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1. levads. Problémas aktualitate, darba mérki un uzdevumi.

Kimiku interese par laktonu saturo$o savienojumu sint€zi ir saistita ar to biologisko
aktivitati. Daziem sintétiskajiem un dabiskajiem savienojumiem, kuru molekuld ir
nepiesatinats pieclocek]u laktona cikls, piemit antibiotiska, baktericida un kardiotoniska
aktivitates [1-3]. Sajos darbos ir paradits, ka péc dubultsaites hidrésanas un laktona cikla
hidrolizes augstak min&tie savienojumi zaudé savu biologisko aktivitati. NepiecieSsams arl
atzimét, ka wvairums jaunakas paaudzes kardiotonisko preparatu ir N-heterociklisko
savienojumu atvasindjumi [4]. 2(3H)-Furanoniem ir atrasta pretvéza aktivitate [5-10]. Dazi
laktona ciklu saturosie savienojumi ir augu augsanas stimulatori [11-13].

Lai noteiktu laktonu un hetarilaizvietotaju ka farmakoforu iesp&jamo nozimi,
antiaritmiskaja, kardiotoniskaja un citotoksiskaja aktivitates, tika sintez&ti un testéti in vivo un
ex vivo nepiesatinato y- un d-laktonu piridil-, hinolil- un fenilatvasingjumi.

Laktonu atvasindjumi tika sintez&ti, izmantojot aril(hetaril)aldehidu reakciju ar aktivo
metilgrupu saturo$ajiem y-un d- laktoniem baziska vidé. Ta ir sen pazistama un sintézes
praksé plasi izmantojama reakcija, tacu lidz 20. gs. tika uzskatits, ka reakcija notiek atbilstosi
aldola-krotona tipa mehanismam. VEélak tika public@ti p&tijumi par citu iesp&jamo reakcijas
norises virzienu, kura darbibas mehanisms nebija skaidrs [13-15]. lesakot savus pétijjumus.
konstatgjam, ka karbaldehidu reakcija ar y- un &-metillaktoniem notiek péc netradiciondla

mehanisma.

Darba merki:
e Sinteze&t jaunus y- un d-laktonu atvasinajumus;
e Noskaidrot aril (hetaril) karbaldehidu reakcijas mehanismu ar y- un d-laktoniem:;

e Prognoz&t un eksperimentali pétit sintezéto laktonu gaidamo biologisko aktivitati.

2. Hetaril (aril)saturoSie » un S-laktonu atvasingjumi

2.1.Hetarilkarbaldehidu kondensacija ar nepiesatinatajiem - un o-laktoniem [16-22]

Hetarilkarbaldehidu (1-7) reakcija ar tadiem laktoniem, ka 4.5,5-trimetil-3-ciano-

2(5H)furanoni (8, 9) un 4,6,6-trimetil-3-ciano-5.6-dihidro-2(2H)-piranons (10), tika pétita



baziskas katalizes apstaklos (katalizators NaOH), etanola vidé, 20-78°C temperatira,

izmantojot molaras attiecibas aldehids: laktons 1: 0,5 =2 [16-23] (1. un 2. shémas).
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21-23 2
1, 11: Het =2- furil; 2, 12, 21: Het = 2-piridil; 3, 13, 15, 22: Het = 3-piridil; 4, 14, 23: Het = 4-piridil;
5, 16: (E)-4-piridilvinil; 6, 17, 18: Het = 2-hinolil; 7, 19, 20: Het = 4-hinolil,
8,11-14,16,17,19,21-23: R=CN; 9: R = COOC;Hjs; 15: R = COONa; 18, 20: R =COOH.

8,9

1. Shéma. Hetarilkarbaldehidu reakcija ar furanoniem

Sintez&to savienojumu iznakumi un raksturojums ir doti tabulas 1.-4. Sikak pétot $o
reakciju, izradijas, ka piridinkarbaldehidi 2-4, reaggjot ar laktoniem 8 un 10, baziskas
katalizes apstaklos, neatkarigi no reagentu attiecibas, lidzas krotonas kondensacijas
produktiem 12-14 un 25-27 veido Mihaela tipa pievieno$anas produktus- 21-23 un 29-31.

Aldehidu reakcija ar aktivo metilgrupu saturo$iem savienojumiem ir viena no
svarigakajam reakcijam bazu klatbiitng, ko galvenokart izmanto, lai veidotu jaunas C-C saites.
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29-31 2

1, 24: Het =2- furil; 2, 25, 29: Het = 2-piridil; 3, 26, 30: Het = 3-piridil; 4, 27, 31: Het = 4-piridil;
7, 28:: Het = 4-hinolil

2. Shéma. Hetarilkarbaldehidu reakcija ar 3-ciano-4,6,6-trimetil-5,6-dihidro-2(2H)-piranonu



1. Tabula. Furanonu un atvasinajumu sintéze

LY, =
. ruto formula > »70 Kus. t., °C temperatira, °C [znakums,%
nojums ¢ H N (laiks, st)
11 Ci3H, NO; 68.11 | 484 | 6.11 195-196 20 (4) 97,7
68,09 4,87 6,12
12 CublpN0; 69.87 | 5.01 | 11.58 225227 70 (1) 91,8
69,99 5,03 11,66 (sad.)
13 CreH N0, 70.02 | 5.00 | 11.65 134-135 70 (2) 66,6
69,99 5,03 11,66
14 C1eH2N,0; 70.06 | 5.02 | 1152 167-169 70 (4) 69,8
69,99 5,03 11,66
15 C1:H,,2NO,Na 5046 | 4.22 | 4.83 275-280 80 (4) 52,0
59,79 4,30 4.98
16 CieH1aN50, 72.18 | 536 | 10.54 161-163 80 (2) 21,0
72,17 5,30 10,52
17 CisH,aN,0, 7421 | 496 | 9.50 243-246 20 (2,5) 78.2
74,47 4,86 9,65 (sad.)
18 CisH sNO; 69.87 | 4.86 | 4.50 228-230 20(1,5) 80,7
69,89 4.89 4.53 (sad.)
19 CallaN;05 7442 | 490 | 9.1 229-230 20 (1,5) 41,0
74.47 4.86 9,65
20 C,sH,sNO, 69.93 | 4.87 | 4.58 245-248 2002) 78.1
69.89 4,89 4,53 (sad.)
22 CpHa1N;04 67.55 | 537 | 10.68 154-156 20 (4) 4.0
67,51 5.41 10.74 (sad.)
2. Tabula. Piranona atvasindjumu sintze
- Atra;ts % T, °C
o Bruto formula Aprekinats.% K’;,‘g' s (Reakcijas | Iznakums,%
s C H N . laiks, st)
24 C,sH:NO; 63.64 | 5.40 5.78 157-159 20 (4) 78.4
69,12 5,39 5,76
25 CsHuN,0; 7087 | 554 | 11.03 150-153 20 (4) 82.0
70,85 5,51 11,02
26 CraHal:0 70.77 | 565 | 10.95 169-173 70 (4) 59.5
70,85 5,51 11,02
77 | CisHpNaOs 7L11 | 355 | 1099 | 168-170 70 (4) 61,0
70,85 5,51 11,02
28 | C,oHN.O5 7494 | 534 | 923 222-224 20 (3) 44,1
7498 | 530 | 920 (sad.)
29 CratlaN;00 6869 | 6.08 | 9.95 182-184 20 () 652
68,72 6.01 10,02
30 | Coglih; 68.70 | 6.04 | 10.09 | 192-195 70 (4) 63.5
68,72 6,01 10,02
31 CaaHsN;O0:H,0 | 6549 | 6.08 | 938 185-188 20 (4) 241
L 6589 | 622 | 960




3. Tabula. Sintez&to furanonu atvasinajumu 11-20, 22 '"H KMR spektru parametri (CDCls,

TMS), 8, m.d., (Jun, Hz)
Savie- . Furanona Aromatiskie
nojums CHFTE CH; vai CH, protoni
' 6,74 (16,1); 7,56 (16,1) 1,64 6,59 (3,6; 3,6) furil Hy; 6,85 (3,0)
furil Hs; 7,62 (3,6) furil Hs
12! 7,57 (16,4); 7,82 (16,4) 1,71 7,47piridil Hs; 7,91 piridil H; un Hy; 8,71
piridil He
137 7,71 (16,7); 6,97 (16,7) 1,71 7,43 (9,6; 4,9) piridil Hs; 7,97 (9,6; 2,0; 1,5)
piridil Hy; 8,62 (9,6; 2,0; 1,6) piridil Hg;
8,82 (2,0) piridil H,
14' 7,63 (16,5); 7,06 (16,5) 1,70 7,45 (7,3) piridil H; un Hs;
8,75 (7,3) piridil H, un Hg
15° 7,52 (16,6); 1,54 8,74 (1,4) piridil H,; 8,49, (4,2, 1,4)
7,31 (16,6) piridil Hg 8,00, (8,2, 1,4) piridil Hy;
7,40 (8,2, 4,2) piridil Hs
16' 6,54 (15,7); 7,01, 1,65 7,34 (6,5) piridil H; un Hs;
(15.7):7.14, 8,66 (6,1) piridil H, un Hg
(10,7,15,7); 7,55,
(10,7,15,7)
17 7,65 (16,2),7,87 (16,2) 1,76 7,5-7,9 4H, hinolil H, 8,13 hinolil Hg, 8,25
hinolil H,
18 7,66 (16,8);8,25 (16,8) 1,74 7,60-8,10 4H, hinolil Hs-Hg;
7,96 (8,6) hinolil Hj;
8,47 (8,6) hinolil Hy; 13,7 1H COOH
19 7,06 (16,4); 173 7,65 (4,4) hinolil Hs;
8,60 (16,4) 7,70 (1,4; 6,9; 8.,5) hinolil Hy;
7,82 (1,4; 6,9; 8.,5) hinolil Hy;:
8,10 (8,5) hinolil Hs; 8,20 (8,3) hinolil Hy ;
9.01 (4.4) hinolil H,
20" 1,76 7,70-8,30, 7H, CH=CH, hinolil H;, Hs-Hg ;
8,99 (4.8) hinolil H,; 13,8 COOH
22’ — 1,32 un 1, 55 3,88 (1H, m, CH);
(6Hun 6H, suns, 4 7,39 (8,0 un 4,6) piridil Hs;
gem-CHs) 3,14-3,39 7,91 (8,0 un 2,0) piridil Hy; 8,50 (4,6 un
L (4H, m, 2CH,) 1,4) piridil H; 8,59 (2,0) piridil H,

"CDCl5. > CDCl;-DMS0-dg 2:1; > DMSO-ds.

Savienojumu 29-31 veidosanos, reag€jot aldehidiem 2-4 ar laktonu 10, novéro.

izmantojot jebkuru reagentu attiecibu, pat tad ja ir liels elektrofila reagenta parakums,

salidzinot ar pironu. No reakcijas produkta izndkuma viedokla optimala reagentu molara

attieciba aldehids:piranons ir 1:2 (1. tab). Lai izvairitos no Mihaela tipa produktu veido$anas,

més izmantojam divkartigu piridinkarbaldehida parakumu.

Nesen bija aprakstita aldehidu 1, 2 un 4, k@ arT 2- un 3-tiofenaldehidu reakcija ar

furanonu 8 [24]. Saja gadijuma reakcija tika ierosindta apstarojot ar mikrovilniem. Mihaela

tipa produktu veido3anas netika konstatéta. Jaatzimé ka, skabekli saturosais furfurols 1,




reaggjot ar laktoniem 8 un 10, veido ari tikai krotonas kondensacijas produktus, attiecigi 11

un 24.

Netradicionala reakcijas gaita, kad tika iesakts Sis darbs, bija atziméta tikai daZos

gadijumos un par §Ts reakcijas norises mehanismu nekas nebija zinams. 1955. un vélak 1998.

gada literatira paradijas zipojumi,

ka piridin- un hinolinkarbaldehidu kondensacija ar

acetofenonu un acetaldehidu bazisko katalizatoru klatbiitn€ notiek péc netradicionala

mehanisma un vienlaicigi ar krotona tipa kondensacijas produktiem rodas ari Mihaela tipa

pieviendéanés savienojumi [13-15, 25]. Sajos darbos bija izteikta doma, ka Mihaela tipa

savienojumi varétu rasties no krotonas kondensacijas produktiem, pievienojoties otrai

nukleofila reagenta molekulai olefina dubultsaitei.

4. Tabula. Sintez&to piranona 10 atvasinjumu 24-31 'H KMR spektru parametri (TMS),

8, m.d., (JHH, HZ)

Savie- Pirona Aromatiskie
nojums CHEER Sl CH, CH; protoni
24! 7,07 (15,8); — 2,80 1.51 6,55 (3,4; 3.4) furil Hy;
7,32 (15,8) 6,78 (3,4 ) furil Hy:
7.59 (3,4) furil Hs
25° 7,40 (15.4); — 2,93 1,55 7,34 piridil Hs; 7.55 piridil Hy:
7.95(15.4) 7.80 piridil Hs: 8.70 piridil H,
26° 738 (16,0); — 3,15 1,46 52(8.1; 4,7) piridil Hs;
T1.77(16,0) 8,25 (8,1; 1,8; 1,6) piridil Hy; 8,63
(4,7, 1,5) piridil Hg;
8,87 (1.8) piridil H,
27 7,59 (16,1) — 2,87 1.55 7,44 piridil H; un Hs;
8,73 piridil Hyun Hy
28° 7,54 (15,7); — 3,35 1,50 7,74 (1,2, 7,8,7,9) hinolil Hg;
8,42 (15,7) 7,86 (1,2, 7,8, 7,9) hinolil H+;
7,93 (4,6) hinolil Hs;
8,11 (7,8) hinolil Hs; 8,50 (8.0) hinolil
Hg: 9,00 (8,0) hinolil Hg; 9,00 (4,6)
hinolil H,
29 — 2,97 (13,2;,8); 2,75 (19.2) ,19; 7,3-7,4 piridil H;-Hs;
3,13 (13,2; ,0); 2,84 (19,2 1,32 | 7,74 (7.5;7,5: 1,9) piridil Hy;
3,65(9,0;5.8) 8,57 (4.8;1,7;0,9) piridil Hy
30" — 2,95 (13,6;10,7); 2,32:(19,0); 25, | 7,41 (7,7, 4,5) piridil Hs;
3,10(13,6; 6,4); 2,48 (19,0) ,30 7,74 (7,5; 2,2) piridil Hy; 8,48 (2,2)
3,53 (10,7; 6,4) piridil H;
8,65 (4.5; 1,5) piridil Hy
3T e 2.92(13,0;9.5) 234(189); |1, 7.24 (7.2) piridil H; un Hs;
3,10 (13,0; 6,0); 2,47 (18,9) 1,33 8,65 (7,2) piridil H, un Hy
3,52(9,5: 6,0)
CDCl; . * CDCl;-DMSO0-dg 2:1; * DMSO-ds.




Temperatiiras un katalizatora daudzuma ietekme uz kondensacijas reakcijas gaitu tika
pétita, izmantojot aldehida 3 reakciju ar furanonu 8. Istabas temperatira krotonas
kondensacijas produkta 14 iznakums ir augstaks neka Mihaela tipa pievieno$anas produktam
22 (5. tab.).

Paaugstinot reakcijas temperatiru lidz 78°C veidojas tikai savienojums 13. No otras
puses, paaugstinot katalizatora koncentraciju reakcijas zona Iidz molarajai attiecibai
aldehids:NaOH = 1:0,3, ar1 veidojas tikai reakcijas produkts 13.

Aldehidu 1, 5-7 kondensacija ar laktoniem notiek tradicionali un veidojas tikai
atbilstosie nepiesatinatie laktonu atvasinajumi. Laktons 15 tika iegits reagéjot metilfuranona
9 etoksikarbonilatvasindjumam ar aldehidu 3. Esteris talak tika parvérsts par atbilsto3as

karbonskabes natrija sali, pievienojot ekvimolaru natrija hidroksida daudzumu.

5. Tabula. Reakcijas apstak]u ietekme uz aldehida 3 un furanona 8 kondensacijas
reakcijas virzienu. '

e Reakcijas .. Reakcijas produkta iznakums
Molara attieciba = Reakcijas = — ; -
. temperatiira, . krotonas kondensacijas Mihaela tipa
aldehids:NaOH o laiks, st. - i
C produkts pievienoSanas produkts
1:0,06 20 2.5 45,0 33.8
1:0,06 78 23 39,7 —
1:0.3 20 2,5 27,0 —
20 2,5 <1,0 <1,0
— 20 14,0 184 563
——

Aldehida 3 un furanona 8 molara attieciba 1:1.

Analogiski bija sintez€ti laktonu hinolilatvasinagjumi 18 un 20, un talak atbilstosie
karbonskabju natrija sali péc estera hidrolizes tika parv@rsti par brivam karbonskabém,
pievienojot ekvimolaru sérskabes daudzumu.

Aldehidam 5, reaggjot ar furanonu 8 katalitiska NaOH daudzuma klatbatné istabas
temperatiira, ar 21% iznakumu radas furanons 16. Sis iznakums ir ievérojami zemaks neka
aldehida 4 kondensacijas reakcijas gadfjuma (iznakums 69,8%). Paaugstinot reakcijas
temperattiru galaprodukta 16 iznakums nepalielinajas.

Visos gadijumos dubultsaites CH=CH protonu spin-spina mijiedarbibas konstantes
(16-17 Hz) paradija, ka ir iegtti tikai £- vai E, E-izoméri. Savienojuma 16 CH=CH,-CHy=CH
k€des o.B-protonu spin-spina mijiedarbibas konstante ir 10,7 Hz. Lidziga spin-spina

mijiedarbibas konstantes vértiba (10,4 Hz) saskan ar to, kas ir butadiéna atbilstodajam



E-izom&ram [26]. Lai ieghtu papildus pieradijumus par sintezéto savienojumu konfiguraciju,
tika pétita savienojumu 12, 26, 28 E-Z fotoizomerizacija. Fotoizomerizacijas process tika
kontroléts izmantojot elektronu absobcijas spektroskopiju. P&c p&tamo savienojumu spirta
Skidumu apstaro$anas dienas gaisma E-izomé&ram raksturigo absorbcijas joslu (332-344 nm)
intensitate iev€rojami samazindjas un nedaudz pieauga absorbcijas joslu intensitate
220-285 nm apgabala. £- un Z-izoméru maisijuma veidoSanas p&c savienojumu 12, 26, 28
apstaro$anas izraisija ari to 'H KMR-spektra izmaigu: 30 savienojumu spektra paradijas
Z—izoméram atbilstoSo CH=CH saiSu protonu signali, kuru spin-spina mijiedarbibas
konstantes bija 11-13 Hz (2. un 4. tab.). Tas nozimé ka iepriekS aprakstitajiem iegtitajiem
nepiesatinatajiem savienojumiem bija E-konfiguracija.

Analogiskos apstaklos kondenségjot y-laktonu ar aldehidiem 2-4, savienojumus 21 un 22
neizdevas izdalit, to nestabilitates un vieglas parvérsanas par atbilstoSajiem nepiesatinatajiem
savienojumiem 12 un 13 d&|. Tacu savienojumu 21 un 22 klatbiitne reakcijas maisijuma lidzas
krotonas kondensacijas produktiem tika konstatéta ar planslana hromatografijas, 'H KMR- un
masspektroskopijas metodém. Pieméram, aldehidu 2 un 4 ar laktonu 8 kondensacijas
produktu maisfjumu KMR spektra, lidzas dubultsaiSu protonu signaliem tika registréti
CH-CH, fragmenta metina un metiléna tipa protonu signali, un masspektros, kas uznemti atro
atomu bombardésanas apstak]os - joni ar m/z 392[MH" ] un 391[M™].

[zmantojot masspektra registréSanai elektrontrieciena metodi, savienojumu 29-31
masspektra netika konstateti to molekularo jonu signali, tacu esoSie signali péc masas
skaitliem atbilst krotonas kondensacijas produktu un piranona 8 un 10 fragmentacijai.
Pieméram, savienojuma 29 masspektra, joni ar m/z 254, 239, 210, 195 atbilst savienojuma 25
fragmentacijai, bet joni ar m/z 165, 107, 79 - laktona 10 fragmentacijai. Acimredzot,
iedarbojoties uz savienojumiem 21-23 un 29-31 ar elektrontriecienu, tie sadalas péc zemak

noraditas 3. shémas:

Het— CH=—=CH
NC
Z N(CH,n I\ECH n r CH,)n
0 0 /]v
n=0,1

23,29-31

3. Shéma. Mihaela tipa savienojumu sadaliSanas

elektrontrieciena iedarbibas un sildiSanas ietekmé.
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Ieverojot nestabilitati attieciba pret elekrontriecienu, savienojumu 29-31 masspektri tika
registréti atro atomu bombardéSanas apstaklos un visos gadijumos ir konstatdta
kvazimolekularu jonu MH" klatbiitne ar m/z 420.

Saskana ar literatiiras [27] datiem, savienojumi 29-31 un to furanona analogi 21-23 var
rasties pievienojoties otram nukleofila reagenta anjonam atbilstoSo krotonas kondensacijas
produktu 25-27 un 12-14 dubultsaitei. Kvantu kimisko aprékinu rezultati ar AM1 metodi
[28] paradija, ka pé&tamajai reakcijai Sis mehanisms, pemot véra elektronu blivuma
sadalfjumu molekulas 12-14 un 25-27, ir mazvarbiitigs. Pusempiriska AM1 metode ar augstu
precizitati apraksta organisko savienojumu struktiiru un reakciju norisi. Tas darbibas atrums
ir aptuveni 1000 reizes lielaks neka ab initio programmam [29].

Spriezot péc aprékinatajiem savienojumu 12 un 25 dipolmomentu lielumiem (attiecigi

7,248 un 7,184 D), tie ir stipri polariz&ti, un var gaidit, ka dubultsaiti veidojosajiem oglekla
atomiem ir pret€jas zimes ladini. Tacu negativa ladina esamiba uz abiem vinilfragmenta
oglekla atomiem savienojumos 12 un 25 (attiecigi -0,049; -0,133 un -0.067; -0,1453)
neveicina otra nukleofila anjona pievienosanos.

Piridinkarbaldehidu reakcija ar pétitajiem laktoniem paatrinas sarma klatbitné.
Acimredzot, pievieno$anas atrumu nosaka anjona Ipasibas, kas radies deprotonéjoties laktonu
8 un 10 metilgrupam 4-stavokli.

Atbilstosi kvantu kimiskajiem apré€kiniem, negativais ladin$ uz laktona 10 karbanjona
(AnP) C-atoma ir lielaks par atbilstosa metilfuranona 8 karbanjona (AnF) ladinu uz C-atoma

(6. tab.).

6. Tabula. Anjonu AnF un AnP raksturojumi

Parametrs Anjons AnF Anjons AnP
Atoma C ladin§ CH, grupa -0.374 -0,385
Protontieksme, kJ/mol 11453 11653
Jonizacijas potencials, eV 3,592 3,505

Tadgjadi, petamaja nukleofilaja pievienoSanas reakcija metilpiranonam 10 jabit
aktivakam par metilfuranonu 8. Par to liecina aprékinitas anjonu AnF un AnP
protonticksmes un jonizacijas potenciala vertibas. Acimredzot noraditie raksturlielumi ir
savienojumu 29-31 lielakas stabilitates iemesls, salidzinot ar savienojumiem 21-23, kas

radusies no metilfuranona 8.
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2.2. Netradicionala 3-piridinaldehida aldolas kondensacijas mehanisma ar

4,5, 5-trimetil-3-ciano-2(5H)-furanonu teorétiskie pétijumi [30-32]

Lai iegttu papildinformaciju par hetarilkarbaldehidu kondensaciju ar pétitajiem
laktoniem, tika veikta reakcijas mehanisma kvantu kimiska izpéte. Par modelreakciju tika
izmantota aldehida 3 mijiedarbiba ar furanonu 8, kuras rezultata rodas krotonas kondensacijas
produkts 13 un Mihaela tipa pievienoSanas produkts 22 (4. shéma).

Kvantu-kimiskie aprékini bija veikti izmantojot programmu MOPAC 5,0 [28]. Visos
gadljjumos gan reagentu, gan reakcijas produktu un reakcijas sisttmu geometrija tika pilnigi
optimizétas, izmantojot BFGS metodi [33].

HetCHO + RCH, —> HetCH=CHR + HetCH(CH,R),

3 8 13 22
CN
Het = 3-piridil ; R= H.C
) 1Y) .
H,C

4. Shéma. 3-Piridinkarbaldehida reakcija ar furanonu 8.

Izejot no vispargjas reakcijas shémas, kas attiecas uz aldehidu kondensaciju ar
CH-skabém baziska katalizatora klatbiitn€ [34], var uzskatit, ka anjons AnF, kas radies sarma

klatbutné, uzbrikot aldehidam, izveido aldolu B (5. shéma):

e ¥ + e
HetC(HO + RCpH, == Her-C,CoR === HetC;-CoR
3 AnF H H = H B
An

5. Shéma. Aldola B veidoSanas.

Rezultata, atskeloties idens molekulai no B, veidojas nepiesatinatais produkts 13.

Lai noteiktu atsevisko kondensacijas stadiju norisi un reakcijas produktu veidosanas
celus, tika veikta reakcijas sistémas, kas sastav no trimetilfuranona 8 un OH , kvantu kimiska
izp€te. Aprékins parada, ka AnF veidoSanas notiek patvaligi, bez aktivacijas energijas.

Reakcijas siltums ir -378,9 kJ/mol.
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P&tot aldehida 3 mijiedarbibu ar anjonu AnF, tika konstatéts, ka An veidojas sistémai
parvarot energétisko barjeru 90,8 kJ/mol. Saites C(;)-C(3) garums ir 1,631A. Anjonam An
piemit augsta protontieksme (1257,7 kJ/mol). Protona pievienoSanas, veidojot aldolu B,
notiek patvaligi.

Ka rada aprékini, protonu avots ir reakcijas vid€ esoSais hidratéta natrija jona
komplekss [H,O--Na]", kas izveidojas péc tam, kad OH ir atravis protonu no furanona 8. P&c

protona pievienoSanas anjonam An saite C—Cp) klast stipraka un tas garums
starpsavienojuma B sasniedz 1,538 A, kas atbilst eksperimentali noteiktajam C-C saites
lielumam [35].

Arf starpsavienojumam B ir pietiekami augsta protontieksme (520,0 kJ/mol), un ta
protoné$ands notiek bez energétiskds barjeras parvarésanas. Sis process veicina talaku
C(1)-Cq) saites garuma samazina$anos starpsavienojuma C lidz 1,508 A. Talaka protonéta

aldola C parvérsanas ir atkariga no reaggjosas nukleofilas dalinas dabas. Ja uzbriik OH _ tad

veidojas nepiesatinatais produkts 13 (marsruts I) (6. shéma):

= H(|)H H - > HetCH=CHR
OH i RC4 H
HetCH=CHR ~—  Het-C,Cn-R M 13
13 -2H,0 [ i
; Hy) ——— HetCH(CH,R),
C 22

6. Shéma. Protonéta aldola C parvértiba par reakcijas galaproduktiem 13 un 22

1. Zim&juma ir paradita reakcijas norise. Procesa vizualizacija ar datora palidzibu

rada, ka H,O molekula atraujas taja bridi, kad attalums no OH skabekla atoma lidz H), ir

sasniedzis 3,856 A. Kad OH ir pietuvojies Hj, lidz attalumam 1,239 A, izveidojas struktira

ar tiltveida Gdenraza saiti: CpyH(;*OH (lb. zim.). Talak trukstot H(;)~C,, saitei, atSkelas
otra tidens moleklula un veidojas savienojums 13 (1c. zZim.). Aprékinatais dubultsaites garums

savienojuma 13 (1,348 A) sakrit ar eksperimentalo vértibu [35]. Sis reakcijas siltums ir

-973.0 kJ/mol.
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1. Zim. Protonéta aldola produkta C reakcija ar OH :
a) reakcijas sist€émas izejstavoklis;
b) starpkomplekss ar tiltveida idepraZa saiti C(2yHy~OH;
c¢) reakcijas produkti: savienojums 13 un idens molekula
Attalumi ir uzraditi angstrémos.

Reakcijas sist€émas raSanas siltuma atkaribas raksturs no optimizacijas soju skaita (n)
liecina, ka 1 reakcija notiek bez aktivacijas energijas (2. zim.). No grafika redzams, ka
sistémas energija viskrasak (par ~419 kJ/mol) samazinas, veidojoties tiltveida saitei
Cey~Hqy~OH un at3keloties otrajai idens molekulai.

300

T T
200
0o

ot —
100
-z} .
¥ k—\—__‘j
400}

L L s 2
0 10 20 30 40 50 80 70
Optimizécijas ciklu skaits, n

Radands siltums, kJ/mol

2. Zim. Reakcijas sistémas “protonétais aldols C — OH ” raanas siltuma izmaina
optimizacijas procesa gaita. Bultipa norada stavokli, kas atbilst 1b. zim. redzamajai struktiirai.

Anjona AnF mijiedarbiba ar protonéto aldolu C (marsruts II) notiek regioselektivi, un
atkariba no ta uzbrukuma virziena var veidoties reakcijas produkts 13 vai 22. Ja anjons AnF
uzbrik H(;) atomam (sdkuma attalums Cay-Hgy = 2,60 A; C3—C2) = 3,725 A; lepkis Cqy—
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CyCp) 105°), tad, sasniedzot attalumu starp Cz) un C3) atomiem 3,671 A, notiek H,O
molekulas at¥kelSanas (3b. zim).

Kad AnF ir pietuvojies Cy) atomam Iidz attalumam 2,806 A , veidojas starpkomplekss
ar Gdepraza saiti Coy+H()~C3, un talak, trikstot C-Hiy saitei, izveidojas kondensacijas
produkts 13 un izejviela - metilfuranons 8 (3c. zZim.). Sis reakcijas siltums ir -605,4 kJ/mol.
Tadéjadi, salidzinot iegitos reakcijas siltumus, var secindt, ka piridilvinillaktona 13
veidosanas ir energgtiski izdevigaka marsruta I, ja ka nukleofila dalipa piedalas OH .

3. Zim. AnF mijiedarbiba ar protonéto aldolu C. Uzbrukuma virziens H(;) atoms:
a) reakcijas sist€mas sakumstavoklis;
b) protonéta aldola C dehidratacija;
c) reakcijas produkts 13 un furanons 8.

Nakosais, 4. zim. ilustré reakcijas norisi, kad protonétais aldols C reagé ar AnF anjonu,
veidojot Mihaela tipa produktu 22. Izejstavokli AnF izvietots ta, ka oglekla atoms Cg, atrodas
3,35 A attaluma no otra reakcijas centra - protonéta aldola C(;) atoma (4a. zim.). Kad
nukleofila dalipa ir pietuvojusies protonétajam aldolam C Iidz 2,97 A, notiek idens molekulas
atSkelSanas (4b. zim.). Talakaja reakcijas gaita izveidojas Mihaela tipa pievienosanas produkts
22 (4c. Zim.).

Ta ka produktu 13 un 22 rasanas reakciju siltumi $aja gadijuma ir salidzinami (attiecigi -
605,4 un -656,1 kJ/mol), tad, pemot véra abus reakcijas marSrutus, savienojuma 13
veido3anas ir termodinamiski izdevigaka, salidzinot ar savienojumu 22.
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4. Zim. RC;yH, anjona mijiedarbiba ar protonéto aldolu C. Uzbrukuma virziens C(;y atoms:
a) reakcijas sistémas sakumstavoklis;
b) starpsavienojuma C dehidratacija;
c) reakcijas produkti: Mihaela tipa savienojums 22 un tidens molekula.

Tik tie$am, ka jau tika atziméts, istabas temperatuira krotonas kondensacijas produkta 13
iznakums ir augstaks neka Mihaela tipa pievienosanas produktam (5. tab.).

Ieprick$€ja nodala bija atziméts, ka, paaugstinot reakcijas temperatiru lidz 78°C,
veidojas tikai savienojums 13. Nemot véra, ka protonétais aldols C piedalas konkuré&josajas
E2 un SN2 reakcijas, iegiitais rezultats atbilst literatiira esosajiem priek$statiem, ka pieaugot
reakcijas temperatiirai, parsvara notiek eliminé$anas reakcija [34, 36].

No S. tabulas datiem redzams, ka paaugstinot katalizatora koncentraciju reakcijas zona
lidz molarajai attiecibai aldehids:NaOH = 1:0,3, ari veidojas tikai krotonas kondensacijas
produkts 13, jo, ka to varéja paredzet, iev€rojami pieaug reakcijas norises atrums marsruta I.
Bez katalizatora klatbutnes labvéligaka klust reakcijas norise marSruta II, un ka reakcijas
pamatprodukts veidojas Mihaela tipa savienojums 22. Tadéjadi, ieguitic eksperimentalie dati
liecina par piedavata aldehida 3 un laktona 8 kondensacijas modela pareizibu.

Savienojuma 22 veido3anas notiek ar konfiguracijas apgrieSanos pie tetraedriska C
atoma (Valdena apgriezeniba), kas norada uz reakcijas norisi péc bimolekularas nukleofilas
aizvieto$anas mehanisma Sn2. 5. Zim. ir paradita savienojuma 22 molekulara struktiira, kas ir
iegiita ar AM1 metodi. Atbilstosi veiktajiem aprékiniem lepkis starp furanona cikla plakném
ir 60°, bet lepkis starp p&déjam un piridina gredzena plakni attiecigi ir 161,9 un 121,6°.
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5. Zim. Di-[2-0kso-3-ciano-5,5-dimetil-2(5H)-furil-4-metil]-3-metilpiridina 22
telpiska struktiira.

Tatad, piridinkarbaldehida 3 un trimetilfuranona 8 kondensacijas mehanisma kvantu
kimiska analize parada, ka ir iespéjama divu reakcijas produktu veido$anas no viena un ta
pasa starpsavienojuma C, un tas ir augstadk minétas aldolas kondensicijas reakcijas
protonétais produkts. Starpsavienojuma C mijiedarbiba ar OH un tai sekojosa dehidratacija
gala rezultata noved pie piridilvinilfuranona 13 izveidoSanas. Taja pa%d laika
starpsavienojums C ar trimetilfuranona anjonu AnF reagé regioselektivi un atkariba no
uzbrukuma virziena veidojas vai nu krotonas kondensacijas produkts 13 vai Mihaela tipa
pievienoSanas produkts 22.

P&c miisu uzskatiem, par Mihaela tipa pievienoSanas produkta rasanos no krotonis
kondensacijas produkta 13, metilfuranonam 8 pievienojoties ta dubultsaitei, mazo varbutibu
liecina sekojo3i apsvérumi. Pirmkart, péc aprékinu rezultatiem krotonas kondensacijas
produkts 13 ir stipri polarizéts (dipolmoments 5,5 D) un dubultsaites oglek]a atomi ir negativi
ladéti (to aprékinatas ladipu vértibas ir -0,062 un -0,156), un otra nukleofila anjona AnF
pievienosanas $adai dubultsaitei nav labvéliga. Otrkart, ar planslapa hromatografijas metodi
iegiitie rezultati norada uz abu reakcijas produktu praktiski vienlaicigu veidosanos.

Izejvielas 8 un 10 , ka ari hetarilaldehidi, kas bija izmantoti sintézes, tika iegiiti péc
darbos [37-42] aprakstitas metodikas.



17

2.3. Benzaldehidu kondensacija ar 4,6,6-trimetil-3-ciano-5,6-dihidro-2(2H)-
piranonu [43-45]
Tika pétita dazadu benzaldehidu kondensacija ar piranonu 10, lai paraditu, ka ieprieks
atrastais piridinkarbaldehidu kondensacijas mehanisms ar laktoniem ir attiecinams arl uz
fenilaldehidiem un tad€jadi Sim mehanismam piemit zinama meéra vispargjs raksturs

(7. shéma).

1 2
R' R N
\ 0
1 2 ——»R \
o N 7 %
=
R + — 41-49
i 50 )
32-40 10 R1 R
R j

a2.41,5 R RR?= H; 33,4251 R=NO,. R R%= Hs
34,43,52 R= CI,R1. R2= H: 36,44,53 R=Cl, R1=H, R§CI;

36,4554 R =N(CH,),, R’R2=H; 37, 46, 55 R=CH3,R1,R2=H;
38,47,56 R =0H, R1.R2=H; 39, 48, 57 R = OMe, R1.RZ= H;

40, 49,58 R =0H, R1= H, R2=OCH3.

7. Shéma. Benzaldehidu reakcija ar piranonu 10.

Lai salidzinatu benzaldehidu ar atSkirigiem aizvietotdjiem reag€tsp&ju, kondensacija ar
piranonu 10 veikta sekojo3os apstaklos: spirta vidé, molara attieciba pirons 10: aldehidi 32-
40: NaOH = 2:1:0,06, aldehidu izejkoncentracija 0,93 M/I, piranona — 1,87 M/ (7. tab.).
Reakcijas produktu kvantitativais iznakums tika noteikts ar AES hromatografijas metodi. Lai
noskaidrotu reakcijas produktu veidoSanas sakuma momentu, tika izmantota planslana
hromatografiskas analizes metode.

No 7. tabulas datiem redzams, ka, reagéjot visiem izmantotajiem benzaldehidiem 32-40.
ar dazadu iznakumu rodas divu tipu produkti: krotonas kondensacijas 41-49 un Mihaela tipa

pievieno$anas produkti 50-58.
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7. Tabula. Benzaldehidu kondensacija ar piranonu 10 78°C temperatiira.

Krotons e
Molﬁx_'is at'txecibas kondensacijas produkts nrodiikts
, aldehids:piranons: Laiks
Aldehids | R R' | R? NaOH « | [znakums, | Kus.t, |Iznakums, | Kus.t,
% e % L #
32 H H H 1:1:0,06 2.5 o — 63,5 188-192
32 H H H 1:2:0,06 1 — — 41,5 %
32 H H H 1:2:0,06 4 1 144-146 57.6° <
32 H H H 1:2:0,13 4 = - 81,4 5
33 NO, H H 1:2:0,06 4 22,6° 224-226 753 204-207
(sad.)
33 NO, H H 1.5:1:0,06 4 60.0 - - —
34 Cl H H 1:2:0,06 4 15,2 180-182 52,7 183-185
(sad.)
35 Cl H | Cl 1:2:0,06 4 33.3 212-214 52,0 212-214
36 N(CH:), | H H 1:2:0,06 4 1.7 192-194 1,7 —
37 CH; H H 1:2:0,06 0,1 10,.9 143-145 22,7 185-187
38 OH H H 1:2:0,06 0,5 24.6 — 217 157-160
(sad.)
39 OCH; H H 1:2:0,06 1 14,8 139-141 39,8 193-196
(sad.)
40 OH |OCH;| H 1:2:0,06 0,5 37.9 233-236 13.2 158-160
(sad.) (sad.)

l Reakcijas temperatiira 20°C; 2 Rodas péc 4 st; > Rodas 7péc 15 min; * Rodas reagentu
savieno3anas bridT; ° Rodas péc Smin; ° Rodas péc 1 st; ' Rodas péc 3 st.

Aldehida 38 ar piranonu 10 kondensacijas produktu 47 un 56 maisTjumu neizdevas
sadalit, bet spriezot péc hromatografiskas un 'H KMR spektru analizes, reakcijas gaitd
veidojas abas vielas. Mihaela tipa produkta saturs reakcijas produktu maisijuma bija 13%.

Reaggjot neaizvietotam benzaldehidam 32 gan istabas, gan paaugstinata temperatiira un
neatkarigi no reagentu molaras attiecibas ar izteiktu parsvaru rodas Mihaela tipa
pievieno3anas produkts 50. ST produkta iznakums pieaug, palielinot katalizatora daudzumu un
reakcijas laiku. Krotonas kondensacijas produkta 41 veidoSanos hromatografiski novéroja
tikai reakcijai beidzoties. Kondensgjoties aldehidam 33, kura molekula ir elektronakceptora
NO; grupa, ar divam piranona 10 molekulam, parsvara rodas savienojums 51 ar nedaudz
zemaku iznakumu, neka neaizvietota benzaldehida gadijuma. Mihaela tipa pievieno3anas
produkts vairs nerodas, ja molara attieciba aldehids : piranons bija 1,5:1, un kondensacijas
produkta 42 iznakums sasniedz 60%. Elektrondonora aizvietotaja (aldehids 36) klatbatné. ka

jau var&ja gaidit, reakcijas atrums krasi samazindjas un izreaggja tikai [idz 76% piranona 10




neizreag€ja. Produkta 54 iznakums bija tikai 1,7%. Krotonas kondensacijas

iznakums bija 21,7%.
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Sintezéto savienojumu raksturojumi ir noraditi 8.-10. tabulas.

8. Tabula. Sintez€to piranonu atvasindjumu 41-49 raksturojumi

Savieno Alrusts. 2o Kus. t
. i i 2 Aprékinats, % i
jums R R R Bruto formula C q N (&
41 H H H Ci6HsNO, 75.87 597 5.54 144-146
75,87 5,97 5,53
42 NO, H H C6H14N;04 64.40 4,67 9.35 224-226
64,42 473 9,39
43 Cl H H CisHsCINO, | 66.74 4.84 4.88 180-182
66,79 4,90 4,87
44 Cl H Cl | C4H;sCLNO, | 59.69 4.06 429 212-214
59,65 4,07 4,35
45 N(CH;), H H Ci3HyoN, O, 72.88 6.75 9.40 192-194
72,95 6,80 9.45
46 CH; H H C,7H;NO, 76.36 6.40 5.26 143-145
76,38 6,41 5,24
48 OCH; H H C7H7NO; 72.06 6.06 493 139-141
72,07 6,05 4,94
49 OCH; OH | H Ci7HNO, 68.19 | 572 | 4.66 | 233-236
68.22 Syl 4.68 (sad.)
9. Tabula. Sintez&to piranonu 41-49 'H KMR spektri
Sjﬁ‘;‘? R R' | R 'H-KMR (CDCly/ TMS), 5, ppm, Jy, Hz
41 H H H 1,52 (s, 6H. piranona CH;); 2.87 (s, 2H, piranona CH,); 7,29
un 7,45 (d, 2H, ] = 16,2, CH=CH); 7,20-760 (m, 5H, fenil H)
1,55 (s, 6H, piranona CH;); 2,88 (s, 2H, piranona CH,); 7,31
42 NO, H H un 7,54 (d, 2H, J = 16,2, CH=CH); 7,76 (m, 2H,
J =9.0 Hz, fenil H,, Hy); 8,3 (m, 2H. J = 9,0, fenil H;, Hs)
1,53 (s, 6H, piranona CH;); 2,86 (s, 2H, piranona CH,); 7,25
43 Cl H H un 7,46 (d, 2H, J = 16,1, CH=CH); 7,42 (m, 2H, ] = 8,9, fenil
H», H¢); 7,55 (m, 2H, J = 8,9 Hz, fenil H;, Hs)
1,55 (s, 6H, piranona CH;); 2,88 (s, 2H, piranona CH,);
44 cl H Cl 7,34 (d, 1H, J = 8,6 un 2,0, fenil Hs) 7,38 (d, 1h, J = 16,2 Hz,
=CH); 7,74 (d, 1H, J = 8,6, fenil Hy)
1,50 (s, 6H, piranona CHj5); 2,81 (s, 2H, piranona CH,);
45 N(CH;), H H 3,08 (s, 6H, -N(CHs),; 6,68 (d, 2H, J = 9,0 Hz. fenil H,, Hy):
7,22 (s, 2H, CH=CH); 7,51 (d, 2H, ] = 9.0, fenil H;, Hs)
1,52 (s, 6H, piranona CH;); 2,40 (s, 3H, fenil CH;); 2,85 (s,
46 CH; H H 2H, piranona CH,); 7,24 (m, 2H, J = 8.2, fenil H;, Hs), 7,26 un
7,39 (d, 2H,J = 15,6, CH=CH); 7,51(m, 2H, J = 8,2, fenil H,,
He);

produkta 45
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1,52 (s, 6H, piranona CH;); 2,84 (s, 2H, piranona CH,); 6,10
47 OH H H (s, 1H, OH), 6,92 (m, 2H, J=9,0 Hz, fenil H,, H¢);7,22 un 7,30
(d, 2H, J=16,0, CH=CH); 7,53 (m, 2H, J=9,0, fenil H;, Hs)

48 OCH; H H 1,51 (s, 6H, piranona CH;); 2,84 (s, 2H, piranona CH,); 3,87
(s, 3H, OCHj3); 6,95 (m, 2H, J=8,9, fenil H,, H¢);7,25 un 7,31
(d, 2H, J=15,9, CH=CH); 7,58 (m, 2H, J=8.9, fenil H;, Hs)

1,42 (s, 6H, piranona CH;); 3,09 (s, 2H, piranona CH,); 3,84
49 OH OCH; H (s, 3H, OCH5); 6,89 (d, 1H, J=7.8, fenil Hs); 7,12 un 7,64 (d
un d, 2H, J=15,9, CH=CH); 7,20-7,35 (m, 2H, fenil H,, Hg;
10,0 (s, 1H, OH)

10. Tabula. Sintez&to piranonu 50-53, 55-58 raksturojumi'>

Atrasts, %

. 1
Sayne- T —— Aprékinits, % KL:SZC | H-Kl\gR (2M_|SO-(:_{6/ T™MS)
nojums C H N > m.d., Jyy, NZ
50 C,sHyN,04 71,72 | 6.26 | 6,70 | 188-192 | 1.23 un 1.25 (s, 12H, CH;); 2.52
71,75 | 6,26 | 6,69 (m, 4H, piranona CH,); 3.10 (m,

4H, C(CH,)y; 3.49 (m, 1H, HC-C);
7.25-7.45 (m, 5H, fenil )

N

51 C5sH,5N;06 4.65 | 5.42 | 9.03 | 204-207 | 1.22 un 1.35 (s, 12H, CH;); 2.84
64,79 | 5,44 | 9,07 (sad.) (m, 4H, piranona CH,); 3.11 un
3.71 (m, 5H, CH(CH,),; 7.68 (d,
2H, ] =9.6, fenil H, un Hg); 8.18
(d, 2H. J = 9.6, fenil H;, Hs)

52 C,sH,sCIN,Oy | 66,27 | 5.57 | 6.14 | 183-185 | 1.18 un 1.32 (s, 12H, CH;); 2.78
66,30 | 5,56 | 6,18 (sad.) (m, 4H, piranona CH,); 3.02 un
3,51 (m, 5H, CH(CH,),; 7.40 (s,

4H., fenil);
53 C,sH24CLN-O4 | 61.65 | 4.87 | 5.69 | 212-214 | 1.23 un 1.30 (s. 12H, CH;); 2.75
61,61 | 496 | 5,75 (d, 4H, piranona CH,); 3.08 (d, 4H,

C(CH,),; 3.97 (m, 1H HC-C);
7.40-7.75 (m, 3H, fenil)

55 C,6HagN->Oy 72,16 | 6.52 | 6.47 185-187 | 1.16 un 1.32 (s, 12H, piranona
72,20 | 6,53 | 6,48 CHj;); 2.25 (s, 3H, fenil CH;); 2.70

un 2.85 (d, 4H, J = 19.1, piranona
CH,); 3.00 (m, 4H, C(CH,)»; 3.50
(m, 1H, CH); 7.12 (d, 2H, ] = 7.8,
fenil H,, He); 7.23 (d, 2H,J = 7.8,
fenil Hs;, Hs)

56 C,5HyN,O5- 67.76 | 6.18 | 6.26 | 157-160 | 1.16un 1.32 (s, 12H, CH;); 2.75
0,5 H,O 67,71 | 6,14 | 6,32 (sad.) (m, 4H, piranona CH,); 2.9-3.0 (m,
4H, C(CH,),; 3.35 (m, 1H, HC-C);
6.68 (d, 2H, J = 8.5, fenil H,, Hy);
7.14 (d, 2H, J = 8.5, fenil H;, Hs);
9.37 (s, IH, OH)
57 C,6Hy3N,Os5 69.54 | 6.24 | 6.30 193-196 | 1.1un 1.32 (s, 12H, CHs); 2.75 (d,

(o))
0
[=))
(9%}
o
9
O
o
(3]
wn

(sad.) 2H, J = 19.2 Hz, piranona CH,);
2.83 (d, 2H, J =192, piranona
CH,); 3.00 (m. 4H, C(CH,),; 3.30
(m, CH piranona); 3.71 (s, 3H,
OCHs); 6.87 (d. 2H. J = 8.6, fenil
H,, He); 7.26 (d, 2H. J = 8.6, fenil
| H;, Hs)
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58 CasHpgN2Og | 65.55 | 6.31

65.55 31 | 5.63 | 158-160 | 1.23 un 1.33 (s, 12H, piranona
0,5 C,HsOH- | 65,31 | 6,50 | 5,64 (sad.) CHjs); 2.70 un 2.86 (d, 4H,

0,5 H,0 J=19.1, piranona CH,); 3.10 (dd,
2H,J=13.2 un 5.6, CH,-C); 3.23
(dd, 2H, J=13.2 un 10.0, CH,-C);
3.57 (m, IH, HC); 3.90 (s, 3H,
OCH;); 6.72 (d, 1H, J = 8.0, fenil
Hs); 6.78 (dd, 1H,J=8.0un 1.8
Hz, fenil Hg); 7.10 (d, 1H, J = 1.8,
fenil H,); 7.71 (s, 1H, OH)

2.4. Netradicionala 4-nitrobenzaldehida aldolas kondenséacijas mehanisma ar

4,6,6-trimetil-3-ciano-5,6-dihidro-2(2H)-piranonu teorétiskie pétjjumi [43-45]

Atbilstos$i musu prieksstatiem par piridinkarbaldehidu kondensacijas mehanismu ar
furanonu 8 baziska katalizatora klatbttn€ abu tipu benzaldehida 33 reakcijas produkti (41-49
un 50-58) varétu veidoties no viena un ta paSa starpsavienojuma - protonéta aldolas
kondensacijas produkta (A). Lai parbauditu $1s reakcijas mehanisma iesp&jamibu attieciba uz
benzaldehidiem, tika veikta reakcijas mehanisma izp&te ar pusempirisko kvantu kimisko AM1
metodi [46], ka mode|reakciju izmantojot benzaldehida 33 un piranona 10 aldolo
kondensaciju. Vizualizacija un animacija bija veiktas ar JMol programmas [47] palidzibu. bet
reakcijas sistémas dizaina veidoSana — ar ChemCraft 1.3 programmas paketi [48].

Péc analogijas ar piridinkarbaldehidiem var prognozét, ka aldehida 33 kondensacijas

reakcija ar laktonu 10, atkariba no uzbriikosa nukleofila dabas, notiks divos virzienos (8.

shéma):
+
HOH H
OH- ‘ ' HetC(s)H 2
ArCH=CHHet <~—— Ar—Gg;—Cr—Het ————— ArCH(CH,Het),
42 } 51
I H H1) I
A

NO, R
X
Ar= © : Hetyjém’
o CH,
8. Shéma. Protonéta aldola A parvértiba par reakcijas galaproduktiem 42 un S1.

Uzsakot aprékinus, sakumstavoklt OH™ atrodas saites C(y)-H;) turpinajuma, 3,10 A

attaluma no H,;y atoma (6a. zim.). Kad $is attalums ir samazinajies 1idz 2,86 A, no C ;) atoma
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atSkelas iidens molekula (6b. zim.). Talakaja reakcijas gaita OH  atrauj H(;) no Cz) atoma,
veidojot vél vienu tidens molekulu un krotonas kondensacijas produktu 42 (6¢c. zim.).
Tad€jadi $1 reakcija noris péc E2 mehanisma. Aprékini rada, ka reakcija notiek patvaligi, bez
energétiskas barjeras parvaréanas. Reakcijas siltums ir -1011,7 kJ/mol. Savienojuma 42
dubultsaites garums ir 1,35 A, kas sakrit ar literatiiras datiem [35].

6. Zim. Reakcijas norise starp protonétu aldolas kondensacijas produktu A un OH™ jonu:
a) sakumstavoklis; b) HO molekulas atSkel$anas; c) reakcijas produkti.

7a. Zim&juma ir paradits sakumstavoklis reakcijai starp protonétu aldolas kondensacijas
produktu A un HetCH, (AnP). Attalumi C(3)-C(1) un Cg3y-Hy) ir attiecigi 5.14 un 3.30 A.

AnP anjons, kura Cg3) atoms ir negativi ladéts (—0.386), uzbruk pozitivi ladétajam
starpsavienojuma A C(;) atomam (0.146). Kad attalums C3)-C(y) ir samazinajies lidz 4.895 A,
no C( atoma atSkelas iidens molekula. Talak samazinoties attalumam starp C;3) un C)
atomiem lidz 1.523 A, veidojas savienojums 52 (7b. zim.). Saja stavokIi attalums starp tidens
molekulu un Cy) ir 4.09 A.

Procesa vizualizacija datora rada, ka reakcijas gaita pakapeniski notiek C(;y atoma
konfiguracijas apgriezeniba (Valdena apgriezeniba). Reakcijas siltums -697,1 kJ/mol.
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7. Zim. Reakcijas norise starp protonétu aldolas kondensacijas produktu A un AnP:
a) sakumstavoklis; b) reakcijas produkti (savienojums 51 un idens molekula).

Tad&jadi, aldehida 33 kondensacijas reakcija ar piranonu 10 baziska katalizatora
klatbiitné rodas gan krotonas kondensacijas , gan Mihaela tipa pievienoSanas produkti 42 un
51. Sis reakcijas mehanisma teorétiska analize rada, ka abu reakcijas produktu veido$anas var
notikt no viena un ta pasa starpprodukta, proti, protonétajam hidroksisavienojumam A
mijiedarbojoties ar OH , veidojas nepiesatinatais savienojums 42, bet ar AnP — Mihaela tipa
pievienosanas produkts 51.

Iepriek$ bija paradits, ka piridinkarbaldehida 3 kondensacijas ar furanonu 8 gadijuma
reakcija starp AnF un protonétu aldolu C notiek regioselektivi [32]. Ja AnF uzbrukums vérsts
C) atoma virziena, notieck bimolekulara nukleofila aizvieto$ana (Sn2), kuras rezultata
veidojas Mihaela tipa pievienoSanas produkts. Turpreti ja AnF uzbruk H(;) atomam, reakcijas
gaita veidojas olefins un izejviela — laktons 8 (bimolekulara eliminé$ana E2).

Atskiriba no 3-piridinkarbaldehida, reakcija starp piranonu 10 un aldehidu 33 nav
regioselektiva. Ka rada aprékini, visos gadijumos, neatkarigi no izvéléta sakumstavokla, AnP
jons un aldolas kondensacijas produkts A reagé veidojot tikai Mihaela tipa pievienoSanas
savienojumu. Lidz ar to produkta 51 iznakums ir ievérojami lielaks neka furanona 8 reakcija
ar aldehidu 3 (attiecigi 81,4 un 59,5%).
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2.5. 6,6-Dimetil-4-(4-nitrofenilvinil)- 3-ciano-2-(5,6-dihidro)-2(2H)-piranona 42 E-Z
fotoizomerizacijas teorétiskie pétjjumi [49, 50]

Organisko savienojumu E-Z fotoizomerizacijai ir svariga loma misdienu fotokimija un
fotobiologija, pieméram, praksé 30 reakciju izmanto A un D vitaminu ripnieciskajos
raZo$anas procesos [S1, 52]. Fotokimiskdas E-Z izomerizacijas teorétiskas problémas ir
atspogulotas vairaku monografiju un literatiiras apskatu atseviskas nodalas [53-56].

Organisko savienojumu biologiska aktivitate, taja skaita ar1 laktonu [57], parasti ir
atkariga no to molekulu geometriskas konfiguracijas. Vinilpiranonu 41-49 vinilgrupas
protonu spin-spin mijiedarbibas konstan$u vertibas 'H KMR spektra (15.6-16.2 Hz)
(9. tabula), liecina ka $iem savienojumiem ir E-konfiguracija. Lai iegiitu papildus informaciju
par sintez&to vinilpiranonu 41-49 geometrisko izomériju, eksperimentali un teorétiski tika
pétita piranona 42 fotoizomerizacija [55, 57). Sintezéta piranona 42 0,026 mM spirta $kiduma
UV-spektra ir intensiva absorbcijas josla ar maksimumu pie vilpa garuma 344 nm (8. zim.).
Apstarojot §1 savienojuma S$kidumu dienas gaisma, UV-spektra novéro efektus, kas ir
raksturigi E—->Z — izomerizacijai: absorbcijas joslas intensitates samazinaSanos ar nelielu
hipsohromo nobidi (no 344 lidz 325 nm), ka ari nelielu absorbcijas intensitates palielina$anos
augstfrekvences apgabala, ta sauktaja spektra “cisoidaja ” josla [58, 59].

Reakcijas produktu maisijuma, kas iegiits péc apstarosanas, 'H KMR spektra samazinas
CH=CH protonu 7,31 un 7,54 m.d. signalu intensitate (J=16,2 Hz) un paradas jauni signali pie
6,83 un 7,23 m.d.,, kuru spin-spin mijiedarbibas konstante (J=11,6 Hz) ir raksturiga
Z-izoméram (11. tabula). Péc savienojuma 42 $kiduma 3 stundu ekspozicijas iestajas
fotostacionars lidzsvars, kura Z- un E- izoméru saturs attiecigi ir 80 un 20 %.
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8. Zim. Piranona 42 absorbcijas spektrs etanola (I, £E-izomérs) un péc 3 stundu
ekspozicijas dienas gaisma (I, 20% E- izoméra + 80% Z-izomgra).
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11. Tabula. Savienojuma 42 E-izoméra un ta E- un Z-izoméru maisjuma '"H KMR spektrs

Savienojums 'H KMR spektrs (CDCl;) TMS, §, m.d., Jy, Hz

42 (E-izomérs) 1,55 (6H, s, piranona CH;s); 2,88 (2H, s, piranona CH,); 7,31 un 7,54 (1H
un 1 H,dund, J=16,2, CH=CH); 7,76 un 8,30 (2H un 2 H, A;M, m,
1=9,0, C¢Hy);

42 (E- un Z-zoméru | 1,37 (6H, s, CH; Z-izomérs); 1,55 (6H, s, CH; E-izomérs); 2,39 (2H, s,

maisijums) CH, Z-izomérs); 2,88 (2H, s, CH, E-izomérs); 6,83 un 7,23 (1H unlH, d
un d, J = 11,6, CH=CH Z-izomérs); 7,31 un 7,52 (1Hun 1H,d un d,
J=16,2, CH=CH E-izomérs); 7,41 un 8,27 (2H un 2H, A,M,m, J = 9,2,
C¢H4 Z-izomérs); 7,31 un 7,52 (2H un 2H, A,M, m, J=9,0, C¢H,
E-izom@&rs)

Lai noskaidrotu fotoizomerizacijas elektronmehanismu, izmantojot AM1 metodi tika
veikti kvantu kimiskie aprékini [60], ka arT novértéti savienojuma 42 pamat- un divu zemako
ierosinato stavoklu strukturalie un energétiskie raksturlielumi.

Piranona 42 optimiz&tas Z- un E-izoméru struktiiras pamatstavokli Sy paraditas 9. zim.
SprieZot péc aprékinatajam rasanas siltumu vértibam (12. tab.), piranona 42 E-izomérs ir par
13,1 k)/mol termodinamiski stabilaks neka Z-izomérs. Sadu paradibu, kad fotoizomerizacijas
procesa rezultata parsvara veidojas termodinamiski mazstabilakais izomérs, sauc par "optisko
sikni" [61]. Abu izom€ru aprékinatie CH=CH C(;-C3) saites kartu lielumi liecina, ka
savienojuma 42 Z-izoméra dubultsaite ir stipraka par atbilsto$o E-izoméra saiti.

Z

9. Zim. Teorétiski aprékinata piranona 42 E- un Z-izoméru struktiira pamatstavokIi S.
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12. Tabula. Piranona 42 Z- un E-izoméru raksturlielumi Sy stavokli

el Raganas siltums, Divplakgu lepkis, C2-C3 C2-C3 Saites
r kJ/mol H1-C2-C3-H4, grados Saites karta garums, A
E 15,6 177,6 1,829 1,344
z 28,7 -1,96 1,880 1,339

Aprékinu rezultati rada, ka notiekot parejai no So pamatstavokla ierosinata S; stavokli,
savienojuma 42 Z- forma klust termodinamiski stabilaka neka E-izomérs (10. zim., 13. tab.).

10. Zim. Teorétiski aprékinata piranona 42 E- un Z- izoméru struktiira S, stavokli.

13. Tabula. Piranona 42 Z- un E-izoméru raksturlielumi S, stavokli

Izomérs Rasanas siltums, Divplaknpu lepkis C2-C3 Saites C2-C3 Saites
kJ/mol H1-C2-C3-H4, grados karta garums, A
E 410,7 166,0 1,140 1,390
z 374,0 -89,33 1,093 1,378

Salidzinot 12. un 13. tabulu datus, redzams, ka E-izoméra divplakpu lepkis
H1-C2-C3-H4 parejot S, stavokli mainas maz, turpreti Z-gadijuma 3is lepkis izmainds jau
aptuveni par 90°. S, stavoklim ir raksturiga C2-C3 saites garuma palielina3anis, salidzinot ar
pamatstavokli So, pie kam notiek ari butiska E-formai (no 1,829 lidz 1,140) un Z-formai
(no01,880 Iidz 1,093 A) saites kartas lieluma samazinasanas. Tas norada, ka S, stavokli C=C
saite praktiski parvérias par vienkar$o C-C saiti un ap to ir iespéjama rotacija.
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Rotacijas barjeras augstums, kas atrasts reakcijas koordinates reZima, E-izoméram ir
0,88 kJ/mol, bet Z-izoméram 8is lielums ir 37,5 kJ/mol. Tas nozimé, ka E-izoméra
fotoierosinaSana ar tai sekojoSu pareju Z-forma ir energétiski izdevigaka neka pret€jais
process. Lidz ar to, fotostacionara stavokli parakuma ir jabut Z-izoméram. Aktivacijas
energijas atSkiribam spektroskopiski jaizpauZas ka absorbcijas maksimuma hipsohromai
nobidei. Kvantu kimiskie aprékini parada, ka deaktivéjot S; stavokli, savienojuma 42 E- un Z-
izomeri attiecigi parvérsas par pamatstavokla E- un Z-izomériem. i

Ir zinams, ka vairakiem kimiskajiem savienojumiem E-Z-izomerizacija notiek ierosinata
tripleta stavokli [62-65]. Ka paradija aprékini, parejot no S;-stavokla ierosinata T,-stavokli,
butiskaka struktiiras izmaipa notiek E-izoméra. Divplaknu lepkis H1-C2-C3-H4 samazinas no
166,0° lidz 95,35°, turpreti Z-izoméram $is izmaipas ir tikai aptuveni 6°. Iegutie raksturlielumi
(14. tab.), ka ari molekularo struktiiru vizualizacija (11 .zim.) parada, ka piranona 42 E- un Z-
izoméri T;-stavokli k]ist par optiskajiem antipodiem (spogulizomériem).

14. Tabula. Piranona 42 Z- un E-izoméru raksturlielumi T, stavokli

A Rasanas siltums, Divplaknu lepkis Saites karta C2-C3 Saites
kJ/mol H1-C2-C3-H4, grados C2-C3 garums, A
E 160,2 95,35 1,043 1,440
Z 160,2 -95,35 1,043 1,440
E Z

11. Zim. Teorétiski aprékinata piranona 42 E- un Z- izoméru struktiira T, stavokli.
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Talaka C2-C3 saites kartas samazina$anas un nenozimigs rotacijas barjeras lielums ap
$o saiti (10,3 kJ/mol) nodroSina vieglu savstarp€ju pareju no vienas izoméras formas otra.
Piranona 42 E- un Z-izoméru T, stavokla deaktivacijas rezultata, atSkiriba no S, stavokla,
rodas tikai viens pamatstavokla Sy izomérs, proti, E-izomers.

Tadgjadi iegiitie rezultati liecina, ka piranona 42 E-Z fotoizomerizacija notiek ierosinata
S; stavokli ( singleta mehanisms).

Izmantojot savienojuma 42 E- un Z-izoméru pamatstavokla optimizéto geometriju, ar
INDO/S-SCF-CI [66] metodi (programma ArgusLab 3,0 [67] ) tika izskaitloti abu izoméru
spektroskopiskie parametri — parejas energijas un oscilatoru spéki. Analize paradija, ka lielaka
intensitate ir absorbcijas joslai, kuru var attiecinat uz ierosinata elektrona pareju no augstak
aizpemtas molekularas orbitales uz zemako neaizpemto molekularo orbitali (n—»>n* pareja).

Izmantojot iegutos datus, tika konstruéti piranona 42 E- un Z- izoméru, ka ari to
maisijuma teorétiskie UV absorbcijas spektri (12. zim.).

1

s " .\ j

Optiskais bifvums, D

450

12. Zim. Piranona 42 E-izoméra (III), Z-izoméra (IV) un to maisijuma (20% E + 80% Z) (V)
teorétiskie UV spektri.

Salidzinot 8. un 12. zZim. paraditos spektrus, redzama laba teorétisko rezultatu sakritiba
ar eksperimentalajiem datiem: E-izom€ra absorbcijas maksimuma nobide (hipsohroma) ir
12 nm; izom€ru maisijuma gadijuma -15 nm. Piranona 42 Z-izoméra absorbcijas maksimums
teorétiski aprékinataja UV spektra atbilst vijpa garumam 309 nm.

Teorétiskie absorbcijas spektri tika konstruéti, izmantojot Dr. M. FleiSera programmu,
kas uzrakstita FORTRAN 77 valoda. Ta ka heterociklisko savienojumu absorbcijas spektri ir
nesimetriski [68, 69], to individuadlo smailu formu aprakstiSanai tika izmantota norméta bi-
Gausa funkcija [70]. E-izoméra spektra gadijuma smailes prieks$€jai frontei tika izvéléts
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vid&jais kvadratiskais platums 30 nm, aizmugurgjai frontei - 24 nm; Z-izoméram atbilsto3as

vértibas bija attiecigi 30 un 26 nm.

3. » Un &laktonu aril (hetaril)atvasinajumu biologiska aktivitate [16, 17, 19,
21,22, 71]

No literattiras ir zinams, ka laktonu atvasindgjumiem piemit antibiotiska, baktericida un
kardiotoniska aktivitate [1-3]. Vairums jaunakas paaudzes kardiotonisko preparatu satur arl
N-heterociklisko savienojumu fragmentus [4]. 2(3H)-Furanoniem ir atrasta pretvéza aktivitate
[5-10, 72], ka arT literatlira noradita to inhib&josa iedarbiba uz piena dziedzera neoplaziju un
neoplazijas inhibitora — glutation-s-transferazes aktivitates palielinasanas efektu [6-9].
Pretvéza aktivitate ir konstatéta arf stilbénu rindas atvasinajumiem ar dazadiem aizvietotdjiem

[73, 74].

3.1. Laktonu kardiovaskulara aktivitate

legiitie laktona ciklu saturosie savienojumi kopa ar Dr. N. Veretennikovu tika pétiti.
izmantojot Organiskas sintézes institiita izstradato ekspertsistému OREX 95 [73. 76]. un tiem
tika prognozéta kardiovaskulard un pretvéza aktivitite. So pétijumu rezultta bija atrasti
deskriptori (struktirfragmenti), kuri ir saistiti ar noteikta veida biologisko aktivitati.
Struktiras un aktivitates mijiedarbibas analize ar OREX ekspertsistému paradija. ka
sintez€tajiem savienojumiem 12-14, 16, 25-27 var prognozét 4 veidu kardiovaskularo
aktivitati (15. tab.). No iegltajiem datiem izriet, ka jaunsintez€tajiem savienojumiem varétu
sagaidit kardiostimul&joSo, vazodilat€§joSo un antiaritmisko aktivitati. Laktona ciano- un

karbonilgrupas, ka art slapek]a heteroatoms atbilst kardiovaskularajai aktivitatei.

15. Tabula. Laktonu atvasinajumu kardiovaskulara aktivitate

Aktivitate
Savienojums Kardiosti- Inotropa Vazodilaté- Antiarit-
mulgjosa pozitiva josa miska
12 "c\,__/(" + + + +
N\/,\ (o]
| H,c/<cn,
g
NC\ /0
13 } + + + +
N /\/\/ o
U H,C Hy
=
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14 + + + +
16 + + + -
25 + + + +
CH,
O
b4
[e]
27 Ne o * + ¥ 5
| S X Hy
N~

16. Tabula ir uzraditi deskriptori, kuri nosaka katra veida kardiovaskularo aktivitati.
Seslocek]u laktona fenilatvasinajuma gadijuma tiesi pirona 10 molekulas fragmenti ir
statistiski nozimigi kardiostimulgjosai aktivitatei (13. zim.):

Nitrofenillaktonam 42 var€tu prognozét asinsspiedienu pazeminos$u iedarbibu.

16. Tabula. Kardiovaskularas aktivitates deskriptori

Aktivitate

Kardiostimulg&josa

Inotropa pozitiva

Vazodilatgjosa

Antiaritmiska

(=N)-4-(=0)
(=N)—6—(~CH3)
(N:z)—10—(=N)
[xN=)-11—-(=N)
(xNz)—12—(=N)
(xNz]—14— (=N}
(:N:)=8=[0)
(=N)=-=(0)

(=N)-4-(=0)
(=N)-6—[-CH3)
(xN=)—-10-[=N]
(=N=)—-11-(=N])
(xN=)—12-[=N)
(x:N=)—14-[=N])
(x:N:=»)=8=(0]
(xN==)=5=(0]
(zN=)=7=(0]
(=N]=-=(0]
(=N)-10-(0)

[=N]-4-[=Q
(=N)-3-(9]
(=N=]-10—-(=N]
(xN=)-11-(=N])
(xN=)-12-(=N)
(xN=)-14-[=N)
[x:N=)=6=(0)
(xN=)=7=(0)

(=N)-6—[—CH3)
(=N)-6-(~0-)

(xN=)=8=(=N)

Jaunsintezéto savienojumu kardiovaskulara aktivitate tika test€ta eksperimentali ex vivo
uz izolétas truSa auss artérijas un in vitro uz anestez€tiem laboratorijas dzivniekiem

(Dr. M.Véveris, OSI Mediciniskas kimijas nodala) [16,17,19, 21, 22]. Sie modeli tika izvél&ti
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tada seciba, lai varétu noskaidrot savienojumu varbiitéjo antiaritmisko, vazodilat&joSo un
kardiotionisko aktivitati.

§-(0-)

13. Zim. Aktivitates prognozésana ar OREX sistémas palidzibu.

Total — kopéjais savienojumu skaits ar konkréto deskriptoru datu bazé; Active — aktivo
savienojumu skaits ar konkréto deskriptoru datu bazé; Cenf. — ticamibas koeficients, kas
pardda zemako varbiitibas limeni, ar kadu savienojumam patiesi biis konkréta aktivitate;
Effic. — efektivitates koeficients , kas parada ar kadu iespéjamo lielako varbiitibu
savienojumam bis aktivitite ar konkréto aktivatates pazimi, salidzinot ar jebkuru citu
savienojumu; Covering — pazimes parklaSanas koeficients, kas parada to aktivo savienojumu
dalu, kurai ir konkréta aktivitates pazime.
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17. Tabula ir apkopoti dati par hetarillaktonu antiaritmisko skrininga testu un akito
toksicitati uz pelém. P&tamo savienojumu akiita toksicitate bija zema (LDsg virs 400 mg/kg),
un tikai savienojumu 14 (LDsp 180mg/kg) un 15 (LDso 200mg/kg) akiita toksicitate ir
salidzinama ar to, kas ir lidokainam (LDso 238 mg/kg) - par standartu izmantotajai
antiaritmiskajai vielai. Piecloceklu piridillaktonu 12-16 toksicitate bija lidziga to sesloceklu
analogiem, iznemot 3- un 4-piridilfuranonus 13 un 14, kuru toksicitate bija aptuveni 2 reizes
augstaka. Piridilaizvietotaju aizstaSana ar hinolilgrupu uzradija nedaudz mazaku toksicitati
(skat. 17. tab. 14,19, 27, 28). |

Hetarilatvasinajumi 14, 15 un 28 kuru injic&€3anas deva bija 15 un 30 mg/kg, izraisija
statistiski nozimigu ar CaCl, inducétu aritmijas kavésanu. To aktivitate bija augstaka, bet
toksicitate zemaka neka standartvielai - medikamentam prokainamidam. Furanona rindas
hetarillaktona ar 4-piridilaizvietotaju 14 antiaritmiska aktivitate bija izteiktaka.

Salidzino$i aktivakie savienojumi tika pétiti arl uz anestezétam Zurkam. 18. Tabuli ir
paradits, ka Sie piridilfuranoni samazindja dzivnieku bojaeju, tau $is samazindjums bija
mazak izteikts neka lidokainam. Savienojums 14 (deva 1 mgkg iv.) arl aizsargdja no

ventrikulariem sirds ritma trauc€jumiem.

17. Tabula. Piridillaktonu antiaritmisk3 aktivitate un akita toksicitite

Savienojums Deva, me/kg, i.p. Antiaritmiska aktivitate, Akita toksicit;‘ue
CE e Y/N? LDso, mg/ke, i.p.
12 30 /5 > 400
90 2/5
13 30 15 > 400
90 1/5
14 15 3/5* 180 (138.5-234)
30 3/5*
15 15 1/5 200 (153.8-260)
30 2/5
16 15 3/5* 480 (347.8-662.4)
30 2/5
90 2/5
19 30 1/5 >600
90 2/5
25 50 175 > 400
90 2/5
26 50 1/5 > 400
90 /5
27 30 1/5 > 400
90 1/5
28 13 1/5 >600
30 3/5*
90 2/5
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42 30 1/5 >600
90 1/5
Prokainamids 30 1/5 360 (257-504)
90 3/5*
Lidokains 15 2/5 238 (180.3-314)
30 4/5*
Kontrole 0/10

*Y — no aritmijam aizsargato dzivnieku skaits;
N — kopgjais dzivnieku skaits;
* p <0.05 - pret kontroli

P&tot savienojumu varbit€jo vazodilat&joso aktivitati, tika konstatéts ka, piridilfuranona
4-izoméram 14 piemit salidzino$i izteiktaka antiaritmiska aktivitate, taGu tas arl ir
vistoksiskakais no pétitajiem savienojumiem (17. un 18. tab.).

Gandriz visi testétie nepiesatinatie y- un d- laktonu hetarilatvasindjumi izraisija vairak
vai mazak ievérojamu iepriekS kontrakt€tas truSa auss artérijas atslabumu (19. tab.).
Savienojums 16 paradija ievérojamu vazodilatg§joSu aktivitati, turpreti piridillaktons 12
demonstré vazodilatéSanas/vazosaspiesanas 2 fazes, bet 13 pardda asinsvadu saSaurinasanas
tendenci. Saja testa seSlocek]u laktoniem (25-27) bija ievérojami spilgtika vazodilatgjosa
aktivitate neka to piecloceklu analogiem (12-14), ka arT 25 (2-piridil) bija aktivaks par 26 un
27 (3- un 4-piridilzomé@ri) savienojumiem. M@s konstat§jam. ka piridillaktonu rindas
2-piridilaizvietotie savienojumi ir selektivaki vazodilatori, salidzinot ar 3- un
4-piridilaizvietotajiem. Savienojumi 16, 19 un 28 izraisa ievérojamu vazodilataciju

koncentracija 50 uM (16 ir visaktivakais).

18. Tabula. Savienojumu 13 un 14 aizsardzibas izp&te pret aritmijam

Savienojums Deva, mg/kg, i.v. Aritmijas pakape, M+SD Izdzivojusie
dzivnieki, %

13 0.3 3.3x0.4 20

1.0 3.0£0.5 40

3.0 2.840.5 60*

14 0.3 2.9+0.5 40

1.0 2.330.3* 60*

3.0 2.6%0.5 60*

Lidokains 0.3 3.0:0.4 20

1.0 2.1%0.3* 60*

3.0 1.8+0.4* 30*

3.840.5 0

p < 0.05 - pret kontroli.
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19. Tabula. Pétito savienojumu vazodilatéjosa aktivitate

Savienojums Koncentracija, uM Vazodilatacija®, %
12 10 5+(-3)
50 10+(-5)
13 10 -2
50 -8
14 10 -3
50 -5
16 10 30*
50 50*
19 10 20
50 30*
25 10 12
50 27
26 10 15
50 20
27 10 2
50 15
28 10 19
50 32%
42 10 5
50 15
Papaverins 1 8
10 35*
50 76*
Fiziologiskais
$kidums — 0
Skidinatajs — 8

ma vértiba nozimé vazodilataciju; negativa — asinsvadu
saSaurinasanu;
* p <0.05 - pret kontroli.

Furanona un piranona (14, 27) 4-piridilaizvietotaja aizstasana ar 4-hinolilgrupu (19, 28)
paaugstina vazodilat€josas ipasibas, turpreti furanona un piranona piridilatvasinajumiem, ka
ari nitrofenilpiranonam 42 nepiemit véra nemama vazodilat€josa aktivitate.

Hetarillaktonu kardiotoniskas un vazodilat€josas TpaSibas tika pétitas arT eksperimentos
uz anestezétiem kakiem. Hemodinamisko parametru izmainu maksimums tika registréts 1 lidz
5 min péc i.v. vielu ievadiSanas. legitie rezultati ir paraditi 20. tabula.

Piridillaktoniem 13 un 14 tika konstatéta ieveérojama kardiotoniska aktivitate.
Nepiesatinatais 4-piridillaktons 14 (deva 0,5 mg/kg) paaugstindja kreisa sirds kambara
sistolisko spiedienu par 30%, bet sarauSanas sp&ju par 32% un vid€jo arterialo asinsspiedienu
par 18%. Ka pozitivs moments jaatzimé, ka sirds sarausanas biezums palika nemainigs.
Pozitivs kardiotoniskais efekts augstak minétajiem piridillaktoniem tika noverots arl deva

0,1-2,0 mg/kg, tapat piridilfuranoni 13 un 14 izraisija arl asins pliismas atruma pieaugumu
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artérijas, bet §is pieaugums korel€ja ar asinsspiediena izmainam. Piranona nitrofenilaizvietota
atvasinajuma 42 vazodilat&josais efekts bija lidzigs furanona un piranona piridilaizvietotajiem

atvasindjumiem.

20. Tabula. Hemodinamiskie efekti. Rezultati uzraditi % attiecba pret kontroles

izejdatiem
Savienojums Deva”.'fg/kg’ MABP* | HR* | LVSP | dP/dt | FBF* | CBF
12 1.0 5 0 - — - 12
3.0 -20+5 3 — - — | 5412
13 0.1 0 3 6 8 0 0
0.5 12 3+(-10) | 23 26 10 12
2.0 29 5 45 33 12 22
14 0.1 3 k) 10 15 . 3
0.5 18 0 30 32 12 16
2.0 30 6 50 38 5 20
26 0.1 0 0 0 0 0 0
0.5 0 0 0 5 0 3
2.0 6 -3 5 8 5 5
27 0.1 e 0 0 0 0 0
0.5 5 0 5 7 0 6
2.0 10+(-5) 5+(-3) 7 10 5+(-5) 3
Verapamils 0.02 -8 -3 -3 =5} 18 13
0.1 35 | 9 16 | 45

* MABP - vidgjais arterialais asinsspiediens; HR — sirds sarau$anas biezums
minaté ; LVSP - kreisa sirds kambara sistoliskais spiediens; dP/dt — kreisa sirds
kambara saraulanas spéja; FBF — femoralas artérijas asins plisma; CBF - miega
artérijas asins plisma; Hemodinamiskie parametri ir uzraditi % - izmainas lielums
pirms un péc savienojuma ievadiSanas; pozitiva vértiba nozimé paaugstinasanos;
negativa — samazinasanos.

Biologiska testéSana tika veikta, izmantojot metodes, kas aprakstitas publikacijas

[76-82].

3.2. Citotoksiskas ipasibas

Japanu autori ir noskaidrojusi, ka sint€tiskais retinoids 5-hidroksi-4-(2-feniletenil)-
2(5H)-furanons varétu but Joti perspektivs prepardts zarnu neoplazijas arstéSanai [84].
Pretvéza aktivitates pozitivu prognozi sintez€tajiem fenil- un hetarillaktonu atvasinajumiem
més ieglstam ari, izmantojot OREX ekspert-sistému. Prognozes rezultata izradijas, ka
furanona hinolilatvasindjumam 19 pretvéza aktivitati nosaka deskriptors, kura sastava ietilpst

laktona un piridina gredzena fragmenti (14. zim.).
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Fermenta kinazi inhib&josas ipaSibas varétu biit raksturigas savienojumiem, kuru
molekula benzola un laktona gredzeni atrodas savstarp€ji noteikta attdluma: laktona un
benzola gredzeni ar zinamu varbutibas pakapi varétu noradit uz savienojumu polimerazi
inhib&joso aktivitati.

Tika konstatéts, ka seSlocek]u laktona fenilatvasinajumiem vartu but ari raksturiga
pretvéza aktivitate. Ar noteiktu varbiitibas pakapi var teikt, ka $o savienojumu iedarbibas
mehanisms realiz€jas, inhibéjot RNS sintézi, un ka atbilsto3ajas sistémas darbojas audzgja
nekrozes faktors (15. zim.).

cn,
Descriptor features Occumrence Coefficients
Total Active Conf. Effic.
EN;]—S—[-N] 4 3 035 0.86 0.00
— J\)
o 0’
| Descriptor features Occurmrence Coefficients
| Total Active Conf. Effic. Covering
[O)=4=(08) 70 32 037 098 0.35
[=N]-4-(=0) 13 3 0.11 088 0.03
- as ==
Hy
- CH, CH,
Descriptor features Occumrence Cocfficients
Total Active Conf. Effic. Covering
[=N-7-(=0) 12 3 0.1 0.93 0.05
(=N]-9-(8) 24 4 008 089 0.06

14. Zim. Pretvéza aktivitates prognozésana ar OREX sistémas palidzibu.
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Noraditie fakti deva pamatu sintezé€to savienojumu eksperimentdlajiem pétfjumiem.
30 sintezétie laktonu hetaril- un fenilatvasinajumi tika testéti uz sekojo$am Jaundabigo
audzgju Stnu Iinijam: MG-22A (peju hepatoma), B16 (pelu melanoma) un Neuro 2A (peju
neiroblastoma) (Dr. I. Sestakova, OSI Mediciniskas kimijas nodaja) [45, 71]. Savienojumu
citotoksiskas ipaSibas tika pétitas uz monoslapu audzgju $inu kultiiram atbilsto$i aprakstitajai
metodikai [85]. Dzivo $inu daudzumu noteica ar divam neatkarigdm kolorimetriskajam
metodém: péc Sinu membranu krasojuma intensitates ar kristalvioleto (KV) un mitohondrialo
enzimu krdsojuma intensitates ar 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolija bromidu
(MTT), kas raksturo to oksidéSanas-reducésanas spéjas intensitati.

Descriptor features Occurrence Cocflicients
Total Active Conf. Effic. Cevering
=N]-4-[=0) 1313 0.11 088 0.03

AN
|
CH,
Desaiptor features Occumrence . Coefficients
Total Acive Coni. Effic. Cevering
>N-)=7=[0) R 0.03 095 0.12

-l'iuuwb-u Occumvence  Coeffidients

Total Acve Conf. EWic. Covering
=N}-6-[-0—) 12 1 083 091 006
=N}-4-{=0) 13 1 003 051 0.06

15. Zim. SeSlocek]u laktona fenilatvasindjumu pretvéZa aktivitates
prognozésana ar OREX sistémas palidzibu.



Citotoksisko pétfjumu mérkis bija noteikt sintezéto savienojumu sp&ju nomakt audzeju
$tnu augSanu in vitro , ka arl noskaidrot to aktivitati slapekla oksida radikalu (NO) sintézé
Stnu iekSiené. Slapek]a oksida radikalu paaugstinata koncentracija ir $tnu bojaejas iemesls
[87]. Svarigakie rezultati, kas iegiiti izmantojot audz&ju Sinu linijju MG-22A, ir apkopoti
21. tabula.

Sakariba struktiira-citotoksicitite uz MG-22A Stinu liniju parada, ka pieclocek]u
cikliskais laktons 19, salidzinot ar ta seslocek]u ciklisko analogu, 28 ir paraks, turklat
furanonam 19 piemit ari audu specifiskums Neuro 2A $iinas gadfjuma (TDso — KV=1 pg/ml;
TDso— MTT = 3,3 pg/ml) (22. tab.). Aktivitate ieveérojami kritas apmainot 4-hinolilgrupu ar
2-hinolilgrupu (savienojumi 19 un 17).

21. Tabula. Nepiesatinato laktonu citotoksicitate in vitro un NO' generéSanas
spéja uz MG-22A (pelu hepatoma) $inam

Savienojums TDs (KV)* TDso (MTT) loI\ii) KV
12 49 89 18
17 71 65 20
19 8 10 138
25 44 56 300
28 36 60 200
42 5 33 2]
43 6 17 i 800
44 58 75 17
46 28 42 50
48 34 32 50
52 52 58 300

? Koncentracija (ng/ml), lai nogalinatu 50% 3tnu (krasosanas ar KV);
. Koncentracija (pg/ml), lai nogalinatu 50% Stnu (krasoSanas ar MTT);
¢ NO - koncentracija (%) (krasosanas ar (KV).

Salidzinot iegltos TDsp lielumus savienojumam 19 uz dazadiem audzgju tipiem.

aktivitate samazinas seciba: Neuro2A>MG-22A>B16 (22. tab.).



22.Tabula. Savienojuma 19 citotoksiska aktivitate uz dazadu $tnu linijam

Stnu linijas®
MG-22A Neuro2A Bl6
TDso TDso NO TDsg TDso NO TDsp TDsg NO
KV) | MTT) | 100%KV | ®V) | MTT) | 100%KV | (KV) | MTT) | 100%KV
8 10 138 1 33 82 46 46 41

* Apzimé&jumus sk. 21. tabula.

Cetri sintezétie laktoni 25, 28, 43 un 52 zema koncentracija ievérojami stimulé NO.
biosintézi $inds. No Siem savienojumiem augstaka stimul€josa aktivitate piemit seSloceklu
laktona 4-hlorfenilvinil atvasinajumam 43 (800%, kraso$anas ar kristalvioleto) un ar to var
izskaidrot ta augsto kardiovaskularo aktivitati [22]. No citotoksisko p&tjjumu rezultatiem var

secinat, ka savienojumiem 19, 42 un 43 ir labs citotoksisks efekts.

4. Eksperimentala dala

'H KMR spektri ir uznemti ar Bruker WH/DS( 90 MHz) un Varian 200 Mercury
spektrometriem, ka skidinatajus izmantojot CDCl; . DMSO-ds vai CDCly/DMSO-d, . 2:1. un
tetrametilsilanu (TMS) ka ieks€jo standartu.

Masspektri ir registréti ar MS-30(Kratos) masspektrometru, elektrontrieciena jonizacijas
energija 70 eV. Masspektri atras atomu bombardéSanas apstak]os registréti ka jonu avotu
izmantojot fon Tech FAB 11 NF, jonizgjosa gaze - argons, matrica - tioglicerins.

UV-spektri registréti ar spektrofotometru C®-46 (JIOMO) etanola skiduma.

Ku3anas punkti noteikti uz Boetius kuSanas galdina un nav korigéti.

Elementara analize veikta ar Elemental Analyzer Carlo Erba 1108 aparatu.

Reakcijas produktu sastavu un tiribas pakapi noteica ar AESH metodi. izmantojot
hromatogratu GILSON-303, firmas Waters kolonnu (3,9x 150 mm), kas piepildita ar sorbentu
Nova-Pack Silica un 115 UV detektoru (A = 254nm). Eluenta (etilacetats - heksans,1:1)
patérin$ - 1 ml/min. Analiz&jamo $kidumu paraugus (koncentracija 0,1-1,0 mg/ml) ievadija ar
Rheodyne 7125 injektora palidzibu (ievadamais tilpums 10 -50 pl); tos pirms analizes
uzglabaja tumsa stikla pudelités.

Planslapa hromatografiska analize veikta izmantojot Silufol UV-25+4 plates, eluenti

heksans—etilacetats.1:1 un benzols—acetons, 3:1.
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Vispariga aril(hetaril) y- un 3-laktonu atvasindjumu sintézes metodika.

Kolba ar atteces dzesinataju pulverl saberztam natrija hidroksidam pievieno atbilsto$u
daudzumu karbaldehida (1-7; 32-40), piranona (8-10), ka ari etanolu. Energiski maisot ar
magnétisko maisitaju, reakcijas masu 5 min laika uzsilda lidz virSanai un vara 4 stundas, vai
iztur istabas temperatiira. Reakcijas gaitd parasti vispirms no karsta $kiduma izgulsnéjas
Mihaela tipa pievienoSanas produkts, ko nofiltré neatdzes€jot reakcijas maisjjumu. Krotonas
kondensacijas produkti gandriz vienmeér izgulsn€jas, atdziestot reakcijas Skidumam. Abus
reakcijas produktus parkristaliz€ no etanola. Sintez€to savienojumu raksturojums ir paradits
1.- 4. un 8.-10. tabulas.

Lai noteiktu realos produktu iznakumus, reakcijai beidzoties, masu atdzesé 1idz istabas
temperatiirai un iztvaicé $kidinataju. Atlikumu izzavé gaisa lidz nemainigam svaram, saberz
viendabiga pulverT un analizé hromatografiski.

Kvantu kimiskie aprékini veikti ar pusempirisko AM! metodi, izmantojot MOPAC 3
[28] un MOPAC 6 [46] programmas. Reagentu, reakcijas produktu un rekcijas sistémas
geometrisko parametru pilna optimizacija veikta PRECISE limeni. Molekularo sistému

dizains un vizualizacija veikti izmantojot programmas Jmo! [47] un ChemCraft [48].

5. Secingjumi

1. Kondensgjot 3-ciano-4,5,5-trimetil-2(5H)-furanonu, 3-karbetoksi-4,5,5-trimetil-2(5H)-
furanonu un 3-ciano-4,6,6-trimetil-2-(5,6-dihidro)-piranonu ar aril(hetaril)-aldehidiem
NaOH klatbitné sintez€ti jauni nepiesdtinati E-konfiguracijas y- un &-laktonu
atvasindgjumi. Kondensacijas reakcija notiek netradicionali: rodas gan krotonas
kondensacijas, gan Mihaela tipa pievienosanas produkti.

2. Kondensacijas reakcijas mehanisma teorétiska analize ar pusempirisko kvantu kimisko
AMI metodi parada, ka abu tipu reakcijas produktu veidosanas var notikt no viena un
ta pasa starpprodukta.

. Dienas gaismas iedarbiba hetaril(aril)vinilatvasindjumu S$kidumos notiek E—Z

(U8

fotoizomerizacija. Ka mode|savienojumu izmantojot 6,6-dimetil-4-(4-nitrofenilvinil)-
3-ciano-(5,6-dihidro)-2(2H)-piranonu, ar kvantu kimisko pusempirisko AM1 metodi.
konstatéts, ka pamatstavokli £- izomérs ir termodinamiski stabilaks neka Z- izomérs.
E-Z fotoizomerizacijas process, iesp€jams, notiek zemakaja ierosinataja singleta

stavoklt S;.
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Ar OREX ekspertsisttmu jaunsintez€tajiem y- un J-laktonu atvasinajumiem
prognozéta pretvéza un kardiostimul&josa aktivitate.

Sintezétie piridil- un hinolillaktoni izraisa ievérojamu aizsargasanu pret aritmiju, kas
inducéta ar CaCl,. Aktivakie savienojumi ir: 5,5-dimetil-4-(4-piridilvinil)-3-ciano-
2(5H)-2-furanons un  6,6-dimetil-4-(4-hinolilvinil)-3-ciano-(5,6-dihidro)-2(2H)-
piranons. Augstakd vazodilatéjosa aktivitate bija 5,5-dimetil-4-[4-(4-piridil)-1',3'-
butadienil)-3-ciano]-2(5H)-furanonam.

Eksperimentilie pétijumi in vitro uz pelu audz&ju $tinu kultiram rada, ka 3-ciano-5,5-
dimetil- 4-(4-hinolilvinil)-2(5H)-furanonam, 3-ciano-6,6-dimetil-4-(4-nitrofenilvinil)-
(5,6-dihidro)-2-piranonam ir labs citotoksiskais efekts. 3-Ciano-6,6-dimetil-4-(4-
hlorfenilvinil)- (5,6-dihidro)-2-piranonam ir labs citotoksiskais efekts un augstakais

NO' generacijas limenis.
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LATVIJAS PSR ZINATNU AKADEMIJAS VESTIS
M3BECTHHA AKAJTEMHUIN HAYK JATBUIHNCKOIFM CCP

I{imijas scrija CepHa xumiuecxas
1980, Ne 4, c. 469—472

YIOK 347.824:542.953.2

J. A. Jedrtuc, K. H. Pybuna, 10. llI. l'oas0bepe,
. [1. Ancorne, M. B. llumanckas

CUHTE3 4-MTUPUIHJAKPOJIEUHA
HucrutyT opeanuvecxoeo cuntesa AH JTareCCP

4-TTupHAHIAKPOIEHH MOKCT ObITh HCIO.1b30BAH KAaK MOHOMEP B ClH-
Te3e MOJHMEPHBIX MAaTepPHaJI0B B KAYECTBE BbICOKOUYBCTBHTEIBHOrO pearcHTa
Ha aMHHbI, @ TAKIKE H AJA MOAVUCHHS IPYTHX MPOH3BOAHBIX MHPHAHHA.

Brepsble 4-nupitinaakposent Oni1 cunTe3uposan B 1968 roay kowuichu-
cauHeil 4-mHpHIHHAIbAEIHAA C aAUETAAbACTHAOM B TMPHCYTCTBHH HOHOOO-
MEHHOIl cM0.abl OCHOBHOro xapaxTtepa AmGepauta IR-4B [1]. Dtor mertonx
MO3BOJAAET MOJVYHTb 4-MHPHAKIAKPOIeHH ¢ Beixodom Bcero 0,6% [2]. TTo3a-
Hee Obl1 OMHCAH MHOrOCTAaAMfiHbiil CHHTe3 4-MHPHAHAAKPOJCHHA HA OCHOBEC
peakuiti 4-mIpHAHHAIbISTHIA C JHTHEBOH co.bi0 2,4,4,6-TeTpameTia-3,6- 1u-
riapo-1,3-oxkcasnHa ¢ Beixozom 23% [3].

JyumnM ¢ TOYKH 3peHHA Buixoga 4-mipuiusaakpo.aendHa (62%) asas-
eTcs MeTO1, OCHOBaHHHIH Ha peaxunn Butrura [4]. Flcnmoaszosawnue 1as-
HOrO METO1d, OAHAKO, OCIOKHSETCA HeIOCTYMHOCThiO (hochopcoaepHatiaro
KOMIOHEHTA peaxUHH U TPVIHOCTLIO BbiISJIEHHA I1€.1eBOr0 MPOIyKTa H3 pe-
AKUHOHHOM CMECH.

C ueasio CC3IaHHA VIOOHOrD I MEPCTCKTHBHONO MeTonla ciHTesa +-i-
DHINJIAKPOJEHHA :H3V4yeHa peakLHA KOHICHCAWHH 4-mHpHIAHAIBICIIIL o
aueTaIbARrHIOM.

SKCNEPHMEHTAJIbHAA YACTb

Peaktuasi. 4-TIHpHIiHAIbIErHI M0.IVYAIOT NADOGDA2MLIM KOHTIKTHLIM OKRHC.IEHIeY
L-METHAMHPHINHA MO MeTOaY, omucayHoMmV 3 padote [3]. Ci#Te3npoBaHHbil MPOAYKT mide-
TOHSIOT, B OMLITAX HCHOOIL3YVIOT dparuHio, xiunAwyio npy S4—386°/15 MM pT. oT., np20 15371,

Auertaabaerua («4.»), GeH3o.q («X.»), JeIRAHVIO VKCVCHYIO KHCJIOTY («X.d4.»), Mopdo-
Juu («4.»), 3THAOBBIT (8/C) M H30MPOMHIOBBIT («MU.») COMPTH JOMOJAHHTCAbIO He OUHULIZH

FIK crmexTpsi CHHMIIOT B mapaguHosoM Macde #a cnextposerpe «UR-20». AMP cn:
nmoavdaoT Ha apHGope xBpykep WH-80/DS», pacTsopuTeds IeiiTepox.aopoGopw, 3HVT-
PEHHIET CTRHIAPT FeKCAMCTHITHCILIOKCAH.

Cuntes. Peaxkuwioo NpoBOAAT B KPYFIOIOHHOI K0a6e, cHAGKCHHON MEWAKOH, TeDMO-
METDOM. Kanelblioil BOPoHKON H 3ddexTisHuiM OOPATHBIM XOJOIHIbHHKOM. Havaisaro
KOHUCNTPauHKi0 4-MHPHINHAAbIerHla 8 OeHlo.Je BapuLHPVIOT B nmpeielax 57107 —
30-10-% mo0ab/1, MOaApHOe  oOTHOWeHie L-MIPHINHAILIETHI @ AUeTAALICIHI : KATA.TH3a-
top — | :1-+3:0,02+0,35, remnepatypy — 22—75°.

[Toc.ic OKOHYAHHA DEAKUHH PaCcTBOPHTCIb H HEMPOPCATrHPOBABIUHIT 4-MilpHINMHAILILTHI
OTrOHAIOT HA POTAUHOHHOM HCMapHTe.1e MDPH OCTATOUHOM IaBJEHHH 7D MM.

Kydossiit octatox oxdaxiawt o 0°. Buinaswuve opatikessie KPHCTAJAIbl OTGhHIBTDO-
BBH{BAIOT # MPOMBIBAIOT XOJOLAHBIM rekcaHoM. De.loe KPHCTAJIHYECKOE BELUECTBO, MO\ HeH-
Hoe cyGaumaunein npi 100°/3—4 sy pt. cr.. naasutca npu 36—37° (aut. [4] 1. na. 39—
41°).
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Haiizeso %: C 7181; H 543; N 10.32. CzH;NO. Buiuncacuo %: C 72.16: H 5.30;

N 10,52. HIKC cw—': 1680 (C=0). AMP, § m. a.: 6,80 (IH, g, /=16 u 7 T, I l,‘); 7.40

(2H, m, 3,5-H nupuauxosoro xoavua); .43 (IH, d. /=16 Tu, Hy): 8,68 (2H, 26-H

nupuaunosoro keawua): 9,76 (1t d, /=7 Tu, CHO). )
4-TTHPHAHIAKPOICHH CYUICCTBYCT B I1BYN H30MCpusix Qopvax — quc- u tpaxc- [3].

BeanumHa KOHCTAHTLL SIAHMOIENCTSHA BHEHIBHLIX TPOTOHOE 4-MHPILIULIAKPOICHHD, [10aY-
YEHHOro KOHIeHcariled 4-MHPH.(HIIAILICHAD I AUCTAJILACTHAA, CBHIACTCALCTRYCT O TON, HTO
B JaHHOM CaV4al O0O0Pa3veTcst COCAHICIHHE, HMCIOUICY TOJIbKO  THAHC-KOIDHIYDALUHIO.

T. na. okcivma 4-nmuniaraccposchna 144—1477 (w3 Gewzoaa), ant. (4] T.oma 145—130°

Anaaus. Peaxunio koutpo.ipvior npi novowit [JKX. Hemoasuxiaa dasza 10% cuau-
koHosoro 3aactovepa <«E-30i» u 2,5% peonaekca-400 na xpomocopde «W-AW> (60—
80 sew). Tewnepatypa xodout 40° 1as amadusa auctadbaerdaa w1707 s 4-mipitdits-
ajgbaernia v 4-mHpHINIAKPCICa, TemaepaTtypa kcaapnteas 200°, cKopocTb raza-iocHTeas
reaust 60 cm®/mpd. Bpema  yviepauBauua  aueraasdcruia | M, 4-mHPILTHHAILICTITA
2,3 MHH, 4-MIPHINAAKPOICHIID 6,4 MHIL

PE3YJIbTATbHl M WX OBCYXAEHUE

[Tepsoii cTaaueit p3anvozeiicTiua 4-NHPHAHHAABACTIIA C AUETATb-
AerHaoM, Me-BilAMMCMY, aliajordifdo 00ieil peakWiK adeIcrinlon ss8Iae7es
aabAOIbHOE nplicoelnEeHH2. Peawrlin Takoro THIa 4auie BCero mpoTeKaioT
noa AeficTdHeM IIETIOYHBIX AreHTCB — Letoyell, KapOOHATOB ! a.1x0r0.19-
TOB UIE.TOYHBIX META.1J10B, COICH BTOIHIHBIN aMHHOB.

Fl3yueHue xaTaanTiyecKo# akTHEHCCTI COJeil OPraHHNYCCKHX OCHOBAail
8 peakUHH KOHICHCIUHIT 4-MHPHIHIAISIOrMIIA C AUETAALICIHIOM NOKA2QIL,
YTO COJIb  CH.IBHOTO OPras#iuCCxOrD OCIHOBaHHA, HAMPHMCP ['(I"IU)YI_I tHa
(pK 11,2), B 1anHOM cayuyae KATATIUZUPVCT riaBHbIM 00Da3cM {
PeaKIIHio CM01006Pa30BAHIT, BENOA 4-RIPIIIIAKPOISHHA B Ce
BuH cocTasader scero 10% (rada. 1).

B npHCyTCTBHH APVTOro XaTadH2itopa PeAXLIHH 2.1510JLHOrO NDIHCOQTi-
HeHUA 3THI3Ta HATPHA Hal.a:ogaerca clle 500C HHTCHCHTHOE
peaKUHOHHON cMeci, a +-QHPHIILIAKDOICHH ]
yecTBzX. Doaee usGipaTteisHoe zeficTsie o
OCHOBAHHUI{T cpeiHell cHanl (pN 7—3). Tax
HOTAMIHA. N-3TILT) MOp@oaiiHa, Mopdoatiia 3
etca 24—350% 4-nupunanaaxpoaensa [6].

[lpun cootowresun 4-mIPHINHATSIECHT : AUCTAT  MOPhOTiHHS,
1 10,1, peasuua, coraacuo IaHHBIM XPOMATOrpadIHecKITo 2iagi3a. ¥

IHT MDAKTHYECKI KOJHUSCTEeH-
Tadauga | HO f(puc. 1, xpusas /). BuiioZ

8 ¢a2I10

il

coal

are

KotaeHdcauna 4-nHprHIHHAIbILTHIA npenaparieHo Buli2 eHHOro 4-
C aueTaabaerwiom” MHPHIILIAKPOJICHHA COCTABIALT
60%. Csinrkesne Teumnepat:

Bsixoa 4-au- ) - B L o AT

Karaxusarap pHIIaRDPO- NpuBoaUT K OaJCHH!O BHIX0IAQ

| seina. b 4-nupuauaaxpoaeuna (puc. 1,

" - - KpHBast 2). OnT'x.\xa:leaﬂ Ha-
Auerar nHmepiHInHa 10. ; ' )
Ametat MopbhoHHa 50.0 qa.ipHasa I\OHLLQH'ITPZ]MHFI = MUpH
Auerat Mopdoaua 800" dndaasiernia 0,3 moas/a. Tlpu
Auerat N-3TitimopdodiiHa 41.0 MOBBILUCHHII KOHUEGHTpALHil HC-
Auertat TPH3TANOIAMIUHA 219 XOAHLIX BELICCTB VBE.IIYHBACTCH

Mpumewanue * Pacraoputens OeH- i oopa3oaamle.

j0a, T=75% C,MA=03 wom/1, woaspHoe B cavuae ucnoassosasiis 3
OTHOWeEHHE  4-MHDHIHHAAbLIErA] : aueTable- KaQ4eCTBe pacTBOpUTEIA 3TH.I0-
rua : Kataamsatop 1:3:0,03, mpozoaiiTes- BOrO H.IH 1I30MPONIJIOBOrO COHP-
HOCTb PEAKUHH 3 4acos. R Gl o R

** Moaspsoe OTHOweH e 4-MHpPHINHAID- 154 ?UXOJ = nnpn;ng.1%po.1uma
nerna: Kataausatop 1:0,1, npo1oaKiTeab- COCTABIALT 10—20%.
HOCTb peakuny 6 yacos. Kitnetnueckue napaMerpbi
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!. 3aBHCHMOCTb BBIXOAA 4-MHPH- Puc. 2. KdHETHYCCKHE KPHBLIC HAKOM-
po.edHa, OMPeI1CICHHOrO Xpoma- Jenua  4-nHpuaHJaxpoaerHa. Havaas-
bHyecKH, OT MO.SIPHOTO OTHOLWE- HAST KOHUCHTPAUMS -t-MUpHINHAIbICrH A
xataausatopa (Mawm) # d-mupu- 0,3 moab/a, auerataasieruia — 0,6
preruza (M) 1 — T75° moav/a: I — 75°, 2 — 50° 3 — 30°
=0,3 Moap/d; 2 —29°, Co 1N =
moas/a; 8 — T75° C, N =

7 Moap/a; 4 — 22°, G, nA -
56 M0Jb/

UMM KOHIGHCAUHH 4-MIDHIHHAAbLICTHAA H aUeTa1bACTHAA PACCUHTLIBA-
\ MO HaromJeunio 4-nupuanaaxposenta (puc. 2). KoHCTaHTH CKOpOCTH,
[CTeHHble MO VPaBHEHHIO BTOPOro Mopsiaka, yI0B.JIeTBOPHTEIbHO COXpa-
{ mocTosiHCTBO (Tad.1. 2). DTO NM03B0.IAET NPEINOJOXKITh, YTO H3 ABYX
pocTaauil mpouecca (agbl0JbHOC NMpHCOCIIHeHHe d-MipHINHAIbACTHAA
eTaabaernly ¥ AeruipaTtauis MpOAVKTa KOHIEeHCALHH) JTUMHTIPVIOULIE
feTcA rnepsas cTalHd.

CMICPATVPHAS 3aBHCHMOCTb KCHCTAHT CKOPOCTH B KOOpIHHATax Appe-
a uMeeT JHHeHHHA xapaxTtep, Kos@duuuedTt xoppeaauxd 0.99. Haii-
as ")admuocxu HEPTHS AKTHBALNI TOCTABIALT !3 KR/

ra: Te.\mepa*ypa 75°, wauaasHas KoH1Le: HTDAUHS i
(0.1b/.1, MOJSIDHOG OTHOIICHHC <-MiPHIHHAIbIEr T ! al
vopoanda |:1:0.1, pactaepirteas Ocu20, “‘*0:.,....(.. hHOCTS
5 vacos.

Boieoasl. 1. [I3yuena peaxuia KOHIeicauuu -¥-n51pu_1i!!~:u.157=rn"-‘ o
raaszeruiom. Haflzens: rataauzatop (austat vop@oIHHA) it ONTHMAb
_VCT0BHA MOAVYEHIA 4-THPHIHIAKPOICIHHA.
lccaelopana wiHeTiika npouecca npu 30—75°. Haitieno. uto nops-
H3y4aeMoil peakuHll paBeH 2. 3HeprHa awTHeaumi 15 wxaa/yvoasn. Bu-
3AHO MPeINO.I0KeHHe O JHMHTHPVIOUICM NapawrTepe Mepeoit cTalmi pe-
Il — a.1b10JbHOT0 MPUCOeTHHEHIIA.

Tasauua 2

KnHeTHUeCKHE napamMeTpsl peaKiHu
4-nMpHIARHAIbAErHAA C QUETAIbAErHANM

Cpeariexsaa-

. 3 DATHYH
g I\uv.EO \ loamlllqc'k'adﬂ ::Ka:nEtl'.'J'»
T MOAb™ - Mtk crpeleae- l
it %
30 20 17.0
e 54,0 9.0
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M. Shymanska

SYNTHESIS OF 4-PYRIDYLACROLEIN
SUMMARY

'

The condensation oi pvridine-4-carboxaldehyde with acetaldehvde

has been studied. Morpholine acctate was shown to be an optimum cata-
lyst for the above reaction. The highest vield of 4-pyridylacrolein (60%)
was obtained at 75° and initial concentration of pyridine-4-carboxaldehyde
in benzene 0,3 mol/l, the molar ratio pvridine-4-carboxaldehyde: acetal-
dehyde :catalyst being 1:1:0,l. The fact that the reaction proceeds accor-
ding to the second order kinetic equation allows to suggest that the
limiting stage of the process is thz aldol condensation. The activation
energy was found to b2 15 kcal/mol.

[Moctyauao 10. T 1980 roza



VINYLOGS OF 4-PYRIDINALDEHYDE

L. Ya. Leitis, D. P. Yansone, R. A. Skolmeistere, UDC 547.824:542.953.2
Yu. Yu. Popelis, M. P. Gavars, M. V. Shimanskaya,
L. K. Maslii, and G. S. Nikol'skaya

Condensation of 4-pyridinaldehyde and 3-(4’-pyridyl)acrolein with acetaldehyde in the presence of morpho-
line acetate has given their vinylogs. These compounds have been shown to exist mainly in the trans-con-
figurations.

Unlike unsaturated aromatic carbonyl compounds, the study of the structural features of which has formed the subject of
several reports [1-7], the corresponding pyridine compounds have received little attention.

Unsaturated aromatic aldehydes are usually obtained by aldol condensation of carbonyl derivatives of benzene with ac-
etaldehyde in the presence of KOH, followed by dehydration of the resulting aldol [S, 7]. The condensation of pyridinaldehy-
des with acetaldehyde is more selective when the salt of an organic base, morpholine acetate, is used as catalyst. This afforded
the crotonic condensation products 4-pyrinaldehyde (T) with acetaldehyde giving 3-(4'-pyridyl)acroline (II), and (II) with ac-
etaldehyde giving 5-(4'-pyridyl)penta-2,4-dienal (IIT). The latter compound (IIT) was new.

The initial rate of reaction of (I) was 0.15, and of (IT) 0.46 mole/(liter-h). It is assumed that in this instance the rate of
reaction is limited by fission of the C=0 bond in the pyridinaldehyde, the lower rate of reaction of (I) being attributed to the
polarizing influence of the carbonyl oxygen in this product being neutralized to a greater extent by the electron-acceptor influ-
ence of the pyridine ring. That the C=0 bond in () is stronger is also shown by the higher frequency of vc.o vibrations in (T)
as compared with (II) (Table 1).

Compounds II and ITII may have two isomeric forms:

| o] «
_c—c? ,<.l—c’
-C” | —-Cc~ 1|
| H |
Hi Hl
s-trans s-cis

Comparison of the stereospecific coupling constants between the protons of the carbonyl group and Hy,, for (II) and (III)
(Table 2) with those for the cis- (2-3 Hz) and trans-conformations (4-9 Hz) of a,8-unsaturated aldehydes and ketones suggests
that the aldehydes obtained exist primarily in the s-trans-conformations. This conclusion is supported by the nature of the
changes in the screening effects of the a-protons in the aldehyde (II) on changing from the solution in chloroform (e 4.8) to
aqueous solution (e 78.5). The difference in the H,y chemical shifts for solutions with low and high dielectric permeability
amounts to 0.32 pm. By analogy with the specific effect of the reaction field of the solvent on the corresponding protons in
aB-unsaturated aromatic carbonyl compounds [4, 9], it may be concluded that such descreening can only occur for the s-trans-
conformer. If the other isomer predominated, then a similar change of solvent should result in the difference in chemical
shifts being a negative one. Splitting of the band for the carbonyl group in the IR spectrum of (IIT) suggests the presence of a
certain amount of the s-cis-isomer. With respect to stereoisomerism relative to the double bonds, the H,~Hg, and H,—Hg,
coupling constants for the aldehydes (II) and (IIT) (14.5-16.1 Hz) (Table 2) indicate that the crotonic condensation used in the
present investigation is stereospecific, leading to the formation of the E-isomers almost exclusively [10]. However, 5-(3'-
pyridyl)penta-2,4-dienal obtained, for example, by condensation of 3-pyridinaldehyde with formylallyltriphenylarsonium bro-
mide [11], is a mixture of the (2E, 4E)- and (2E, 4Z)-isomers.

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga 226006. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 1, pp. 77-80, January, 1991. Original article submitted April 3, 1989.
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TABLE 1. IR and UV Spectra of (I-IIT)

-1
Coms IR spectrum, cm UV spectrum, A nu,
pound . . . na (ig € )
Ye=0 Ve=C VC=0—VC=C S_cu
I 1710 —_ —_ — 258 (2,85)
11 .1680 1600 80 990 208 (2,15), 269 (3,4)
111 1685, 1670**| 1605, 1625 80 1015, 990 295 p. 310 (3,5), 320 sh.

*Assigned as in [5].
**Assignment of the vc.o band was based on the absence from the spectrum of the

thiosemicarbazone of aldehyde (IIT) of absorption at these frequencies.

TABLE 2. PMR Spectra of (I) and (TIT)

G Chemical shifts, ppm* SScC, Hz
Solvent
pound
Hiz6 Hiys ’ Hg, ' Hq, CHO Hm»—H(a)'Hm“Hm H ) —H,
I1** | D.O 8.86 8.29 790 ( 7.16 | 9.81 16,1 — —_
CDCl, 8,73 743 7.47 | 6,84 | 980 16,0 —
I11*** | CDCl,4 8,65 7,35 7,28 | 6,37 | 9,68 14,5 11,0 15,0

*For (II): 7.17 (H,), 6.95 ppm (H,).

**_CHy=CH,,,~CHO.
#+*_CHgy=CHiyyCHiy=CHigy-CHO.
TABLE 3. Characteristic Ions in the Mass Spectra of Unsaturated Pyridine Aldehydes
Com- m/z (Ira]’ %)%
pound | y-. l M= (H)* |‘-&——(CO>'i‘~\—(CHO)'! Py | A | B | M-py | C
1| 133 132 105 104 79 | 78 = - | _
(100) (38) (25) (56) (40) | (54)
II1 159 158 131 130 — — |103.0540 | 81,0356 77,0400
(67) (16) (16) (100) (29) (54) (41)
CBHT.. CsHsOtt CBHS-.

*A = M(CH=CHCHO)*, B = M«(CHO)-CHN)*, C = M—(CHO)—-CHN)—~C,H,)".
**The exact masses of these ions were measured.

As a result of the polarization of the double bond by the carbonyl group, and the reduction in electron density at the 8-
bon atom, Hg, in (II) and (III) resonates at lower field than H,, as is also the case with cinnamaldehyde [4]. As far as the
otons at the second double bond in the aldehyde (III) are concerned, H,), which is furthest from the ring, resonates at lower
1d, apparently as a result of the polarizing effect of the heteratomic nitrogen. In (III), in which the double bond experiences
ultaneously the opposing effects of the two electron-acceptor groups, the carbonyl group is the stronger.
| It has been shown for aliphatic [2] and aromatic [3] compounds that isomers of this type may be distinguished by the po-
itions of the absorption for C=0 and C=C stretching vibrations, the vc.o—Vc-c value being >75 cm-! for the cis-isomer,

erism in unsaturated heterocyclic aldehydes must be different. In aldehydes (II) and (III), which according to their PMR spec-
are the trans-isomers, the differences in these absorptions is 80.



|  Examination of the UV spectra of the aldehydes (I-IIT) (Table 1) shows that the introduction of one vinyl group into the
'molecule results in a bathochromic shift of the absorption maximum by 11 nm, and of the second by 40 nm with a concomi-
tant increase in the intensity of absorption. For their benzene analogs, these values are 38-48 and 30 nm, respectively [3].
" The mass spectra of (II) and (III) show strong molecular ions (100 and 67%) (Table 3). The first step in the breakdown of
these unsaturated aldehydes under electron impact is removal of an H' radical, with ejection of a CO molecules and concomi-
tant removal of a CHO' radical. Fragmentation of (II) is similar to that of 3-phenylacrolein [12], but that of (III) differs con-
siderably. For example, the ion with m/z 130 arising on fragmentation of this compound, formed by removal of the aldehyde
group, then successively loses HCN (m* = 81.6) and C;H, (m* = 57.6) fragments. Another mode of fragmentation results
from rupture of the a-bond in the molecular ion, with the formation of an ion with m/z 81 (m* =41.26). This indicates that
the charge is preferentially located in the side chain of the molecular ion. The absence of nitrogen from the ions with m/z
103.81 and 77 was shown by measurement of their precise masses.

Hence, the redistribution of electron density in the unsawrated pyridinaldehyde with two double bonds substantially af-
fects its mode of fragmentation.

EXPERIMENTAL

The condensations were followed by GLC [13]. Preparative isolation of (III) from the reaction mixture was accomplished
by HPLC on a Du Pont 830 chromatograph with a column (150 x 4.6 mm) packed with Silasorb LC-18. The mobile phase
was methanol-water (1:1), and the flow rate 2 ml/min. IR spectra were obtained on a Perkin—-Elmer 580 B (in Nujol), UV
spectra on a Specord UV-VIS (in ethanol), and 'H NMR spectra on a WH-90/DS (90 MHz). Mass spectra were obtained on a
KRATOS MS-25 GC-MS. The precise masses of the ions and metastable ions were measured with a KRATOS MS-50. The
ionizing electron energy was 70 eV, and the temperature of the ionizing chamber 200°C.

4-Pyndinaldehyde (I) was obtained by vapor-phase oxidation of 4-methyipyridine [14]. 3-(4'-Pyridyl)acrolein (II) was syn-
thesized as described in [13].

5-(4'-Pyridyl)penta-2,4-dienal (III, C;qHyNO). A solution of 1.4 g (10.5 mmoles) of (II) and 0.16 g (1.1
mmoles) of morpholine acetate in 44 mli of benzene was flushed out for 10 min with an inert gas, and heated to 77-79°C. A
solution of 0.7 g (16 mmoles) of acetaldehyde in 3 ml of benzene was added dropwise. The resulting mixmre was kept at the
temperature indicated for 3 h, then the solvent was removed. The residue was subjected o preparative liquid chromatography
to give 0.42 g (25%) of (TII) as a yellow crystalline solid, mp 53-55°C.
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REACTION OF HETEROCYCLIC ALDEHYDES WITH METHYL
DERIVATIVES OF UNSATURATED - AND §-LACTONES

D. Jansone, L. Leite, M. Fleisher,
J. Popelis, I. Mazheika, E. Lukevics,
G. Melikyan, and A. Avetisyan

Upon reaction of nitrogen-containing heterocyclic aldehydes with 3-cyano-4, 5, 5-trimethyl-2(5H)-furanone and
3-cyano-4,6, 6-trimethyl-2-(5, 6-dihydro)pyrone, products of crotonic condensation and compounds of the
Michael adduct type are formed.

Condensation of aldehydes with unsaturated y- and é-lactones makes it possible to obtain new compounds with
bactericidal [1] and cardiotonic [2] properties, and also plant growth stimulators [3-5]. In a more detailed study of this reaction.
it was observed that pyridinaldehydes Ib-d, reacting with lactones II and III under base catalysis conditions, along with crotonic
condensation products I'V and V form compounds of the Michael adduct type VI and VII, independent of the ratio of reagents:

Me Het—CH=CH Het—CH
NC
7 (cuy), (CHon (CH )n
Het—CHO + l e
Q o Me

lad I, 11 IVad, Vad VIb-d, VIIbd

la, [Va, Va Het = 2-furyl; Ib, IVb, Vb, VIb, VIIb Het = 2-pyridyl; Ic, [Vc, Ve, Vic, VIIc
Het = 3-pyridyl; Id, IVd, Vd, VId, VIId Het = 4-pyridyl; II, [Vb-d, VIb-d n = 0; III,
Vad, VIIb-d n = |

Formation of compounds VIIb-d upon reaction of aldehydes Ib-d with lactone III is observed for any ratio of reagents.
including a significant excess of the electrophilic reagent compared with the pyrone. The optimal ratio for the best yield 1s 1:2
(Tables 1 and 2).

In the PMR spectra of compounds VII there are no signals from olefin protons, but we see characteristic signals from
the methylene groups in the 2.9-3.5 ppm region and multiplets from methine protons coupled with protons of the two CH,
groups at 3.5-3.9 ppm (Tables 3 and 4).

Under electron-impact mass spectroscopy conditions, compounds VII are not very stable. In the mass spectra, we
observe ion peaks whose mass numbers correspond to fragments from decomposition of crotonic condensation products of V
and lactone III. As an example, in the Experimental section we give the mass spectrum of compound VIIb, in which ions with
m/z 254, 239, 210, 195 correspond to decomposition of compound Vb, while ions with m/z 165, 107, and 79 correspond to
decomposition of compound III. Probably compounds VII decompose as follows under electron impact and heating:

Me LE He—CH=CH 7|+
\C NC
~ =z
(CH,), (CH,),
Me & Me
- 2 Me 2 o Me
1L 11 V.V

Latvian Institute of Organic Synthesis, Riga LV-1006. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No
3. pp. 298-302. March, 1998. Original article submitted February 9. 1998.
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TABLE 3. Parameters of PMR Spectra for Compounds IV in CDCl,, TMS, 8, ppm

(Jyu» H2)

Com- . Furanone -

pound CH=CH CH, Pyridine or furan CH

IVa 6,74 (16,1) 1,64 6,59 (3,6; 3.6) 4-H; 6,85 (3,0)
7.56 (16.,1) 3-H; 7,62 (3,6) 5-H

IVib 7.57 (16,4 1,71 7.47 5-H; 7,91 3,4-H; 8,71 6-H
7,82 (16,4)

IVc 7.71 (16,7) 1,71 7.43 (9,6: 4,9) 3-H; 7.97 (9,6;
6,97 (16,7) 2,0; 1,5) 4-H; 8,62 (9,6; 2,0; 1,6)

6-H; 8,82 (2,0) 2-H

Ivd 7,63 (16,5) 1,70 7.45 (7,3) 3,5-H; 8,75 (7,3) 2,6-H

7.06 (16.5)

TABLE 4. Parameters of PMR Spectra for Compounds V and VII, TMS, §, ppm

(Jyy. H2)
= rone 1di
Com S —_— Py Pyridine
pound CHy CHj CH
Va* 7,07 (15,8) = 2,80 1,51 | 6,55(3.4;3,4) 4-H
7,32 (15,8) 6,78 (3,4) 3-H
7.59 (3,4) 5-H
vbt 7,40 (15.4) - 2,95 1,55 | 7.34H-5; 7.55 4-H
7,95 (15,4) 7,80 H-3; 8,70 6-H
Vet 7,38 (16,0 — 315 1,46 | 7.52(8,1; 4,7 5-H
7.77 (16,0) 8,23 (8,1; 1,8; 1,6) 4-H
8,65 (4,7, 1,5 6-H
8,87 (1,8) 2-H
vd® 7.59 (16.1) - 2,87 1.55 | 7.443,5-H
7,20 (16,1) 8,73 2,6-H
VIIb# A 2,97 (13,2; 5.8 | 2,75 (19,2) 1,19 |7.3..7,4 3,5-H
3,13 (13.2; 9.00 | 2,84 (19,2) 7,74 (1,5: 1.5: 1,9) 4-H
8,57 (4.8: 1,7, 0,9) 6-H
%1 0 = 2,95 (13,6 | 2,32 (19.0) 1,25 | 7.41 (1.7, 4.5 5-H
10,7 2,48 (19.0) 1,30 |7.74 (7.5. 2.2) 4-H
3,10 (13,6; 6.4) 8,48 (2,2) 2-H
3,53 (10.7; 6.4 8,65 (4.5; 1,5) 6-H
vid® - 2,92 (13.0; 9.5) | 2,34 (18,9 | 1.26 |7.24,(7.2)
3,10(13,0; 6,0) | 2.47 (18,9 | 1.33 | 8.65(7.2)
| 3,52(9,5; 6,0)
*CDCl,.
'CDCl3-DMSO-Dg, 2 : 1.
*DMSO-D6.

TABLE 5. Characteristics of Anions Formed from Lactones II (A) and III (B) by
Reaction with a Catalyst

Studied characteristic Anion A Anion B
Charge e on the C atom of CH,™ group, -0.374 ~0.385
Proton affinity, kJ/mole 11453 1165.3
[onization potential, eV 3,593 3,505

The reaction of pyridinaldehydes with the studied lactones is accelerated in the presence of a basic catalyst. Probably
the rate of addition is determined by attack by the anion formed upon deprotonation of the methyl groups in the 4 position of
lactones II and III.

According to calculations, the negative charge on the C atom of the carbanion formed from pyrone III is higher than
the corresponding charge on the carbanion obtained when using a catalyst from methylfuranone II (Table 5). Consequently.
methylpyrone should be a more active CH component (compared with methylfuranone) in the studied reaction of nucleophilic
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TABLE 1. Characteristics of Synthesized Compounds IV and Temperature of
Condensation of Aldehydes I with Lactone II

Found, % Reaction .
" Empiri —_—_ & temper- | Yield,
Com mpirical Calculated, % mp, °C amr‘::ev
pound formula c H N oC %
IvVa C13H1INO3 68,11 4,84 6,11 195...196 20 98
68,09 4,87 6,12 (Ref. 96 [6])
IVb C14H12N202 69,87 5,01 11,58 225...221 70 92
69.99 | 503 | 11.66 (decomp.)
IVc C14H12N202 70,02 5,00 11,65 134...135 70 67
69,99 5.03 11,66
vd C14H12N202 70,06 5,02 11,52 167...169 70 70
69,99 5,03 11,66

TABLE 2. Characteristics of Synthesized Compounds V and VII and Temperature of
Condensation of Aldehydes I with Lactone III

- Found, % Reaction .
Com- | Empirical Talculated, %~ o | temper- | Yield,

mp, °C ature, 9

pound formula & = ” °C °

Va C14H13NO3 68.64 5,40 5,78 157...159 20 78
69,12 5,39 5,76

Vb C15sH14N202 70,87 5,54 11,03 150...153 20 82
70,85 5,51 11,02

Vc CisH14N202 70,77 5,65 10,95 169...173 70 59
70,85 5,51 11,02

vd CisH14N202 71,11 5,55 10,99 168...170 70 61
70,85 5.51 11,02

Vilb C24H25N304 68.69 6,08 9.95 182...184 20 65
’ 6,01 10,02

Vilc C24H25N304 68,70 6,04 10,09 192...195 70 64
68,72 6,01 10,02

viid C24H25N304+H20 65,49 6,08 9,38 185...188 20 24
65,89 6,22 9,60

Because of the instability under electron impact, we took the spectra of compounds VII under fast atom bombardment
FAB) conditions, and in all cases we established the presence of quasimolecular MH* ions with m/z 420.

Upon condensation of y-lactone with aldehydes Ib-d under analogous conditions, compounds VI could not be isolated
ue to their instability and their facile conversion to the corresponding unsaturated compounds IV. But the presence of these
ompounds in a mixture with crotonic condensation products was established by TLC, PMR, and mass spectroscopy. Thus in
12 PMR spectra of a mixture of condensation products of aldehydes Ib-d with lactone II, along with signals from olefin protons
/¢ detected signals from methine and methylene protons of the CH —CH, fragment, while in the mass spectra under fast atom
ombardment conditions we recorded ions with m/z 392 [MH™] and 391 [M*-].

It is interesting to note that the oxygen-containing heterocyclic aldehyde Ia, reacting with lactones II and III under
imilar conditions, only forms the crotonic condensation products [Va and Va.

According to literature data [7], compounds of type VII and their analogs VI (derivatives of y-lactones) may be formed
ccording to a Michael reaction mechanism as a result of addition of a second molecule of nucleophilic reagent at the double
'ond of compounds IV and V. Results of quantum chemical calculations by the AM1 method showed that for the studied
eaction, this mechanism is not very probable due to the unfavorable electron density distribution in molecules of compounds
Vand V. Judging from the magnitudes of the dipole moments that we calculated, for example, for compounds Vb and Vb
7.248 and 7.184 D respectively), the molecules of these condensation products are strongly polarized. But the presence of a
ractional negative charge on both carbon atoms of the vinyl moiety of compounds IV and V (—0.049; —0.133 and —0.067:
-0.145) should not promote attack by a second nucleophile anion.
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addition. This is supported by the values of the proton affinity and the ionization potentials for anions A and B (Table 5).
Probably the indicated characteristics are also the reason for the higher stability of compounds VII compared with compounds
VI (formed from methylfuranone).

EXPERIMENTAL

The PMR spectra were recorded on a Bruker WH-90/DS and an AM-360 in the solvents CDCl;, DMSO-Dg, or
CDCl3/DMSO-Dg, 2:1, internal standard TMS. The mass spectra were recorded on an MS-50 (Kratos) spectrometer. The
electron impact mass spectra were obtained for ionization energy 70 eV, ionization chamber temperature 200-250°C, and direct
injection of the sample into the ion source. The FAB [fast atom bombardment] mass spectra were taken with an Ion Tech FAB
1INF ion source, argon as the ionizing gas, thioglycerin as the matrix. Microanalytical analysis was done on a Carlo Erba
Elemental Analyzer 1108. The course of the reaction was monitored by TLC on Silufol UV-254 plates in a benzene —acetone
system, 3:1. The purity of the starting materials was determined by GLC on a column with 5% OV-17 and OV-101 on
Chromosorb W-HP (80-100 mesh).

The geometry of the compounds and the anions was optimized by the molecular mechanics method. The structures
characterized by the lowest energy were used as the starting point for complete optimization of all the geometric parameters
by the semi-empirical quantum chemical method AM1. We used the MOPAC 5.0 program [8] included in the LabVision
package [9].

Substituted y- and §-Lactones IV, V, VI. A solution of one of the aldehydes I (2040 mmoles), lactone II or [II
(10-40 mmoles), and NaOH (1.25 mmoles) in 20 ml methanol were stirred at room temperature or at the boiling point for 4
h (6 min for compound IV and 2 h for compound VIc). The reaction mixture was cooled down to room temperature and the
precipitate was filtered off. The reaction mixture was acidified with 1 N HCI to pH 5 in order to isolate compounds 1Vc, d.
The condensation products IV, V were recrystallized from ethanol; compounds VII were washed on the filter with alcohol and
dried in air. The reaction temperatures, the yields, and the characteristics of the synthesized compounds are given in Tables
1 and 2; the PMR spectra are given in Tables 3 and 4.

The electron impact mass spectrum of compound Vc contains peaks with the following characteristic ions, m/:
(intensity, %): 254 (56) (M]*-, 239 (12) [M-CH5}*", 209 (21) [M-COOH]*-, 195 (81) [M-CH;-CO,]* . 168 (100) [M-
CO—(CH,),CO]*, 43 (84). In the electron impact mass spectrum of compound VIIc, we observe peaks for the following
characteristic ions, m/z (intensity, %): 419 (0) [M VIIc]*-, 254 (6) [M Vc]*-, 239 (1) [M Vc-CH;]*+, 210 (1) (M Ve-CO,y]™ .
195 (6) (M Vc-CH;-CO,]* -, 168 (20), [M Vc-COOC(CH;),] ™+, 165 (2) (M I ™. 107 (33) (M Vc-CO(CHy),]*+, 79 (5) (107-
CO}+-, 43 (100).

The authors would like to acknowledge the Latvian Science Council for financial support (grant 706).
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wract — A new series of unsaturated v- and d-lactones with pyridyl. quinolyl and nitrophenyl substituents (9, 10) have been synthesized
he condensation of unsaturated methyl lactones with heteryl aldehyde or nitrobenzaldehyde in the base-catalysed aldol reaction. The
hythmic, vasodilating and cardiotonic activities of the synthesized compounds have been studied in vivo and ex vivo. 3-Cyano-5,5-
thyl-4-[4'-(4-pyridyl)-1',3"-butadienyl)]-2(5H)-furanone (9e) displayed a significant vasodilating activity. The antiarrhythmic activity of
compound was higher, but its toxicity lower than that of the procainamide reference drug. Five-membered lactones, particularly
ano-4-(4-pyridylvinyl)-3,5-dimethyl-2(5H)-furanone (9c¢). exhibited a remarkable cardiotonic activity. The replacement of a pyridyl
tituent by a nirophenyl group in the pyranone derivative did not change the cardiovascular activity and toxicity. © 1999 Editions

ntifiques et médicales Elsevier SAS

ntroduction

ome of the synthetic and natural compounds contain-
an unsaturated five-membered lactone moiety exhibit
ardiotonic activity [1]. For example, the heart glyco-
s contain a v-lactone unit. On the other hand, it
uld be noted that the majority of cardiotonic sub-
ces of a novel generation is derived from N-hetero-
lic compounds [2]. To determine the role of lactone
ts and heteryl substituents as pharmacophores respon-
le for antiarrhythmic and cardiotonic activity, pynidyl,
nolyl and nitrophenyl derivatives of unsaturated -
d-lactones have been prepared and tested in vivo and
vivo.

Chemistry

Pyridyl, quinolyl and nitrophenyl derivatives of unsat-
ated y- and d-lactones were synthesized according to
€& procedure elaborated for the pyridyl derivatives of
ranone and pyranone [3]. Methyl lactones 7 and 8 were

e -
sorrespondence and reprints

ryl lactones / antiarrythmic activity / vasodilating activity / cardiotonic activity

condensed with aldehydes (1-6) in the presence of NaOH
as a catalyst (figure I). The unusual reactivity of 2-, 3-
and 4-pyridinecarboxaldehyde with v- and &-lactones in a
base-catalysed aldol reaction was shown earlier [3]. It
was found that the synthesis of heteryl lactones 9a—c and
10a—c was accompanied by the formation of the [bis(2-
0x0-3-cyano-3,5-dimethyl-2(5H)-furanyl-4-methyl)-methyl]-
pyridines and [bis(2-0x0-3-cyano-6.6-dimethyl-5,6-di-
hydropyranyl-4-methyl)-methyl]pyridines. To avoid this
addition we used a 2-fold excess of pyridine carboxalde-
hyde. The aldol condensation reaction of aldehydes 4-6
with lactones occurred traditionally and yielded the
corresponding unsaturated derivatives of lactones only.
Lactone 9d was synthesized by the reaction of the
ethoxycarbonyl derivative of methyl furanone 7b with
aldehyde 2. The ester was converted into the sodium salt
by the additional amount of sodium hydroxide. The
reaction of aldehyde 4 with furanone 7a was carried out
in the presence of a catalytic amount of NaOH at room
temperature to give furanone 9e in 21% yield. This was
significantly lower than in the case of aldehyde 3 con-
densation reaction (yield 54%). Raising the temperature
did not increase the yield. In all cases the values of
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Me Het-CH=CH
== NaOH —
Het-CHO + Me ——— Me
0]
Me 0O Me (0 o
1: Het = 2-pyridyl; 7a: R=CN; 9a: Het = 2-pyridyl,R = CN;
2: Het = 3-pyridyl; 7b: R = COOEt; 9b: Het = 3-pyridyl,R = CN;
3: Het = 4-pyridyl; 9¢c: Het =4-pyridyl,R = CN;
4: Het = (E)-4-pyridylvinyl; 9d: Het = 3-pyridyl,
5: Het = 4-quinolyl; R =COONga;
9e: Het = (E)-4-pyridylvinyl,
R=CN;
9f: Het = 4-quinolyl, R=CN
Me Het-CH=CH
NC ~ NaOH NC__
Het-CHO + ————
0707\ Me Me
Me 0~ o Me
1: Het = 2-pyridyl; 8 10a: Het = 2-pyridyl;

2: Het = 3-pyridyl;
3: Het = 4-pyridyl;

5: Het = 4-quinolyl;
6: Ar = p-nitrophenyl

Figure 1. Synthesis of heteroaryl lactones.

spin-spin coupling constants of the double bond CH=CH
protons (16—17 Hz) indicated that only E- or E,E-isomers
were isolated. The coupling constant of «,p-protons in
hain CH=CH,-CHg=CH (compound 9e) equalled
0.7 Hz. A similar value of coupling constant (10.4 Hz) is
n agreement with the E-isomer of butadiene [4]. To
bbtain an additional proof for the configuration of the
unsaturated synthesized compounds, E-Z photoisomer-
ization caused by UV irradiation of the condensation
products 9a and 10b, d and e was studied. The isomer-
?zation process was controlled by electron absorption
spectroscopy. When the solution in ethanol was irradiated
with UV light the intensity of the E-isomer absorption
band at 332-344 nm decreased and a band at 220-285 nm
appeared. According to NMR data the formation of the
E- and Z-isomer mixture caused such changes in spectra.

10b: Het = 3-pyridyl;
10c: Het = 4-pyridyl;
10d: Het = 4-quinolyl;
10e: Ar = p-nitrophenyl

The spin-spin coupling constants of the double bond
CH=CH protons in isomers appeared during irradiation
and were 11-13 Hz. This means that the compounds
described in the present article really have
E-configuration. The characteristics of the compounds are
listed in tables I and II.

3. Results and discussion

The proposed cardiovascular activity of newly synthe-
sized compounds was tested in ex vivo experiments on
the isolated rabbit ear artery and in vitro on anaesthetized
laboratory animals. These models were chosen in order
not to miss the compounds with antiarrhythmic, vasodi-
lating and/or cardiotonic activities. Table /Il summarizes
the data of the antiarrhythmic screening test and acute
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#I. Reaction conditions and characteristics of compounds 9 d—f and 10 d and e.

sound Reaction temperature (°C) Reaction time (h) Yield (%) M.p. (°C) Formula®*
| 80 4 52 275-280 C,,H,,NO,Na
] 80 2 21 161-163 C,6H,4N,0,
20 1.5 41 229-230 C,gH,.N,0,
20 3 44 222-224 C,oH,,N>0,
(dec)
80 1.2 61 224-226 C,¢H,sN,0,

compounds were analysed for C, H and N.

V-

ty obtained for heteryl lactones. The acute toxicity
e studied compounds was low (LDs, was over
g/kg). Only the acute toxicity of compound 9c
180 mg/kg) and 9d (200 mg/kg) was comparable
that of lidocaine (LDsq 238 mg/kg). The five-
ered pyridyl lactones 9 a—e had a toxicity similar to
ix-membered analogues except 3- and 4-
ylfuranones, the toxicity of which was about 2-fold
€r than that of the substituted pyranones. The re-
ment of pyridyl substituents for a quinolyl group
ed slightly less toxic (see 9¢ and f, 10c and d).
teryl derivatives 9¢c, e and 10d injected i.p. in doses
and 30 mg/kg caused the statistically significant
ction against CaCl,-induced arrhythmia. Their ac-
was higher but toxicity lower than that of the
tence drug procainamide. The antiarrhythmic activity
‘more marked for heteryl lactones with 4-pyridyl
zituent within the furanone series.

mpounds 9b and ¢ were also investigated on anaes-
ized rats. It was shown (zable [V) that these pyridyl
pones decreased the number of animals with lethal
ythmia induced by calcium chloride, but to a lower
nt than lidocaine. Compound 9¢ (dose = 1 mg/kg,

1.v.) also protected against ventricular ectopic beats. So,
we established that the 4-isomer of pyridyl furanone, 9c,
revealed the most pronounced antiarrhythmic activity and
the highest toxicity among all compounds studied (ra-
ble IlI).

Almost all of the studied heteryl derivatives of unsat-
urated y-and d-lactones caused a more or less marked
relaxation of the previously contracted vessels of the
rabbit ear (table V). Compound 9e exhibited a pro-
nounced vasodilating activity. At the same time, pyridyl
lactone 9a demonstrated two phases of vasodilation/
vasoconstriction but 9b showed a trend towards vasocon-
striction. In this test, six-membered lactones (10a, b and
c) possessed more pronounced vasodilation than five-
membered ones (9a, b and ¢) and 10a (2-pyridyl) was
more active than 10b and ¢ (3- and 4-isomers). In the
series of pyridyl lactones, we found a tendency of
2-pyridyl substituents to induce a more selective vasodi-
lation in comparison with 3- and 4-pyridyl substituents.
as already stated with calcium channel modulators [3].
Compounds 9e, 9f and 10d induced a significant vasodi-
lation at a concentration of 50 uM (9e being the most
active). This means that these compounds may show a

e II. 'H NMR chemical shifts (8, ppm) and spin-spin coupling constants of compounds 9d-f and 10d and e.

pound CH=CH (Jyy Hz) Pyrone CH,  Pyrone or Phenyl, pynidyl or quinolyl CH (J,;; Hz)
furanone CH,

| 7.52,d (16.6); 7.31, d (16.6) 1.54, s 8.74, d, H-2, (1.4); 8.49, dd (4.2, 1.4); 8.00,

{ dt, H-4, (8.2, 1.4): 7.40, dd, H-5 (8.2, 4.2)

1 6.54, d (15.7); 7.01, d (15.7); 7.14, dd 1.65,s 7.34, m, H-3, 5 (6.5): 8.66, m, H-2, 6 (6.1)

| C10.7, 15.7); 7.55,. dd (10.7, 15.7)

i 7.06, d (16.4); 8.60. d (16.4) 1755 7.65, d, H-3, (4.4); 7.70, m, H-6 (1.4; 6.9;
8.3); 7.82, m, H-7 (1.4, 6.9; 8.5); 8.10, d, H-5

| (8.5); 8.20, d, H-8 (8.5); 9.01, d, H-2 (4.4)

| 7.54,d (15.7); 8.42, d (15.7) 3.35, s 1.50, s 7. 74 m, H-6, (1.2, 7.8, 7.9); 7.86, m, H-7

| (1.2,7.8,79);7.93,d, H-3 (4.6); 8.11. d, H-5
(78) 8.50. d, H-8 (8.0); 9.00, d, H-8 (8.0);

| 9.00, d, H-2 (4.6)

7.24,d (16.0); 7.59, d (16.0) 2.86, s 1.55, s 7.70-8.35, m, H-4

$0-d,, ** CDCl,
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Table III. Antiarrhythmic activity and acute toxicity of pyridyl
lactones in mice.

Table I'V. Effect of compounds 9b and ¢ on CaCl,-induced ar-
rhythmia and lethality in rats.

Compound  Dose Antiarthythmic ~ Acute toxicity

(mg/kg, i.p.) activity LDso
(Y/N) (mg/kg, i.p.)
9a 30 1/5 > 400
90 2/5
9 30 1/5 > 400
90 1/5
9¢c 15 3/5* 180 (138.5-234)
30 3/5*
9d 15 1/5 200 (153.8-260)
30 25
9e 15 3/5* 480 (347.8-662.4)
30 25
%0 25
9f 30 1/5 > 600
90 2/5
10a 30 1/5 > 400
90 25
10b 30 /5 > 400
90 1/5
10c 30 1/5 > 400
90 1/5
10d 15 1/5 > 600
30 3/5*
90 25
10e 30 1/5 > 600
90 1/5
Procainamide 30 1/5 360 (257-504)
90 3/5%
Lidocaine 15 25 238 (180.3-314)
30 4/5%
Control 0/10

*Y, the number of mice protected against CaCl,-induced arrhyth-
mia: N, total number of experimental animals: *P < 0.05 vs. control
group.

strong TXA, receptor antagonist activity in the rabbit
blood vessels. The replacement of a 4-pyridyl substituent
of furanone and pyranone (9¢, 10c¢) for a 4-quinolyl group
(9f, 10d) patently increased vasodilating properties in
both cases. Unlike pyridyl derivatives of furanone and
pyranone a nitrophenyl pyranone 10e did not possess the
vasodilating activity.
Cardiotonic and vasodilating properties of heteryl lac-
ones were also studied on anaesthetized cats. Maximum
ariations in the haemodynamic parameters were regis-
red about 1-5 min after i.v. administration. The results
btained are shown in table VI. The compounds 9b and
¢ possess a significant cardiotonic activity. Compound 9¢
‘dose = 0.5 mg/kg) increased the systolic pressure of the
~‘eft ventricle by 30%. but dP/dt by 32%, and the mean

Compound  Dose Arrhythmia-scores  Survival

(mg/kg, 1.v.) (M £SD) (%)

9 0.3 33+04 20
1.0 30+0.5 40
3.0 2.8%0.5 60*

9¢ 0.3 2905 40
1.0 2.320.3*% 60*
3.0 26%0.5 60*

Lidocaine 0.3 30x04 20
1.0 2.1.£0.3* 60*
3.0 1.8 £0.4* 80*
- 38zx0.5 0

“P < 0.05 vs. control.

arterial blood pressure by 18%. At the same time, the
heart rate remained unchanged. The positive inotropic
effect was observed with 9b and 9c at doses of
0.1-2.0 mg/kg (duration of action was slightly shorter for

Table V. Vasodilating activity of the investigated compounds in
rabbit ear artery.

Compound Concentration (uM) Relaxation® (%)
9a 10 5+(-3)

30 10+(-3)
9b 10 -2

50 -8
9¢ 10 -3

50 -5
9e 10 30*

30 50*
9f 10 20

30 30*
10a 10 12

50 27*
10b 10 15

50 20
10c 10 2

50 15
10d 10 19

30 37*
10e 10 §

50 15
Papaverine 1 8

10 35%

50 76*
Control - 0
Solvent - 8

* positive value means relaxation; negative one, vasoconstriction;
*P < 0.05 vs. control.
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lé VI. Haemodynamic effects. Results are in % (in reference to the control initial value).

pound Dose (mg/kg, i.v.) MABP? HR? LVSP dP/dt FBF? CBF*
1.0 5 0 = - - 12
3.0 -20+5 -5 = - 2 -5+12
0.1 0 -5 6 8 0 0
0.5 12 3+(-10) 23 26 10 12
2.0 29 1S 45 33 12 22
0.1 3 -2 10 15 -5 3
0.5 18 0 30 32 12 16
2.0 30 6 50 38 15 20
0.1 0 0 0 0 0 0
0.5 0 0 0 5 0 3
2.0 6 -3 5 8 5 5
0.1 -3 0 0 0 0 0
0.5 5 0 5 { 0 6
2.0 10+(-3) 5+(-3) 7 10 5+(-5) 3
wpamil (hydrohloride) 0.02 -8 -5 -3 -3 18 15
0.1 -35 -12 -9 -16 45 80

BP. mean arterial blood pressure; HR, heart rate: LVSP, left ventricular systolic pressure; dP/dt, left ventricular contractility; FBF. femoral

ry blood flow: CBF, carotid artery blood flow.

emodynamic parameters are expressed as % change: predrug/postdrug; increase/decrease: positive value means increase; negative one,

ease.

. However, 9b caused a more marked change in heart
*(within +5 to —10%), compared with 9¢. Both pyridyl
anones 9b and c¢ similarly increased the blood tlow in
femoral and caroud arteries, but this increase was less
n the change in the blood pressure.

[he vasodilating effect of a nitrophenyl substituent was
ular to that of a pyridyl one. The vasodilating activity
pvranone with a nitrophenyl substituent is similar to
t of pyridyl derivatives of furanone and pyranone.

Conclusions

New derivatives of y- and &-lactones with pyridyl,
inolyl and phenyl substituents with E-configuration
re synthesized, their antiarrhythmic, vasodilating and
‘diotonic activities investigated. The acute toxicity of
: compounds studied was low. On the whole, the
e-membered pyridyl lactones had a toxicity similar to
Air  six-membered analogues (except 3- and
yridylfuranones). The pyridyl substituents of pyridyl
‘tones may be responsible for a higher toxicity in
mparison with quinolyl lactones.

Pyridyl and quinolyl lactones caused a significant
dection against CaCl,-induced arrhythmia. The activ-
" depended on the position of a substituent in the

heterocycle. The most active were 4-isomers — 3-cvano-
4-(4-pvndylvinyl)-3.5-dimethyl-2(5H)-furanone 9c¢ and
3-cvano-4-(4-quinolvlvinyl)-6.6-dimethyl-(3.6-dihvdro)-
2-pvranone 10d. The replacement of a 4-pvridvl substitu-
ent of furanone for a <4-quinolyl group decreased the
anuarrhythmic activity. The similar replacement in the
case of 4-pyridylpyranone caused the activity increase.

The vasodilating activity depended on the ring size of
the lactone, on the type of heteryl substituent, and on the
position of the substituent in the ring. Six-membered
lactones revealed more pronounced vasodilation than
five-membered ones. 2-Pyridylfuranone and 2-pyridyl-
pyranone demonstrated more marked vasodilation than 3-
and 4-isomers. Besides, this 2-pyridylfuranone also pos-
sessed a vasoconstricting action. The insertion of the
second vinyl group in the aliphatic chain between the
pyridine and lactone rings increased the activity of
pyridyl furanone. Thus 3-cyano-3.5-dimethyl-4-[4'-(4-
pyridyl)-1'3"-butadienyl)]-2(SH)-furanone 9e was the
most active among the compounds studied.

The vasodilating effect of a nitrophenyl substituent is
similar to that of a pyridyl substituent. Cardiotonic
activity is more pronounced for 3- and 4-isomers of
pyridyl furanones. Cardiotonic activity of the correspond-
ing 6-membered lactones is lower.



5. Experimental protocols
.1. Chemistry

.1.1. Methods
The 'H NMR spectra were recorded on a Bruker
-90/DS and on an AM-360 (360 MHz) spectrometers
n CDCl; or DMSO-dg, TMS internal standard. The mass
ispectra  were obtained on a Kratos MS-25
\ hromatograph-mass-spectrometer with an ionizing en-
rgy of 70 eV. Elemental analysis was performed on an
"Elememal Analyzer Carlo Erba 1108. Silufol UV-254
lplates were used for TLC analysis, eluents — benzene-
riacetone 3:1. The melting points were determined on a
Boenus stage and reported without corrections. E-Z
hotoisomerization has been studied in ethanol solution
1pf compounds 9a, 10b, d and e by irradiation with UV
|light at 336, 332, 340 and 344 nm respectively for
IS5 min. Electronic absorption spectra were recorded on a
'Specord UV-VIS spectrometer. Starting furanones 7 and
“ vrone 8 were synthesized according to [6] and [7],
rrespectively. Pyridine aldehydes 1-3 were synthesized by
|vapour phase oxidation of methyl pyrdines over V,0;-
‘MoO; catalyst [8]. Starting 1'-(4-pyridyl)acroleine 4 and
‘4—qu1nolmealdehyde 5 were synthesized according to the
\methods described in [9] and [10]. All solvents were of an

tanalytical grade and used without further purification.
5

5 1.2. General procedure for the synthesis of compounds
3d—f 10d and e

\ A mixture of methyl lactone 7 or 8 (20 mmol), the
tddehyde 4—6 (20 mmol) and NaOH (1.25 mmol) in
‘ VieOH (20 mL) was stirred at room temperature or
| iefluxed for 1.2-4 h. The condensation products precipi-
1 ated, and were filtered off after cooling to room tempera-
\ ure. The precipitates of compounds e, f, 10d and e were
‘ ‘crys[allyzed from EtOH.

, - Compound 9d was synthesized as described above but
| vhen the condensation was completed NaOH (21 mmol)
i 3as added to the cooled mixture. The resulting precipitate
| ¥as filtered off, washed with EtOH and air-dried. The
‘ eaction conditions, yields and NMR data are shown in
tables I and II. Procedures for the synthesis of com-
\ wunds 9a—c and 10a—c and their chemical and physical
‘ l@ta are given in [3].

2. Pharmacological methods

2.1, Experiments ex vivo
The modified method for the experiments on the
, olated perfused rabbit ear blood vessels was used [11,
‘\ 2]. Male and fernale rabbits (2.6-3.3 kg) were cutha-
‘ | azed by i.v. injection of Na pentabarbital (80 mg/kg).
i

The central ear artery was dissected free at the ear base
and cannulated with polyethylene tube and perfused at a
constant flow from a 4-channel peristaltic pump, Geminy
(Italy). The perfusion fluid was (mmol): NaCl 136.9; KCl1
2.68; CaCl, 1.8; MgCl, 1.05; NaHCO, 11.9;
NaH,PO, 0.42; glucose 5.6 (pH 7.35). Intraluminal in-
flow perfusion pressure was measured with a Statham
P23I transducer and recorded on a physiograph DMP-4B
(Narco Bio-System, Huston, USA). As flow remained
constant, the alterations in perfusion pressure reflected
changes in the blood vessel resistance, i.e., the degree of
vasoconstriction or relaxation. Vasoconstriction was
caused by intraluminal infusion of U-46619 (thrombox-
ane A, receptor agonist). The relaxant responses to the
investigated compounds used in different concentrations
were tested. The responses were expressed as a per cent
relaxation (% changes in perfusion pressure) without and
with the investigated compounds or solvent.

5.2.2. Experiments in vivo
5.2.2.1. Antiarrhythmic activity

5.2.2.1.1. Antiarrhythmic screening test

Antiarrhythmic activity was tested in the experimental
antiarthythmic screening model on male ICR:JCL mice
(19-23 g) as was described earlier [13]. The tested com-
pounds or solvents were administered i.p. 15 min before
i.v. infusion of 2% CaCl, solution at a constant rate
(0.02 ml/sec) in a dose of 180 mg/kg. The number of
animals protected from CaCl,-induced lethal arrhythmia
was defined. The investigated compounds were dissolved
in NaCl 0.9% solution or in dimethy! acetamide and then
diluted with the NaCl 0.9% solution.

5.2.2.1.2. Calcium chloride-induced arrhythmia.

The experiments were performed according to the
classical method [14]. In brnef, Wistar male rats
(180-220 g) were anaesthesized with urethan (1.20 mg/
kg, i.p.). ECG was registered in II standard lead on a
physiograph DMP-4B (Narco Bio-Systems, Huston,
USA). The 5% CaCl, solution was i.v. injected at a dose
of 180 mg/kg. Heart rhythm disturbances in scores [15]
and lethality of animals were estimated. Solutions of the
compounds to be tested were administrated into the
femoral vein 3 min prior to CaCl,. Every dose was tested
on five rats.

5.2.2.2. Cardiotonic action and hypotensive activity

The method used was described already in [16]. Adult
mongrel male and female cats (3.04.2 kg) were anaes-
thesized with a-glucochloralose and urethan (80 and
200 mg/kg, i.p.). The trachea was catheterized and con-



lled to an intermittent positive-pressure respirator

-8, SU). Arterial blood pressure from the right femo-

artery, left ventricular pressure (electromanometer P

D) and the first derivative (dP/dt) were registered on
1ysiograph DMP-4B (Narco Bio-Systems, Houston,
A\). The blood flow from the left femoral and left
imon carotid arteries was measured with an electro-
metic flowmeter MFV-1200 (Nihon Kohden, Tokyo,
in). The heart rate was calculated using the blood
isure wave. The solutions of the compounds investi-
«d were injected through a catheter placed in the
oral vein.

2.3. Toxicological examination

«cute toxicity of the unsaturated five- and six-
nbered lactones was studied in albino male and
ale ICR:JCL mice (18-22 g). Solutions or suspen-

I's of the compounds (prepared with 0.6% Tween-80)
‘e injected i.p. The experimental animals were ob-

ed for 10 days. Common state, mobility of animals,

| ¢ symptoms and survival were estimated. To reduce

number of used animals, the maximal dose was

| mg/kg. If possible, LD, was calculated when 50%

he animals died.

Jl references drugs (Procainamide, Lidocaine, Vera-
1l, Papaverine) were from commercial sources.

i
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QUANTUM-CHEMICAL MODELING
OF THE REACTION OF 3-PYRIDINE-
CARBALDEHYDE WITH 3-CYANO-

4,5,5-TRIMETHYL-2(5H)-FURANONE

M. Fleisher, D. Jansone, G. Andreeva, L. Leite, and E. Lukevics

The condensation of pyridinecarbaldehydes with 3-cyano-4,3,3-trimethyl-2(3H)-furanone and 3-cvano-
4,6,6-trimethyl-3,6-dihydro-2(2H)-pyranone leads to the formation of the products of crotonic
condensation and compounds of the Michael adduct tvpe. A model investigation of the mechanism by
the semiempirical AMI quantum-chemical method for the case of the reaction of
3-pyridinecarbaldehvde with 3-cyano-4.5,5-trimethvl-2(5H)-furanone showed that the products can be
formed in parallel from one and the same intermediate compound.

Keywords: 3-pyridinecarbaldehyde, 2(5H)-furanone, condensation, semiempirical AM1 method.

It has been reported in the literature that the condensation of 2- and 4-pyndinecarbaldehvdes and
2-quinolinecarbaldehyde with acetophenone and also of 2-quinolinecarbaldehyde with acetaldehvde in the
presence of an alkaline catalyst takes place by an untraditional mechanism. and compounds of the Michael
adduct type are formed together with the product of crotonic condensation [1-3]. There are at present zardly
data on the unusual reaction mechanism. It was suggested that the Michael adducts could be tormed -v zalcc.
condensation of the aldehyde and the CH acid followed by dehvdration and addition of a second molecuie of the
nucleophilic reagent at the double bond of the obtained olefin [1. 3].

We established a similar reaction in the interaction of 2-, 3-. and 4-pyridinecarbaldehydes with sucx .
and J-lactones as 3-cyano-+.5,5-trimethyl-2(5H)-furanone and 3-cyano-4,6,6-trimethyl-3.6-dihvdro-2(2H)-
pyranone [4]. In the presence of catalytic amounts of sodium hydroxide in methanol solution at 20-78°C the
vield of the Michael product amounted to 23-65%. In the present work we undertook a model quantum-chemical
investigation of the reaction mechanism for the case of the reaction of 3-pyridinecarbaldehyde (1) with 3-cvano-
4.5,5-trimethyl-2(5H)-turanone (2), leading to the product of crotonic condensation 3 and the product of
Michael addition 4.

HetCHO + RCH;, ———= HetCH=CHR + HetCH(CH,R),
1 2 3 4
CN
T X —
Het = { 8 R= \kll
N ve o7 ©
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Starting from the general scheme of the mechanism proposed for the condensation of aldehydes with
CH acids in the presence of an alkaline catalyst [5] it can be assumed that attack on the aldehyde by the RCH:
anion 5, formed in the presence of the alkaline catalyst, leads to the intermediate A, which is converted by
adding a proton into the intermediate B. The unsaturated product 3 is formed as a result of the elimination of
water from the intermediate B.

CH g oH

HetCHO + RCoH; =—= Het-Cy-CorR === Het—?m—(’.‘(:)—R
1 5 H H -H H H
A B

In order to assess the probability of the individual postulated stages of condensation and one or the other
path to the formation of the reaction products we undertook a quantum-chemical investigation of the energetics
of the processes in the reaction of the reagents and the transformation of the supposed intermediates by the
semiempirical AM1 method. Calculation of the potential energy surface (PES) of the reaction system, consisting
of the trimethylfuranone 2 and the OH  ion, shows that the formation of the anion 5 takes place without a
barrier. The heat of reaction amounts to -378.9 kJ/mole.

During investigation of the interaction of the molecule of the aldehyde 1 with the anion 5 it was
established that for the formation of the intermediate A the reacting system must pass through a transition state,
overcoming an energy barrier of 90.8 kJ/mole. The heat of formation of the intermediate A is -3.3 kJ/mole.
Analysis of the frequencies of the normal vibrations shows that they are only positive for the intermediate A,
and this structure consequently corresponds to a minimum on the PES of the system. The anion A is
characterized by a C(1)~C(2) bond length of 1.631 A and high proton affinity (1257.7 kJ/mole). It follows from
the nature of the variation of the heat of reaction during the transformation of the anion A into the intermediate
B that proton capture is realized spontaneously.

As shown by the calculations, the source of the proton in this case may be complexes representing
hydrated sodium ions: [H.O--Na] . After addition of the proton the C(1)-C(2) bond becomes stronger, and its
length in the intermediate B amounts to 1.538 A, which corresponds to the experimentally determined value for
asingle C—C bond [6].

- HQH H _ —— HetCH=CHR
HeCH-CHR ~ ~co—  Herl, -C..r RCufl: 3
-2H.0 T R 0
3 - H H '——— HetCH(CH.R),
C 4

The intermediate B is also characterized by fairly high proton affinity (520.0 kJ/mole). Protonation
takes place without a barrier and contribute to a further decrease in the length of the C(1)-C(2) bond in the
intermediate C to 1.508 A. The heat of protonation is -280.5 kJ/mole. The subsequent transformation of the
intermediate C depends on the nature of the attacking nucleophile. During attack by the hydroxyl group the
unsaturated product (3) is formed (path I).

Figure 1 shows the structure of the reaction system consisting of the intermediate C and the OH  anion
(a), the intermediate complex in which the OH anion is connected with the H' atom by a hydrogen bond (b), and
the reaction products in the form of compound 3 and two molecules of water (c). Visualization of the process
shows that the removal of the first water molecule takes place when the distance from H' to the O of the OH
group amounts to 3.856 A. With the approach of the hydroxyl group to a distance of 1.239 A a bridge structure
is formed through hydrogen bonds H'-O and H'~C(2) (Fig. 1, b). The H'-C(2) bond is then broken, a second
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Fig. 1. The transformations of the protonated intermediate C in the reaction with the OH’ group
(according to the data from the semiempirical AM1 method): a) Reaction system consisting of the protonate
intermediate C and the OH  group; b) intermediate complex with the H '_0-H bridging bond;
¢) reaction products — compound 3 and two water molecules.

water molecule leaves, and compound 3 is formed (Fig. 1, c¢). The calculated length of the double bond
(1348 A) agrees with the experimental value [6]. The predicted heat of formation of the crotonic condensation
product 3 in this path amounts to -973.0 kJ/mole.

The reaction of the anion 5 with the intermediate C (path II) proceed regioselectively and cause the
formation of the two reaction products 3 and 4 depending on the direction of attack. During attack by the anion
on the H atom [starting distance C(3)-H'3.725 A. angle C(1)}-C(2)-C(3) 105°] after approach of the reagents 1o
a distance of 3.671 A between the C(2) and C(3) atoms dehydration occurs. With approach of the RC(3)H:
anion to the C(2) atom to a distance of 2.806 A an intermediate complex is initially formed through a hvdr
bond C(2)-H'-C(3). The C(2)-H' bond is then broken. and the product 3 and the initial methylfuranon
appear. In this case the heat of formation of the pyridylvinyllactone 3 amounts to -605.4 kJ/mole.

Consequently, path I to the formation of this product, according to prediction, is preferred on account of
the alignment of the proton affinity values of the anions OH and 5 (1305.9 and 378.9 kJ/mole respectively).
Attack by the anion 5 on the other reaction center of the intermediate C, i.e., the C(1) atom [starting distance
between C(1) and C(3) 3.348 A, angle C(3)—C(1)~C(2) 89.9°], gives rise to departure of a water molecule on
approach of the reagents to a distance of 3.068 A and the subsequent formation of a compound of the Michael
adduct type 4. The heats of formation of the products 3 and 4 in this case are comparable (-605.4 and
-656.1 kJ/mole respectively), and their appearance must therefore be equally probable from the thermodynamic
standpoint.

Thus, on the whole (with regard to both paths) the formation of compound 3 is more probable than the
formation of compound 4. In fact, at room temperature the yield of the crotonic condensation product 3 is higher
than the yield of the product 4 (Table 1).

If the temperature is increased to 78°C only compound 3 is formed. If the transformation of the
protonated intermediate C along paths I and II is regarded as elimination and substitution, it should be noted that
the above-mentioned experimental fact agrees with the idea existing in the literature that the elimination
reaction should predominate with increase of temperature [3. 7].

Q

on
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TABLE 1. The Effect of Temperature and the Amount of Catalyst on the
Direction ot Condensation Reaction*

Aldehyde:NaoH | Reacton | Yield of product. %%
molar ratio i Temperature. Time. h crotonic | Michael type
i °C | condensation 1 adduct

1:0.06 ! 20 23 45.0 : 33.8
1:0.06 I 78 2.5 i 39.7 ’ =s
1:03 ' 20 25 27.0 -

— ‘ 20 23 <1% 1 <1%

— j 20 14.0 18.4 , 56.3

*Ratio of aldehyde 1 and furanone 2 1:1.

On the other hand only product 3 is formed if the concentration of the catalyst in the reaction zone is
increased to an aldehyde:NaOH ratio of 1:0.3, since (as expected) the rate of the transformation along path I is
increased considerably. At the same time path II becomes more favorable in the absence of the catalyst, and the
main product is compound 4. Thus, the obtained experimental material tavors the proposed model of
condensation of the aldehyde 1 with the lactone 2.

The formation of compound 4 is accompanied by inversion of the configuration of the tetrahedral
carbon atom (Walden inversion), indicating that the reaction takes place by an Sy2 mechanism of bimolecular
rucleophilic substitution [7]. Figure 2 shows the molecular structure of compound 4, optimized by the AM1
method. According to the calculations, the angle between the planes of the turan rings amounts to 60°, and the
angles between the latter and the plane of the pyridine ring amount to 161.9 and 121.6°.

The nature of the dependence of the heat of formation of the product 3 from the complex C and the OH’
znion on the number of iteration steps (n) during optimization indicates the absence of an activation barrier at
tais stage of the reacuon (Fig. 3). According to the presented curve. the energy of the system changes most
abruptly (by ~419 kJ/mole) at the moment of formation of the hvdrogen bond and elimination of the water
molecule. (The arrow corresponds to the structure shown in Fig. 1b.) .

Fig. 2. The three-dimensional structure of the molecule of
4,4'-[2-(3-pyridyl)-1.3-propanediyl]bis[3.5-dimethyl-2-ox0-2(5H)-furan-3-carbonitrile] 4
according to data from the semiempirical AM1 method.
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Fig. 3. The change of the heat of formation of the system of the protonated intermediate C-OH’ group
during the optimization leading to the product 3. (The arrow corresponds to structure b in Fig. 1.)

In our opinion, the low probability proposed in the literature for the formation of compound 4 by
addition of a second molecule of methylfuranone at the double bond of the crotonic condensation product 3 1s
also favored by the following. According to the calculated data, compound 3 is fairly strongly polarized (dipole
moment 3.5 D), but the olefinic carbon atoms most likely have an excess of electron density (their calculated
charges are -0.062 and -0.156), which is unfavorable for the addition of a second anion 5 to the nucleophilic
olefin 3. According to the results of thin-layer chromatography, both products are formed almost simultaneously
under the reaction conditions.

Thus, quantum-chemical analysis of the mechanism of the condensation of 3-pyvridinecarbaldehvde with
mimethylfuranone shows that the parallel formation of the two reaction products is possible from one and the
same intermediate compound, representing the protonated product of the aldol condensation or
J-pyridinecarbaldehyde with 3-cyano-4,3,5-trimethyl-2(5H)-furanone. The reaction of the intermediate procuct
with the hydroxyl group followed by dehydration leads to the pyridylvinyifuranone. At the same time the
reaction of this intermediate with the trimethylfuranone anion takes place regiospecifically and can lead to the
formation of both the crotonic condensation product and the compound of the Michael adduct type.

EXPERIMENTAL

The yields of the reaction products were determined by HPLC on a Nova-Pak Silica column
(3.9%150 mm). The eluent consumption was | ml/min (2% methanol +~ 98% chloroform). The detector was
spectrophotometric (A = 254 nm). The 'H NMR spectrum was recorded on a Mercury 200B instrument
(200 MHz) in DMSO-ds with TMS as internal standard.

4,4'-[2-(3-Pyridyl)-1,3-propanediyl]bis(5,5-dimethyl-2-0x0-2.5-dihydrofuran-3-carbonitrile) (4). A
solution of 3-pyridinecarbaldehyde (0.35 g, 3.23 mmol), 3-cyano-4,5,5-trimethyl-2(5H)-furanone (0.98 ¢

&

6.47 mmol), and sodium hydroxide (0.00735 g, 0.18 mmol) in ethanol (3.5 ml) was stirred at room temperature
for 6 h. The precipitate was filtered off and recrystallized from alcohol. We obtained 0.58 g (1.48 mmol. 43.7%)
of compound 4; mp 154-156°C (decomp.). 'H NMR spectrum (DMSO-ds)- 9, ppm, J (Hz): 1.32 and 1.35 (6H
and 6H, s and s, 4 gem-CHj;); 3.14-3.39 (4H, m, CH,); 3.88 (IH, m, CH): 7.39 (1H. m, J = 8.0 and 4.6. 3-Hy..):
791 (1H, m, J=8.0 and 2.0. 4-Hye); 8.50 (1H. m. J =4.6 and 1.4, 6-Hye). Found %: C 67.55; H 5.37: N 10.68.
Cy2HA N;O4. Calcuilated %: C 67.51; H3.41;: N 10.74.
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The synthesis of compound 3 and its physicochemical characteristics were presented in [4].

The quantum-chemical calculations were carried out by the AMI method using the MOPAC 5.0
software [8] with full optimization of the geometry of the reagents, reaction products, and reaction systems in
the BFGS regime [9]. The transition state of the condensation reaction of pyridinecarbaldehyde with the
furanone anion was first localized in the reaction coordinate, taken as the distance between the C(1) and C(2)
atoms of the reacting molecules. Further refinement of the transition state was realized by minimization of the
sradient norm (the NLLSQ version). The proton affinity was calculated as the difference between the total
energies of the molecule and its protonated form. In view of the absence of 5.0 corresponding parameters in the
MOPAC program the sodium atom was modeled in the calculations by quasi-particle "sparkle." Computer
design of the reaction system was realized by means of the LabVision software package [11].

Additional information on the Cartesian coordinates of the intermediate complex A and also on the
changes of the geometry in the course of the reactions, taking place by paths I and II with the formation of
compound 4, can be obtained from the authors on request (e-mail: misha@osi.lv). The XYZ format of the data
I~ suitable for the molecular visualization and animation programs ReView (Jeffry J. Gosper, Chemistry
Department, Brunel University, Uxbridge, Middx, UK, 1996) and XMol Version 1.3.1 (Minnesota
Supercomputer Center, Inc., Minneapolis, MN, 1993).

The work was carried out with financial support from the Latvian Science Council (Program
"Development of modern methods of organic chemistry with the aim of establishing the industrial production of
rew medicinal products in Latvia").
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SYNTHESIS AND PHOTOISOMERIZATION
OF 3-CYANO-6,6-DIMETHYL-4-(4-NITRO-
PHENYLVINYL)- 5,6-DIHYDROPYRAN-2-ONE

D. Jansone, M. Fleisher, G. Andreeva, L. Leite, J. Popelis, and E. Lukevics

The condensation of 4-nitrobenzaldehyde with 3-cyano-4,6, 6-trimethyl-5,6-dihydropyran-2-one leads to
the formation of a crotonization product and a compound of the Michael adduct type. The main product
of the photochemical conversion of (E)-3-cyano-6,6-dimethyl-4-(4-nitrophenylvinyl)-5, 6-dihydropyran-
2-one is the Z-isomer. Investigation of the photoisomerization of 3-cyano-6,6-dimethyl-4-(4-
nitrophenylvinyl)-35, 6-dihydropyran-2-one by the semiempirical AM1 method showed that in the ground
state the E-isomer was thermodynamically more stable than the Z-isomer. E-Z-photoisomerization is
effected most probably through the lowest excited singlet state S,.

Keywords: 3-cyano-6,6-dimethyl-4-(4-nitrophenylvinyl)-5,6-dihydropyran-2-one, 4-nitrobenzaldehyde.
3-cyano-4,6,6-trimethyl-5,6-dihydropyran-2-one, aldol condensation, AM1 semiempirical method.
E-Z-photoisomerization.

The biological activity of Y- and d-lactones is known [1]. With the aim of searching for new
pharmacologically active compounds of this class, 3-cyano-6,6-dimethyl-4-(4-nitrophenylvinyl)-3.6-
dihydropyran-2-one (3) was synthesized by the condensation of 3-cyano-4,6,6-trimethyl-5,6-dihydropyran-2-one
(1) with 4-nitrobenzaldehyde (2) in EtOH in the presence of NaOH. It was discovered that, like the condensation
of pyranone 1 with pyridine aldehydes [1], in the reaction with aldehyde 2 a crotonization product 3 was formed
and also a compound of the Michael adduct type, viz. bis(3-cyano-6,6-dimethyl-2-o0x0-5,6-dihydro-4-pyranyl-
methyl)-4-nitrophenylmethane (4).

In the case of benzaldehydes the reaction also proceeds in a manner uncharacteristic for an aldol
condensation. The yields of pyranones 3 and 4 at molar ratios of aldehyde 2—pyranone 1-NaOH of 1:2:0.06
were 23 and 75% respectively. However, unlike the reaction of pyridine aldehydes with pyranone 1, when
aldehyde predominates in the reaction medium (ratio of aldehyde 2 to pyranone 1 is 1.5:1) only the
crotonization product is formed in 60% yield. The yield of reaction products was assessed quantitatively by
HPLC without isolating them. Reaction dynamics were studied using TLC. Judging by the TLC results product
4 is formed initially, but pyranone 3 appears in the reaction mixture later. It follows from this that the
mechanism proposed by the authors of [2,3] providing for the formation of a compound of the Michael adduct
type 4 by addition of a second molecule of pyranone 1 to compound 3 is scarcely probable.

* Dedicated to the Greatly Respected Academician Janis Stradins on the occasion of his Jubilee.

Latvian Institute of Organic Synthesis, Riga LV-1006; e-mail: misha@osi.lv. Translated from Khimiya

Geterotsiklicheskikh Soedinenii, No. 12, pp. 1800-1807, December, 2003. Original article submitted May 26,
2003.
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The coupling constant (16.2 Hz) of the vinyl group protons in the 'H NMR spectrum of vinylpyranone 3
shows the E-configuration of the obtained compound (Table 1).

The biological activity of organic compounds, including lactones, usually depends on their geometric
configuration [4]. The photoisomerization of pyranone 3 was studied experimentally and theoretically to obtain
further information on the isomerism of the synthesized compounds. One intense absorption band was present at
344 nm in the UV spectrum of a 0.026 mM solution of pyranone 3 in ethanol (Fig. 1). Effects, which were
characteristic of E—>Z-isomerism, were observed in the absorption spectrum on irradiating a solution of this
compound with sunlight. These effects were a reduction in the intensity of the characteristic band accompanied
by a small hypsochromic shift (from 344 to 325 nm), and a some increase in the intensity of the absorption in
the high frequency, the so-called "cissoid", region of the spectrum [5,6]. After exposing compound 3 solution to
sunlight for 3 h, the content of the Z- and E-isomers was 80 and 20% respectively, and remained unchanged on
further irradiation. In the '"H NMR spectrum of the products obtained after irradiation new signals appeared at
low field at 6.83 and 7.23 ppm. The coupling constants of the vinylic protons at 11.6 Hz is characteristic of a
Z-isomer. [solation of pure Z-isomer from the mixture by column chromatography on silica gel 0.06-0.2 mm
(Acros) was unsuccesstul.

TABLE 1. '"H NMR Spectrum of the Synthesized Compounds 3 and 4

Compound 'H NMR spectrum. 8, ppm (J, Hz)*

3 1.55 (6H, s, pyranone CH;); 2.88 (2H, s, pyranone CH,);

7.31and 7.54 (2H, d,J =16.2, CH=CH), 7.76 (2H, m, J = 9.0, phenyl H 2, Hs)).
8.3 (2H, m, phenyl H;;), Hs)

E-3+2Z-3 1.37 (6H, s, CH; Z-isomer); 1.55 (6H, s, CH; E-isomer); 2.39 (2H, s, CH, Z-isomer);
2.88 (2H, s, CH; E-isomer); 6.83 and 7.23 (IHand 1H,dandd, J=11.6, CH=CH
Z-isomer), 7.31 and 7.52 (IH and I1H, d and d, / = 16.2, CH=CH E-isomer),

7.41 and 8.27 (2H and 2H A;M; m, J =92, C¢H, Z-isomer);

7.31 and 7.52 (2H and 2H, A;M, m,J =90, C4H, E-isomer)

4 1.22 and 1.35 (12H, s, CH3), 2.84 (4H, m, pyranone CH,);

3.11 and 3.71 (5H, m, CH(CH,),), 7.68 (2H, d, J = 9.6, phenyl H), Hg):

8.18 (2H, d, phenyl H3), Hs))

* The '"H NMR spectra were taken in CDCl; (compound 3) and in DMSO-d,
(compound 4).
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Fig. 1. 1) Absorption spectrum of pyranone 3 in ethanol at 20°C (E-isomer) and
2) after irradiation with sunlight for 3 h (20% E-isomer + 80% Z-isomer).

Quantum-chemical calculations by the AMI1 method [7] were carried out by us with the aim of
clarifying the mechanism of photoisomerization. Structural and energy characteristics calculated for the ground
state as well as mainly for the two lower excited states (Figs. 2-4, Table 2). Taking into consideration the data
on the heat of formation, the E-isomer is the more stable structure. The photoisomerization process observed by
us resulting in the predominance of the thermodynamically less stable Z-form is called as an optical pump [8].

Comparison of the calculated values of the C(2)-C(3) bond order indicates that the double bond of the Z-isomer
is more strong than that one for the £-configuration.

Fig. 2. Geometry of the E- and Z-isomers of pyranone 3 in the electronic S, ground state
calculated by the AM1 method.
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According to the calculations, on going from the ground S, state to the excited S state the cis isomer
becomes the more stable structure (Table 3, Fig. 3). Comparison of the data of Table 2 shows that the change in
dihedral angle H(1)-C(2)-C(3)-H(4) of the E-isomer is insignificant while this angle for the Z-isomer is
changed by approximately 90°. An increase in C(2)-C(3) bond length in relation to the S state is specific for

E Z

Fig. 3. Geometry of the E- and Z-isomers of pyranone 3 in the S state calculated by the AM1 method.

E Z

Fig. 4. Geometry of the E- and Z-isomers of pyranone 3 in the 7 state.



TABLE 2. Characteristics of the Z- and E-Isomers of Compound 3 in the S,
S|, and T, States Calculated by the AM1 Method

Calculated characteristics Figure State £ fsomer Z

Heat of formation, kcal/mol 2 So 3.74 6.87
3 Si 98.16 89.40

4 T 383 383

Dihedral angle 2 So 177.6 -1.96
H(1)-C(2)-C(3)-H(4), deg. 3 S 166.0 -89.33
4 T, 9535 -95.35

Bond order C(2)-C(3) 2 So 1.829 1.880

3 S 1.140 1.093

4 T 1.043 1.043

Bond length C(2)-C(3), A 2 So 1.344 1.339
3 S 1.390 1.378

4 T\ 1.440 1.440

the S, state. A significant reduction of bond order occurs (from 1.829 to 1.140 for the £-form and from 1.880 to
1.093 for the Z-configuration), which indicates conversion of the multiple bond practically into a single bond,
and consequently rotation about this bond is possible. The height of the rotational barrier, found from the
reaction coordinates, is 0.21 kcal/mol for the E-isomer and 8.97 kcal/mol for the Z-isomer. This denotes that the
photoexcitation of the E-isomer with subsequent transition into the Z-isomer is an energetically more favorable
process than the reverse conversion and must lead to a predominance of the Z-isomer in the photostationary
state. The difference in the values of the activation energy is displayed spectroscopically in the hypsochromic
shift of the absorption maximum. Calculations show that on deactivation of the S, state the £- and Z-isomers are
converted respectively into the E- and Z-isomers in the S, state of the molecule of 3.

It has been established for many chemical compounds that E-Z isomerization occurs with the
participation of triplet states [9-12]. As the calculations showed, on transfer to this state the structure of the
E-isomer is changed most significantly. The dihedral angle H(1)-C(2)-C(3)-H(4) is reduced from 166.0 to
95.35°. The change in angle for the Z-isomer is only ~6°. The characteristics obtained (Table 2) and also the
visualization of the molecular structures (Fig. 4) indicate that in the triplet state the E- and Z-configurations of
pyranone 3 are mirror antipodes. The further reduction of the order of the C(2)-C(3) bond and the low barrier to
rotation about this bond (2.46 kcal/mole) provide an easy interconversion of one isomeric form into the other.
Deactivation of the 7, state, unlike the singlet S, state, leads for both the E- and the Z-isomer only to one S,
ground state, just to the E-isomer.

TABLE 3. Calculated Spectral Characteristics of E- and Z-Pyranones 3

E-Isomer Z-1somer
Energy, nm Oscillator strength Energy, nm Oscillator strength

4872 0.0 ' 486.4 0.0

4135 0.0 4132 0.0

3410 0.006 3348 0.006
3322 1.327 309.1 0.711
296.7 0.011 292.7 0.023
281.2 0.149 276.1 0.189
2403 0.022 2475 0.091
2392 0.050 2382 0.045
226.6 0.052 228.2 0.140
2186 0.029 219.6 0.171
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The obtained results therefore point in favor of a singlet mechanism for carrying out the E-Z
photoisomerization of pyranone 3.

Using the equilibrium geometry of the ground state of the E- and Z-isomers of compound 3,
spectroscopic parameters, viz. transition energies and oscillator strengths (Table 3), were calculated for the
isomers by the INDO/S-SCF-CI method [13]. Analysis showed that transitions caused by excitation of an
electron from the highest occupied molecular orbital to the lowest vacant molecular orbital (T—>7*) were
characterized by the greatest intensity.

Based on the data of Table 3 theoretical UV absorption spectra were constructed for the E- and
Z-isomers of pyranone 3 and also for mixtures of them (Fig. 5). Since the absorption spectra of heterocyclic
compounds are as a rule unsymmetrical [14,15], a bi-Gaussian function was used to describe the shape [16].
Comparison of the spectra given in Figs. 1 and 5 indicate the good correlation between the experimental data
and the theoretical calculations. In particular, the hypsochromic deviation of the position of the absorption
maximum of the E-isomer of compound 3 in the calculated spectrum from experimental was 12 nm and of its
mixture with the Z-conformation was 15 nm. The absorption maximum of the Z-isomer of pyranone 3 in the
calculated spectrum was at 302 nm.

EXPERIMENTAL

The UV spectra were obtained on a SF 46 spectrophotometer (LOMO) in ethanol. For E-pyranone 3
log € was 4.57. The 'H NMR spectra were recorded on a Varian Mercury 200 (200 MHz) instrument, internal
standard was TMS. HPLC was carried out on a Gilson 303 instrument on a Waters column (3.9 x 150 mm)
packed with Nova-Pak silica sorbent. Eluent (ethyl acetate-hexane, 1:1) flow rate was 1 ml/min with a
spectrophotometric detector (A = 254 nm). Analysis by TLC was carried out on Silufol UV 254 plates, eluent
was ethyl acetate—hexane, 1:1).

Quantum-chemical calculations were carried out by the semiempirical AM1 method with full
optimization of the geometric parameters of both the ground and the two lowest excited states of the E- and
Z-isomers of pyranone 3. Calculations for the excited states were carried out taking into account for interaction
of configurations [keyword of program OPEN (2,2)]. The spectroscopic parameters of the E- and Z-isomers of
pyranone 3, enabling comparison and prediction of the electronic absorption spectra to be carried out, were
calculated by the INDO/S-CI method [13] with the ArgusLab program 3.0 [17]. The theoretical absorption
spectra were constructed using program written by us in FORTRAN 77 language. A normalized bi-Gaussian
function was used for the shape of the individual spectral peaks [16]. In the case of the E-isomer spectrum a
mean-square width of 30 nm was chosen for the forepart edge of the peak and 24 nm for the backpart edge. For
the Z-isomer spectrum the corresponding values were 30 and 26 nm.

Figs. 1-5 were obtained using the programs JPlot [18] and JMol [19].

Condensation of 3-Cyano-4,6,6-trimethyl-5,6-dihydropyran-2-one with Benzaldehyde 2. A mixture
of pyranone 1, benzaldehyde 2, NaOH (molar ratio aldehyde—pyranone-NaOH, 1:2:0.06) in ethanol was stirred
vigorously, heated to boiling, and boiled for 4 h. The Michael adduct type product 4 began to precipitate in the
course of the reaction, and was filtered off from the hot solution. The crotonization product 3 was precipitated
after cooling the reaction mixture to room temperature. Both products were recrystallized from ethanol.

Pyranone 3. Mp 224-226°C. Found, %: C 64.40; H 4.67; N 9.35. C;¢H4N;0,. Calculated, %: C 64.42;
H 4.73; N 9.39.

Pyranone 4. Mp 204-207°C (decomp.). Found, %: C 64.65; H 4.42; N 9.03. C,5sH,5N;0s. Calculated, %:
C 64.79; H 5.44; N 9.07.

The 'H NMR spectra of compounds 3 and 4 are given in Table 1.
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D.Jansone, M.Fleisers, H.KaZoka, J.Popelis, N.Veretennikova, L.Leite, E.Lukevics.
Benzaldehidu kondensacija ar 3-cian-4,6,6-trimetil-2-(5,6-dihidro)piranonu

Latvijas Organiskas sint€zes institits

Aldehidu reakcija ar aktivo metilgrupu saturoSiem savienojumiem ir viena no
svarigakajam bazu katalizes reakcijam, ko galvenokart izmanto, lai veidotu jaunas C-C
saites. AtbilstoSi aldola-krotona tipa klasiskajam reakciju mehanismam ka reakcijas produkti
var rasties gan hidroksi-, gan nepiesatinati krotontipa savienojumi [1]. 1955. un vélak 1998.
g. literatira paradijas zipojumi, ka piridin- un hinolinkarbaldehidu kondensacija ar
acetofenonu un acetaldehidu bazisko katalizatoru klatbtutné notiek péc netradicionila
mehanisma un vienlaicigi ar krotonas kondensacijas produktiem rodas ari Mihaela adukta
tipa pievieno3anas savienojumi [2-4]. Sajos darbos izteikta doma, ka tadi savienojumi
varétu rasties, krotonas kondensacijas produktiem pievienojoties otrai nukleofila reagenta
molekulai pie dubultsaites, kas izveidojas p&c oksisavienojuma dehidratacijas.

Mg@s, pétot 2-, 3- u  4-piridinaldehidu mijiedarbibu ar  3-cian-4,5,5-trimetil-
2(5H)furanonu un 3-cian-4,6,6-trimetil-2-(5,6-dihidro)piranonu, ari konstatéjam Mihaela
adukta tipa savienojuma veido$anos [5]. Mihaela pievienosanas produkta iznakums sarma
katalitiska daudzuma klatbiitngé , 20 - 78°C temperatiira bija 25-65%. Vélak, ar kvantu
kimijas metodi pétot 3-piridinaldehida reakciju ar 3-cian-4,5,5-trimetil-2(5H)furanonu, tika
paradits, ka ar lielu varbitibas pakapi abi produkti (krotonas kondensacijas un Mihaela
adukta tipa savienojumi) veidojas paraléli no vieﬁa un ta pasa starpsavienojuma [6].

§1 darba merkis ir izpétit dazu benzaldehidu kondensaciju ar 3-cidn-4,6,6-trimetil-2-
(5,6-dihidro)piranonu, lai paraditu, ka ieprieks atrastais piridinaldehidu aldolas kondensacijas
mehanisms ar laktoniem ir attiecindms arl uz benzaldehidiem un tad€jadi $im mehanismam

piemit zinama meéra visparéjs raksturs.



EKSPERIMENTALA DALA

Reakcijas produktu sastavu un tiribas pakapi noteica ar AESH metodi. Hromatografiska
sistéma ietvéra firmas Gilson stikni (302. modelis) un 115 UV detektoua (A =254 nm), firmas
Hewlett Packard integratora HP 3396 A hromatogrammu registracijai un apstradei.
Hromatografisko atdaliSanu veica firmas Waters kolonna (3,9x150 mm) ar sorbentu Nova-
Pak Silica. Ka kustiga faze tika izmantots etilacetata maisijums ar heksanu (1:1), plismas
atrums 1,5 ml/min. Analiz€jamo $kidumu paraugus (koncentracija 0,1-1,0 mg/ml) ievadija ar
Rheodyne 7125 injektora palidzibu (ievadamais tilpums 10-50 pl); tos pirms analizes
uzglab3ja tumsa stikla pudelités. 'H KMR spektrus registréja ar Mercury-200 B
spektrometru (200 MHz), $kidinatajs DMSO-ds, iek3€jais standarts TMS. Planslanpa
hromatografiska analize veikta, izmantojot Silufol UV-254 plates, eluents - heksans-
etilacetats, 1:1.

Kvantu kimiskie aprékini veikti ar AMI1metodi, izmantojot MOPAC 6 programmu
[7]. Reagentu, reakcijas produktu un reakcijas sisttmas geometrisko parametru pilna

optimizacija veikta PRECISE limen.

Benzaldehidu kondensacija ar 3-cian-4,6,6-trimetil-2-(5.6-dihidro)piranonu.

Kolba ar atteces dzesinataju pulverl saberztam natrija hidroksidam pievieno atbilstosu
daudzumu benzaldehida (I-III), piranona (IV), ka arf un etanolu. Energiski maisot ar
magnétisko maisitaju, reakcijas masu 5 min laika uzsilda lidz virSanai un vara 4 stundas, vai
iztur istabas temperatlira. Reakcijas gaita parasti vispirms no karsta $kiduma izgulsngjas

Mihaela tipa adukts, ko nofiltré, neatdzesgjot reakcijas maisijumu. Krotonas kondensacijas



W

produkti gandriz vienmé&r gulsn€jas, atdziestot reakcijas Skidumam. Abus produktus
parkristaliz€ no etanola.

Lai noteiktu readlos produktu iznakumus, reakcijai beidzoties, masu atdzesé lidz istabas
temperatiirai un ietvaic€. Atlikumu izzavé gaisd lidz nemainigam svaram, riipigi saberZ
viendabiga pulverT un analiz€ hromatografiski.

3-Cian-4-fenilvinil-5,5-dimetil-2(SH)piranons (V). legiits no aldehida I un piranona

IV. Kus. t. 144-146°C. 'H KMR spektrs, & (ppm): 1,2 (s, 6H, CHs); 2,87 (s, 2H, piranona CH,); 7,29
un 7,45 (d, 2H, J=16,2 Hz, CH=CH); 7,20-7,60 (m, SH, fenilgrupas H). Atrasts, % : C 75,87; H 5,97;
N 5,54. C;¢H;sNO,. Aprékinats, % : C 75,87; H5,97; N 5,53.

3-Ciian-4-(4-nitrofenilvinil)-5,5-dimetil-2(SH)piranons (VI). legits no aldehida II un

piranona IV. Kus. t. 224-226°C. 'H KMR spektrs, & (ppm): 1,55 (s, 6H, CHs); 2,88 (s, 2H,
piranona CH,); 7,31 un 7,54 (d, 2H, J=16.2 Hz, CH=CH); 7,76 (d, 2H, J=9,0 Hz, fenilgrupas H;,),
He); 8,3 (d, 2H, J=9,0 Hz, fenilgrupas Hs, Hs)). Atrasts, % : C 64,40; H 4,67; N 9.35. C\cHsNO..
Aprékinats, %: C 64,42; H 4,73; N 9,39.

3-Cian-4-(4-dimetilaminofenilvinil)-5,5-dimetil-2(SH)piranons (VII) ieglts no aldehida

IIT un piranona I'V. Kus. t. 192-194°C. "H KMR spektrs, & (ppm): 1,50 (s, 6H, CH;); 2,81 (s, 2H,
piranona CH,); 3,08 (s, 6H, N(CHas),; 6,68 (d, 2H, J=9,0 Hz, fenilgrupas Hp), Hg); 7,22 (s, 2H,
CH=CH); 7,51 (d, 2H, J=9,0 Hz, fenilgrupas Hg), Hs). Atrasts, % : C 72,88; H 6,75; N 9.,40.
C\sHyN,0O,. Aprékinats, %: C 72,95; H 6,80; N 9,45.

[Bis(2-0kso-3-cian-6,6-dimetil-5,6-dihidropiranil-4-metil)-metil] benzols (VIII) legiits no

aldehida I un piranona IV péc visparéjas metodes. Kus. t. 188-192°C. '"H KMR spektrs, & (ppm):
1,23 un 1,25 (s, 12H, CHs); 2,52 (m, 4H, piranona CH,); 3,10 (m, 4H, =C(CH,),); 3,49 (m, 1H, HC-
C); 7,25-7,45 (m, 5H, fenilgrupas) Atrasts, % : C 71,68; H 6,23; N 6,61. C,sH;sN,Oy4. Aprékinats, %:

C 71,75, H 6,26; N 6,69.



[Bis(2-0kso-3-ciin-6,6-dimetil-5,6-dihidropiranil-4-metil)-metil]-4-nitrobenzols (IX).

Jegiits no aldehida IT un piranona IV. Kus. t. 204-207°C (sad). 'H KMR spektrs, 8 (ppm): 1,22

un 1,35 (s, 12H, CHj3); 2,84 (m, 4H, piranona CH,); 3,11 un 3,71 (m, 5H, CH(CH,),); 7,68 (d, 2H,
J=9,6 Hz, fenilgrupas H, and Hg); 8,18 (d, 2H, J=9,6 Hz, fenilgrupas Hg,, H(s)). Atrasts, % : C 64,65;

H 5,2; N 9,03. Cy5H,5N;306. Aprekinats, %: C 64,79; H 5,44; N 9,07.

[Bis(2-0kso-3-ciano-6,6-dimetil-5,6-dihidropiranil-4-metil)-metil]-4-dimetilaminobenzols

(X). Pétamajos apstak]os praktiski neveidojas.

REZULTATI UN DISKUSIJA
Pétita benzaldehida (TI), 4-nitro-(IT) un 4-dimetilaminobenzaldehida(IIl) reagétspéja ar
3-cian-4,6,6-trimetil-2-(5,6-dihidro)piranonu (IV) katalitiska NaOH daudzuma klatbatné

spirta vide.

R= LV,VIl H 1I,VLIX 4-NO, 1, Vi, X 4-N(CH,),

Neaizvietota benzaldehida I gadijuma gan istabas, gan paaugstinata temperatiira un
neatkarigi no reagentu molaras attiecibas ar izteiktu parsvaru rodas Mihaela tipa

pievienosanas produkts VIII (1.tab.). ST produkta iznakums pieaug, palielinot katalizatora



daudzumu un  reakcijas laiku. Krotonas kondensacijas  produkta V veidoSanos
hromatografiski novéroja tikai reakcijai beidzoties.

Kondensgjoties aldehidam II ar divam piranona IV molekulam, elektronakceptoras NO,
grupas ietekmé parsvara rodas savienojums IX ar nedaudz zemaku iznakumu, neka
neaizvietota benzaldehida gadijuma. Un tikai, ja molara attieciba aldehids :piranons ir 1.5:1,
Mihaela tipa pievienoSanas produkts vairs nerodas, un kondensacijas produkta VI iznakums

sasniedz 60%.

1. tabula

Benzaldehidu kondensacija ar 3-cian-4,6,6-trimetil-2-(5,6-dihidro)piranonu IV

Molaras Reakcijas produkta iznakums, %
attiecibas Reakcijas | Laiks, krotonas Mihae]a tipa
R aldehids™ | temperatira, h kondensacijas pievienos$anas
piranons: i produkts produkts :
NaOH J |
H 1:1:0,06 20 2,5 - 63.5
H 1:2:0,06 78 1 - 41,35
H 1:2:0,06 78 4 3,1° 57,6°
H 1:2:0,13 78 4 - 81,4
4-NO;, 1:2:0,06 78 4 22,6 75,3¢
4-NO, 1.5:1:0,06 78 4 60,0 -
4N(CH;),  1:2:0,06 78 4 11,7 e

*Aldehida sakumkoncentracija 0,9 mol/l; Prodas péc 4 h; “rodas péc 15 min; ‘rodas

‘ A e Sy Bt T - k _
reagentu savieno3anas bridi; ‘rodas péc Smin; rodas péc 1 h; ‘rodas péc 3 h.

Elektrondonora aizvietotaja klatbttn€, ka jau vargja gaidit, reakcijas atrums krasi
samazindjas un tikai 1idz 76% piranona IV izreaggja. Produkta X iznakums samazinajas lidz

1,7% un krotonas kondensacijas produkta VII iznakums bija 11,7%.



Reakcijas produktu kvantitativa sastava noteikSanai, tos neizdalot no maisijuma,
izmantoja AESH metodi. Procesa dinamikas petiSanai izmantota planslapa hromatografiska
analize.

Reakcijas mehanismu pétfjam, izmantojot pusempirisko kvantu kimisko AM1 metodi.
Atbilstosi miisu priekSstatiem par piridinaldehidu kondensacijas mehanismu ar CH-skabém
baziska katalizatora klatbGtné [6], abi reakcijas produkti (VI un IX) veidojas no viena un ta
pasa starpsavienojuma (hidroksisavienojuma), kas rodas benzaldehida II un piranona IV
aldolas kondensacijas rezultata.

Reakcijas virziens ir atkarigs no uzbriko$sa nukleofila dabas. Protonétais

hidroksisavienojums, reaggjot ar OH jonu, var veidot krotonas kondensacijas produktu:

+
HOH H
ArCH=CHHet —<— Ar T“) T(z) Het > ArCH(CH,Het),
H  Hg,

NO,
N
| N
= N CH
Ar= || . Het = /4 :
= oo CH,

Izejpozicija OH jons ir izvietots saites C(2-H 31, turpindjuma, 3,10 A attdluma no atoma
H@2)) (sk.la. att.). Kad attdlums samazinajies lidz 2,857 A, no C(21) atoma atSkelas tdens
molekula, un talakaja gaita OH’ jons atrauj Hgjy no C;) atoma, veidojot vél vienu tdens
molekulu un krotonds kondensacijas produktu VI (1b. att.). Reakcijas sisttmas protonéts
aldols - OH’ jons kvantu kimiskie aprékini rada, ka jonu mijiedarbiba notiek patvaligi, bez
energétiskas barjeras parvaré€Sanas. Reakcijas siltums ir —-1011,7 kJ/mol. Savienojuma VI

dubultsaites garums ir 1,5 A, kas saskan ar literatiiras datiem [6].
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1. att. Sistéma protonéts hidroksisavienojums - OH jons sakumstavokli (a) un

reakcijas produkti - savienojums VI un divas Gidens molekulas (b). Attalumi uzraditi

angstrémos.

2a. att€la ir paradita sistéma protonétais hidroksisavienojums - HetCH, jons: attalumi

C(3)-C(1) un C(3)-H(1) ir attiecigi 5,14 un 3,30 A.
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2. att. Sistéma protonéts hidroksisavienojums - HetCH, jons sakumstavokli (a) un
reakcijas produkti - savienojums IX un tdens molekula (b). Attalumi uzraditi

angstrémos.



HetCH, jons, kura Cgy atoms ir negativi ladéts (-0,386), uzbruk pozitivi ladétam

hidroksisavienojuma C(;y atomam (0,146). Kad attalums C)-C(;) ir samazinajies Iidz 4,895 A,
no C;) atoma atSkelas idens molekula. Kad attalums starp C(3)y un C(j) atomiem ir sasniedzis
1,523 A, veidojas savienojums IX (sk. 2b. att.). Saja stavoklT attalums starp tidens molekulu
un C(yy ir 4,087 A. Procesa vizualizacija datora rada, ka reakcijas gaita pakapeniski notiek C(j)
atoma konfiguracijas apgriezeniba (Valdena apgriezeniba). Reakcijas siltums —697,0 kJ/mol.
Tadejadi, aldehida II kondensacijas reakcija ar piranonu IV baziska katalizatora
klatbitné rodas gan krotonas kondensacijas, gan Mihaela tipa pievieno$anas produkti. Sis
reakcijas mehanisma teor€tiska analize rada, ka abu produktu veidoSanas var notikt no viena

un ta paSa starpprodukta atkariba no ta, kurS anjons tam uzbrik. Protonétajam
hidroksisavienojumam mijiedarbojoties ar OH jonu, veidojas nepiesatinatais produkts VI, ar
HetCH, jonu— Mihaela tipa pievieno$anas produkts IX.

lepriek§ publicétaja darba [6] par 3-piridinaldehida kondensaciju ar 3-cian-4,5,

N

trimetil-2(SH)furanonu  paradits, ka reakcija starp HetCH, jonu un protonéto
hidroksisavienijumu notiek regioselektivi. Atkariba no HetCH, jona uzbrukuma virziena var
notikt gan bimolekulara aizvietoSana Sn2, gan bimolekulara elimin€Sana E,. Ja HetCH,™ jona
uzbrukums vérsts C(;) atoma virziena, notiek bimolekulara nukleofila aizvieto$ana, kuras
rezultata veidojas Mihae]a tipa pievienoSanas produkts. Turpreti ja HetCH,™ jons uzbruk H,
atomam, reakcijas gaita veidojas olefins un izejviela — laktons IV (bimolekulara eliminé$ana
E>).

Saja darba pétitaja piranona IV un aldehida II reakcija visos gadijumos, neatkarigi no
izvéleta sakumstavokla, HetCH; jons piedalas tikai bimolekularaja aizvietosana, t.i. reakcija

starp HetCH,  jonu un protonéto hidroksisavienojumu nav regioselektiva. Acimredzot Sis



anjons var iesaistities tikai Mihaela adukta tipa pievieno$anas savienojuma veido$ana un lidz
ar to produkta IX iznakums ir ieverojami lielaks neka furanona reakcija ar 3-

piridinkarbaldehidu.

Secindjumi. Abi 4-nitrobenzaldehida reakcijas ar 3-cian-4,6,6-trimetil-2-(5,6-
dihidro)piranonu produkti (krotonas kondensacijas un Mihaela adukta tipa pievienoSanas
savienojumi) veidojas paraléli no viena un ta paSa starpsavienojuma. Atrastajam reakcijas

mehanismam zinama méra piemit visparéjs raksturs.
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Attélu nosaukumi
1. att. Sistéma protonéts hidroksisavienojums - OH jons sikumstavokl (a) un reakcijas

produkti - savienojums VI un divas idens molekulas (b). Attalumi uzraditi angstrémos.

2. att. Sistéma protonéts hidroksisavienojums - HetCH, jons sakumstavoklt

(a) un reakcijas produkti - savienojums IX un tidens molekula (b). Attalumi uzraditi

angstrémos.



Jansone D., Fleisher M., KaZoka H., Popelis J., Veretennikova N., Leite L., Lukevics E.

Condensation of Benzaldehydes with 3-Cyano-4,6,6-Trimethyl-2-(5,6-dihydro)-
pyranone.

Summary
The base-catalyzed reaction of benzaldehydes with 3-cyano-4,6,6-trimethyl-2-(5,6-

dihydro)pyranone proceeds unusually, and is accompanied by the formation of the Michael-

type addition compounds along with the traditional aldol condensation products.

SAucone /1., ®aeitmep M., Kaxoka X., [Toneanc 0., Beperennnkosa H., Jleiire JI.,
JykeBun 3.

Konpencanns deH3aabaeruaoB ¢ 3-unano-4,6,6-rpumernia-2-(5,6-1Mraapo)nupaHoHoOM.
Pe3srome

Peakius OenszampmerunoB ¢ 3-uuaHo-4,6,6-rpuMeTnn-2-(5,6-IMrHIPO)IHPAHOHOM B
NPUCYTCTBHH OCHOBHBIX KaTaJIM3aTOPOB MPOTEKaeT HETPAJUIHOHHO U OJHOBPEMEHHO ¢

OOBIYHBIMH TPOIYKTAMH aTbA0JbHOH KOHACHCALUMH MPUBOINT K OOPa30BAHHIO MPOIYKTOB

THIA aTykTa Muxass.



XYMHSA TETEPOIMKIIMYECKVX COEJIMHEHHIA. — 2004. — Ne . — C. 0000—0000

JI. Jleiire, /1. Ancone, M. @aeiiep, X. Kaxoka, FO. ITonenuc,

H. Beperenuuxona, H. lllecrakosa, H. [lompaueBa, J. JlykeBun

CHHTE3 H MHTOTOKCHYECKAA AKTHBHOCTH
OEHWINMPON3IBOJHKX 6,6-THMETHI-3-ITAAHO-(5,6-AATHAPO)-2-

IIHAPAHOHA

CunTe3upoBanbl GEHHINMPOH3BOAHBIE 6,6-1uMeTHN-3-LHaHO-(5,6-a4ruapo)-
2-nmHpaHOHA KOHAEHCALMWEH 3aMemeHHbIX OeH3anbaernios ¢ 4.6,6-TpuMernn-3-
HaHo-(5,6-AMruapo)-2-nHpaHoOHOM B MPHCVTCTBHH  KaTATHTHYECKHX
konydecte NaOH. B kayecTBe nNpoIyYKTOB  peakilHH  0OpasyroTcH
(EHUIBHHHILTAKTOHB H  COCIMHEHHA THIIA A1IVKTa peakuuH Muxasns.
IMomyammupuueckum MeroqoM AM1 noka3aHo, 9TO VKA3aHHBIE IMPOIYKTHI
MOryT 00pa30BbIBaTBCA 4EPE3 OJHO H TO KE MPOMEKYTOYHOE COEIHHECHHE.
Hekotopsie #3 cHHTE3HpOBaHHBIX GEHHIBHHHI-(S5,6-IMrHApO)-2-MHPaHOHOB
obnagawor UMTOTOKCHYECKMM 3dexToM, YTO COOTBETCTBYET IPOrHO3Y

akcnieptHoi cucremsi OREX.

Kirouesbie cioBa: GeHUANMPOU3BOAHbIE O-71aKTOHA, OEH3ANbAErHA, MEXAHH3M
KPOTOHOBOH KOHACHCALMH, MOIVIMITHpHUYECKHH MeToa AMI, akcnepr-cucrema

OREX, UHTOTOKCHYECKAA AKTHBHOCTb.

Hamu 661710 noka3aHo, 4To peakuus METHINPOH3BOAHLIX Y- H 8-IAKTOHOB ¢
MHPUIHHATBAETHAAMH OCYIIECTBIAETCA MO HETPAAMLMOHHOMY MEXAHH3MY,

COrIaCHO KOTOPOMY Hapsly C TMpOIYKTaAMH KPOTOHOBOH KOH/JEHCALMH

1



o0pa3yioTcs MpOZYKTHl PEAaKUHH OZHOI MONEKyNBl anbAerHAa C ABYMs
MosieKynaMH nupaHoHa [1]. B 1o xe Bpemsa B paborax [2, 3], nocBalmeHHBIX
KOHACHCAUMH OeH3abaerHaoB C YKa3aHHBIMH  NaKTOHaMH, HHKaKHX
OTKJIOHEHHH OT KJJaCCHYECKOr0 MEXAHH3MA PEAKLMH KPOTOHOBOH KOHACHCALHH
YCTAHOBIIEHO He Ob110.

Ilensio Hacrosmeit paGorn sBnsercs Oonee aeranbHOE ﬁccnenosanue
koHaeHcauuu  4,6,6-TpumeTHi-3-uMano-(5,6-aurnapo)-2-mupanosa (1) ¢
3aMemeHHMMH OenzanbaernaaMu (2—10), BoIsCHEHHE BIHSAHHS OCOOEHHOCTEH
ANMEKTPOHHOTO CTPOEHHMS aJbACrHAA HA COOTHOWIEHHE ABYX ITyTEH pEaKLHH
xouaencaumu ¢ CH-kucnoroit.

Panee Hamu Ob110 nokasaHo, 4To 6,6-1MMeTHI-4-(4-HUTpOodeHHIBHHHN)-3-
uHaHo~(5,6-AMrHAPO)-2-NHPaHOH, TaKkKe Kak ero aHaJIOTH c
NMUPHIANCOACPXKALIUMH 3aMECTHTEIAMH, obnazaer BbIPAXXEHHOH
KapaHOBACKY/IIPHOH aKTHBHOCTHIO [1], moatoMy Bropoi#t uenbio paboTsl 6110
NMPOBCACHHE  AHANHM3a  MOTCHLUHANbHOH  OHOJOrHYEeCKOH  AKTHBHOCTH
CHHTE3UPOBAHHLIX COENHHEHHWH NpM momomM kcrepTHoi cucremsl OREX, a
TAKOKE  JKCMEPHMEHTANbHAA MPOBEPKA  YCTAHOBIEHHOTO  COOTHOWIEHHS
CTPYKTYP2-aKTHBHOCTb.

Peakuns ampaerngos 2—-10 ¢ mmpaHoHom 1 mpoBoamMnach B 3TaHOIE B
NPHCYTCTBHH KaTaMHTHYECKHX komuuectB NaOH mpH MONSpHBEIX OTHOMICHHSX
nupaHoH : ampgerua : NaOH = 07-2 : 1 : 006-0.13. Hauanbhas
KOHLIeHTpauus nupaHoHa 1.87 monw/n, ampaernaos 0.93 mMonv/n. U3 maHHbIX,
npuBeACHHBIX B Tabauue 1, ciaeayer, 4ro B pe3yIbTaTe peakUHH BCEX
anpaervaoB ¢ mnupaHoHoM 1 obpasyiorca aBa  coeanHeHHs  (MpoayxT

2



KPOTOHOBOH KOHAeHCAauuWH 11-19 u coeaMHeHHME THNAa anayKTa pPEaKLUHH
Muxasns 20-28), BpeMs NOSBICHHS KOTOPbIX H BBIXOA 3aBHCAT OT Xapakrepa
3aMECTHTENA ANbACTHAA H TEMIIEPATYPHI.

Jnsa cpaBHEHHS PEAKLHOHHOM CITOCOOHOCTH OEH3aIBACTHAOB C PA3THYHBIMH
3aMECTHTENSAMH KOJIMYECTBEHHBbIH BBIXOA MPOAYKTOB pEAKLUHH OMpeAensics
meronom BIXKX Oe3 BbiaeneHHa uX W3 peakuuoHHoW cmecH. Konrtpoms
JMHAMHKH MPOLECCA OCYLIECTBIISNICS METOAOM TOHKOC/IOHHOH XpoMarorpaguH.

Kak BugHO w3 Tabn. | mpu peakuMH C MHPAHOHOM HE3aMELIEHHOro
anpaerdaa 2 NMpeMMYLOECTBEHHO 00pa3yeTcs MPOAYKT THMA afayKTa PEaKLHH
Muxasns 20 He3aBHCHMO OT TEMIEPATypbl pEAKUHH H  MOIAPHOro
COOTHOLIEHHS PEareHTOB. BbIX0a 3TOro CoeaAMHEHHs YBETHYHBAETCA C POCTOM
KOJIMYECTBA KATA/IH3aTopa M BpeMmeHeM peakudH. [losBneHue mnpoaykra

KPOTOHOBO# KoHAeHcauuH 11 xpomarorpaduuecku HabI01aT0Ch TOMBKO Yepes

4 yaca.
7\ e
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R—( —CH H,*k 0
20-28 B
2,11,20 RR'.R*=H; 3,12,21 R=NO,,R' R*=H;
4,13,22 R=CLLR'R°=H; 5,14,23 R=CILR'=H,R*=Cl;
6,15,24 R=NMe,, R',R*=H; 7,16,25 R=Me, R',R*=H;
8,17,26 R=0OH,R' R*=H; 9, 18,27 R=0Me, R R*=H;
10, 19,28 R=0H,R' =OMe, R*=H
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TaGanuua 1l

Peakuus nupanona 1 c Genzanbaeruaamu 2-10 npu temmnepatype 78 *°C.

Monsphoe Brixoa mpoaykToB
OTHOILIEHHE Bpevst, peaxtMu, %
Amp R R' | R? ambaer y KpOTOHO- p———
THA rpatoH:NaOH BOH anTyxTa
KOHJEHCa | peaKiMH
LM Muxasns
2 H H H 1:1:0.06 2.5* - 63.5
2 H H H 1:2:0.06 1 - 41.5
2 H H | H 1:2:0.06 4 3.1% 57.6%
2 H H H 1:2:0.13 4 - 81.4
3 NO, H | H 1:2:0.06 4 22.6% 75.3%°
3 NO, H H 1:0.7:0.06 4 60.0 -
‘4 Cl H H 1:2:0.06 4 15.2 52.7
5 Cl H Cl 1:2:0.06 4 333 52.0
6 NMe; H | H 1:2:0.06 4 11.7* 1.7+
7 Me H H 1:2:006 0.1 10.9 227
8 OH H H 1:2:006 0.5 24.6 21.7
9 OMe H H 1:2:0.06 1 14.8 398
10 OH OMe | H 1:2:0.06 0.5 379 13.2
*Temmeparypa peakip 20 °C;,

‘206pasye'ncﬂ yepesz 4 u,

*3O6pasyercs yepes 15 MHH TOCHE CMEIIIEHUS PEaTeHTOB;
**O6pasyeTcst B MOMEHT CMeIIIEHHS PeareHToB;
*>O6pasyercs Uepes 5 MUH,

‘606pmye'rcst yepes | y,

*+’O6pasyercs yepes 3 u.

IlpoayxTbl peakuun nupasoHa 1 u anbaernaa 8 BLLAEMHTb HE yIAOCh, HO
cyaa no aaHHeM xpomatorpaduu H 'H SIMP o6pasyiorcs oba coeamnenns 17
H 26. Ilpn cooTHOWEHHH MHPAHOH : anbaerua 3, pasHoMm 2 : |, obpasyercs
TrIaBHBIM obpazoM  coeaHHeHHe 21, HO, Onaroaaps BIHSAHHIO
3nexTpoHoakuerrropHoro 3amectHrens NO,, ¢ Gonee HU3KUM BBIXOIOM, YEM B
ciaydae HezamemeHHoro anpaerdaa. M rtonsko, ecan monspHoe otHoweHue
anbAerHa . MHPAHOH cocTaBaAno 1.5 : 1, nmpoaykt THna agaykra peakumu
Muxasns B npoxyxTax peakuun Gonbine 0OHapYXUTb HE yaaeTcs.

B cnmyuae snextpoHosowopHoro 3amecturens NMe, (anbaerua 6), xak u

CIEROBAIO OXHMAATb, CKOPOCTb PEAKUHH Pe3ko yMeHbwaercs H Oonee 76%

4



CNEN0BANI0 OXHAATb, CKOPOCTb PEAKLMH pe3ko yMeHbumaercas H Oonee 76%
MHPAHOHA OCTAIOTCA HEMPOPEarHpOBaBLIMMH M MOCHE 4-X YACOBOH pPeaKkLHH.
Brixoa mpoayxTa 24 B 3TOM CTy4ae COCTaBIAET TONbKO 1.7%.

CTpocHHE MOTYHEHHBIX NAKTOHOB JOKA3AHO HA OCHOBAHHH crektpos 'H
SMP, xapaKTEpUCTHKH KOTOPHIX MPHBEACHB B Tabn. 2 1 3.

CornacHo napamerpam cnektpos' H SIMP BuHMbHbIH QParMEHT TaKTOHOB
11-16, 18, 19 umeer TpaHc-koH@Hrypaumio (J = 15.9-16.2 Tu). Conocras-
neHue HaMeHeHH XC 00oMX BHHHIIBHBIX MPOTOHOB MPH CMEHE 3AMECTHTENS B
beHHTPHOM KONBbLE JAa€T OCHOBAaHHE OTHECTH CcnabomonbHbIA IyOneT k
NOrioWeHHI0 nporoHa y aroMa C, K KOTOpOMY NpHCOEAHHEHA (EeHHIBHAs
rpyrmna (Ad = 0.42 M. A.), a CHIbHONONbHBIH JYyONET K NOTrMOWEHHIO MPOTOHA Y
atoMma C, kK KOTOpOMY NMPHCOeIHHEH MHpaHOH (AS = 0.26 M. a.).

OOpaiaer BHUMaHHE TO, YTO B CMeKTpax ;1aktoHoB 11-16, 18, 19 nporonw
CH,; 1 nmpoToHbl 000HX METHIBHBIX MPYNN MHPAHOHA MATHHTHO KBHBAIEHTHHI,
B TO BpeMA kak B j1akToHax 20-28 XC tex xke mporoHos paznuuarorcs (0.04-
0.16 u 0.02-0.17 M. 1. coorsercTBeHHO). Mogeau [pelaMHra nokassiBaKoT,
4TO MHPAHOHOBOE KO.IBLO HMEET (OpMY HCKAKEHHOrO MOIYKpecia H IpH
CMEHE 3aMECTHTEId B TOIOKEHHH 2 [HPAaHOHA. H3MEHSETCI CKOPOCTb
KOH(}OpMAUHOHHBIX NepexoJoB. MarHHTHas He3KBHBAIEHTHOCTh Hab/I10aeTcs
taioke a1 nporosos CH; ¢parmentos ~-CH(CH,)— (J = 12.4-13.2 Tu), 4ro
MOKeT ObiTh 0OYCHOBIIEHO 3HAYHTENBHBIM OOBEMOM 3aMELIEHHBIX MMHPAHOHOB,
MPENATCTBYIOWHM CBOOOAHOMY BpaeHHio no cBs3H CH,—nupaHon.

B cOOTBETCTBMM C HAIIHMH MPEICTABICHHAMH O MEXAaHH3ME KPOTOHOBOH
KOHAEHCALHH MMHPHIHHANBICTHAOB ¢ (GypaHOHOM 00a MPOIYKTAa pPEAKUHH
6eH3anbaeruaoB ¢ MApaHoHoM 1 JomkHBI 00pa3OBBIBATLCS 4YEPE3 OAMH H TOT
€ MPOMEXYTOYHBIH MPOIYKT a1bJO0IbHOH KOHAeHcauuH [3].

IlpoBepka 3TOro Mpeanol0XKEHHA Obla MpOBEJCHA METOAOM KBAaHTOBOMH
XHUMHH [4], Hcronb3ys B KAYECTBE MOJAENBHOH PpEAKUHWH KOHACHCALHIO
nupasoHa 1 ¢ ampaersaoM 3. Bulyaamzauus M aHMMauus MOTYYEHHBIX

PE3yIBTATOB OCYLIECTBIANHCE ¢ moMousio JMol nmporpamwms (5], ans cozxanus



Au3aliHa pPEeaKUMOHHOHW CHCTeMbl ObLT HCMONB30BaH MakKeT MporpaMm
ChemCraft 1.3 [6]. Bblio NpeamonokeHo, YTO MO AHAIOTHH C peakUHen
NUPUOUHAIBAETHAOB  B3aMMOJEHCTBME [MHpPaHOHA W anpaeruaa 3 B

3aBUCHMOCTH OT MPHPOABI aTakylollero Hykieoduna OyaeT WATH MO ABYM

HanpaBJIeHPIﬂM:
+
HOH ]
OH I HetC;) H,
ArCH=CHHet ~—— Ar——C~—C——Het ———— ArCH(CH,Hef),
12 ] | 21
I H O H, 11
A
NO,

Tak, peakuus MpPOMeXKYyTOUHOro coeauHeHHs (A) ¢ noHom OH™ mosker
MPUBOAWTH K MPOAYKTY KPOTOHOBOH KOHZeHcauuu  12. B craproBoMm
nonoxenud HoH OHT™ Haxoautcs Ha npomomkenuu csasu C(2)—H(]) Ha

pacctosHuu 3.10 A ot aToma H(1) (puc. 1a).
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Puc. |. Peakuus mpoMexyTOUHOro coennHeHus A ¢ noHom OH™
a — CTapTOBOE IMOJI0KEHHE;
0 — otuienieHue momaekyst HyO;
6 — TMPOAYKThI PEAKLIHH.



Korna sto paccrosHue ymeHblaercs 10 2.86 A, ot atoma C(1) yxomut
mosiekyna Boasl (puc.16). B naneHeiiem noa Bo3aeicteuem nona OH- atom
H(1) orpeiBaercs ot aToMa C(2), 4TO MPUBOIMT K OOPa3’OBaHMIO eLIE ONHOM
Monekyn sl Boael M mpoaykra 12 (puc. 1B). Takum oOpa3om, aaHHOE
HampaB/IEeHUE peakUMH ocyulecTteiasercs mno E2 mexanusmy. Pacuerst
MOKa3bIBAIOT, YTO peakUus HIOeT CaMOMpPOM3BOJBHO 0€3 MpeomosieHHs
sHepretuyeckoro Oapbepa. Terutora peakuun —1011.7 k/Dx/mons. [lnuna
JBOMHOM CBA3H coemuHenus 12 1.35 A, 4To COOTBETCTBYET NHTEpaTypHBIM

naHHbIM [7].

2 5_1._4___‘_}/3‘; _.\,)“—),-Y \j/ a - 1,’“’ &
P R E 2 R e A @ N
g & Ry > = k2 T 3?'
< 152830
N@~ & 0 N@.
- 2 o
52973 @:Q\ 5
f“v‘:\?‘y’j ‘_,BQ 4_49
o @ s
5 v
D

Puc. 2. Peakuus npomexyTouHoro npoaykra A u HetCH2 ™ uona.
a — WCXOJHOE COCTOSIHHE;
b— npoayKTsl peakluH (coearHenue 21 u MoeKy1a Bobl).

Ha puc. 2a nokazaHo BbIOpaHHOE CTapTOBOE MOJIOKEHHE IMpH pacyeTe
PeaKUMOHHOH CHCTeMbl, BKIIOYAIOUIEH MPOMEKYTOYHOE COEAHHEHHE A W HOH
HetCHp". Paccrosnus C(3)-C(1) u C(3)~H(]) paBHbI cooTBeTCTBEHHO 5.14 M
3.30 A. Mon HetCH»", y koTOpOro atom C(3) 3apskeH orpuuarensto (-0.386),

aTaKyeT MosoxuTenbHo 3apskeHHbidn atom C(1) (0.146) nmpomeskyToOuHOro
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aHMOHa HanpasieHa Ha atoM C(;) MPOMEXYTOYHOrO COoeaMHEHHA (HMEroLero
CTPOEHHE, AHAIOrHYHOE COCAMHEHHIO A B HacroAueH pabore), MpoHCXOAHT
6umonekynspHoe HykneopuabHoe 3aMeineHHe (Sn2), B pe3yabTaTe KOTOPOro
oOpasyercs NpoAYKT THna ailykra peakuwH Muxasns. B 1o xe Bpemsa B
pe3ynsTaTe atakdH Ha atoMm H;y oOpasyercs 3TeHHMMpoH3BOAHOE (QYpaHOHA H
HCXOAHbIH (QypaHOH, TO €CTb MPOHCXOAMT PEAKUHA OHMOJIEKYAAPHOro
ITHMHHHpOBaHus E2.

Kak cnegyer 43 pe3yIbTaTOB KBAHTOBOXMMMYECKOrO aHANH3a, B Clydae
peakumu NHpaHoHa 1 ¢ anbaeruaoM 3 B3aHMOACHCTBHE TNMPOMEXYTOYHOTO
COCOMHEHHS A ¢ JEMPOTOHHPOBAHHBIM  [TMPAHOHOM  TPOTEKAeT
HEPETHOCENEKTHBHO ¥ HE3aBHCHMO OT HATPaBICHHSA aTakH aHHOHa obpasyercs
TOMBKO MPOZYKT THNA AAAYKTAa pEAKUHMH Muxasns. 3THM, BO3MOXHO,
o0bacHaeTcs Tor (axT, yTO B OIHU3KHX YCIOBHAX BHIXOA MpoAyKTa 21 Bhine
PN X0Ja COCAHHEHHS 3ITOrO X€ THMa NMpH peakuHH 4.5 5-TpHMeTHn-3-UHaHo-
2(5H)-pypanona ¢ 3-nmupHIHHKapOanbaeriioM (coorBercTBeHHO 81.4 W
59.5%).

Takum oOpa3oMm, pe3ysbTaThl HacTosAwed paboThl CBHAETEIBCTBYIOT O
JAOCTAaTOMHO O0mMEM XapaxkTepe OCOOCHHOCTEH NMpPOTEKAHHA PEAKUHH O- H Y-
METH/TAKTOHOB C apH/- W reTapHiIaIbierdiaMy, 3aKTIOYAIOUWIHXCH B
0Opa30BaHHH HE TONBKO MPOIYKTA KPOTOHOBOH KOHIAGHCALIMH, HO H MPOIYKTA
THMNA 31TYKTa peakuun Muxasnsa.

Jl1s nporHo3HpoBaHHUs OHOIOrHYECKOH AKTHBHOCTH CHHTE3HPOBAHHBIX
coeaMHEeHHH Obia ucnonb3oBaHa 3kcmeprtHas cuctema OREX (Optimized
Recognizing Expert System), paspaGorannas B Jlarsuiickom HMHuctrTyTe
oprannueckoro cuHre3a [8, 9. OREX — cHcrema mporpaMM 1Uis CO3JaHHMA M
aHaymia OGasy gaHHmx M 6asel 3HaHMH, a Takke AN [PEACKA3AHHSA
OHOMOrHYECKOH AKTHBHOCTH. AJITOPHTMBI JOTHKO-CTPYKTYPHOrO MNoAxoaa
OCHOBaHBl Ha 0TOOpE H MOCICAYIOLIEM HCMOMB30BAHHH HAJCKHBIX NMPU3HAKOB

OMONOrHYECKOH  AKTHBHOCTH, TO €CTb  CTPYKTYPHHIX  ()parMeHTOB,
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ONpeAeAOMMX THN OHONOrHueckOM akTHBHOCTH. OnMcaHMe XHMHYECKOH
CTPYKTYPH  OCHOBAHO HAa  JCCKPHNTOPHBIX  UEHTpaX M  rpadax,
MIPEACTABJIAIOMIHX TOTOMOTHIO MONEeKyNs. OCHOBHBAACH Ha AECKPHITTOPHBIX
LIEHTPAX MpOrpaMma KOAHPYET CTPYKTYPY COCAHHEHHs, BHLACAAA JECKPHITTOPHI,

KOTOPLIE B KOHCYHOM CUHETC ABIAIOTCA a6c1'pax'rHuM MpEACTABICHHEM

ctpyxtypbl. M3 nHabGopa aeckpunTopoB orOHpaloTCs NPH3HAKH AKTHBHOCTH
COrnacHo paboyHM MpaBHiAM CHCTEMBI THIIA:

€CJIH COeAHHEHHE 001a1aeT MPH3HAKOM [, TOrAa ¢ BEPOATHOCTBIO P oHO

OyIeT IpOSBAATL AaKTHBHOCTD A.

f— A

IMpu3naku oTOHparOT M3 BO3MOXHBIX  KAHAMJATOB  COFIACHO  HX
CTaTHCTHYECKOH OLEHKE, OMNpEeICICHHOH Ha 0aze JaHHBIX, MCHOIL3VEMOH B
KaueCTBE CTATHCTH4YECKOH BbIOOPKH,IIpH CKpHHHHrE CHHTE3HPOBAHHBIX HAMH
coeauHennid B nporpamyme OREX nokasaHo, 4TO (eHHABHHHIPOH3BOIHBIM
Y-TaKTOHa MOXET ObITb MpHCYIIA NpPOTHBOpAaKOBas akTHBHOCTh. C
ONpEAENICHHOH CTENEHBIO BEPOATHOCTH MOXKHO CKa3aTh, YTO MEXAHM3M HX
JEHCTBHA OCYLIECTBIACTCA MyTeM HHrubupoanus cuuresa PHK, a Take
thakTOpa HeKPO3a OMYXOIH B COOTBETCTBYIOLIHX CHCTeMax (puc.3).

Ha ocHoBamMM pe€3y1bTaToB  MpOrHO3WpoBaHHs Obla  MpoBepeHa
LIMTOTOKCHYECKA!  AKTHBHOCTb  CHHTE3UPOBAHHBIX  COCAHHEHHH  Ha
MOHOCIIOHHOH JTHHHH OMyXONneBHIX KIETOK MG-22A (MbIIIHHAA renaToMa) v HX
CMOCOOHOCTb CTHMY/IHPOBaTh OHOCHHTE3 PAIHKANIOB OKCHAA a30Ta, OAHOH H3

BO3MOXKHBIX  COCTAB/IAOIMHX  LHTOTOKCHYECKoro  3dpdexra  (rabad).
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HaunGonpie# HHTOTOKCHYECKOH aKTHBHOCTBIO 001128a10T HHTPOPEHHIBHHHII- H
Xnop(eHHIITPOH3BOAHBIE MHPaHOHA (coeamHeHus 12 u 13), KoTopbIe B HU3KOMH
KOHLIEHTPAUHH (5 U 6 MKI/MII COOTBETCTBEHHO) OOECNEYHBAIOT rHOEIL KIETOK
maaun  MG-22A. Beicokui yposeHb reHepupoBawus NOe B kierkax
xapaktepeH ans nupaHoHa 13 (800%, okpammBanwe CV), yem Moxer

OOBSICHATBCS H €ro BHICOKAask KapAHOBACKYJISPHast aKTHBHOCTD [1].

Tabnuuad
Buonorudeckui 3¢ ekt GeHHIIaKTOHOB in vitro
A Ha MOHOC/10/HOH Ky 1bType MG-22A
LIMTOTOKCHYHOCTB, MKg/MIT Teneparms NO-
CoemHenue . 100%CV
TDs (CV) TDso (MTT) ( )

11 26 48 67

12 5 33 21

13 6 17 800

14 58 75 17

15 = % 5

16 28 42 50

18 34 32 50

19 x¥ ¥ 6

20 % x5 9

22 52 58 300

23 % % 15

25 55 74 53

26 i . 11

27 B ey 9

28 ** %

*Dso — KOHLIEHTpaiMs, obecrieunBaromas rudens 50% wierok, Mxr/mr;, CV - okpannsaHne
KpHcTauTHieckuM ¢uonetoBbiM; MTT — oxpanmBanie Gpomuzaom 3(4,5-mMMeTHITHA30/-2-
wr)-2,5- mberrrerpazoms [10, 11]; okcun asora NO onpenenen metonomM [pefica B
KyNbTYpaIbHOM cpeJie Hall KIeTKaMH B repecyeTe Ha 100% »MBBIX KIE€TOK [TPH OKpalMBaHHH
CV[10];

** [ IuroTokcHyeckuit 3¢ exT oTCyTCTBYET
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JKCIIEPHMEHTAJIBHAA YACTHh

Brixoa npoaykros peakumu onpeaenancs npd momowd BIXKX Ha kononke
Nova-Pak Silica (3.9x150 mm). Cxopocte nosauyu amocHTa (dTHRAUETaT—
rekcan 1 : 1) 1.5 mu/mun, gerexrop Y& 254 um. Cnektpwt SIMP 'H
perucrpHpoBaHsl Ha npubope Mercury-200B (200 MI'y) 8 CDCl; 1 DMSO-ds,
B Ka4ecTBe BHyTpeHHero cranaapta ucnoas3oBaH TMC. TCX nposoaunn Ha
nnactuHkax Silufol UV-254, smoenT 3tHnaueraT-rekcax 1:1.

KBaHTOBOXHMMYECKHE pacueThl MPOBOJHIHCH  MONYIMITHPHUECKHM
merogoM AMI1 no nporpayme MOPAC 6 [4] c nonHoi onruMmuzaumeit
rEOMETPHH PCar¢HTOB, PEAKLHOHHOH CHCTEMbI H MPOAYKTOB PEAKLIMH B PEXKHME
EF nHa ypoHe PRECISE.

O6wuit metoa koHaeHcauuu 4,6,6-rpumerHI-3-unaHo—(5,6-auruapo-2-
nupaHoHa ¢ Gensansaernaamu. Cmeck nupaHoHa 1, GeHsansaernaa 2—10 u
NaOH B 3TaHone HarpeBaioT. MEpPEMELIMBAA, A0 TEMNEPATVPbl KHIEHHA H
KHITATAT 4 4 WIH BBIICPXKWBAIOT NMPH KOMHATHOH TeMmmeparvpe. Buinasiuui
MPOAVKT THMAa A IVKTa PEAKUHH MHXa31s8 OTOHIBTPOBLIBAIOT, HE OX.IAXKIAA
PEAKLHOHHOH CMECH. [MOCIE ONXJILKIEHHMA IO KOMHATHOH TeMmepaTypsl
OTQHIBTPOBBIBAOT ITEHW.IMPOH3BOIHOC  JAKTOHA. 06a NpOaIYKTa

NEPEKPHUCTALIHIOBBIBAKOT H3 3TaHOIA.

Paboma ewinoanena npu gunancosoni noodepxcxe Jlameuiickoeo Cosema no
nayke (IIpoepawma “Paseumue coépesenHbix Memoo08 0p2AHUNECKOl XUMUL C
Yerbl0 CO30aHUA NPOMBIULIEHHOZO NPOU3EOOCMEA HOEbIX MEOUYUHCKUX
npenapamoeg ¢ JTameuu ).

CIIHCOK IUTEPATVYPHI

1. L. Leite, D. Jansone, M. Veveris, H. Cirule, Y. Popelis, G. Melikyan, A.
Avetisyan, E. Lukevics, Eur. J Med. Chem., 34, 859 (1999).

2. A. Perjessy, A. Avetisyan, A. Aknazaryan, G. Melikyan, Collect. Czech.
Chem. Commun., 54, 1666 (1989).

3. M. Ozeiiwep, . Auxcone, I'. Anapeesa. JI. Jleire, 3. Jlykesuu, XTC,
748 (2001).

11



4. J.]J.P. Stewart, Program package MOPAC (QCPE N 455) version 6.

5. JMol: http://www.chem.columbia.edu/~gezelter.

6. ChemCraft: http://chemcraft.boom.ru

7. F. A. Allen, O. Kennard, D. G. Watson, J.Chem.Soc., Perkin Trans. II,

S1(1987).

8. A. Posenbnur, B. Tonennep. Jlozcuko-xombunamopuvie memoos &

KoHcmpyupoeaHnuu nexapcme. Pura, 3unarue, 1983.

9. N. Veretennikova, A. Skorova, V. Kudryashova, A. Rozenblit, A.

Barkans, Ya. Betinsh, V. Drboglav, L. Gitlina, Ya. Grinfelds, P. Mellis, D.

Petersone, V. Shatokhin. SAR investigation of biologically active compounds

using OREX expert system / In: OQSAR in Environmental Sciences - VII /
Y Ed. by Fei Chen & Gerrit Schuurmann, Setac/Setac Foundation, 1997, p.

115-131.

10. D. J. Fast, R. C. Lynch, R. W. Leu, J. Leucocyt. Biol., 52, 255 (1992).

11. P .J. Freshney. Culture of Animal Cells (A Manual of Basic Technique).

Wiley-Liss: New York, 1994, 296-297.

Jlameuiickuti Hiemumym opearuyeckoeo
cunmesa

Puza, LV-1006, /lamsus,
e-mail:leite(@osi.lv

12


http://www.chem.colmnbia.edu/~gezelter
http://chemcraft.boom.ru

Ta6nuua 2
Cnexrpbi SIMP 'H naxrtonos 11-16, 18, 19

Haiieno, % . 5
Coenn- BpyTtro-opmyia PaccuuTano, % T.mn,"C SIMP 'H (CDCL), 8, m.1., (J, T)
HCHHE
C H N
11 C16HsNO; 75.87 5.97 5.54 144-146 1.52 (c, 6H, CHs nupauona), 2.87 (¢, 2H, CH, nupaHona); 7.29 u 7.45 (nu n, 2H,
75.87 5.97 5.53 J =162, CH=CH), 7.3-7.7 (M, 5H, Ph)
12 C16H14NO4 64.40 4.67 9.35 224-226 1.55 (¢, 6H, CH3 nupanona); 2.88 (¢, 2H, CH; nupanona); 7.31 u 7.54 (a4 1,
64.42 4.73 9.39 211, J =16.2, CH=CH), 7.76 (M, 2H, J = 9.0, Ph Ha, Hs); 8.3 (M, 2H, J = 9.0, Ph 3-H, 5-
)
13 CsH14CINO, 66.74 4.84 4.88 180-182 1.53 (¢, 6H, CHj; nupanona); 2.86 (¢, 2H, CH; nupaHona);, 7.25 u 7.46 (1 v 1,
66.79 4.90 4.87 2H,J = 16.1, CH=CH), 7.42 (M, 2H, J = 8.9, Ph 2-H, 6-H);, 7.55 (M, 2H, J = 8.9, Ph 3-H, 5-H)
14 Ci6H13C1LNO; 59.69 4.06 4.29 212-214 1.55 (¢, 6H, CHj nupanona), 2.88 (¢, 2H, CH; nupanona); 7.34 (an, 1H, J = 8.6 u 2.0, Ph
59.65 4.07 4.35 Hs) 7.38 1 7.63 (nm n, 2H, J = 16.2, CH=CH);, 7.47 (n, 1H, J=2.0 Ph 3-H);, 7.74 (n, 1H,
J =8.6, Ph 6-H)
15 CigH20N,0, 72.88 6.75 9.40 192-194 1.50 (¢, 6H, CH; mupanona); 2.81 (c, 2H, CH; nupanona), 3.08 (c, 6H, N(CHa),; 6.68 (M,
. 72.95 6.80 9.45 2H,J = 9.0, Ph 2-H, 6-H); 7.22 (¢, 2H, CH=CH), 7.51 (™, 2H, J = 9.0, Ph 3-H, 5-H)
16 Ci7H2NO; 76.36 6.40 5.26 143-145 1.52 (¢, 6H, CHs rupanona); 2.40 (c, 3H, Ph CHs), 2.85 (¢, 2H, CH; rupaHona); 7.24 (M,
76.38 6.41 5.24 211, J = 8.2, Ph 3-H, 5-H), 7.26 u 7.39 (a u 1, 2H, J = 15.6, CH=CH), 7.51(m, 2H, J =
8.2, Ph 2-H1, 6-H)
18 C,7H,:NOs 72.06 6.06 4.93 139-141 I.51 (¢, 6H, CHs rupanona), 2.84 (c, 2H, CH, rupanona), 3.87 (c, 3H, OCHjs), 6.95 (M,
72.07 6.05 4.94 2H, J = 8.9, Ph 2-H, 6-H), 7.25 1 7.31 (a u x, 2H, J = 15.9, CH=CH), 7.58 (M, 2H, J =
8.9, Ph 3-H, 5-H)
19 C17Hi7NOy 68.19 5.72 4.66 233-236 1.42 (¢, 6H, CH; mpanona); 3.09 (c, 2H, CH, mipanona); 3.84 (c 3H, OCH,); 6.89 (1,
68.22 572 4.68 (pasi.) 111,/ =78, Ph 5-H), 7.12 u 7.64 (nu g, 2H, J = 15.9, CH=CH), 7.2-7.4 (m, 2H, Ph 2-H,
6-H), 10.0 (¢, 1H, OH)



: TaGnuua 3
XapakTepHcTHRH JIaKTOHOB 20-28 4

Haiizeno, %
i‘:’ BpyTTo- Paccuurano, % T. mn, SIMP 'H (8 JIMCO-dg), 8, M.11., (, ')
He- dopmyna C H N ‘¢
HHCS
71.72 | 6.26 | 6.70 1.23 1 1.25 (c u ¢, 12H, CHanupanona), 2.33 u2.49 (qu 1,J = 18.9, 4H, CH, rupanona); 3.00 (g, 2H, J = 12.4
20 | CostheNoOs | 5155 1 656 | 669 | 887192 | 1410.4 CH(CHy)g;, 3.09 (aa, 2H, J = 12.4 1 5.6 CH(CHay, 3.49 (v, 1H, CH); 72-7.5 (w, SH, Ph)
21 C1sHasN;O 64.65 | 5.42 | 9.03 | 204-207 1.22 u 1.35 (c u ¢, 12H, CH; nupanona);, 2.75 u 2.80 (11 a, 4H, CH; mupanona), 3.02 u 3.08 (M u M, 4H,
RS pEs 64.79 | 5.44 | 9.07 | (pa3n) CH(CH,)y; 3.71 (M, 1H, CH); 7.68 (M, 2H, J = 9.6, Ph 2-H u 6-H); 8.18 (M, 2H, J = 9.6, Ph 3-H, 5-H)
6627 | 557 | 6.14 | 183-185 1.18 1 1.32 (c u ¢, 12H, CHs mupanona), 2.75 u 2.81 (a1 1, 4H, CH, mupanona);, 3.00 1 3.04 (M u M, 4H,
22 | CosHosCINOu | 63 | 556 | 6.18 | (pasn) CH(CHa)y;, 3.51 (M, 1H, CH), 7.40 (c, 4H, Ph)
6163 | 487 | 5.69 1.23 1 1.30 (c u ¢, 12H, CH; nupanona); 2.73 u 2.77 (a u x, 4H, CH; nupatona); 3.05 1 3.11 (M u M, 4H,
23 | CotiClNOy | ¥ | o6 | 575 | 2127214 | o (CHy)y; 3.97 (w, 1H, CH); 7.4-7.8 (M, 3H, Ph)
116 | 652 | 6.47 1.16 u 1.33 (c u ¢, 12H, CH; rpanona), 2.25 (¢, 3H, Ph CH3), 2.73 u 2.82 (a wu 1, 4H, J = 19.1, CH,
25 | CaHN>Oy 72'20 6.53 m 185-187 rpatoHa), 2.95 u 3.04 (M u M, 4H, CH(CH2); 3.50 (M, 1H, CH); 7.12 (M, 2H, J = 7.8, Ph 2-H, 6-H),
' y 7.22 (M, 2H,J =178, Ph 3-H, 5-H)
26 | CisHieN,Os: 67.76 | 6.18 | 6.26 | 157-160 1.16 u 1.31 (¢ u ¢, 12H, CHj nupanona), 2.72 u 2.79 (a u a, 4H, CH, rmpaHoHa), 2.8-3.1 (M, 4H,
0.5 Hy0 67.71 | 6.14 | 6.32 | (paw1.) CH(CH,)y; 3.35 (M, 1H, CH), 6.68 (M, 2H, J = 8.5, Ph 2-H, 6-H); 7.14 (M, 2H, J = 8.5, Ph 3-H, 5-H), 9.37
(¢, IH, OH)
27 | CaH NyOs 69.54 | 6.24 | 6.30 | 193-196 1.16 u 1.32 (c u ¢, 12H, CH; nmpanona); 2.72 u 2.83 (au a, 2 H, J = 19.2, CH, r1panona), 2.95 u 3.03
69.63 | 6.29 | 6.25 | (pa3n.) (M 1 M, 4H, CH(CHa)y;, 3.50 (M, 1H, CH); 3.71 (¢, 3H, OCH3); 6.87 (M, 2H, J = 8.6, Ph Ha, Hg); 7.26 (M,
2H, J = 8.6, Ph 3-H, 5-H)
28 | CyHN,O6 65.55 | 6.31 | 5.63 | 158-160 1.23 1 1.33 (c u ¢, 12H, CH; mipanona), 2.70 u 2.86 (n v 1, 4H, J = 19.1, CH, mupanona); 3.10 (1, 2H,
0.5 C,HsOH. | 6531 | 6.50 | 5.64 | (pasn) J =132 u 5.6, CH(CHy)z; 3.23 (an, 2H, J = 13.2 1 10.0, CH(CH,); 3.57 (m 1H, CH), 3.90 (¢, 3H,
0.5 H,0 OCHs); 6.72 (n, 1H, J = 8.0, Ph 5-H); 6.78 (u1, 1H, J = 8.0 u 1.8, Ph 6-H); 7.10 (1, 1H, J = 1.8, Ph 2-H);
7.71 (c, 1H, OH)




=] x Prediction: Kinase inhibitor - [=]~
1
E\/ =
g/
CHy
Descriptor features Occurrence Coefficients
Total Active Conf. Effic. Covering
[=N1-4-(-0) 13 3 0.11 0.88 0.03
=| - Prediction: RNA synthesis inhibitor [~+]~
/\"/\
l
N NN,
CH, |
e ~ CH,
o/\g_ \
CH,
Descriptor features Occurrence Coefficients
Total Active Conf. Effic. Covering
|l(>N—]=7=[C-| 13 1 0.03 0.95 0.12
=] Prediction: Tumor necrosis factor inhibitor IRE
T P - |
f | i 1l
\ \ | l
I ; -2 NG P .- I
N——\C ’ S 2 : \,/ o S |
| II/CH:, | (;CHA
o/\o/“\ Q¢\O/ 5\
~ CH, CHy,
|
|| Descriptor teatures Occurrence Coefficients
i Total Active Conf. Effic. Covering
‘[EN]—G—[—O—] 12 1 0.03 0.91 0.06
=nN)—a-(=0) 13 1 2.0 091 2.6
|

Puc. 3 Ilpenckazanue aktuBHOCTH B OREX.
Total - oOuee KOIMYECTBO COEIWHEHHH. COAeprKallUX JaHHBIN JAECKPHUNTOp, B Dase

JAaHHBIX; Active - KOJHYECTBO aKTHBHBIX COEIWHEHHH COJEpKalluX [IaHHBIN
neckpuntop, B Oase maHHbX; Conf. - ko3bQuuHEHT 10BepHs, MOKa3bIBAOLIMIM
HIDKHHM ypOBEHb BEPOSITHOCTH, C KOTOPOH COeIHHEHHE OONajaromee JIaHHBIM
NPU3HAKOM AKTHBHOCTH, [CHCTBHTENBHO TMPOABHT 3Ty akTHBHOCTH, Effic -
Ko3puuuesT 3)GEKTHBHOCTH, MOKA3BIBAIOLIMH, BO CKOMBKO pa3 COeIMHEHHE.
o0agaroniee THM [PU3HAKOM, HMEET OOJBLIYI0O BEPOATHOCTh MPOSABUTH JaHHYIO

aKTHBHOCTB, 4YeM J1000e B3sTOe Hayral coeaudenue; Covering - ko3dduumeHT

[TOKPBITHA IMPpHU3HAKA. MOKAa3bIBAIOIIMH, KAKas YaCTh AKTUBHBIX COSIHHEHHH, 001a1aeT

JaHHBIM [IPHU3HAKOM
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L.Leite, D.Jansone, M.Fleisher, H.Kazhoka, Ju.Popelis, N.Veretennikova,
I.Shestakova, I.Domracheva, E.Lukevic

Synthesis and Citotoxic Activity of Phenyl Derivatives of 3-Cyano-6,6-
dimethyl-2-(5,6-dihydro)-pyranone.

The base-catalyzed reaction of benzaldehydes with 3-Cyano-4,6,6-trimethyl-2-
(5,6-dihydro)-pyranone proceeds unusually, and is accompanied by the formation of
the Michael-type addition compounds along the traditional aldol condensation
products. A model investigation of the condensation reaction mechanism by the
semiempiri‘ca.l AM1 quantum chemical method shows that these products can be
formed in parallel from one and the same intermediate compound.

Corhputer screening has been made using OREX expert system for the study of
structure-activity relationships of the set of phenylvinyl-2(5H)-pyranones. Antitumor
activity has been predicted for lactones studied. The cytotoxic properties of the
svnthesized lactones were tested in vitro on monolayer mouse tumor cell line:
hepatoma MG-22A. Pyranones with nitro- and chlorosubstituents in the phenyl ring
exhibit significant cytotoxic effect and stimulated the nitric oxide biosynthesis in

cells at high concentration.

Latvian Institute of Organic Synthesis
Riga, LV-1006, Latvia, e-mail:leite@osi.lv


mailto:leite@osi.lv

Swiss Chemical Society,
Section of Medicinal Chemistry

European Federation
for Medicinal Chemistry (EFMC)

American Chemical Society,
Division of Medicinal Chemistry (USMC)

Xlith International Symposium
on Medicinal Chemistry

Basel, Switzerland
September 13 - 17, 1992

Sponsored by the International Union of
Pure and Applied Chemistry (IUPAC)

Abstracts




Kang-Chien Liu, Tung-Mei Tao and Tz-Chong Chou
School of Pharmacy, National Defense Medical Center

Taipei, Taiwan, Republic of China

SYNTHESIS AND INHIBITORY ACTIVITY ON PLATELET AGGREGATION OF NAPHTHO-
[1,8-de][1,3]THTAZINE DERTVATIVES

As a progressive continuation of our study on the “ioactivities of
heterocyclic compounds which contain a thiosemicarbazide moiety in the

built-in featurel'2

, a number of substituted an: condensed napththo[l,B-de]-
[1.3])thiazine derivatives were synthesized. The synthetic experiments were
performed starting from 2-hydrazinonaphtho[1,8-de|[!,3]thiazine 1, which
wits obtained from l-amino-3-naphthalenesulfonic acid via efficient steps.
Condensation of 1 with various ketones, appropriate catboxylic acid
derivatives or other suitable cyclization agents afforded the corresponding
2-substituted hydrazononaphtho[1,8-de][1,3]thiazines 2 and 3-substituted

naphtho[1,8-de][1,2,4]triazolo[3,4-b][1,3]thiazines 3 in satisfactory

(] N
L., © ! | I K
2 u 3

1

yiclds.

A preliminary pharmacological evaluation revealed that these compounds
are potent inhibitors of human platelet aggregation. The mode of action
was found to be direct inhibition on the adenosine triphosphate release
from platelets, on the thromboxane B, formation in platelets and on the
increase of intracellular calcium fon each caused by different aggregation

inducers.

1. K. C. Liu, B, J. Shih and J. W. Chern, J. lleterocyelic Chem,, 26, 457
(1989) 27, 391 (1990).

2. K. C. Liu, B, .J. Shih and J. W. Chern, J. Hleterocyclic Chem., 27, 391
(1990

326



M.Veveris, D.Jansone, L.Leitis, M.Shimanska, A.Aknazaryan*, G.Melikyan*,
A.Avetisyan*,

Institute of Organic Synthesis, Latvian Academy of Sciences, 21 Aizkraukles,
2726005 Riga, Latvia, *Yerevan State University, 375049 Yerevan, Armenia
CARDIOTONIC AND ANTIARRHITHMIC PROPERTIES OF

3 CYANO-4-(4-PYRIDYL-VINYL)-S,S-DlMETHYL-A3-—BUTENOLIDE

AND ITS ANALOGUES

3-Cyano4{R-vIny|}5.5—dimethyl-Aa-butenolides (1a,b) and their six-membered
analogues (2a,b) were synthesized by condensation of 3-cyano-4,5,5-trimethyl-
A3-butenolides and 3-cyano-4,6,6-trimethyl{5,6-dihydro)-pyrones with 3- or
4-pyridine aldehydes.

NC CH=CH-R H=CH-R
Oniﬂ’ " CH
(o} Hy 3
0”7 07 “CHy
la,b 2a,b

a R = 4-pyridyl; b R = 3-pyridyl

In experiments on anaesthetized cats compound 1a (at doses of 0.1-2.0 mg/kg
I.v.) Increased left ventricular pressure by 10-50%, dP/dt max — by 15-38%
and arterial blood pressure — by 3-30%. The positive tropic effect lasted
for 8 to 25 min. The regional blood flow changed less markedly (blood flow
In femoral artery changed in -5 to +15% range, in common carotid artery —
from +3 to +20% from initial). In case of 3-pyridyl-substituents (compound 1b)
the similar but shorter lasting (about 5-15 min) positive inotropic action was
noticed. At the same time compoupd 1b caused more marked changes in
heart rate (in +5 to -10% range) than 1a. Six-membered lactones (2a,b)
produced weak positive Inotropic and negative chromotropic action in
experiments on anaesthetized cats.

Thus studied unsaturated lactones and especlally compound 1a are capable
to produce a significant and selective cardiotonic effect without influence on
other haemodynamic parameters.

32
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tabolite and R' values of standard hypothetical metabolits of 1, which
werae obtained by contrary synthesis.

The rasult indicated that I was totally metahonlized an at intra-
peritonwal as well as at oral administration in the organism. It
should be pointed, that at oral admini{stration, the part of the com
pound was not absorbed in the system of blood flo& and was excreted
unchanged with feces.

According to our Anvestigation it may be assumed, that the meta-

ballsm of thd 1 carrys out by following scheme:

llil.--cl.l B <% = ~000CH (B OCH CH O, W = -0CHP

1. Dubur @.J., V-;crl- M. M., Weinheiwmer G., BPisinieks E.A., Makaro-
va N.. ., Kimenis A.A,, Uldrikis J.R,, Lukevic E.J., Doolmey 0., O=-
uwald H., Aruneim.~ Forch,/ Drug.Res. 39,(11),10,118%9-1189, (1989).
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BYNTHESIS AND CARDIOVASCULAR ACTIVITY OF
J-CYANO-Q-(I-PYRIDYL-VINYL)-5.S-DIHBTHYL-AJ-BUTZNOLIDE
AND ITS8 ANALOGUES

M.Veveris, L.Leitis, D,Jansone, H.Cirule, M.Shimanska,
8.Vecmane, A.Aknazaryan, G.Melikyan, A.Avetisyan

Institv*e of Organic Synthesis, Latvian Academy of Sciences,
Algkraukles 21, 226006 Riga, Latvia

Department of Organic Chemistry, Yerevan State .
University, 375049 Yerevan, Armenia

It is known that some synthetic and natural conpounds contrining
unsaturated five-membered lactones exhibit pharmacological activi-
ties indicating them as potential cardiotonic agents |1]. T'» struc-
ture of y-lactones ia a part of cardio-glicosides |2|. 3-Cyano-4-
(R-viny11-5,S-dlmethyl-AJ-hutenol1del (la,b) and their six-membered
analogues {(2a,b):

NC — _ CH=CH-R SH=CH=R

{ l NC
CH ~
N <CH3 s
n'
3 & \cn3
a) R « d-pyridil b) R = 3-pyridil

wera synthesized by the condensation of 3-cyano-4,5,5-trimethyl-
A’-bntanoliden and 3-cyano-4,6,6-trimethyl-(5,6-dihydro)~-pyrones
with 3= or Y-pyridine aldehyda.

In experiments on anaesthetirzed cats compound l1a (at doses of 0.1
to 2.0 mg/%kg, 1.v.) increased the pressure of left ventricule by
10-50%, &P/4t - by 15-38% and arterial blood pressure - by 3-308%.
The positive inotropic effect lasted for 8 to 25 min. The regional
blood flow changed less markedly (blood flow in femoral artery
changed in -5 to +15% range, in common carotid artery - from +3 to
+20%) ., In case of 3-pyridil-substituted (compound 1b) the similar
but shorter lasting ‘(about 5-15 min) positive inotropic action vas
obtained, At the same time compound 1b caused more marked changes
in the heart rate (in +5 to =-10% rai,e), than 1a, Bix-membered
lactones (2a,b) produced weak positive inotropic and negative
chronotropic action in experiments on anaesthetized cats. In exp:-
riments on anaesth~tized {urethan 1200 mg/kg, i.p.) Wistar rats
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¢ )mpound 1a and 1b (at doses of 0.5 =-2.0 mg/kg, 1.v.) decreased
the number of animals with lethal arrhythmias induced oy calcium
chloride (180 mg/kg, i.v.). Compound la (at a dose of 1 mg/kg) pro-
tected rqainst ventricular actopic beats, too. Antiarrhythmic acti-
tivy of investigated compounds with respect to experimental chloro-
form induced arrhythmia was studied in tests on IcR-IcL male mice
)y Lawson |3|. Compound 1a (at dose of 15 mg/kq, i.p.) and com-
pound 1b and 2a (at dosem of 30-60 mg/kqg, i.p.) prevented the de-
velopment of ventricular fibrfllation by 40-60%, A astandart preparn-
tion lidocaine cauned the same effect at a dose 28 ma/kqg. Acute
toxicity of the inveatiqgated compounds was atudied on albino male
mice weighting 20-24 g. It was determined that the acute toxicity
of compounda 1a, b at {.p. ndminiatration doen not rubatantially
differ from that of lidocaine ’LDSO - 180-220 ma/kg). Compounds 2a
and 2b are about two times lena toxic.

Thus, .u'n-hutenolideu and especially compound la are capable
to produce a a. inificant cardiotonic and antiarrhythmic effect.

References

1. Avetisyan A.A., Tokmadrhyan G.G. Chen, lbtereyel, Comp., 6,
723-739 (1987).

2, Avetisyan A.A., Danyan M.T. Uspekhi{ Khimit. 46 : 7, 1250-1278
(1977) .

3. Lawron J.W. J. Pharmacol. Fxp. Ther., 160, 22-26 (1968) .



SYNTHESIS AND CARDIOVASCULLAR RESEARCH OF SOME
5-CARBAMOYL- AND 5-ACETYLSUBSTITUTED
2-ALXYLTHIO-6-METHYL-4~ARYL~1,4-DIHYDROPYRIDINES

R.Vitolipa, A.Krauze, Z.Atare, V.Klusa, G.Duburs

Institute of Organic Synthesia, Latvian Academy

of Sclien es, Riaga, Latvia

6-Methyl-4-aryl-5-carbamoyl-3-cyano-1,4-dihydroonyridine-2(3H) -
thione I have been obtained by condensation of acetylacetamide with
2-cyano=-3-arylacrylthioamide, Alkylation of compounds I in a basic
medium with alkylhalogenes affordas 2-alkvlthio-t methyl-4-arv1=-5-
carbamoyl-3-cyano-1,4-dihydropyridines II.

2-Alkylthio-6-methyl-4-aryl-5-acetyl-3-cyano-1,4-dihydro} 'ri-
dines IT1Y have been obtained oy ¢ondensation of acetylacetone with
2-cyano-J—JTylacrylthioanlde in a basic medium with subsequent
alkylation with alkylhaloqgenes.

1

R R
H,NOC CN  H,NOC cnjoc | lCN
cHy N, 8 e, CHy AN 7 SCIE,R
H N
1 1 111
a) R1 - i a) R-R‘-H a) RPR‘"H
b) R' » C1 b) Rell, R'=Cl b) R=li, R'=C1
c) Relt, n‘-ocur2 c) R=Cil,, R'en

a) R=CN, R'an

o) R=COOC, e r'an
f) R=CONH,, n'-ocnr

1 2
¢) R=CN, R HOCHFZ

Cardiovascular activity of substances was i{nvesticated on
ananfthetized cats (blood pressure, heart rate, left ventricular

preasure and dP/d!m blood (low in carottd and femoral arte-

ax’
riea, venous blood outflow from coronary sinuss).
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been studied. Crystal structure of cis-RhCl(3-pic){P(OPh)s)y was
resolved.

CONDENSATION OF PYRIDINE ALDEHYDES
WITH METHYL DERIVATIVES OF SOME ALIPHATIC
AND CYCLIC COMPOUNDS

S. Kruca, D. Jansone, L. Leite, M. Shymanska
Latvian Institute of Organic Synthesis, Riga, Latvia

The base-catalyzed condensation of 2-, 3- and 4-pyridineal-
dehydes with acetaldehyde, acetone, acetonitrile, five- and six-
membered lactones at 25...75° in polar and nonpolar solvents such
as acetonitrile, methanol, benzene, tetrahydrofuran has been
studied. The mechanism of condensation depends on the nature of
nucleophile and position isomerism of pyridine aldehydes as well.
The condensation products are vinyl derivatives, aldols, pyridyl-
acroleins, pyridoin, products of Michael type reaction. In the case of
acetaldchyde, the use of conventional catalysts (sodium hydroxide,
sodium ethylate) gives rather poor yields of the condensation pro-
ducts:

@»(CH:CH)"CHO + CH,CHO — @(CH=CH)“CHO
N N

n=0,1 n=12

The strong organic base such as piperidine favors the tar
formation mainly. In the presence of triethanolamine and N-ethyl-
morpholine acetates the yields of 3-(pyridyl)acroleins amount to
24...40%. The most favorable catalyst for synthesis of 3-pyridyl-
acrolein is morpholine acetate or diethylamine (the yields amount
to 40...60%). In the presence of such catalysts the highest reaction
rates are observed in nonpolar solvents. When the reaction proceeds
involving the electropositive carbonyl carbon 3-pyridinecarbalde-
hyde is expected to be the most reactive isomer of the series.
IHowever really the conversion of pyridine aldehydes decreases in
sequence 4- > 2- > 3-isomer what may be due to participation of
pyridine aldehydes in reactions of other type.

20
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STUDY OF STRUCTURE-ACTIVITY RELATIONSHIPS IN SERIES OF PYRIDYL
LACTONES AS CARDIOTONIC AND ANTIARRHYTHMIC AGENTS

L.Leite, N.Veretennikova, V.Kudryashova, D.Jansone, M.Veveris*, E.Lukevics

Latvian Institute of Organic Synthesis. 21 Aizkraukles Str., LV-1006 Riga, Latvia;

[t is known that some of the synthetic and natural compounds containing unsaturated tive-
membered lactones exhibit a cardiotonic activity On the other hand, it should be noted that the
majority of cardiotonic substances of novel generation is derived from N-containing heterocyclic

compounds. To determine the role of lactone units and heteryl substituents as pharmacophores

responsibie for anuarrhythmic and cardiotonic acUvITy. SVIICYl v- and d-:aciones «i-v ... 1av2
been prepared and tested i vive ané 2x vivo
Compd Her R n
Het-CH=CH [-III  2-,3-or4- pyridyl CN 0
R~ IV 3-pyridyl COONa 0
=~ v z
| (CIHZ)n ; \% 4-pyridylvinyl CN 0 |
07 >0 T Me . VI-VIII  2-, 3- or 4- pyridyl CN 1
Me |L
[-VIII

Significant cardioprotective activity was found for 3-cyano-3,5-dimethyl-4-[1'.5'-
butadienyl-4'-(4-pyridyl)]-2(5H)-furanone (V). This compound not only caused vasodilatation
but also protected from heart rhythm disturbances. 3-Cyano-4-(3-pyridylvinyl)-5,5-dimethyl-
2(5H)-furanone (II) is shown to possess a marked cardiotonic and antiarrhythmic activity.

Besides, the computer screening using OREX expert system has been performed. It was
Predicted that cyano group, lactone carbonyl and aromatic nitrogen are important for

Cardiovascular activity of the synthesized compounds.
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Nucleophilic Addition Reaction of Unsaturated Methyl Lactones
with Pyridine Aldehydes

M. Fleisher, D. Jansone and L. Leite
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Abstract: New interpretation of the mechanism of CH-acid condensation with aldehydes using quantum chemical
method is reported in this work.

Keywords: Methyl lactone, pyridine aldehyde, nucleophilic addition reaction, Michael-type reaction , quantum
chemical calculation.

Introduction

Base catalyzed condensation of pyridine aldehydes with CH-acids (acetophenone, methyl pyridine and etc.) generally
afforded the vinyl- and/or hydroxyethyl derivatives of pyridine [1]. In the case of acetophenone the formation of the
Michael-type addition products in 5-6% yield was also observed. According to the traditional point of view the
Michael-type addition products are formed in this case step-wise via aldol condensation of aldehyde with CH-acid
followed by addition to double bond of second molecule of methyl derivative [2]. During the reaction of pyridine
aldehydes with gamma- and delta-lactones we observed the formation of aldol condensation products and Michael-
type addition products in 2-80% yield. The quantum chemical method was used in present work to receive the
information on the reaction mechanism.

Results and Discussion
We have found that the reaction of 3-cyano-4,5,5-trimethyl-2-(SH)-furanone (1) and 3-cyano-4,6,6-trimethyl-2-(5,6-

dihydro)-pyrone (2) with 2-, 3- and 4-pyridinealdehydes (3 - 5) in the presence of NaOH resulted in the unsaturated
condensation products (6 - 11) and Michael-type addition products (12 - 17):

Py-CH=CH
Nc
(CH,),
. o 0)“
NG H; 6-11
- ()(;H;_)n + Py-CHO — N
0% o
1,2 3_5 Py-CH
N

CH,
C
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\TTZm
0o

c
s 6-11

aTN I

According to the TLC data compounds 6 - 11 and 12 - 17 under the reaction condition studied (NaOH, methanol,

20°C) are formed simultaneously. Application of quantum chemical calculation method allowed to propose a
possibility of their formation via the following steps and intermediates, as it is shown for pyridine aldehyde 4 and

lactone 1:

%o N OH
=) I H (R'CH3) |
1. R-CHO + CHR — R—(IS-CHZR’ >| R-C-CH,R’
|
H @ H ®

OH H(I)H
I

2. |RC-CHR'| + Hf —— R:LCHR!
l

H ® H©

g e —f
HOH

|
3. | RC-CHR'

ﬁ@_

—

Cenrr

R-CH-(CH-R"),

OH
R-CH=CH-R’
CH, CN
R = 3-pyridyl; R'= T
o O

The ion-adduct A is characterized by C--C bond order 0.7. This bond is considerably strengthened after addition of
H". Bond C-C order of intermediate B is 1.5. The calculations showed that the participation of furanone molecules
R'CH3 in OH group formation is possible but energetic less favourably (stabilization energy of intermediate B in this

case is 1.24 eV) in comparison with H™ (proton affinity 12.8 eV). According to the above scheme both compounds -
unsaturated condensation products and Michael adducts are formed via one and the same intermediate C. As noted
above according to literature data such bis-pyrone derivatives as 12 - 17 would be resulted by Michael-type addition

reaction, i.e. by joining second anion "CH,R' to nucleophilic olefin 6 - 11. The negative charges on both olefinic C
atoms (according to our calculations) also confirm high possibility of the scheme proposed. It has been also shown
that a negative charge on C atom of anion "CH,R!' formed from methyl pyrone is larger than that of anion formed from

methyl furanone. Probably, it defines a higher efficiency of methyl pyrone as a nucleophilic reagent than that of


http://www.unibas.ch/mdpi/ecsoc/a0004.htm

methyl furanone in Michael reaction.
Conclusion

The employment of quantum chemical method gave the posibility to suggest the new mechanism of condensation
reaction of active methyl group with aldehydes.

Experimental Part

The synthesis of compounds 6 -17 and their physicochemical characteristics presented in [3]. The quantum chemical
calculations were carried out by means of semiempirical method AM1 using Program MOPAC 5.0. Geometric
parameters of all the structures considered were exposed to full optimization (algorithm of Broyden-Fletcher-
Goldfarb-Shanno). The computerized design of the starting molecules was performed using the LabVision Software
package [4].
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THEORETICAL INVESTIGATION OF
3-PYRIDINECARBOXALDEHYDE REACTION WITH
UNSATURATED y-LACTONE

Mendel Fleisher, Daina Jansone, Ludmila Leite and Edmunds Lukevics

Latvian Institute of Organic Synthesis
21 Aizkraukles Street, Riga LV-1006, Latvia, e-mail: misha@osi.lanet.lv

We have found that the base-catalyzed condensation of 2-, 3- and 4-pyndinecarboxaldehyde
with such y— and 8-lactones as 3-cyano—4,5, 5-trimethyl-2(5H)-furanone and 3-cyano-4,6,6-
tnmethyl-2-(5,6-dihydro) pyrone was accompanied by the formation of the Michael-type
products with 25-65% yield. In the present study the reaction of 3-pyridinecarboxaldehyde
with furanone was used as a model system in order to investigate the mechamsm of the
condensation reactions mentioned above.

HC N PyCH-CH N PHBJ[G!: o i
e — TS
;;LO 0 0”0,

Py = 3-pyridyl A M

The classical reaction path proposed for the base-catalysed aldol-type condensation
reaction, giving the croton products involves usually the primary formation of a hydroxy
derivative followed by dehydration. The calculations showed that water molecuie, hydrating
sodium ions [H;0...Na]", could participate in the protonation of the aldol condensation
product as a donor of proton to give a protonated hydroxy derivative (PHD) with the reaction
heat of -67.0 kcal/mol.

According to the quantum chemical calculations both reaction products, may be formed via

one and the same intermediate - PHD. The interaction of PHD with OH group (path I) led to

the unsaturated product (A) formation. The interaction of anion RCH; (formed from methy!
furanone) with PHD (path IT) occured regioselectively, and depending on the direction of the

attack, led to the croton product A or the Michaei-type compound M formation.
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| synthesis and Computer Prediction of the Pharmacological Activity of
Aryl v and &-Lactams

N.Veretennikova', A.Skorova', D.Jansone’, E.Lukevics', L.Leite', G.Melikyan®

Latvian Institute of Organic Synthesis, 21 Aizkraukles Str., Riga LV-1006, Latvia; Phone (371) 7551822;
Fax (371) 7821038; e-mail: hgs@osi.lv
2Departme-nt of Organic Chemistry, Yerevan State University, Yerevan 375049, Armenia

The new derivatives of unsaturated aryl v- and d-lactams were synthesized by

treatment of methyl lactams with aryl carboxaldehydes in the presence of sodium
hydroxide or solid base catalysts:

Ar =

R3

R' = H. Cl: R* = H. OCH, R* = H. NO,. CI. OH. OCH,, CH,. N(CH,),

The OREX expert system was used for the prediction of biological activity of the
synthesized compounds.

OREX is a system of tools to analyze structure-activity relationships of chemical
compounds, which implements the logico-structural approach (LSA). LSA algorithms are
based on the selection of the reliable biological activity features, i.e., structural
characteristics defining the type of compound activity. This approach includes the
special language for chemical structures description and procedures for activity
prediction and SAR analysis.

In the course of the computer analysis the cardiovascular activity was predicted
for the synthesized compounds, especially cardiostimulant. Below the example of the
prediction descriptor set for cardiostimulant activity is shown:

Descriptor features Occurrence Coefficients

Total Active Conf. Effic. Covering
=N-X]—-4—[=N] 14 5 0.19 0.90 0.02
(=N]—-4-[=0) 20 6 0.17 0.88 0.03
[(=N)-6—-(-CH3) 25 6 0.13 0.85 0.03
[=N-]-4-[=N)] 24 5 0.11 0.80 0.02

This descriptor set describes the lactam ring, with cyano group as the substituent.
So we can say that lactam ring can be responsible for the possessing cardiovascular
activity. Introduction of hydroxyl or dimethylamino group intc the aryl part of the
molecules can promote these compounds to display also anticancer activity.

Biological activitiy predicted will be tested experimentally.
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Synthesis and antitumor effect of aryl (heteryl) y and &-lactones

Ludmila Leite!, Daina Jansone’, Irina Shestakova', llona Domracheva’,
Nadezhda Veretennikova', Edmunds Lukevics' and Gagik Melikyan?

'Latvian Institute of Organic Synthesis, 21 Aizkraukles Str., Riga LV-1006 (Latvia);
°Department of Organic Chemistry, Yerevan State University, Yerevan 375049
(Armenia)

This report presents the cytotoxic activity data of unsaturated y- and 3-lactones. The
new derivatives of unsaturated lactones were synthesized by treatment of methyl lac-
tones with aryl (heteryl) carboxaldehydes in the presence of sodium hydroxide or solid
base catalysts:

Ar(Het) —CH=CH Ar(Het)~CH———CH2
N P N p
(l:Hg)m ; CHZ)m !
o7 0
m =0.1 —— =2
Re
Ar(He() _ o ST R =H.Cl;
A N N R. = H. OCH,
‘ il R, = H. NO,, CI, OH,
R. OCH,, CH,, N(CH,),.

The compounds containing a five- and six-membered lactones moiety were tested for anti-
tumor properties in vitro on monolayer mouse tumor cell lines: MG-22A (hepatoma), B16
(melanoma), Neuro2A (neuroblastoma). Cells were cultivated in DMEM standard medium
without an indicator in 96 wells plates for 72 h. Cells seeding concentration were 2-5x10*
cells/ml (depending on line nature). The final concentrations of the test compounds were 100-
0.01 ug/ml. Control cells were treated on the separated panel in the same manner only in the
absence of test compounds. A quantity of survived cells were determined using crystal violet
(CV) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) coloration. The
quantity of alive cells on control plate was taken in calculation for 100%. Concentration of NO
in plate wells was determined according Griess reaction.

Furanones exhibited higher activity against Mg-22A line than pyrones. 3-Cyano-4-[3-(4-
quinolyl)vinyl]-5,5-dimethyl-2(5H)-furanone showed selective activity against Neuro 2A 16 cells.
The activity decreased after the change of 4-quinolyl substituent of y-lactone by 2-isomer. 1

It has been found that some d-lactones in low concentration significantly stimu- |
late the nitric oxide biosynthesis in cells. |
|
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THEORETICAL INVESTIGATION OF E -Z PHOTOISOMERISATION OF
3-CYANO-4-(4-NITROPHENYLVINYL)-6,6-DIMETHYL-2(5H)-PYRANONE

M.Fleisher, D.Jansone, G.Andreeva, L.Leite, E.Lukevics.

Latvian Institute of Organic Synthesis, 21 Aizkraukles Str., Riga LV-1000,
Latvia. Phone: 371-7551822 Fax:371-821038 E-mail: misha@osi.lv

The base-catalyzed reaction of 4-nitrobenzaldehyde with 3-cyano-+4.6.6-trimethyl-2-(5.6-dihydro)-
pyranone leads to the formation of E-3-cyano-4-(4-nitrophenylvinyl)-6.6-dimethyl1-2(3H)-pyranone:

O.N

The investigation employing a semiempirical AM1 method to calculate the E«Z
photoisomerization process of 3-cyano-4-(4-nitrophenylvinyl)-6,6-dimethyl-2(3H)-pvranone
and structures of both isomers was undertaken. Optimum geometries of isomers in a ground
and two lowest excited states (singlet and triplet) were found. Structural, electronic and energetic
characteristics were estimated.

[t has been established that the E-isomer is more stable than Z-isomer in ground state. The
energy of S, 2 S, transition is higher for Z-isomer. Such a conclusion means thatin the case of
photostationary state Z-isomer will be predominant in the reaction system. This result of
quantum chemical calculation is in agreement with experimental data. Kinetics experiments
indicate that under influence of the visible light aproximately 809 of E-3-cvano-4-(4-
nitrophenylvinyl)-6,6-dimethyl-2(5H)-pyranone changes into Z-isomer .

Spectroscopic parameters (transition energies and oscillator strength) of pyranone Z- and E-
isomers were calculated using INDO/S-SCF-CI method developed by M.C. Zerneret al. [1].
The electron transition from HOMO to LUMO (p3p”) was characterized by the highest
intensity.

Simulated spectra of E- and Z-isomers are built using Gauss band shape and compared with
UV absorption spectra of pyranone. The mechanismof E«Z photoisomerization of pvranone
issuggested on the basis of the findings.

1. M.C. Zerner, G.H.Loew, R.FKirchner, U. TMueller-Westerhoff, J. Am. Chem. Soc.. 1980, 102,
N2, 589.
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Quantum Chemical Investigation of the Reaction of 4-
Nitrobenzaldehyde with 3-Cyano-4,6,6-Trimethyl-2-(5,6-
dihydro)-pyranone.

Daina Jansone, Mendel Fleisher*, Nadezhda Veretennikova, Ludmila Leite and Edmunds Lukevics

Latvian Institute of Organic Synthesis, 21 Aizkraukies Str., Riga LV-1006, Latvia.

Phone (371) 7551822; Fax (371) 7821038, E-mail:misha@osi.lv; http://www.osi.lv/

* Author to whom correspondence should be addressed.

Abstract: The base-catalyzed reaction of benzaldehydes with 3-cyano-4,6.6-trimethyl-2-(5,6-dihydro)-pyranone
proceeds unusually, and is accompanied by the formation of the Michael-type addition compounds along the
traditional crotonic condensation products. A model investigation of the mechanism by the semiempirical AMI
quantum chemical method for the case of the reaction of 4-nitrobenzaldehyde with 3-cyano-4,5,5-trimethyl-2(5.6-
dihydro)-pyranone showed that the products can be formed in parallel from one and the same intermediate compound.

Keywords: 4-nitrobenzaldehyde, 3-;:yano-4,6,6-rrirnethyl-2-(5,6-dihydro)-pyra.none, condensation, molecular
geometry, AMI.

Introduction

We established earlier that the interaction of 2-, 3-, and 4-pyridinecarbaldehyde with 3-
cyano-4,5,5-trimethyl-2(5H)-furanone and  3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-pyranone
occurs by an untraditional mechanism [1]. In the presence of catalytic amounts of sodium
hydroxide in methanol solution compounds of the Michael adduct type are formed together with
the product of crotonic condensation. The yield of the Michael product amounted to 25-65%. A
model investigation of the mechanism by the semiempirical AM1 quantum chemical method for
the case of the reaction of 3-pyridinecarbaldehyde with 3-cyano-4,5,5-trimethyl-2(5H)-furanone
showed that the products can be formed in parallel from one and the same intermediate compound

(2]
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The study of the benzaldehydes aldol condensation with 3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-pyranone
shows the formation of two similar products also [3]. The yield of the Michael product was of 60-80%. In the
present work we undertook a model quantum chemical investigation of the reaction mechanism for the case of the
reaction of 4-nitrobenzaldehyde (I) with 3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-pyranone (1I) leading to the product
of crotonic condensation III and the product of Michael addition I'V:

u\\ .
? = o T m 4 °
on— S .
l o [ N\\ 0
——=0.N —@—cu H H

Scheme. 1. Condensation of 4-nitrobenzaldehyde with 3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-
pyranone

Calculations

The quantum chemical calculations were carried out by the AMI method using the MOPAC 6.0 software [4]
with full optimization of the geometry of the reagents, reaction products, and reaction systems at the PRECISE level.
All stationary points were identified as a minimum on the potential energy surface. To obtain the data on the change in
geometry during the optimization process, calculations were performed using a keyword FLEPO. Post processing
visualization and animation were carried out with JMol program [5]. Computer design of the reaction system was
realized by means of the ChemCraft 1.3 software package [6].

Input files for all calculations and XYZ-coordinates for all computed species can be obtained from the authors
on request.

Discussion

It is known that the condensation of CH acid with aldehydes in the presence of NaOH starts with the deprotonation
of this acid. By the calculation of pyranone Il interaction with OH ion (Fig.1.), it was found that heat of the
deprotonation is -87.2 kcal/mol. The calculations indicate that the reaction studied occurs spontaneously without
an activation barrier.

It was established by us that the interaction of the water molecule formed during the deprotonation with Na"
may cause the formation of hydrated sodium ions: [H,O--'Na]+. Such complexes may be the source of the protons in

the reaction system [2].
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According to the general scheme of the mechanism proposed for the condensation of aldehydes with CH acids
it can be assumed that attack on the aldehyde by the anion, formed in the presence of the alkaline catalyst, leads to
the aldol condensation product. The calculations show that the subsequent transformation of the protonated aldol A
depends on the nature of the attacking nucleophile. During attack by the hydroxyl group the unsaturated product (III)
is formed (Scheme 2, path 1).

&
HOH H
OH™ b
ArCH=CHHet <«—— Ar—C—C—Het 4a-—.ossrcmcHzHet)2
1 Path 1 I | Path 2 v
H H,
A
NO, "

Scheme 2. Transtormation of aldol condensation product into crotonic condensation product III and

the Michael-type addition compound IV.

&Z‘ ° Q ® 533

Figure 1. Formation of deprotonated pyranone II in the presence of the alkaline catalyst
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Quantum Chemical Investigation of the Reaction of 4

a An attack on 3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-pyranone by OH ion;

b Deprotonated pyranone and HZO molecule.

Selected distances in A are shown.

Page 4 of 7

Figure 2 shows the structure of the reaction system consisting of the intermediate A and the OH™ anion (a) and

the reaction products in the form of compound III and two molecules of water (b). OH ion is directed to the atom
H, along the C(2)'H1 bond at the distance from H, of 3.10 A. With the approach of the hydroxyl group to a distance

of 2.857 A the water molecule removes. The elimination of H, from C(z) atom by OH ion results in leaving of

the second water molecule and unsaturated compound III formation (Fig.2 b).

The calculated length of the double bond (1.35A) agrees with the experimental value [7]. Calculations show

that the interaction of protonated aldol condensation product with OH ion takes place without an activation barrier.

The heat of reaction is —241.8 kcal/mol.

3.0 -

. PH;
T
rY& g

A N
N
v—{,y}‘b

Figure 2. The transformations of the protonated intermediate A in the reaction with the OH group.

a [Initial state; b reaction products (compounds IIT and two water molecules).

Selected distances in A are shown.

http://zikurats.osi.lv/~misha/ECCC9/Fleisher.html
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The reaction system “protonated intermediate - HetCH," ion” (Scheme 2, path 2) is shown in Figure 3. The
distances C(3) ....C(]) and C(3) . respectively are 5.14 and 3.30 A in the start state.

& ﬁ
d %%y

Figure 3. The transformations of the protonated intermediate A in the reaction with the HetCH, ion.
a Reaction system consisting of protonated intermediate A and HetCH, ion;
b Reaction products: compounds IV and water molecule.

Selected distances in A are shown.

The distances C(3) ""C(l) and C(3) ...H, respectively are 5.14 and 3.30 A in the start state. The distances Cm
-...Cqyy and Cp5y ... H, respectively are 5.14 and 3.30 A in the start state.

During attack by deprotonated pyrone (the charge of C(3) atom is —0.386) on the C(” atom (the charge is
0.146) after approach of the reagents to a distance of 4.895 A between the C(3) and C(l) atoms the dehydration
occurs. With approach of the C(3) atom to the C(l) atom to a distance of 1.523 A a compound IV is formed (Fig. 3
b). At this moment the distance between water molecule and C(l) atom is 4.087 A.

Visualization shows that inversion of the configuration of the tetrahedral carbon atom C(l) (Walden inversion)
takes place. The reaction heat is —166.6 kcal/mol.

It was found in the earlier work [2] that reaction of intermediate with the deprotonated lactone takes place

regiospecifically and can lead to the formation of both the crotonic condensation product and the compound of the
Michael adduct type. An attack of deprotonated lactone on C(l) atom induces the formation of the Michael adduct
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N 1
IT (bimolecular elimination E,)

In the present work, it was shown that the reaction between deprotonated pyranone II and protonated aldol A
is not regiospecific and intermediate takes part in substitution reaction only. Such mechanism can explain why the
yields of the Michael adduct type in this case are significantly higher than such one found in the reaction of furanone
with of 3-pyridinecarboxaldehyde.

The authors of the work [1] suggested that the Michael adducts could be formed by aldol condensation of the
aldehyde and the CH acid followed by dehydration and addition of a second molecule of the nucleophilic reagent at
the double bond of the obtained olefin. According to the our calculated data, compound III is fairly strongly polarized
(dipole moment 5.5 D), but the olefinic carbon atoms most likely have an excess of electron density, which is
unfavorable for the addition of a deprotonated pyrone.

Thus, the reaction of benzaldehydes with 3-cyano-4,6,6-trimethyl-2-(5,6-dihydro)-
pyranone in the presence of the base proceeds unusually, the formation of crotonic condensation
product accompanied by the appearance of the Michael-type addition compound. According to
the theoretical investigation of the mechanism by the semiempirical AM1 quantum chemical
method, the products of 4-nitrobenzaldehyde with 3-cyano-4,5,5-trimethyl-2(5,6-dihydro)-
pyranone reaction can be formed in parallel from one and the same intermediate — protonated
aldol condensation product. The reaction of the intermediate product with the hydroxyl group
followed by dehydration leads to the pyridylvinylpyranone. At the same time, the reaction of the
intermediate with the deprotonated pyranone leads to Michael-type addition compound.
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