of the carbon atom in para position varies significantly
under the influence of the substituent at C(3,5). In the case of the
meta-carbon resonance this effect can be explained in terms of
inductive electron withdraw by the complex 4-(1,4-DHP) substitu-
ent, however the chemical shift of para-carbon atom could be
related to the hyperconjugation and substantial polarization of
m-electron system according to usual resonance concepts.

The computed atomic Mulliken charges and '>C chemical shifts
(Supplementary material Table 8) for the B3LYP/6-31G* geometry
optimized structures of 1a-6a, 1b-6b, 1c-6¢, 1d-6d, 3e and 5e do
not show any correlations, probably due to the influence of the
anisotropic effects of the ester, ketone or cyano functional groups
at positions C(3,5).

The direct 'J('3C4—"H) spin-spin coupling constants measured
for the 1,4-DHP derivatives 1a-6a, 1b-6b, 1c-6¢ and 1d-6d
change considerably as the substituent at C(3,5) position was var-
ied (Table 4). It was found that 'J(*3*C4,—"H) coupling constants are
larger for 3(5)-cyano-1,4-DHP derivatives (3a-3d, 4a-4d and
5a-5d) (Table 4). Supporting X-ray data have shown that 3(5)-
cyano group is a more effective boat flattening substituent than
3(5)-methoxycarbonyl or 3(5)-acetyl groups in 1,4-DHPs. Such
increasing of planarity at C(4) increases 'J('*C,—'H) values
(Table 4).

There are two effects possible that could act on §('°N) in 1,4-
DHPs: first, the change of the flattened boat conformation of the
1,4-DHPs upon the electronic effects of substituents at C(3,5) posi-
tions, and second, the change of pseudo-axial/pseudo-equatorial
equilibrium on the nitrogen, depending on both the conformation
of the flattened boat and the electronic effects of substituents at
((3,5) positions.

The 1,4-DHP derivatives bearing methoxycarbonyl and acetyl
groups at C(3) and/or C(5) position of heterocycle (1a-1c, 2a-2¢
and 6a-6¢) have '°N resonating the farthest downfield relative to
the ones bearing cyano group (3a-3c, 4a-4c and 5a-5c) (Table 4).
N-methyl substitution results in an upfield shift as compared with
NH analogues (Table 4). The changes in geometry and different
ability of the lone pair delocalization in N-methyl derivatives must
be considered as the dominant 6(°N) shielding contributor.

The X-ray structures of N-methyl derivatives (1d-6d) show that
the nitrogen atom has larger displacement from the base of the
boat plane as compared with the NH analogues (1b-6b) (Table 2).
The upfield shift of the N-methyl nitrogen may therefore be ratio-
nalized in terms of partial increase in sp? character of the N-methyl
nitrogen relative to the NH analogues and preferred pseudo-equa-
torial conformation of N-methyl group.

The effect of the substituent at C(4) position of heterocycle on
the &(°N) chemical shifts is very small (Table 4).

Our quantum chemical calculations show that the calculated
5('>N) values (Supplementary material Table 8) are in good

184

110

115
£ &
£ 120
Z 125
£
=
T 130
3 y=2601x- 19691
o
£ s Re- 0952
s
<
= 140
o
145
150 r
145 140 135 130 125 120

Experimental 6(**N), ppm

Fig. 3. Relationship between experimental (DMSO-ds) and calculated (gas phase)
5N chemical shifts of NH (A) and NCH- (M) 1,4-DHPs.

agreement with experimental values (Table 4) and confirm the
shielding effect of methyl group (Fig. 3).

The computed atomic Mulliken charges (Supplementary mate-
rial Table 8) for the B3LYP/6-31Gx geometry optimized structures
of 1a-6a, 1b-6b, 1c-6¢, 1d-6d, 3e and 5e showed correlation with
the experimental '>N chemical shifts (Supplementary material
Fig. 7).

The range of 'J(">N—"H) values corresponds to the nearly planar
arrangement around the nitrogen. It was found that direct
Y(*>N—'H) spin-spin coupling constants are larger for 3(5)-
cyano-1,4-DHP derivatives (3a-3c, 4a-4c¢ and 5a-5c) in compari-
son to 3(5)-acetyl- or 3(5)-methoxycarbonyl-ones (1a-1c, 2a-2¢
and 6a-6¢) (Table 4). Substituents giving the flattened 1,4-DHP
boat and/or pyramid at nitrogen lead to the larger absolute value
of the 'J("*N—'H) coupling constant that is observed for 3(5)-
cyano-1,4-DHP derivatives (3a-3c, 4a-4c¢ and 5a-5c).

It should be noted that the sign of 'J('>N—'H) is negative [41];
this leads to the opposite appearance of the influence of the
electronic effects in 1,4-DHP ring to 'J(">N—'H) and &('°N),
1J(*>N—"H) and §(N'H) values in correlations (Figs. 4 and 5).

A regular dependence of the 'J(">N—"H) coupling constants on
the 6('>N) and 6(N'H) chemical shifts is observed (Figs. 4 and 5).
The increase of 'J('*N—'H) coupling constants by the introduction
of cyano group in molecule demonstrates that 3(5)-cyano group is
a more effective boat and/or nitrogen pyramid flattening substitu-
ent than 3(5)-methoxycarbonyl or 3(5)-acetyl groups in 1,4-DHPs
probably due to its smaller volume.

In general the extensive NMR studies of 'H, '*C and '°N chem-
ical shifts of 1,4-DHINA derivatives, both concerning 1,4-DHP ring

17 (5N-'H), Hz
&

144 142 140 138 136 134 132 130 128
4 (*N), ppm

Fig. 4. A plot of the observed '*N chemical shifts of 1,4-DHPs against 'J('>N—'H)
coupling constants in DMSO-ds.



558 1. Goba et al./Journal of Molecular Structure 1074 (2014) 549-558

97 4

-96.5 -

96 - .

-95.5

95 -

-94.5 4

1J (SN-'H), Hz
.

-93.5 1

9.8 9.6 9.4 92 9.0 88
o (N'H), ppm

Fig. 5. A plot of the observed N'H chemical shifts of 1,4-DHPs against 'J('>N—'H)
coupling constants in DMSO-ds.

geometry and the substituents at the positions N(1), C(3,5) and
C(4), have added useful information for the understanding of the
features of this class of compounds.

Conclusions

The structural and conformational properties of a new series of
1,4-DHINA derivatives, characterized by ester, ketone or cyano
functions at positions C(3) and C(5) have been investigated by
X-ray crystallography, 'H, '>C and '>N NMR spectroscopy and the-
oretical calculations.

The 1,4-DHP ring has a flattened boat conformation and the C(4)
substituent occupies a pseudo-axial position, but, depending on
other substituents, there is some flexibility around this preferred
arrangement. The 1,4-DHP ring puckering at the nitrogen is line-
arly related to that at the tetrahedral C(4) carbon and it is influ-
enced to a great extent by the alkyl substituent at the nitrogen.
The carbonyl groups at C(3,5) positions of 1,4-DHP ring show a
preference for the s-cis/s-cis conformation with respect to the adja-
cent C=C bond in the quantum chemically calculated structures. In
X-ray structures the preferred carbonyl orientation is s-trans/s-cis.
These small differences could be rationalized in terms of crystal
packing effects in solids.

NMR studies of 1,4-DHINA derivatives clearly demonstrate that
H, '3C and '°N chemical shifts are a sensitive probes for structural
modifications of heterocycle, whereas one-bond 'J('°N—'H) and
'J(*3*C4~"H) couplings essentially reflect geometric distortions.
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ing.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; or
E-mail: deposit@ccdc.cam.ac.uk). Supplementary data associated
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2. att. 1,4-DHINS metilestera 39, 40 un 44 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem
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3.att. N-metil-1,4-DHINS metilesteru 47-48 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem
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4. att. 4,4-Diaizvietotu-1,4-DHINS metilesteru 52, 71 un 72 molekulu
telpiskie modeli ar atomu apzimejumiem un svarstibu elipsoidiem
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5. att. 1,4-DHINS atvasinajumu 33 un 42 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsordiem
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6. att. 1,4-DHINS atvasinajumu 49, 53 un 56 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem
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7. att. 1,4-DHINS atvasinajumu 36 un 41 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem
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8. att. 1,4-DHINS atvasinajumu 50 un 58 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem

193



c7

9. att. 1,4-DHINS atvasinajumu 38, 45 un 57 molekulu telpiskie modeli ar
atomu apziméjumiem un svarstibu elipsoidiem
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10. att. 3,4,6-Trimetil-1-okso-1,3-dihidro-furo[3,4-C]piridina-7-karbonitrila
(60) molekulas telpiskais modelis ar atomu apziméjumiem un svarstibu
elipsoidiem

61b

11. att. (R)-5-Ciano-2,6-dimetil-3-metoksikarbonil-4-((S)-1-
feniletilkarbamoil)-1,4-dihidropiridina (61b) molekulas telpiskais modelis
ar atomu apziméjumiem un svarstibu elipsoidiem (CCDC 973671)
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12. att. (R)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-
feniletilkarbamoil)-1,4-dihidropiridina (62a) molekulas telpiskais modelis
ar atomu apziméjumiem un svarstibu elipsoidiem (CCDC 974958)
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13. att. (S)-5-Acetil-2,6-dimetil-3-metoksikarbonil-4-((S)-1-
feniletilkarbamoil)-1,4-dihidropiridina (62b) molekulas telpiskais modelis
ar atomu apziméjumiem un svarstibu elipsoidiem (CCDC 974922)
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14. att. 3-Metoksi-3,4,6-trimetil-1-okso-1,3-dihidro-furo[3,4-c]piridina-
7-karbonitrila (L 42) molekulas telpiskais modelis ar atomu apziméjumiem
un svarstibu elipsoidiem

15. att. 3-Metoksi-3,5,6-trimetil-4-metilén-1-o0kso-1,3,4,5-tetrahidro-
furo[3,4-c]piridina-7-karbonitrila (69) molekulas telpiskais modelis ar
atomu apziméjumiem un svarstibu elipsoidiem
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16. att. 3-Hidroksi-7-karbamoil-3,4,5,6-tetrametil-1-okso-1,3-dihidro-
furo[3,4-C]piridinija perhlorata (70) molekulas telpiskais modelis ar atomu
apziméjumiem un svarstibu elipsoidiem
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17. att. 4-Fenilaizvietotu 1,4-DHP 66-68 molekulu telpiskie modeli ar atomu
apziméjumiem un svarstibu elipsoidiem
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Rentgendifrakcijas datu registréSanas un proceséSanas parametri 1,4-DHINS atvasinajumiem un 4-fenilaizvietotiem 1,4-DHP

1. tabula

1,4-DHINS 2 3 32 33 36 38 39 40 41 42 44 45
Formula C1oH1sNO, C10H11N3O3  C1,H1sNOs C11H12N203 C11H1:N2O5 C1oH1sNOs C13H17NOg C11H13N303 C1oH14N204 C1oH14N203 C13H17NO, C13H17NOs
M, 237.25 221.22 269.25 220.22 254.24 253.25 283.28 235.24 250.25 234.25 251.28 267.28
Singonija Rombiska Rombiska Triklina Monoklina Monoklina Monoklina Monoklina Monoklina Monoklina Monoklina Monoklina Monoklina
Telpiska grupa P2, Pnma P1 P2./n P2i/c P2./n P2./a P2./n P2./n C2/c P2./n P2,/a
Temp. (K) 293 173 243 193 183 173 193 173 183 293 173 183
7.3051(6), 7.8264(2), 7.4134(4), 7.6661(3), 9.0576(6), 7.3815(3), 14.0589(5), 12.2517(4), 13.6249(4), 18.9169(4), 11.0360(3), 7.6984(2),
a,b,c(A) 10.5537(8), 12.0929(3),  8.4209(5), 9.0402(4), 9.6749(6), 15.0917(6), 7.3616(2), 7.4246(3), 13.4921(5), 8.4317(2), 7.4658(2), 14.3619(4),
15.2557(15) 11.3569(3)  11.6355(8) 15.1405(8) 14.2899(11) 10.7209(6) 13.7383(6) 12.6623(5) 13.7811(4) 29.7239(7) 15.3808(5) 11.9643(3)
B () 90.00 90.00 107.138(3) 90.865(2) 97.321(3) 94.093(2) 72.0127(13) 95.457(2) 104.209(2) 92.646(7) 99.010(2) 96.475(2)
V (A3 1176.15(18) 1074.86(5) 617.37(7) 1049.16(8) 1242.04(15) 1191.26(10) 1352.37(8) 1146.59(7) 2455.85(14) 4736.0(2) 1251.63(6) 1314.38(6)
Dapr (g cm®) 1.340 1.367 1.449 1.394 1.360 1.412 1.391 1.363 1.354 1.314 1.333 1.351
z 4 4 2 4 4 4 4 4 8 16 4 4
2 (mm™Y) 0.101 0.104 0.117 0.103 0.109 0.110 0.111 0.101 0.103 0.096 0.099 0.104
Kristala forma Plaksne Plaksne Plaksne Plaksne Prizma Kubs Prizma Plaksne Prizma Prizma Prizma Prizma
iji";ﬁz“ deriguma 1> 25(l) 1> 26(l) 1> 35(l) 1> 30(l) 1> 35(l) 1> 35(l) 1> 26(1) 1> 35(l) 1> 30(1) 1> 30(1) 1> 30(1) 1> 35(l)
Rint 0.129 0.015 0.047 0.043 0.036 0.035 0.131 0.029 0.037 0.029 0.030 0.026
Ormax 27.0 29.0 28.0 285 28.5 275 27.0 28.5 29.5 28.5 28.0 28.0
Derigi refleksi 1448 1511 1465 1535 1719 1987 2902 1970 3010 3256 1918 2280
Parametru skaits 154 107 178 145 163 163 189 154 325 307 163 172
Uder,l_r aza atomu Ierobezota Pllm.gl_ Ierobezota ITerobezota Ierobezota Ierobezota Jgulfsa Ierobezota lerobezota ITerobezota ITerobezota Ierobezota
apstrade noprecizéta precizé$ana
R-faktors 0.092 0.039 0.058 0.056 0.058 0.057 0.074 0.048 0.057 0.062 0.051 0.097
(A/ O)max 0.008 0.000 0.024 0.005 0.040 0.016 0.069 0.025 0.014 0.044 0.020 0.022
Apiaxs Apmin (€ A7) 0.32,-0.45 0.32,-0.27 0.67,-0.64 0.53, -0.64 0.47,-0.57 0.65, -0.33 0.59, -0.36 0.32,-0.40 0.64,-0.73 0.59, -0.80 0.50, -0.45 0.68, -0.56
CCDC No. 933608 907698 901800 886816 901796 907700 901798 907699 901797 886199 908863 907837
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Rentgendifrakcijas datu registréSanas un proceséSanas parametri 1,4-DHINS atvasinajumiem un 4-fenilaizvietotiem 1,4-DHP

1. tabula

1,4-DHINS

46

47

48

49

50 52 53 56 57 58 66 67

FormUIa C14H19N106 C14H19NO4 C12H13NSOZ C13H18N203 C13H16NZO4 C13H15N302 C14H18N203 C16H16NZO C17H19NO3 ClGHZLGNZOZ C17H19N04 C17H19N02
M, 297.30 265.30 231.25 248.28 264.28 245.28 262.31 252.32 285.33 268.32 301.34 269.34
Singonija Monoklina Triklina Monoklina Triklina Monoklina Triklina Triklina Monoklina Monoklina Monoklina Triklina Triklina
Telpiska grupa P2i/a P1 C2/c P1 P2i/n P1 P1 P2i/n P2./n P2./n P1 P1
Temp. (K) 295 173 183 293 173 173 293 173 193 173 193 173

7.9740(3), 7.5399(2), 32.9004(13), 8.3347(4), 8.1542(3), 6.6808(2), 8.8469(4), 7.5517(2), 9.8499(2), 9.6796(2), 7.3591(8), 7.4233(3),
a,b,cAd) 12.5503(5), 8.3588(2), 4.9513(2), 8.7044(5), 15.6043(7), 7.6830(2), 9.0310(3), 8.2399(2), 7.3132(2), 26.6994(5), 9.6140(8), 8.5101(3),

15.1094(8) 11.9411(4) 15.1471(7) 9.4134(6) 10.5860(5) 13.2855(6) 9.8536(4) 21.4064(5) 20.5500(6) 11.0960(2) 11.6501(9) 12.1080(5)
B () 102.906(2) 92.1915(11) 96.383(2) 77.323(2) 102.414(2) 89.687(2) 82.637(2) 92.859(10) 96.243(10) 94.108(10) 95.17(2) 91.917(2)
V (A% 1473.89(11) 670.65(3) 2452.2(2) 662.84(7) 1315.47(10) 623.54(4) 700.80(5) 1330.36(6) 1471.53(7) 2860.28(9) 753.2(3) 717.98(5)
Dapr (g cm®) 1.340 1.314 1.253 1.244 1.334 1.306 1.243 1.260 1.288 1.246 1.329 1.246
Z 4 2 8 2 4 2 2 4 4 8 2 2
2 (mm™) 0.105 0.096 0.088 0.089 0.100 0.091 0.088 0.080 0.088 0.080 0.095 0.081
Kristala forma Prizma Prizma Prizma Prizma Prizma Prizma Prizma Prizma Prizma Prizma Plaksne Plaksne
l}frfg‘;‘;zu deriguma 1> 26(1) > 30() 1> 30(1) > 30() 1> 30(1) > 30() > 30(1) > 30() > 26(1) > 30(1) > 30(1) > 30(1)
Rint 0.025 0.023 0.031 0.036 0.030 0.029 0.032 0.027 0.025 0.032 0.070 0.037
Omax 275 275 28.5 28.5 275 28.5 28.5 275 29.0 275 275 28.0
Derigi refleksi 3358 2400 2019 1711 2099 2298 2233 2269 3901 4107 1864 2440
Parametru skaits 190 172 154 163 172 163 172 172 194 361 199 181
Uder,l_raza atomu Ierobezota ITerobezota Ierobezota ITerobezota Ierobezota Terobezota ITerobezota Terobezota Ja_quEa Ierobezota Terobezota Ierobezota
apstrade precizésana
R-faktors 0.074 0.047 0.056 0.084 0.049 0.048 0.067 0.057 0.059 0.066 0.068 0.053
(A O)max 0.000 0.033 0.022 0.061 0.032 0.042 0.030 0.040 0.000 0.056 0.043 0.013
Aprmaxe Apmin (€ A7) 0.45, -0.68 0.30, -0.23 0.61, -0.40 0.62, -0.46 0.31,-0.35 0.35, -0.35 0.60, -0.64 0.69, -0.67 0.70, - 0.27 0.63, -0.69 0.58, -0.50 0.33, -0.34
CCDC No. 676989 915981 906252 885313 901799 907992 886197 991747 993834 994212 996232 931406
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Rentgendifrakcijas datu registréSanas un proceséS$anas parametri 1,4-DHINS atvasinajumiem un 4-fenilaizvietotiem 1,4-DHP

1,4-DHINS 68 71 72
Formula CisH13Ns C15H,2:NOg C17H25NOg
M, 235.29 311.33 339.38
Singonija Monoklina Triklina Monoklina
Telpiska grupa P2i/c P1 P2i/n
Temp. (K) 173 293 293

8.6664(4), 7.4726(3), 8.9651(2),
a,b,c(A) 11.3848(6), 10.1220(5), 12.1917(4),

13.1550(8) 11.4190(7) 16.7551(6)
B(°) 105.050(2) 84.726(2) 99.8093(13)
vV (AY) 1253.42(12) 800.19(7) 1804.56(10)
Dapr (g €M) 1.247 1.292 1.249
z 4 2 4
2 (mm™) 0.076 0.100 0.094
Kristala forma Adata Adata Prizma
Eﬁg‘:ﬁz“ deriguma > 30(1) > 30(1) 1> 20(1)
Rint 0.035 0.042 0.047
Ormax 28.0 27.6 27.4
Derigi refleksi 1853 1696 4085
Parametru skaits 163 199 217
Uder)_raza atomu ITerobezota ITerobezota ITerobezota
apstrade
R-faktors 0.057 0.057 0.059
(A O)max 0.005 0.036 0.000
Apmax, Apiin (€ A7) 0.45, -0.62 0.75, -0.90 0.24, -0.26
CCDC No. 993756 676991 676992
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1. tabula



Rentgendifrakcijas analize iegiitie struktiiras geometrijas parametri 1,4-DHINS atvasinajumiem un 4-fenilaizvietotiem 1,4-DHP

1,4-DHP o > @3 >4 s s o o3 [ C,-Cs, A C5-CgA
32 1675(5)  1755() -170.4(4) -176.2(4)  75(7)  -3.3(6) -19.9(6) 17.7(6) -2.0(4)  1.361(8)  1.353(7)
39 5.4(6) -171.5(3)  -178.7(3)  173.2(3) 7.3(5) S77(4)  -249(4) 25.0(4)  0.1(3) 1.355(4) 1.368(4)
66 176.6(6) 6.0(1)  -172.1(6) -179.7(5)  89(9)  -5.009) -27.9(8) 26.1(8) -2.05) 1357(7)  1.346(7)
46 162.4(6)  -150(1) -171.5(5) 171.1(5)  7.3(@8) -11.7(8) -412(7) 432(7) 21(5)  1367(7)  1.371(7)
71 -26.9(6) 37.6(6) 172.7(3) 179.7(3)  -11.9(5) 5.2(5) 34.0(4) -30.8(4) 2.9(3) 1.364(4) 1.350(4)
72 -28.7(3) -41.9(3) 173.5(2)  -179.8(2)  -7.5(3) 5.7(3) 25.4(2) -245(2) 0.8(2) 1.364(3) 1.339(3)
2 167.7(8)  170.0(8) -173.8(7) 1755(8)  6.1(1)  -8.8(1) -269(1) 28.2(1) 1.1(7)  1.355(1)  1.350(1)
44 -14.9(3) 171.02)  -174.2(2)  174.8(2) 7.0(3) -7.03) -268(3) 26.8(3) -0.0(2) 1.350(3) 1.362(3)
67 160.8(2) -149(3)  -172.7(2)  177.6(2) 7.9(2) -8.3(2) -272(2) 27.4(2) 0.1(1) 1.363(2) 1.357(2)
47 -150.8(2)  -152(3)  -173.7(2)  167.1(1)  127(2)  -109(2) -447(2) 436(2) -05(1)  1.354(3)  1.366(3)
3 - - A1746(1)  1746(1)  6.1(Q2)  -6.1(2)  -249(1) 24.9(1)  00(8)  1.356(1)  1.356(1)
40 1788(2)  179.1(2)  49(3)  -223) -112(2)  98(2)  -11(1)  1341(2)  1.349(3)
68 -179.2(2)  -177.5(2) 2.4(3) -3.0(3) -8.2(3) 8.5(3) 0.2(2) 1.342(3) 1.335(3)
48 -176.4(2)  173.3(2) 9.7(3) -81(3)  -30.0(3) 29.2(3)  -0.6(2) 1.354(3) 1.353(3)
52 - 179.2(1)  1775(1)  13(2)  -6.0Q2) -147(2) 17.0(2) 20(Q1)  1.3522)  1.353(2)
36 175.9(3) -179.9(2)  -175.1(2)  -6.0(3) 7.3(4) 20.1(3)  -20.7(3)  -0.6(2) 1.353(3) 1.343(4)
41mol A 250) 1789(2) -177.1(2)  -42(4)  57(4)  141(4) -149(4) -0.7(2)  1.353(4)  1.361(4)
molB  270) 176.0(2) -176.0() -5.6(4)  6.6(4)  18.1(4) -188(4) -04(2)  1.354(4)  1.355(4)
58mol A 4.7(4) 1752(2)  -1783(2) -59(3)  2.3(3)  176(3) -1603) 16(2)  1.3523)  1.346(3)
58molB  2.3(4) 175.7(2)  -1772(2)  -72(3)  43@)  211(3) -1993) 13(2)  1.365(3)  1.345(3)
50 -21.5(3) 1744(Q2)  1725(2)  8.0(3)  -91(3) -337(2) 345(2) 05(2)  1.356(3)  1.351(3)
33 -174.3(2) -179.82)  -175.6(2)  27(4)  40(4)  -26(3) -0.83) -30(2) 1.368(3)  1.340(3)
42 mol A -172.2(3) -173.9(3)  1782(3)  83(4)  -34(4)  -182(4) 159(4) -2.2(2)  1344(4)  1.354(4)
42 mol B -168.4(3) -175.7(3)  174.4(3) 7.3(4) -6.6(4) -242(33) 242(4) -05(2) 1.360(4) 1.347(4)
56 -32.4(2) 178.4(1) 177.5(2) -4.0(2) -3.4(3) 1.1(2) 2.6(2) 3.2(1) 1.360(2) 1.340(2)
49 -33.4(6) -172.1(3)  172.3(4) 9.5(5) -9.3(6) -35.0(4) 355(5) -0.2(3) 1.348(5) 1.336(6)
53 -134.1(3) - A77.9(2)  -177.2(2)  33(4)  26(4)  02(3)  -32(3) -25(2)  1.343(4)  1.357(4)
38 0.8(4) 169.9(2)  -172.9(2)  176.9(2) 8.2(3) -7.7(3) -281(3)  27.8(3)  -0.3(2) 1.367(3) 1.360(3)
45 -3.4(7) -30.7(7) 179.3(4)  -176.1(4)  -3.3(6) 5.1(6) 18.1(5)  -19.0(5) -0.8(4) 1.346(7) 1.354(7)
57 -33(3)  -1748(2) -179.7(1)  1702(1)  6.1(2)  -11.1(2) -27.8(2) 30.3(2)  2.4(1)  1.353(2)  1.364(2)

2. tabula

@1 = Cp-C3-C7-Og; @ = Cg-C5-C10-O11; 3 = N1-C-C3-Cy; ¢ = N1-C-Cs-Cyp; 5 = N1-Co-C3-Cy; 6 = N1-C5-C5-Cy; 7 = C5-C5-Cy-Cs; 5 = C3-C4-C5-Cg Un o9 = C-C3-C5-Cq (°)

203



Teorétiski aprékinatie struktiras geometrijas parametri gazveida stavokli 1,4-DHINS atvasinajumiem un 4-fenilaizvietotiem 1,4-DHP

1,4-DHP A @ @3 o s s o @3 @ C,-Cs A Cs-Co A C+H, A N;-H, A
32 2.85 7.65 -175.68 172.24 8.92 -9.04 -31.15 31.22 0.09 1.3601 1.3638 1.0920 1.0104
39 2.45 7.50 -175.69 172.17 9.25 -9.13 -32.08 32.03 -0.02 1.3609 1.3631 1.0922 1.0090
66 -1.60 1.27 -175.60 175.52 7.07 -7.02 -23.54 23.50 -0.01 1.3610 1.3618 1.0914 1.0097
46 6.02 12.31 -175.83  172.10 8.80 -9.10 -3756  37.78 0.18 1.3643 1.3649 1.0885 -
71 -2783  -14599 17799  -177.00  -7.99 11.30 37.02 -38.79 -1.45 1.3626 1.3608 - -
72 146.99 28.19 17191  -171.28 -13.22 1044 4495 4342 1.20 1.3629 1.3633 - -

2 -5.54 -4.78 -171.87 174.79 9.98 -9.63 -34.55 34.36 -0.19 1.3669 1.3652 1.0956 1.0107
44 -5.16 -3.68 -172.25  174.27 9.76 -9.72 -34.48 3444  -0.04 1.3669 1.3659 1.0950 1.0103
67 5.99 -3.62 17391  -17414  -8.30 8.17 2759  -2752  0.06 1.3665 1.3666 1.0936 1.0095
47 -14.07 -5.76 -172.22  173.71 9.29 -10.13  -39.35  39.70 0.32 1.3690 1.3683 1.0874 -
3 - - 176.17  -176.56  -6.28 6.31 2144 2149  0.06 1.3605 1.3573 1.0953 1.0091
40 - - -176.45  176.22 6.76 -6.62 -2193  21.82 0.00 1.3570 1.3604 1.0944 1.0095
68 - - -177.71 177.79 3.99 -4.48 -15.68 15.93 0.22 1.3582 1.3576 1.0971 1.0095
48 - - -174.65 174.67 8.21 -7.90 -27.95 27.77 -0.07 1.3611 1.3629 1.0937 -
52 - - -176.77 176.13 7.52 -7.50 -26.02 25.96 0.08 1.3607 1.3661 - -
36 5.18 - -177.81 175.67 6.17 -6.01 -20.73 20.70 -0.04 1.3610 1.3584 1.0931 1.0095
41 5.26 - -177.43 175.60 6.94 -6.18 -22.28 21.95 -0.31 1.3619 1.3599 1.0928 1.0096
58 -2.85 - -176.17 176.78 5.54 -5.52 -19.80 19.90 -0.04 1.3638 1.3566 1.0947 1.0101
50 -8.14 - 176.99 -173.88 -7.58 7.81 30.08 -30.46 -0.06 1.3653 1.3601 1.0914 -
33 0.38 - 174.46 -175.79 -8.26 7.26 24.48 -24.20 0.51 1.3669 1.3587 1.0933 1.0107
42 0.46 - 17440  -175.88  -8.76 7.38 25.05 -2459  0.70 1.3677 1.3575 1.0922 1.0098
56 4.06 - 17568  -176.49  -6.06 6.56 2092  -2143 -0.13 1.3680 1.3560 1.0961 1.0096
49 16.33 - 17189  -173.26  -9.48 10.02 3556  -36.34  0.07 1.3719 1.3585 1.0905 -
53 132.34 - 176.04  -177.85 -11.33 7.01 31.98  -30.08 1.90 1.3562 1.3637 - -
38 -7.25 -11.26 17699  -170.68  -8.83 9.67 3095 -31.20 -0.57 1.3600 1.3682 1.0912 1.0104
45 -6.38 -11.53 176.57 -170.74 -9.20 9.93 31.65 -31.86 -0.50 1.3605 1.3674 1.0902 1.0106
57 -3.85 191 -173.90 175.20 8.44 -7.47 -27.04 26.41 -0.39 1.3621 1.3664 1.0922 1.0101
51 -7.71 -14.94 175.40 -172.29 -9.78 8.78 38.07 -37.40 0.27 1.3640 1.3680 1.0877 -

3. tabula

@1 = Cp-C3-C4-Og; @, = Cg-C5-C10-011; 3 = N1-C-C3-Cy; ¢ = N1-C-Cs-Cy; 5 = N1-Co-C3-Cy; 9 = N1-C6-Cs-Cy; 7 = C5-C5-C4-Cs; @5 = C3-C4-C5-Cg Un ¢ = C-C3-C5-Cq (°)
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Promocijas darbs ,,JAUNU 1,4-DIHIDROIZONIKOTINSKABES ATVASINAJUMU
SINTEZE UN TO FIZIKALI KIMISKO IPASIBU RAKSTUROJUMS” izstradats Latvijas
Organiskas sintézes instituta Fizikali organiskas kimijas laboratorija.

Ar savu parakstu apliecinu, ka p&tijums veikts patstavigi, izmantoti tikai taja noraditie

informacijas avoti un iesniegta darba elektroniska kopija atbilst izdrukai.
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(personiskais paraksts) (paraksta atsifrejums)
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