LATVIJAS UNIVERSITATE

FUNKCIONALIZETU 2,6-DI-TRES-BUTILFENOLA ATVASINAJUMU

SINTEZE UN KIMISKO IPASIBU I1ZPETE

Promocijas darbs doktora grada iegasanai kimijas nozaré organiskas kimijas

apaksnozaré

Darba autors:
Latvijas Organiskas sintézes institata

doktorants Osvalds PugovicCs

Riga, 1998



Promocijas darbs izstradats Latvijas Organiskas sint€zes institita laika posma no

1992. gada 11dz 1995. gadam.

Darba raksturs: disertacija kimijas nozar€ organiskas kimijas apak$nozaré

Darba recenzenti:
1. Dr. hab. kim., prof. Andris Zicmanis
2. Dr. hab. kim., prof. Andris Strakovs

3. Dr. hab. kim., Grigorijs Veinbergs

Darba aizstavésana notiks Latvijas Universitates kimijas nozares habilitacijas un

promocijas padomes PEEEE® sédé 1998. gada 19. marta plkst. 142 Lawvijas

Universitates Kimijas fakultaté Kr. Valdemara iela 48.

Ar darbu un ta kopsavilkumu var iepazities Latvijas Universitates bibliotéka,

Kalpaka bulvar 4, un Latvijas Akadémiskaja biblioteka, Ripniecibas iela 10.

Padomes priekssédis:



Satura raditajs
1. Ievads
2. Nikanartina sintéze
3. Nikanartina analogu sintéze.
3.1. Nikanartina analogu sintéze ar dazadu kédes garumu
3.2. Sazarotas virknes Nikanartina analogu sintéze
3.2.1. Aizvietotajs o.-stavokli pret fenola gredzenu
3.2.2. Aizvietotajs B-stavokli pret fenola gredzenu
3.2.3. Aizvietotajs y-stavokli pret fenola gredzenu
3.2.4. Diaizvietotu Nikanartina atvasindjumu sintéze
4. Nikanartina atvasindjumu biologiska aktivitate
S. Nikanartina potenciialo metabolitu sintéze
5.1. Metabolitu biologisko parbauzu rezultati
6. Secindjumi
7. Eksperimentala daja

8. Literatiiras saraksts

10

10

18

18

21

24

27

30

33

38

41

43

47



1. Ievads

Ateroskleroze ir viena no misdienu visvairak izplatitajam saslim$anam, kas it
ipasi izplatita industriali attistitajas valstis. Pastav daudz viedok]u par tas izcelsmes
iemesliem un iespéjam tos novérst. Nesen Ross' izvirzija ta saukto “response to
injury” teoriju par aterosklerozes genézi. Saskapa ar to savienojumi, kuri rada
asinsvadu sienipu endotélija bojajumus, ir oksidativi modificéti zema blivuma
lipoproteini (ox-LDL)?. Sos savienojumus generé pats endotélijs, un tie var izsaukt
leikocTtu migraciju asinsvadu sienipds, samazinot to elastibu un izturibu. No otras
puses, ox-LDL izdaliSanas ietekmé aug$anas faktoru sint€zi, tadejadi izraisot gludas
muskulatiras §tinu proliferaciju, kas rada asinsvadu sienigu sasaurindjumu’.

Lidz ar to jau ilgaku laiku medicinas kimijas joma stradajoso zinatnieku uzmanibu
piesaista antioksidantu un lipidu limeni pazemino$o fragmentu kombinacija viena
molekula. Tas Jautu pazeminat visparéjo LDL limeni asinis, taja pasa laika kavéjot to
oksidéSanos par ox-LDL.

Viens no plasi pazistamiem antioksidantiem ir 2,6-di-tres-butil-4-metilfenols (1.

butylated hydroxytoluene, BHT).

OH
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1, 2,6-di-tres-butil-4-metilfenols 2, probukols 3

Si savienojuma sp€ja viegli veidot stabilu fenoksilradikali ir labi pazistama, un to
izmanto ka tehnisko produktu vai partikas stabilizatoru. Analogisks savienojums -
4,4’-(izopropilidénditio)-bis-(2,6-di-tres-butilfenols) (2, probukols) ir labi pazistams

‘ o & . o soily
agents holesterola limena pazeminasanai asinis".



Labi pazistams hipolipidémisks agents ir nikotinskabe vai, vél labak, savienojumi,
no kuriem ta veidojas metaboliska cela. Viens no popularakajiem $aja grupa ir piridil-
3-karbinols (3)’:

Jau 1989. gada firma Boehringer Ingelheim6 sintez€ja savienojumu 4, kas apvieno

sevi abus minétos farmakoforos fragmentus:

t-Bu
HO

t-Bu -
4
Sim preparatam atrasta augsta inhib&osa aktivitite attieciba pret vairakiem
oksidgjosiem enzimiem, bet ta hipolipidémiska iedarbiba, diemZ&l, nav pétita.
1993. gada Golds un ITdzstradnieki’ patent€ja jauna tipa preparatu Nikanartinu (5)
ar augstu hipolipidémisku aktivitati, kam piemit arT LDL oksidéSanos inhib&josas un
gludas muskulatiiras §inu proliferaciju aizkavéjosas Ipaéi'bass’g:

t-Bu
HO

t-Bu

5, Nikanartins

Lidz ar augstak minéta tipa savienojuma paradiSanos pétjjumu redzesloka
izvirzijas ari vairakas problémas, kuru risinasana bija $1 promocijas darba uzdevums:

1. BHT atvasingjumu antioksidantu ipasibas balstds uz to sp€ju viegli veidot
fenoksilradikalus, kuri disproporcion€jas, veido dimérus un aduktus ar tos
inic€jusajiem radikdliem vai vidé esoSajiem nukleofilus centrus saturoSiem
savienojumiem. Lai izvairitos no $adas BHT transformacijas, sarezgitaku savienojumu
sintéz& izmanto aizsarggrupas. Ari aprakstita Nikanartina sintéze’ ir sarezgits 6 stadiju
process, kura kopigais iznakums ir aptuveni 25%. Tapéc nepiecieSams izpétit. kados

reakciju apstaklos bez aizsarggrupu lietosanas iesp&jama minéto BHT atvasindjumu



sintéze bez oksidacijas piemaisijumiem. Sai shémai jadod praktisku iesp&ju iegiit
lielakus preparata daudzumus biologiskiem pétjjumiem un jabit piemeérojamai
ripnieciskai sintézei.

2. Ta ka BHT un nikotinsk@bes prekursoru &teri ir jauna savienojumu klase
hipolipidémisko antioksidantu grupa, trukst informacijas par struktiiras - aktivitates
likumsakaribam Iidzigu savienojumu rinda. Lidz ar to izvirzas uzdevums izstradat

sintézes metodes un iegiit sekojosu struktiiru Nikanartina analogus:

t-Bu
HO N

t-Bu ,? m o
Kur n=1, 3;
m=1,3,6
6, Nikanartina analogi ar dazadu kédes garumu
t-Bu
HO

t-Bu
R; R,

Kur R4, Rp,R3 - alkilaizvietotaji C4-C4
X-OvaiS

7, Nikanartina analogi ar sazarotu kédi.

3. Literatira nav zigu par struktiras 6 un 7 savienojumu metabolismu. Tas
nozimé, ka javeic selektivu oksidéSanas reakciju pétijumi, kas palidzétu noskaidrot
Nikanartina oksidativas biotransformacijas iesp&jamos virzienus un pagatavot

potencialo metabolitu standartus farmakologiskiem pétijjumiem.



2. Nikanartina sintéze

Literatiira piedavatais’ Nikanartina sintézes cel$ atspogulots sekojo3a shéma:
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Galvenie trukumi $aja shéma ir lielais stadiju skaits un lielaku vielas daudzumu
uzstradei maz piemérotie reagenti, ki, pieméram, litija alumohidrids, natrija bis-
metoksietoksialumohidrids, pikolilhlorids. Janem véra ari niecigais kop€jais iznakums
visam procesam - 25% un ilgais laiks, kas nepiecieSams ta realizacijai.

Nemot véra to, ka 2,6-di-tres-butilfenolu O-alkil€Sanas reakc:ijasIO notiek tikai
stipru bazu klatiené, més nolémam izmé&ginat shému bez aizsarggrupu ievesanas
fenoliskajai hidroksilgrupai savienojuma 9. Lai vél vairak samazinatu blakusreakciju
lesp€ju $3ja stadija un vienlaicigi izvairitos no nepiecieSamibas sintez&t pikolilhloridu,
tika nolemts ka alkilétaju reagentu izmantot nevis pikolilspirta atvasinajumu, bet no
spirta 9 iegilistamu agentu. Literatira ir aprakstita di-tres-butilfenilpropanola 9

parveérSana par atbilstoso bromidu'', bet ta ir iesp&jama tikai Joti maigos apstaklos ar



oglekla tetrabromidu trifenilfosfina klatbatné. Paréjas metodes, saskana ar literattiras
datiem'?, dod sareZgitus produktu maisijumus. Tapéc izvél&jamies variantu, kurd
spirtu vispirms parvérs atbilsto$aja mezilatd un tad izmanto ki alkilétaju. Patenta’
piedavatos fazu pameses reakcijas apstaklus nolémam aizstait ar alkilésanu
dimetilsulfoksida, kas izradas Joti piemérota Viljamsona &teru sintézes procesam'-.
Savukart, reducgjot esteri 8 par spirtu 9, natrija bis-metoksietoksialumohidridu

planojam aizvietot ar natrija borhidridu, kur$ reducg esterus, ja to aktivé ar metanolu

t-butanola'’. Rezultati tika izplanota un realizéta 3 stadiju sintéze, kura paradita

talakaja sheéma:
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Pirmaja stadija komerciali pieejamo esteri 8 un natrija borhidridu $kidina t-
butanol un, 1&ni pievienojot metanolu, reducé par spirtu 9. Sis stadijas iznakums ir ap
90%, iegtuta produkta tiriba bez papildus apstrades >95% saskana ar
gazhromatografijas datiem, un to var viegli realiz€t laboratorijas apstaklos ar 500g
izejvielas iekravumu. 3.3-di-tres-Butilfenilpropanolu 9 benzola $kiduma trietilamina

klatbitné apstrada ar nelielu (*5%) mezilhlorida parakumu un, ietvaicgjot filtratu, ar



gandriz kvantitativu iznakumu iegiist mezilatu 14, kur§ péc vienas kristalizacijas no
izopropilspirta ir izmantojams p&dgja stadija.

Procesa noslédzosa un vienlaicigi arl atslégas stadija ir Viljamsona &éteru sintéze
no mezilata 14 un piridilkarbinola. Vispirms paaugstinata temperatira
dimetilsulfoksida skiduma pikolilspirtu apstrada ar smalki saberztu natrija sarmu, un,
péc atdzesg$anas lidz 5-10°C, iegiitajam maisljumam pievieno mezilata 14 Skidumu

dimetilsulfoksida. vienas

Stadijas iznakums ir tuvs kvantitativam, péc
parkristalizacijas no izopropilspirta gala produktd ar hromatografiskam metodém
nevar konstatét mezilata 14 klatbiitni. Kopéjais procesa iznakums ir lielaks par 75%.
Izméginatie kondensaciju apstak]i un atbilstosie iznakumi apkopoti 1. tabula:

1. tabula. Viljamsona &teru sint€zes iznakumi dazados apstak]os.

Npk. Kondensacijas NNaOH/NROMs Ilpyc}{zOH/ nroms | Reakcijas Iznakums,
temperatiira, °C laiks, h %

1 27 4.0 1.5 12 84.5

2 110 1.1 1.1 4.5 34.0%*

3 25 1.5 2.0 2 67.0**

4 30 1.7 1.5 45 73.6**

*- produkts S attirits hromatografiski

** - jelprodukta iznakums >90%. bet konstat€jamas mezilata 14 pedas, uzdots
iznakums péc attiriSanas.

Izstradata metode, ka redzams iepriek$gja shéma, izradijas arl pietiekami
universila Nikanartina tioanaloga 15 sintézei. Péc literatiira aprakstitas metodes'” arti
pagatavojams pikoliltiuronija hlorids, kuru apstradajot ar sarmu dimetilsulfoksida in

situ rodas pikolilmerkaptans. Tam. savukart, reag€jot ar mezilatu 14 var iegit

nepieciesamo tio€teri 15. [znakums $aja reakcija ir nedaudz vairak ka 70%.




3. Nikanartina analogu sintéze

So uzdevumu nosaciti var sadalit divas dalas. Viena dala attiecas uz Nikanartina
analogu sint€zi ar dazadu kédes garumu starp BHT un piridilkarbinola grupam (skat.
struktiru 6), bet otra - alkilaizvietotaju ievadisanu Nikanartina molekula, iegtistot
preparata analogus ar virknes sazarojumu starp abiem fragmentiem (7).

3.1. Nikanartina analogu sintéze ar dazadu kédes garumu

Saja savienojumu grupa Ipasu interesi izraisa vielas, kuru &tera saite no BHT
grupas atdalita ar vienu metiléngrupu:

t-Bu
Py
: \ \/\/@
Oﬁ t-Bu o} _N
R
R=H 18

t-Bu

pey
t-Bu
1

16: R=
17: R=Me
t-Bu
HO
t-Bu 0 - |N
1—9- e )

Eteri 16 un 17 péc C-O-C saites SkelSanas atbrivo 3,5-di-tres-butil-4-
hidroksifenilmetanolu (20), bet savienojums 17 nevar dot nikotinskabi. Tadejadi
biologiskajos testos vajadz€tu novérot hipolipidémiskas aktivitates zudumu, kas
apstiprinatu piepémumu, ka par So iedarbibu ir atbildiga tiesi piridilkarbinola dala.
Savukart &teri 18 un 19 metaboliskajas parvértibas varétu dod nikotinskabi, bet tikai
péc alkilkédes oksidativas degradacijas’. Tam vajadzétu nodrosinat preparata darbibu

ilgaka laika posma.
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Patenta’ ir aprakstita &tera 19 sintéze:

t-Bu t-Bu
—
t-Bu OH t-Bu
20
t-Bu
(PhP) 4Pd/ Py(CHy)g OH _ HO J@\/
MeCN, 5 di "
g 5’2 , 5 dienas +-Bu @,

w\/\/\g
8 S

Tomér reakcijas iznakums ir mazs, neskatoties uz izmantoto efektivo katalizatoru.

Literatira'® ir daudz noradijumu par &teru sintézi no 3,5-di-tres-butil-4-
hidroksifenilmetanola (20), bet pamata tie attiecas uz dazada garuma alkil€teru
iegliSanu un ietver abu komponentu variSanu skaba katalizatora klatbatne.

Tikai nedaudzas no misdienu metodém piedava &terifikacijas reakcijas izmantot
spirtam 20 atbilstoSos halogenidus'’. Atseviskos gadijumos ieteikts izmantot N,N-
dimetil-N-(3,5-di-tres-butil-4-hidroksibenzil)aminu ka alkilétagju skaba vide'®.
Jaunakos darbos iesaka ceturtéjo acilamonija salu izmantoSanu BHT grup&juma
ievesanai molekula'®. Literatiira minétas vairakas metodes, kuras paredz sakotngju
hinometida 24 generéSanu no 2,6-di-tres-butil-4-metilfenola 1%, vai benzilspirta 20 un
sekojosas reakcijas ar nukleofiliem, taja skaita spirtiem, veidojot &terus. Parbaudot $o
papé€mienu, piridilkarbinola 3 gadijuma izradijas. ka metode var bat efektiva tikai
izmantojot lielu spirta parakumu, kas ir piepemami reakcijas ar zemakajiem
alkilspirtiem, bet pilniba nepieméroti izmantojot augstakos spirtus, kuri, pirmkart,
1€nak reagé ar hinometidu, radot iesp&ju ped€jam dimerizaties®', un, otrkart, to

parakums grati izvadams no reakcijas vides produktu attirot.

11



Izmantojot dazada garuma piridilalkanolu &teru sintézei reakcijas variantu, kura
spirtam 20 jadarbojas ka alkilétajam, reakcijas maisijums atri kluva intensivi krasots
pat strikti ievérojot visus priek3noteikumus, kas izslédz skabekla pieklGSanu videi.
Tomér gaiditos &terus reakcijas vid€ neizdevas konstatét pat zimju limeni. Brivu
piridilalkanolu vieta izmantojot atbilstoSos hidrohloridus, jau p&c neilgas variSanas
acetonitrila paradijas nogulsnes, tomér izradijas, ka tie nav gaiditie &teru hidrohloridi,
bet gan piridinija sali 21-23 un 27. Visi turpmakie eksperimenti pieradija, ka skabes
klatbutn€ nav iespgjams iegit BHT un piridilkarbinolu &terus. Lai noskaidrotu, vai
pastav iespgja realizét piridinija salu 21-27 izomerizaciju par &teriem 16,18,19,
izmantojam Ladenburga N-alkilpiridinija saJu termiskas pargrupé$anas pamatprincipu.
Migrgjosa alkilgrupa stajas pie piridina molekulas elektronegativaka atoma - parasti
C2 vai C4 oglekla atoma. Mis interes§joSo piridinu 21-23 molekulas
elektronegativais centrs ir spirta grupas skabek]a atoms. Apstradajot So salu
suspensiju tetrahidrofurana ar natrija hidridu, patie$am notiek pargrup&sanas, kuras
produkti ir &teri 16-19:

t-Bu ( . OH t-Bu

HO HO N,
N NaH/THF |
3-Py(CH,), OH . N —>ay 0 =
t-Bu G ) )
" t-Bu \:aCI, H, /' 16, 18,19
J©\ 21,22, 23 .

kur: 16: n=1

t-Bu t-Bu HO n 18: n=3
+ =z ;

t-Bu ~ N kur: 25a: n=1

24 25 a-c 25b: n=3

25c: n=6

t-Bu
(0]
NaH/THF t-Bu
t-Bu CI— 0 o)
u
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Pargrupésanas mehanisms v&l nav skaidrs, tatu més piepemam, ka, atraujot
hlorida anjonu piridinija salim 21-23, molekula sabriik, veidojot ]oti reaktivu dalinu -
hinometidu 24, kur$ reagé ar vidé esoSo nukleofilu - spirtu 25 un veido vajadzigo
€teri. Eksperimenta ar otr€jo spirtu 26 izdevas iegiit &teri 17, tau k3 pamatproduktu
izdalijam cikloheksadienona atvasinajumu 28, kura raSanos var izskaidrot tikai ar
hinometida 24 klatbiitni reakcijas vidé. Bez tam, neskatoties uz pazeminato
temperatiiru un inertu atmosferu, reakcijas maisijums satur daudz krasainu produktu,
kuru rasanos var izskaidrot ar hinometida 24 uzkrasanos reakcijas vidé™. Acimredzot
otr&jais spirts ir stériski traucéts, un pievieno$anas reakcija norisinas 1énak. Tadgjadi
reakcijas vidé uzkrdjas hinometids 24, kas var dimerizéties, dodot raksturigos
krasainos blakusproduktus.

Pirmg€jo spirtu &teru iznakumi nav ieverojami atkarigi no k&€des garuma (iznakumu
samazina$ands parejot no 16 pie 18 un 19 drizak izskaidrojama ar zudumiem
kristalizacijas laika, jo 2. tabuld doti tiru vielu iznakumi).

2. tabula. Eteru 16-23 iznakumi pargrupé$anas reakcija

Savienojums Iznakums. %
16 94
17 24*
18 67
19 72

* ar 61% iznakumu izdalits cikloheksadienona atvasindjums 28.

Optimizgjot reakcijas apstak]us savienojuma 16 sintézei, mé€gindjam izmantot
citas bazes hloridjona atrausanai. legltie rezultati atspoguloti 3. tabula.

Visos gadijumos, iznemot natrija hidrida reakciju, pat pazeminita temperatiira
rodas ievérojams daudzums blakusproduktu. NeapSaubami, sausa natrija hidrida

lietoSana reakcija nav pievilciga no preparativa viedokla, jo sakuma prasa zindmu

13



aktiv€Sanu sasildot, bet péc reakcijas sakuma, uz ko norada idepraza izdaliSanas, atkal
strauju atdzeséSanu, lai noverstu blakusproduktu rasanos.

3. tabula. (3,5-di-trest-Butil-4-hidroksifenil)metil-(3-piridil)metil &tera 16 sintéze

N.p.k. | Baze/Skidinatdjs | Laiks/ T, (°C) | Iznakums (%)
NaH / THF 3h/-15 94
2. NaH / THF 2h /20 45
3. BaO / MeCN 3h/ varot 41
4. K>CO; / MeCN 5h/ varot 40
5. | K,COs/DMF 1h / varot zimes”
6. Et;SiH / THF 24h/ 20 nav reakcijas.
7. | DABCO/THF 24h /20 o>
8. NaOMe /MeCN 2h / varot zimes®

%_ |oti daudz krasainu reakcijas produktu, nelielu daudzumu (<1%) &tera 16 var izdalit
hromatografiski.

®)_ reakcijas maisijuma var konstatét brivu piridilkarbinolu (GC) un alkilétu DABCO
Lai izvairitos no minétajam griitibam, izm&gindjam sililéteru metodi*. Vispirms

piridina hidrohlorida reakcija ar 3,5-di-fres-butil-4-hidroksifenilmetanolu (20)

praktiski ar kvantitativu iznakumu pagatavojam piridinija sali 29. Apstradajot

piridinijja sali 29 ar O-trimetilsililpiridilkarbinolu 30 tetrahidrofurana, ieguvam

vajadzigo &teri 16 ar 82% iznakumu:

|
Nt t-Bu OTMS
t-Bu N H |
ST i D 2
>
R OH MecN tBu THF
Istabas temp.
20
t-Bu
HO N
' oM
t-Bu
16

Paraléli miné€tajam pielietojumam pétijam ari citas iesp€jas izmantot piridinija sali

29. Literatira aprakstita®® metode 3,5-di-tres-buril-4-hidroksifenilmetilgrupas

14



jevadiSanai molekuld, izmantojot atbilstofo halogenidu reakcijas. Sis metodes
pamattrikumi ir nepietickami augstais iznakums un ari bis-alkileSanas produktu
klatbatne reakcijas maisijuma. M€s piedavajam savu reagentu - piridinija sali 29 $sadu
alkil€Sanas reakciju veiksanai. Parbaudes eksperimenti ar malonesteri un cianetikesteri

rada, ka iesp&jams iegit tirus produktus ar augstu iznakumu:

COOEt
t-Bu Na" i t-Bu
t-Bu NCI_’ DMso t-Bu
29 R=COOEt, 96%

R=CN, 78%

Optimali reakcijas apstakli - dimetilsulfoksids istabas temperatira.

Kopuma pétijjumu rezultata, izmantojot ste€riski traucétu fenolu klases ipatnibas,
radita jauna metode 3,5-di-tres-butil-4-hidroksifenilmetiléteru sint€zei ar augstu
iznakumu un ftiribas pakapi, kura ir vienkarSa lietoSana. Paraléli izstradats jauns
reagents 3,5-di-rres-butil-4-hidroksifenilmetilgrupas ievadisanai pie oglekla atoma
reakcijas ar karbanjoniem.

Turpinot &tera 16 kimisko ipaSibu p&tisanu, apskatijam iespgjas ievadit dazadus

aizvietotajus benziliskaja metiléngrupa.

taums G

j\ﬁ\\o '
33

kur:
35 R=Me
36 R=OMe v t-Bu
37 R=OEt HO@\( /@ HO
38 R=OCH2Py o _N

04& +-Bu t-Bu H

R
39R=0-|70 35-39

0

o

T
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Oksidgjot savienojumu 16 ar sarkano asinssali baziska vide, ieguvam relativi
stabilu hinometidu 33. Savienojumu 33 var parkristaliz€t no heksana, sausa veida tas
ir uzglabajams vairakas dienas, kamér $kiduma vai uz silikagela atri paradas aldehida
34 piemaisijums. Reakcijas ar nukleofiliem viegli rodas pievienosanas produkti 35-39.
Reakcijas produkts ar etilmagnija bromidu 35 ir stabils, turpreti spirtu pievienosanas
produkti 36-39 ir acetala struktiras un $kidumos sadalas mitruma iedarbiba, veidojot
aldehidu 34. Izdarot eksperimentu dimetilsulfoksida ar 25% tdens piedevu, péc 8
dienu iztur€Sanas istabas temperatira konstat€ts 30% aldehida 34 piemaisijums
acetala 38.

Atskiriba no O-nukleofiliem reakcija ar metilaminu vispar neizdodas iegiit gaidito
aminalu, ta vietd rodas imins 40.

Negaidits rezultats tika iegiits, oksid€jot acetalus 36, 38 un dimetilacetalu 41 ar

sarkano asinssali baziskos apstak]os.

OH o OH o Py o By
t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu gy t-Bu t-Bu
S~ " + t-Bu +
(@) R
gz 31 < o g 0~ OCH,Py O” OCH,Py
36 R4=CH,(3-Py); 42a R,=CH5(3-Py); 43a, R=CH,Py 44 45
Ro,=Me R4=Me 43b, R=Me

38 R4y=R,= CH,(3-Py) 42b R4=R;= CHy(3-Py)
41 R =R,=Me

Reakcija rodas produktu 42-46 maisijjums, kura sastavs ir atkarigs no acetala
struktlras un atspogulots 4. tabula.

Gadijuma, kad R,=R,=(3-Py)CH,, domingjosais produkts (76% izdalita iznakuma)
ir esteris 42b, aromatiskais esteris 43a rodas ar aptuveni 10% iznakumu, bet

atvasinajumu 44 un 45 iznakumi ir 2-3% robezas. Aizvietojot vienu no pikolilgrupam
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ar metilgrupu, ar 90% iznakumu tiek izdalits ipso-pievienosanas produkts 42a, kamér

dimetilacetals 41 ar 91% iznakumu dod atvasinajumu 43b.

4. tabula. 3,5-di-tres-Butil-4-hidroksibenzaldehida acetalu oksidésana

R! R® Iznakumi, (%)

42 | 43 | 44 | 45
CH»(3-Py) |CH.(3-Py) | 76 | 10 | 2 3
Me CH>(3-Py) | 90 | - - -
Me Me - 91 - -

Pielaujot hinometida 46 rasanos reakcija, var izskaidrot estera 43 veidoSanos caur
Gdens pievienoSanu oksidacijas produktam 46 un ortoestera 47 sabruk3anu, izSkelot
vienu molekulu spirta. ST pedéja stadija aprakstita lieratiira un realizéjas, oksid&jot

g ~1...252
dazadus acetalus™2°.

———
= o =
t-Bu i t-Bu e wEu t-B " B
+OH" -ROH BY bBY
e R —_—
R R R.0' RO
So7o” OO\H o g™
48 a7 = |
- 43

Savukart ipso-pievienoSanas produkti 42 un 44, ka ari fenil&teris 45, kurus izdala
no reakcijas vides nav izskaidrojami minétas shémas ietvaros. Sis parvértibas
mehanisms patlaban ir nenoskaidrots, bet neapSaubama ir fenoksilradikala rasanas
pirmaja stadija. uz ko norada zilganzalais krasojums reakcijas sakuma, kam pamazam
paziidot, maisfjuma vairs nevar konstatét ari izejvielu.

legiitie rezultdti parada, ka hinometidu sist€mas ir [oti &rts sint€tisks instruments

dazadu atvasinijumu pagatavoSanai. [zmantojot hinometidu reakcijas, iesp&jams
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ievérojami vienkarSot garas sintétiskas shémas ar dargu katalizatoru un aizsargrupu

pielietoSanu.
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3.2. Sazarotas virknes Nikanartina analogu sintéze

Sazarotas 4-oksa- un 4-tiapentana virknes konstruéSana Nikanartina molekula Jayj
ieglit vairak informacijas par struktGras - aktivitates likumsakaribam $adu
savienojumu rindas.

t-Bu
HO

t-Bu

Kur R4, Ry,R3 - alkilaizvietotaji C4-Cy
X-Ovai S

7, Nikanartina analogi ar sazarotu kédi.

Aizvietotdjs R; pie a—oglekla atoma pret fenola gredzenu, visticamak. varétu
ietekmét fenoksilradikdla veidoSanos, tad€jadi izmainot visas molekulas
redokspotencialu un, 1idz ar to, arT antioksidanta aktivitati. Savukart, ievadot molekula
aizvietotaju Rj tiktu telpiski apgritinata pieeja &tera saitei un tas hidrolize organisma.
Tas izraisitu hipolipidémiskas aktivitates izmainu un var€tu paildzinat preparata
darbibu. Visbeidzot, aizvietotdjs R, var izmainit visas molekulas kopéjo lipofilitati,
tadejadi ietekmgjot preparata uzsiik$anas sp&ju organisma.

Turpmak tiks apskatiti katra atseviSka aizvietotdja ievadiSanas papémieni
molekula.

3.2.1. Aizvietotajs o—stavokli pret fenola gredzenu

Izmantojot misu jau iepriek$ izstradato taktiku, varétu secinat, ka galvenais
priekSnoteikums alkilaizvietotaju ievadiSanai a—stavokll pret fenola gredzenu butu
pagatavot atbilstoSos, propanolam 9 analogos, spirtus. No otras puses, iesp&jamas 4.
stavokll neaizvietota 2, 6-d-tres-butilfenola reakcijas ar alkilétajiem vai o,p—
nepiesatinatiem karbonilsavienojumiem?®’ tada veida, lai uzreiz leglitu izejvielu

vajadziga spirta pagatavosanai.
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ME&s kombingjam S$is divas pieejas un realizéjam sekojosu shému:

tBu |~ t-Bu t-Bu
O@ Q/\
K —"
t-Bu t-Bu COOMe t-Bu
COOMe
48 49 50

t-Bu HO

HE Kj\/\/ OMs
OH t-Bu
t-Bu Ri  kur:

83,54 53 R4=CH,0OMs

| 54Ry=Me
o o HB T
oH '
t-Bu t-Bu oy 0 N
9 R, 55.56
kur:
55 R4=CH,OCH,Py
56 Ry=Me

Apstradajot fenola kalija sali 48 ar dimetilmaleatu péc literatiira aprakstitam
metodém var iegiit bis-esteri 49, kura reducéSana ar litija alumohidridu ar labu
iznakumu dod butandiolu 50. Talakaja reakcija ar mezilhloridu var pagatvot bis-
mezilatu 53. DiemzZé&l fenolata 48 reakcija ar metilkrotonatu notiek Joti 1éni pat 150°C
temperatlra aizkauséta ampula. Lidz ar to ST metode izradijas pilnigi neizmantojama
a—metilatvasindjumu sint&zei.

Alkilradika]u ievadisanai a-stavokii pret fenola gredzenu més izstradajam savu
sint€zes taktiku, kura balstas uz vairakam stériski trauc€to fenolu patnibam.

Vispirms, apstradijot propilspirtu 9 ar acetanhidridu piridind, var ar labu
1znakumu selektivi acilét alifatisko hidroksilgrupu. tres-Butilgrupu stériska ietekme
pilniba novér§ fenola acetil€Sanu un padara nevajadzigu patentﬁ7 aprakstito

y . . - - et . piel s S s )
aizsargrupas izmantoS$anu. leglito acetatu oksidé ar sarkano asinssali baziska vidé .
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genergjot hinometidu. Saja gadijumai iegiitais hinometids 51 ir stabils savienojums,
kuru, kristaliz€jot no heksana, var €rti attirit. Produkta iznakums, rékinot uz spirtu 9 ir
aptuveni 60%. Nemot v€ra literatliras datus par dazidu hinometidu reakcijam ar
nukleofiliem?®, apstradajam produktu 51 ar metilmagnija jodida parakumu &teri.
Tadejadi ar vairak neka 95% iznakumu var iegiit nepiecieSamo spirtu 52. ST metode ir
pietiekami universala jebkuru alkilaizvietotdju ievadiSanai a-stavokli pret fenola
gredzenu 3-(3,5-di-#res-butil-4-hidroksifenil)propanola 9.

Talak turpinot pétjumus par hinometidu sisttmu ipasibam, més mégindjam
oksidét Nikanartinu. Parasta apstrade ar kalija ferricianidu baziska vidé deva spilgti
dzeltenu e]Ju 57. Sis savienojums istabas temperatiira ir nestabils un aptuveni divu
dienu laika izomeriz€jas par daudz stabilako stirolu 58. Izomerizaciju kataliz€ gan
bazu, gan skabju klatbitne®’. Savienojumu 57 var attirit, hromatograféjot uz Silasorb

600, kamér apstrade ar Kieselgel 60 pilniba izomerizé hinometidu par stirolu 58.

kur:
56 X=0 R1 =Me

By t-Bu QX=S R1=Me

& —— _ ! 61 X=0 R,=CH(COOEY
g Je Fiphe X N 1 2

t-Bu 62 X=0 R4=CH(COOH),

5 (X=0), 15 (X=S) / 63 X=0 R4=OCH,Py
64 X=0 R4=OMe

t-Bu
- , ﬁ 65X=0 R,=NHMe
t-Bu PP 2N :©\/\/ \/C
t-Bu
58 R, 56, 59-65

Hinometida 57 reakcijas ar dazadiem nukleofiliem viegli rodas pievienoSanas
produkti 59-65. Tomeér jaatzimé, ka paral€li v€lamajiem produktiem gandriz vienmér
var izdalit arl izomerizacijas produktu - stirolu 58. Reakcijas ar oglekla un séra
nukleofiliem iegiitie produkti (56, 59-62) ir stabili, kamér mijiedarbiba ar skabekla un

slapekla nukleofiliem ir apgriezeniska, un pat no tiriem produktiem (63-65) vairaku
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secigu kristalizaciju rezultata var iegit stirolu 58, kur§ acimredzot ir termodinamiski
stabilaks par hinometidu §7. Jaatzimé, ka atSkiriba no iepriek§ minéta hinometida 33,
ta analogs 57 reakcija ar metilaminu veido stabilu aduktu 65. Savukart ieprieks
aprakstitie acetali 36,38 un 41 ir stabilaki par S$aja nodala apskatitajiem
alkoksiatvasinajumiem. Tomeér, realizgjot nukleofilu pievienoSanos hinometidam 57
kinétiskas kontroles apstak]os, var viena stadija ar labiem (>70%) iznakumiem iegiit
dazadus Nikanartina atvasinajumus, kurus biitu griiti pagatavot, izmantojot klasiskas
metodes.

3.2.2. Aizvietotajs P—stavokli pret fenola gredzenu

Diemzgl, hinometidu reakcijas nevar izmantot aizvietotaju ievadiSanai p—stavokiT
pret fenola gredzenu. Lidz ar to, lai pagatavotu $adus Nikanartina atvasindjumus,
jaatgriezas pie sakotné€ji izstradatas shémas. Atslégas stadija Sim sintézém ir 3-(3,5-di-
tres-butil-4-hidroksifenil)propanola 9 atbilstoSo atvasinajumu iegiSana, kurus
Viljamsona &teru kondensacijas apstaklos var€tu parveérst par vajadzigo pikoliléteri
vai ta tioanalogu.

Aprakstita®' savienojuma 67 sintézes metode, pievienojot 2,6-di-tres-butilfenola
kalija sali 33 «,B-nepiesatinato karbonskabju esteriem un reducgjot iegito produktu

66 lidz spirtam 67.

OH t-Bu

t—BuUt-Bu K* CH2=C(Me)COOMe$HOA©_\V
coome t-Bu

t-Bu Me HO o
t-B 66 Py
33 tBu g = tBu me
Bl MU o d
t-Bu  Me tBu  Me OMs t-Bu
67 §8 Q >y
t-Bu Me
70



Tomér $ada pap€miena pielietojamibu ierobeZo attiecigo akrilatu pieejamiba, jo
vienigais riipnieciskais reagents ir metilmetakrilats.

Misu piedavataja shéma izejviela P-alkilétiem  3-(3,5-di-tres-butil-4-
hidroksifenil)-propanoliem ir atbilstoSie malonesteri, kurus var pagatavot no
dietilmalonata. Izmantojot iepriek§ aprakstito benziléSanas reagentu - piridinija sali
29, var viegli iegiit diesterus 31 un 71-74. Iznakumi $ajas stadijas parsniedz 80%.
Diesterus 71-74 hidrolizé baziska vidé, un iegiitas dikarbonskabes dekarboksilé
vakuuma, izdalot karbonskabes 75-77, kuras reduc€jot dod spirtus 78-80 ar
alkilaizvietotdju vajadzigaja pozicija.

Izmantojot miisu izstradato &teru sint€zes metodi, propanolus 78-80 parvers
atbilsto3ajos mezilatos 81-83. No tiem Viljamsona reakcijas apstaklos var pagatavot
€terus 84-86 vai tio€terus 87-89. Kopgjais produktu iznakums ir 30-55%, atkariba no
aizvietotdja lieluma.

Mezilatu 81-83 reakcijai ar piridilkarbinolu nepiecie$ama augstaka temperatira
nekd atbilsto§ajam neaizvietotajam alkil€tdjam 14. Kvalitativai reakcijas produktu
attiriSanai nepiecieS$ams izmantot hromatografiju.

Nedaudz at3kirigi reakcija notiek, méginot iegilit Nikanartina analogu ar diviem
piridilkarbinola atlikumiem molekula. Saja noliika, reducgjot esterus 31 un 71, tika
pagatavoti dioli 90 un 91, kuru parvérana par atbilsto$ajiem mezilatiem 92 un 93
norisinas viegli, tau &teru sintézes apstak|os (reakcija abos gadijjumos sakas tikai virs
80°C) noveérojamas principiali atSkirigas reakcijas atkariba no aizvietotaja R. Ja R=H,
lidzas gaiditajam bis-€terim 95 rodas ievérojams daudzums eliminésanas produkta 94.
Gadijuma, ja molekula satur vél vienu metilgrupu pie B-oglekla (R=CH;), bis-&teris

nerodas vispar, bet ar labu iznikumu izdalits spirocikls 96. Literatiira’~ apskatita 2.6-
P p P
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di-tres-butilfenola spirociklisko ciklopropil- un ciklopentilatvasinagjumu sintéze, tacu

ciklobutanu saturodu spirociklisku sistému raSands $adas reakcijas lidz $im nav

aprakstita. Neskatoties uz to, spirocikls 96 ir vienigais reakcija izdalitais produkts, ko

izdodas izolét ar 47% iznakumu. V€l reakcijas maisjjuma var konstatét diola 91

klatbiitni.

< =\ ¥ t-Bu
Lt - R2CH(COOEY) ,

& t-BU t—BU
kur: 71 R=Me
t-Bu 72 R=Et
73 R=Pr
HO OH 74 R=Buy
t-Bu R OH
l 90, 91
t-Bu
s OMs - 90,92 R=H
t-Bu R OMs 91, 93 R=Me
92,93
R=Me
R=Hl l
OH
t-Bu t-Bu 4 g, t-Bu t-Bu t-Bu
¥ (o]
o 0 K Me . o
Py Py
94 95 96

COOEt
COOEt

31, 3 -74\

t-Bu
HOQ_%
t-Bu R OMs
81-83
kur: 75, 78, 81 R=Et
76,79, 82 R=Pr
77, 80, 83 R=Bu
t-B
\ t-Bu
HO @ Lt
Py HO S-
t-Bu R Py
t-Bu R
84-86 87-89
kur: 84, 87 R=Et
85, 88 R=Pr
86, 89 R=Bu

3.2.3. Aizvietotajs y—stavokli pret fenola gredzenu

Analogiski iepriek3€ja nodala aprakstitajiem savienojumiem arl Yy-aizvietotu

Nikanartina atvasindgjumu sintézei nepiecieSamas izejvielas ir atbilstoSie spirti ar

alkilradikali vajadzigaja pozicija.
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Racionali ir sakt sintézi no komerciali pieejama estera 8. Hidrolize un tai sekojosa

iegitas karbonskabes reakcija ar tionilhloridu dod hloridu 97.

t-Bu
Ho{
CONMe,
7 ; \.
OH
OH t-Bu
t-BU t—BU t—BU t-BU
e . HO o}
t-Bu R’
99-101
COOMe
cocl kur: 99, 102 R=Et
8 97 100, 103 R=Pr
101, 104 R=Bu
t-Bu
HO OH
t-Bu R’
102-104

Acilhloridu izmanto$anai ketonu sint€z€ ir vairakas visparigas metodes. Darba
gaita tika izméginatas un salidzinatas divas no tam:

A) acilhlorida parvérSana par dimetilamidu un sekojoSa reakcija ar Grinjara
reagentu’’;

B) acilhlorida reakcija ar Grinjara reagentu Fe (III) acetilacetonata klatbatne™*.

Abu metozu salidzindjums dots 5. tabula:

5. tabula. Ketonu 99-101 sintéze no 3-(3,5-di-fres-butil-4-hidroksifenil)propionil-

hlorida 97
N.pk. | Savienojuma | Aizvietotajs | Metode | Reakcijas T [znakums,

Nr. R laiks,h %

1 99 Et B 2.5 0 53

2 g9 Et A 48 varot THF 34

3 100 Pr B 2.5 0 95

4 100 _Pr A 48 varot THF 43

5 101 Bu B - - -

6 101 Bu A 170 ist. temp. 73
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Kaut ari B metode kopuma dod labakus iznakumus un process notiek atrak,
reakciju bitiski ietekmé hlorida 97 kvalitate. Pat ]oti neliels hloridenraza
piemaisijums izjauc reakcijas stehiometriju, patér&jot Grinjara reagentu. Savukart
acilhlorida 97 attiriSana ir sarezgits uzdevums, jo savienojums $kidumos ir nestabils
un polimerizgjas.

Ketonus 99-101 ar litjja alumohidridu pazeminata temperatira var reduc€t par
atbilstoSajiem spirtiem 102-104. Reducé$anas iznakumi ir tuvi kvantitativiem (sk.6.
tabulu).

6. tabula. Spirtu 102-104 iegiSana

N.p.k. | Savienojuma | Aizvietotajs i [znakums,%
Nr. R
1 102 Et -50 98
2 103 Pr -35 93
3 104 Bu -45 98

No iegiitajiem spirtiem 102 un 103 pazeminatd temperatira var pagatavot arl
atbilstoSos mezilatus 105 un 106, tatu to reakcija ar pikolilspirtu rodas tikai
eliminéSands produktu maisTjums. Turpretl pikolilmerkaptans, budams stipraks

nukleofils, veido gaiditos tio&terus 107 un 108 ar 45-50% iznakumu.

t-Bu OH -Bu
v "k ——> Ho@f
t-Bu 105-106
102-103
kur: 102, 105, 107 R=Et @—ﬂ
103 106, 108 R=Pr

107-108
Lai ieglitu nepiecieSamos &terus, alkilésanas reakcija ar pikolilhloridu nepiecieSams
aizsargat spirtu 102-104 fenoliskas hidroksilgrupas, tas acetilgjot’. Literatiira’

aprakstita procediira, izmantojot THP aizsardzibu (109), acetilésanu (110) un sekojosu
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aizsargrupas nonems$anu, deva 37% iznakumu gadijuma, ja R=Pr (113). Mums

izdevas atrast apstaklus selektivai fenoliskas hidroksilgrupas acetilésanai,
neizmantojot aizsargrupas.
7. tabula. Spirtu 102-104 tie3a acetiléana
Npk. | Produkta Nr. | Aizvietotdjs R | Laiks, h | Iznakums,%
1 112 Et 1 62
2 113 Pr 3 64
3 114 Bu “ 71

Talakas metodes optimizacijas gaitd izstraddjam papémienu, péc kura vispirms
acetilé ketonu 99 un p&€c tam maigos apstak]os (LiAlH,, -50°C) selektivi reducé

acetata 111 karbonilgrupu, iegiistot vajadzigo spirtu 112.

t-Bu t-Bu

t-Bu R t-B

HO L l
t-Bu el t-Bu
t-Bu OH
e AcO OH
< HO R
B t-Bu R
pr- O Y 102-104 112-114
0 )
t-Bu R
Py
AcO D=t
vy 15117
kur: 112, 115, 118 R=Et
. ° o 113, 116, 119 R=Pr l
et @_/“pr 114 17, 120R=Bu g, R
Py
tBu 440 HO O~

By  118-120

Eteru kondensacija fazu parneses apstaklos’ (115-117) un sekojosa acetilgrupas

nonemsana ar litija alumohidridu tetrahidrofurana dod vajadzigos produktus (118-

120).
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8. tabula. y—Aizvietotu pikoliléteru 118-120 sintéze

N.p.k. | Produkta Nr. | Aizvietotajs [znakums Iznakums Kopigais
R kondensacijai, | deaciléSanai, | iznakums,

% % %

1 118 Et - - 39

2 119 Pr - - 42

3 120 Bu 49 89 44

Kondensacijas un acetilgrupas nopemsanas stadiju atseviskie iznakumi noteikti ne
visos gadijumos, jo ilgaku laiku apstraddjot &terus 115-117 ar sarma $kidumu fazu
parneses katalizes apstak]os, acetilgrupa dalgji hidrolizgjas.

3.2.4. Diaizvietotu Nikanartina atvasinajumu sintéze

[zmantojot iepriek§ aprakstitas metodes, pagatavoti arl vairaki diaizvietota

Nikanartina analogi.
t-Bu Pr t-Bu
t-Bu t-Bu
COOH
HO Ho@—\_JOH HO@MOH 5 @_\_(OAC
o tBu  Me g7 tBu qp3 Pr t-Bu Pr
o 134
2 stadijas
5 stadijas
t-Bu t-Bu tBu M
Awmt HO@—\—JOAC HO @—\_(oxa
t-Bu Pr OH tBu  Me 128 t-Bu 1;’;
125 3 stadijas S
- 2 stadijas 3 stadijas % gt
t-Bu 0
e
OH 5 OH . HO 0~ t-Bu R .
t-Bu t-Bu t-Bu t-Bu Py y
t-Bu Pr HO @—(—( S~
Et 142 Me
Me - Me = +Bu 138.139
12717 O py o kur: 138 R=Pr
Pr OMs 139 R=Et
13 2 stadijas
OH
t-Bu t-Bu
OH t-Bu Et By
t-Bu_A t-Bu HO@—/_( 5~
Me O’\
Me F¥ 133 tBu 407
132 Me™ s py

Ta, no karbonskabes 76 5 stadijas caur hloridu 121 un dimetilamidu 122 var

pagatavot ketonu 123, kuru acetil€jot par esteri 124 un reducgjot to zema temperatira,
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iegiist nepiecieSamo spirtu 125. Eterific€Sanas reakcija fazu parneses apstakjos (126)
ar sekojosu O-acilgrupas nopemsanu dod f3,y-diaizvietota Nikanartina analogu 127.

Savukart, no iepriek§ aprakstita 3-(3,5-di-tres-butil-4-hidroksifenil)propanola 67,
to apstradajot ar acetanhidridu piridina, selektivi ieguvam acetatu 128. P&dgjo
oksid&jot ar sarkano asinssali benzola un sarma tidens $kiduma emulsija, rodas stabils
hinometids 129, kura reakcija ar metilmagnija jodida parakumu dod «,f—diaizvietotu
spirtu 130. Sadam pirméjam spirtam ir pielietojama iepriek$ aprakstitd Viljamsona
&teru sintéze caur mezilatu 131, kas reakcija ar piridilkarbinolu vai atbilsto3o tiolu dod
€teri 132 vai attiecigi tio€teri 133.

a,y—Diaizvietotu Nikanartina atvasinajumu sintéz€ par izejvielu var izmantot y—
aizvietoto spirtu 103. Ta apstrade ar acetanhidridu piridina regioselektivi dod acetatu
134, kuru oksidgjot ar asinssali, ieglist hinometidu 135. Talak reakcija ar metilmagnija
jodida pardkumu dod diaizvietoto spirtu 136, kuru var parverst fenilacetati 140 ar
acetanhidridu fazu pameses apstaklos. Standartprocediira, alkildjot spirtu 140 ar
pikolilhloridu, un sekojosa aizsargrupas nonpemsana dod &teri 142.

Ja spirtu 136 apstrada ar mezilhloridu, tas veido mezilatu 137. kur§ reakcija ar
pikolimerkaptanu veido a,y—divaizvietotu tioéteri 138.

Lai paraditu, ka augstadk aprakstito savienojumu rinda pastav principiala iespéja
realiz€t tieSas parejas no jebkura savienojuma uz ta sarezgitako (a—aizvietoto)
homologu divas stadijas, tio€teri 107 oksid€jam par hinometidu 143. kur§ reakcija ar

metilmagnija jodidu deva diaizvietoto tio€teri 139.
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4. Nikanartina atvasinajumu biologiska aktivitate

Biologisko parbauzu gaita veikta sintez€to savienojumu sekojoSu Ipasibu parbaude.

* Hipolipidémiskas darbibas parbaude, nosakot trigliceridu veidoSanas inhib&Sanu

ar nikotinskabi ka standartu.

* Antioksidativo Ipa$ibu novertéjums, nosakot konjugéto di€nu veidosanas laiku®’

un ar tiobarbitiirskabi reag&joso vielu (TBARS) koncentraciju’ e
* Antiproliferativa efekta noveérté§jums, izmantojot Zurkas aortas sieninas muskuju
Siinas®’.

Salidzinot Nikanartinu ar ta tioanalogu 15, var secinat, ka butiskas atSkiribas
preparitu iedarbibas nepastav. Tio€teris 15 nedaudz atpaliek péc savas
hipolipidémiskas iedarbibas, bet ta ir stabila ilgdku laiku neka oksa-analogam S5.
Butiski augstaka ir antiproliferativa iedarbiba uz gludas muskulatiras sienipam.

Metilgrupas ieveSana o-stavokli pret fenola gredzenu nedaudz izmaina
hipolipidémisko iedarbibu, to it ka paildzinot &tera 56 gadijuma. Savukart pilnigi
neizskaidrojams ir $is aktivitates pilnigs zudums tioanalogam 59. Patlaban nav
izskaidrojuma ari tikai minimalajai ietekmei uz trigliceridu sint€zi savienojumam,
kur$ sawr divus piridina grup&jumus - &terim 60. lesp&jams, ka sadas paradibas varétu
biit saistitas ar preparatu 1€no diftziju vide.

Antioksidativo Tpasibu izmaina, ievadot aizvietotaju o-stavokli pret fenilgredzenu,
pagaidam nav viennozimigi izv€rt€jama, jo noverojams bitisks di€nu veidosanas laika
pieaugums, bet tikai lielas (20uM) koncentracijas. Savukart TBARS sintézi Sie
prepardti ietekm€ tapat ka Nikanartins. Vienigi stirolam 58 nové€rojama jitama

aktivitdtes samazinaSanas $aja testa.
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Visiem parbauditajiem savienojumiem $aja grupa ir augstaka antiproliferativa

aktivitate neka Nikarnatinam.

9. tabula. Eteru biologiskas aktivitates p&tijumu rezultati

Triglic. sint., Konj. diénu veid. TBARS veid. SMC prolif.
(inh.% pret laiks (inh.% pret (inh.% pret

Sav. Aizvietotaji kontroli) (% pret kontroli) kontroli) kontroli,

Nr R 240° 360' | 5uM i 20uM 10uM § 20uM | c=50 uM)

5 R'=R*=R’=H 73 76 450 - 87 90 71

15 R'=R*=R’=H 60 59 360 i 733 90 90 98

56 R'=Me; R*=R’=H 79 92 317 1600 85 86 98

55 R'=CH,OCH,Py; = - 267 1304 42 P 52 98

R*=R’=H

60 R'=SCH,Py; R*=R’=H | 71 79 510 i >1500 79 81 .

59 R'=Me; R>=R’=H 2 5 - - - - 99

58 R'=R*=R’=H 78 85 - - 36 73 98

69 R=Me; R—-R-H . r 263 321 77 80 |9

85 R*=Pr; R'=R’=H - - - - - - -

86 R*=Bu; R'=R’=H 48 52 89 207 46 68 99

94 R*=CH,=; R'=R’=H 71 66 - - 74 84 96

95 R’= CH,OCH,Py; 71 80 - - 84 89 94

R'=R’=H

70 T R=Me; R'=R’=H | 67 | 60 | 237 1308 |- 42 51 |66 |

87 R*=Et; R'=R’=H 67 71 392 614 9 | 62 98

88 R>=Pr; R'=R’=H 43 f 39 354 797 40 45 98

89 R*=Bu; R'=R’=H 40 64 - . 24 | 45 18

118 R’=Et; R'=R’=H . - - - - = 97

119 R’<Pr; R'=R’=H =52 14l - - 65 70 98

120 R’=Bu; R'=R’=H 97 8 451 922 68 i 83 99

(107 [R=E;R'-R=H | 8_1"“;—52""2—04"—2_73 ————— 2 63 |98 ]

108 R’=Pr; R'=R’=H - - - - . . i

132 R'=Me; R=Me; R’=H | 77 T 193 650 75 176 98

133 | R'=Me;R=Me;R'=H |61 46 232 1527 52 60 |98

142 | R'=Me; R*=H;R’=Pr |47 |75 - ; 70 74 |-

130 | R'=Me;R=H;R'=Et |29 46 |227 | >1500 68 7 |-

138 | R'=Me:R=H;R=Pr |42 43 181 | 466 71 74 |-

127 | R'=H;R*=P;R=Et |45 66 |- . 37 66 |-
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Aizvietotdjs P—stavokll hipolipid€misko iedarbibu ietekmé minimali, tomeér
tio€teru rinda, parejot no metilgrupas uz butilaizvietotaju, noverojama neliela
aktivitates samazinalanas. Ari $aja gadijuma otrs pikolilspirta fragments praktiski
neietekmé hipolipidémisko iedarbibu (savienojums 95).

Antioksidativas iedarbibas tests ar TBARS norada uz vispargu aktivitates
samazindjumu tio€teriem, salidzinot ar skabekl]a analogiem, kas it 1pasi izpauzas ar
lielakiem alkilaizvietotajiem. Jadoma, ka molekulas kopégjais lipofilitates pieaugums
Seit nosaka biopieejamibas pazemindjumu un, [1dz ar to, aktivitates kritumu.

Negaidits rezultats ir praktiski jebkuras ietekmes trikums uz $tnu proliferaciju
tio€terim 89, kamér ta skabekla analogs 86 uzrada parasto aktivitates Iimeni.

Aizvietotdjs y—stavoklT izraisa strauju hipolipidémiskas aktivitates kritumu &teriem
119 un 120, kaut gan iesp&jams, ka nepiecieSams ilgaks laiks piridilkarbinola
atbrivosanai no Siem savienojumiem, par ko varétu liecindt zinamas iedarbibas
paradiSanas propilatvasindgjumam 119 p&c 360 minttém. Taja pasa laika tioéteris 107
uzrada tadu paSu aktivitates ltmeni ka Nikanartins, vienlaicigi izradoties mazak
efektivs antioksidants, tie$i tapat ka tio€teri no iepriek$€jas savienojumu grupas.

Divaizvietotu atvasindjumu rindd vairs nav izsekojamas likumsakaribas starp
alkilradika]u poziciju un aktivitatém, bet, pieaugot preparita molmasai, var novérot
vispargju efekta samazinasanos.

Rezumegjot iegilitos rezultatus, var teikt, ka alkilaizvietotaju ieveSana Nikanartina
molekula neizmaina 31 preparata farmakologisko profilu, tau lauj secinat, ka
lipofilitates pieauguma dé] novérojama visparéja hipolipidémiskas un antioksidativas
aktivitates samazinasanas. Antiproliferativais efekts gandriz visiem atvasindjumiem

saglabajas konstanta [imeni.
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5. Nikanartina potenciiilo metabolitu sintéze
Ta ki lidz $im literatira nav nekadas informacijas par Nikanartina vai kada cita 3is
klases savienojuma metabolismu més, planojot potencialo metabolitu sintézi,

izmantojam analogiju starp zinamo 3,5-di-fres-butil-4-hidroksitoluolu (1) un misu

pétijuma objektu S:
- t-Bu t-Bu
@ HO@\/\/ : ,
t-Bu Me t-Bu 0 2N
1 S

BHT metabolisms ir Iabi izpétits, jo S0 savienojumu jau kop$ 1954. gada lieto ka
konservantu partika, kosmé&tika, medicina un tehnika.

Dzivie organismi BHT pamata metaboliz€ aknas, ko pierada eksperimenti ar
radioaktivi iezimétu preparatu’®. Pirmais solis 3T produkta metabolisko parvéribu
cikla ir fenoksilradika]a 144 rasanas, ko pierada arT EPR eksperimenti3 °. Actmredzot
no 31 radikala veidojas arT viens no galvenajiem metabolitiem: hinometids 145,
Tilakie metabolisma pétfjumi ar pelém pierida*?, ka dzivajos organismos no 3,5-di-
tres-butil-4-hidroksitoluola rodas vesela rinda produktu: hinols 146, benzilspirts 147,

benzaldehids 148 un hinons 149.

OH o
t-Bu. ; _t-Bu t-BUQ/t-BU
1 144

0 (@) OH OH )
t-Bu\@/t-Bu t—Bu\Q/t-Bu t-Bu t-Bu t-Bu\@rt-Bu t-8u¢/t-8u
| |
OH
OH CHO o)
145 146 147 148 149
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Pastav uzskats®, ka savienojumi 145-149 nav secigu parvértibu virknes sekas, bet
gan, ka BHT metabolismam organisma ir vairaki alternativi celi, katrs no kuriem
atbild par kada atseviska produkta raSanos.

Hinometids 145 ir |oti reagétsp€jiga dalina, kas atri saistds ar nukleofiliem
agentiem, un tiesi tapéc to saista ar toksiskajiem blakusefektiem. kadi noveérojami,
ilgstosi barojot eksperimentalajiem dzivniekiem 3,5-di-tres-butil-4-hidroksitoluolu
saturo$u pa‘utiku“. P&tot 3os blakusefektus, jau 1979. gada tika izteikta doma®’, ka
dabiskie nukleofili: cisteins, glutations spgj saistities ar hinometidu 145 un parveérst to
tdeni $kistoSos savienojumos 150 un 151, tad€jadi atbrivojot organismu no toksisku

vielu uzkrasanas.

o)

HOOC _~ ¢ t-Bu HOOCAﬁk(\S/\@t-Bu

H,N - T:[O Z~oH
t-Bu HOOC NH, tBY

150 151

Tika paradita BHT metabolitu Iimena samazinaSanas aknas, dodot dzivniekiem ar
cisteinu un glutationu bagatinatu baribu, bet pasus aduktus neizdevas izdalit.
Hinometida 145 un glutationa reakcijas produktu 1990. gada izdalija cita zinatnieku
grupa®.

Apkopojot visu ieprieks izklastito materialu, més izveidojam sekojosu shému, kura
parada zinamajiem BHT metabolitiem 145-151 atbilstoSos analogus Nikanartina

gadijuma:
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o) (0] OH OH

(@]
t-Bu t-Bu t—Bu\Q/t-Bu t-Bu t-Bu t-Bu\©/t-Bu t-Buﬁ/t-Bu
OH
6

145 1

I { iﬁ iﬁ

0

t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu
OH
0 -
'\p Py
sz 152 m F 154 Fy
t-Bu
5 HO N
HOOC\'/\S t-Bu \)/;J
H,N 5 AN oA
OH u
s COOH
t-Bu A
150 155 NH,

t-Bu HZNJ:\,COOH
HOOC N”\/\s e 0> NH
3 S S A\ N COOH

; N, O
HOOC ] e L
(0] >

151
- 156
Hinometidam 145 atbilst jau iepriek$ aprakstitais Nikanartina oksidacijas produkts

57. Hinolu 146 un benzilspirtu 147 varétu aizvietot atbilstosie atvasindjumi 152 un
153. Aldehida 148 analogs ir ketons 154. Ja metabolisko parvértibu procesa notiek
oglekla kédes degradacija, gala rezultata rodas hinons 149, tapéc misu shéma $im
savienojumam nav analoga. Savukart cisteina un glutationa aduktiem 150 un 151
atbilst derivati 155 un 156.

Pikolilspirtam 3 atbilsto$as metaboliskas parvértibas*® reprezenté N-oksids 157 un

ta pargrupésanas produkti 158 un 159.
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t-Bu

H
|
t-Bu 0 D
158
t-Bu » 1
HO]@\/\/ \/ENJ
|
t-Bu 0 X \
157
t-Bu H
|
t-Bu o Z
159

Lai ieglitu visus nepiecieSamos produktus, izvél€jamies sekojosu sintézes taktiku:
apstradajot Nikanartinu ar dazadiem oksidgjoSiem agentiem varétu méginat pagatavot
ta atvasinajumus, neizmantojot garas totalas sint€zes shémas. Hinometidu iegiiSanai
jau bijam apguvusi oksidéSanu ar sarkano asinssali baziska vidé. Oksidacijas pa
benzilisko oglek]a atomu saskana ar literatiiru*’ var izdarit, izmantojot halogengsanas
reakcijas. Savukart, mijiedarbiba ar peroksiskabém ir labi pazistama metode piridina

N-oksidu pagatavoSanai.

t-Bu t-Bu H t-Bu H
HO HO OL_N HO rN
t-Bu /\/0 ~ Py t-Bu o t-Bu
58 158 159
T t-Bu T 0,
t-Bu HO N

(0] ~
B ﬁ/\/ovpy kB
e 57 157

- t-Bu

t-Bu \
QJ t-Bu *
F’

- J@\/»ovpy O Py

152

t-Bu
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Apstraddjot Nikanartinu metilénhlorida $kiduma ar m-hlorperoksibenzoskabi ar
vairak neka 80% iznakumu ieguvam atbilsto§o N-okstdu 157. Literatlira aprakstitas
pargrupé$anas ar acetanhidridu®® vieta més izmantojam trifluoroacetithloridu, kas
zema (-70°C) temperatiira Jauj izvairities no fenoliskas hidroksilgrupas acilésanas arl
nelietojot aizsarggrupas. Izoméri 158 un 159 radas attiecibas 1/1.

Nikanartina oksidésana par hinometidu 57 aprakstita jau iepriek$, apspriezot
rezultatus par aizvietotdgju ievadiSanu molekuld. Hinoidd produkta 57 parvérSana
atbilstoaja stirola izdodas ar >90% iznakumu, vienkar$i izlaizot $kidumu caur
kolonnu ar Kieselgel 60. Jaatzimé, ka S1 parvértiba neizdodas, ja izmanto mazak
aktivo Silasorb 600 sorbentu. Lidzigus procesus literatlira skaidro ar silikagela
virsmas skabumu, kas ierosina aprakstitas izomerizécijas49.

No fenola 1, oksidgjot ar benziltrimetilamonija tribromidu, ar labu iznakumu var
iegtit benzilspirtu 147°°. Piemérojot S0 reakciju Nikanartinam, spirtu 153 neizdevas
ieglt ne ar $o reagentu, ne ar lidzigas iedarbibas metil-3-(1.1,1-trimetilhidrazinija)
propiondta tribromidu’’. 1 ekvivalents oksidétaja deva 75-80% hinola 152, kamér
tribromida parakuma (2 ekvivalenti) radas ketons 154. Si karbonilsavienojuma
mijiedarbiba ar litja alumohidridu -20°C temperatira lava ilegit vajadzigo
benzilspirtu 153. Méginot reduc€Sanu izdarit ar natrija borhidridu istabas temperatiira,
praktiski kvantitativi rodas I;Iikanartins. Acimredzot baziskaja vide, ko rada natrija
borhidrids, no spirta 153 var veidoties fenolats, kura hinoidais tautomérs var
reducéties ar nakamo hidrida ekvivalentu, dodot sakotnéjo fenolu 3.

Meégingjumi iegit Nikanartina un cisteina aduktu 155 polards neiidens vides,
1zmantojot cisteina sdjus ar stiprdm bazém, bija neveiksmigi. un vienigais izolétais

produkts $aja gadijuma bija stirols 58.
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Apstradajot hinometida 57 $kidumu metilénhlorida ar cisteina parakumu dens
Skiduma fazu pameses katalizatora klatbtitn€, izdevas iegiit aminoskabi 155 ar 57%
iznakumu p&c kristalizacijas no iidens.

Lidziga veida izdarot reakciju ar glutationu, péc reakcijas maisijuma attiriSanas no
saliem uz vaji baziska jonita ar 32% iznakumu var iegit glutationa aduktu 156.

Tadejadi viena vai divas stadijas no Nikanartina var iegit visus ta potencialos
metabolitus, ieskaitot arl pievienoSanas produktus aminoskabém, ar labu iznakumu un
neizmantojot aizsarggrupas.

5.1. Metabolitu biologisko parbauzu rezultati

[zmantojot sintez€tos savienojumus ka standartvielas, izdarftas primaras
toksikologijas studijas ar suniem un zurkam ar mérki noskaidrot galvenos Nikanartina
metabolisko parvértibu produktus. Savienojumi identific&ti, analiz€jot eksperimenta
dzivnieku urinu, ka ari aknu un Zultspis]ja audu homogenizatus ar gazu un $kidruma
hromatomasspektrometrijas metodém un salidzinot iegiitos datus ar standartu
masspektriem.

Bez jau iepriek§ minétajiem produktiem atrastas vél sekojosas vielas:

t-Bu t-Bu
HO@\A Ho:©\/‘
t-Bu CHO t-Bu COOH

160 161

t-Bu t-Bu t-Bu

o HO@ HOQ
tBu T t-Bu OH t-Bu COOH
o 164
162 163

Visu metabolisko studiju rezultati apkopoti 10. tabula.
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10. tabula. Eksperimentali atrastie Nikanartina metabolisko parvértibu produkti

Studija uz supiem Studija uz Zurkam*
Aknu homogenizats |5, 9, 58, 145, 148, 149, 153, |9, 58, 145, 153, 154, 160, 161,
154, 156, 157, 158, 159, 160, | 162, 163, 164
161, 164
Zultspiislis 5,9, 58, 145, 148, 149, 153, | nav datu
154, 156, 157, 158, 159, 160,
161, 164
Urins 5, 9, 58, 94,145, 148, 149, | zimesno 5
153, 154, 156, 157, 158, 159,
160, 161, 164
Asins serums nav datu 9,161
Citu organu (kunga, | nav datu nikotinskabe, 9, 58, 149, 152, 160,
smadzepu, plausy, 161, 163
sirds, smadzenu,
nieru) homogenizati

*- objekti analize&ti tikai ar gazu hromatomasspektrometrijas metodi.

Ka redzams no 10. tabulas datiem, metabolisma produktu sadalfjuma nav
noverojama nekada organu specifitate. Lidzas misu prognozétajiem metabolitiem
atrasti ar1 molekulas degradacijas produkti, ki, pieméram, 3-(3,5-di-tres-butil-4-
hidroksifenil)propanols 9 un ta secigas oksidéSands produkti: aldehids 160 un
karbonskabe 161. Hinola 162 klatbitne izskaidrojama vai nu ar fenola atvasindjuma 9
oksid&€Sanos, vai ar hinola 152 sabrukSanu. Saprotama ir ari alkilkédes noardiSanas
produktu - aldehida 148, karbonskdabes 164, hinometida 145, hinona 149 tam
atbilsto$a hidrohinona 163 atrasanas p&tamajos objektos.

Neskatoties uz to, ka lidz Sim nav pieradita hinometida 57 atraSanas starp
metabolisma produktiem, glutationa atvasindjuma 156 izdaliSana no metabolisma
produktiem norada, ka organisma atbrivosana no aktivajam hinometida molekulam ari
Nikanartina gadfjuma var risinaties Gdeni $kistoSu konjugatu sintézes cela. Visos
objektos ir atrasts ari stirols 58, kas ari netiesi liecina par hinometida ka reaktiva

starpprodukta eksistenci preparata 5 metaboliskajas parvertibas.
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Rezuméjot So nodalu, jasecina, ka sakotngji izvirzitad ideja par Nikanartina
metabolitu prognozéanu, izmantojot literatliras analogijas par 2,6-di-tres-butil-4-
metilfenola oksidativo metabolismu un kombin€jot tas ar labi izpétitajam
pridilkarbinola (3) parvértibam, izradijusies pareiza.

Tapat sevi pilniba attaisnojusi sint€zes taktika - modelét metaboliskas parvértibas,
izmantojot dazadus oksid&josus agentus reakcijas ar Nikanartinu. Visi produkti, tai

skaitd arT aminoskabju atvasindjumi, iegiti vienas lidz divu stadiju rezultata.
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6. Secinajumi

1. Ar Viljamsona &teru sintézes metodi dimetilsulfoksida natrija sarma klatbiitné
paradits, ka iesp&jama 2,6-di-tres-butil-4-[5-(3-piridil)-4-oksapentil]fenola (Nika-
nartins) un tam analogu sazarotas virknes &teru un tio€teru sint€ze, neizmantojot
aizsargrupas pie fenoliskas hidroksilgrupas.

Noskaidrots, ka aizvietotdjs o—stavokll pret fenola gredzenu neietekmé, bet
alkilaizvietotdjs B—stavokli pret fenola gredzenu apgritina €teru kondensacijas
reakciju un samazina iznakumus.

No otréjiem spirtiem atvasinati mezilati (aizvietotdjs y—stavokli pret fenola
gredzenu) vispar nedod &terus reakcija ar pirildil-3-karbinolu, tacu reagé ar piridil-3-
merkaptanu. veidojot atbilstoSos tio€terus.

2. Izswadata universdla metode (3,5-di-tres-butil-4-hidroksifenil)metil-(3-
piridil)alkiléteru sint€zei no atbilstosajiem 1-[(3,5-di-rres-butil-4-hidroksifenil)metil]-
(3-oksialkil)piridinija s3liem pargrupéSanas reakcija natrija hidrida ietekmeé.
PargrupéSanas notiek caur  2,6-di-fres-butil-4-metilén-cikloheksa-2,5-di€nona
(hinometida) intermediatu. Reakcijas iznakumu neiespaido piridilalkanola alkilk&édes
garums.

3. Balstoties uz 1-[(3,5-di-tres-butil-4-hidroksifenil)metil]-(3-alkiloksi)piridinija
salu pargrup€Sanas reakciju, izstradats jauns agents (3,5-di-tres-butil-4-
hidroksifenil)metilgrupu ieveSanai molekula - 1-(3,5-di-tres-butil-4-
hidroksifenil)metil-piridinija hlorids, kas lauj ar labu iznakumu iegiit malonestera
atvasindjumus, " ka3 arl sintez8t atbilstoSos &terus reakcija ar O-trimetilsilil-(3-

piridil)alkanoliem.
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4. Oksidgjot ar kalija ferricianidu baziska vide, no 2,6-di-tres-butil-4-[5-(3-piridil)-
4-oksapentil]fenola  (Nikanartins) un (3,5-di-fres-butil-4-hidroksifenil)metil-(3-
piridil)metil€tera iegati stabili hinometidi, kuri reakcijas ar oglek]a, skabekla un séra
nukleofiliem dod stabilus pievienoSanas produktus.

2,6-Di-tres-butil-4-[5-(3-piridil)-4-oksapentil|fenolam atbilstoSais hinometids ir
universals sintons a-stavokli pret fenola gredzenu aizvietotu Nikanartina analogu
iegisanai.

5. Paradits, ka 3,5-di-tre$-butil-4-hidroksibenzaldehida metil-(3-piridil)metil- un
di-(3-piridil)metilacetalu  oksidéSana ar kalija ferricianidu domingjoSie ir
pargrupésanas produkti - 2,6-di-tres-butil-4-(3-piridil)metilcikloheksa-2,5-di€non-4-
karbonskabes metil- un (3-piridil)metilesteri attiecigi. Pretstatd tam atbilstosa
dimetilacetdla un agrak aprakstitas benzaldehida acetalu oksidéSanas reakcijas
produkti ir benzoskabju esteri.

6. Atrasts originals papémiens lipofilas molekulas - Nikanartina un Gideni $kistosa
glutationa addukta veidoSandas dzivnieku organisma modeléSanai kimiska
eksperimenta starpfazu parneses Kkatalizes apstaklos. Savienojums iegits tiesaja
reakcija starp glutationu un no Nikanartina pagatavoto hinometidu. Analogiski
sintez&ts cisteTna pievienosanas produkts.

7. Izmantojot dazadus oksid€josos agentus, selektivas kimiskajas reakcijas tiesi no
Nikanartina sintez€ti ta potenciilie metaboliti, kuru veidoSanas in vivo toksikologijas

eksperimentos uz suniem un Zurkam pieradita ar hromatomasspektrometrijas metodi.
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7. Eksperimentala dala

'H PMR spektri uzgemti uz Bruker 90MHz aparata. Ku$anas punkti noteikti uz
Boetius kuSanas galdinpa un nav korigéti. Reakcijas izdaritas argona atmosfera,

reagenti un $kidinataji sagatavoti ka aprakstits literatiira ° .

Dietil-2-(3.5-di-tres-butil-4-hidroksifenil)metilmalonats 31

500mg 75% natrija hidrida (15.6mmol) suspend€ 50ml sausa dimetilsulfoksida un
maisot argona atmosféra pievieno 2.4ml (15.8mmol) malonestera. Péc gazu
izdali3anas beigam iegitajam dzidrajam Skidumam 30min. laika piepilina 5.0g
(15.0mmol) 1-(3,5-di-tres-butil-4hidroksifenil)metilpiridinija hlorida 29 3$kidumu
150ml sausa dimetilsulfoksida. Reakcijas maisijumu turpina maisit istabas
temperatiira vél 1h, tad izlej 500ml Gdens un ekstrah€ ar &teri (3x250ml). Apvienotos
€tera ekstraktus mazga ar 5% salsskabes Skidumu un péc tam ar piesatinatu natrija
hlorida $kidumu, Zavé uz natrija sulfata un ietvaic€ vakuuma. legiist 3.55g (14.7mmol,
97.8%) viskozas el]las. ko attira destil§jot Kugelrohr aparata. Iznakums 5.48g

(14.49mmol, 96.6%).

'H PMR (CDCls, TMS, 8): 1.20(6H, t, J=7.0Hz, 2xCOOCH,CH;); 1.42(18H, s,
2xt-Bu); 3.13(2H, m, CH,Ar); 3.60(1H, dd, J,=7.6Hz, J,=7.1Hz. CH(COOEt),);

4.16(4H, q, J=7.0Hz, 2xCOOCHy); 5.07(1H, s, ArOH); 6.98m.d.(2H. s, C¢H,).

2.6-Di-tres-butil-4-[1-(3-piridil)-2-oksapent-3-il]fenols 35

10ml 1.5M etilmagnija bromida skidumam THF argona atmosfera 0°C temperatira
20min. laika pievieno 1g (3.07mmol) hinometida 33 Skidumu 20ml tetrahidrofurana.
P&c pievieno$anas reakcijas maisijumam lauj sasilt lidz istabas temperatlirai un maisa

vél 1h. Pé&c tam uzmanigi izlej 200ml piesatinita K,Na tartrata $kiduma un ekstrahé ar
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etilacetatu (3x50ml). Ekstraktu Zavé un ietvaicg lidz sausam. legiist 1.0g (96%) &€tera

35. Attira kristaliz€jot no heksana, tx,s=114-1 16°C.

'H PMR (CDCl3, TMS, 8): 0.91(3H, t, J=7.0Hz, CH,CHj5); 1.44(18H, s, 2xt-Bu);
1.60-1.902H,m, CH,CH3) 4.11(1H, m, OCHAr); 435(2H, d, J=6.8Hz, CH,Py);
5.16(1H, s, ArOH); 7.04 (2H, s, C¢H,); 7.13-7.31(1H, m, Py-5H); 7.62(1H, m, Py-

4H); 8.49m.d.(2H, m, Py-2H un Py-6H).

3.5-Di-tres-butil-4-hidroksibenzaldehida etil-(3-piridilmetil)acetals 37

1g(3.07mmol) hinometida 33 $kidina 20ml absoliita etanola un pievieno ~200mg
Amberlyst 15 jonita. Skiduma spilgti dzeltend krdsa izzid apméram 0.5h laika.
Reakcijas maisfjumu atstdj maisities istabas temperatiira pa nakti. Nofiltr€ jonitu,
Skidumu ietvaicg. Iegist 1.05g bezkrasainu kristalu, kurus attira kristaliz€jot no
izopropilspirta. Iznakums: 0.98g (89%) bezkrasainu kristalu, te,s =141-143°C.

'H PMR (CDCl;, TMS, &): 1.23(3H, t, J=6.8Hz, CH,CH,); 1.42(18H, s, 2xt-Bu);
3.61(2H,m, CH,0) 4.53(2H, s, PyCH,); 5.12(1H, s, ArOH); 5.50(1H, s, OCHO);

7.20(3H, m, Py-5H un C¢H>); 7.66(1H, m, Py-4H); 8.44m.d.(2H, m, Py-2H un Py-

6H).

1-0.2-0.3-0.4-0-Diizopropilidén-6-0-[ 1-(3.5-di-tres-butil-4-hidroksifenil)-2-

oksa-3-(3-piridil)propil]-a-D-galaktoze 39

1g(3.07mmol) hinometida 33 $kidina 15ml absoliita acetonitrila un pievieno
~200mg Amberlyst 15 jonita. Skidumam pievieno 0.78g (0.003mmol)
diizopropilidén-galaktozes, kura izskidinata 10ml acetonitrila. MaisTjjuma spilgti
dzeltend krasa izzid apméram 2h laika. Maisa istabas temperatiira pa nakti. Nofiltré

jonitu. $kidumu ietvaicé. legust 1.80g viskozas ¢l]as. kuru sakristaliz€, apstradajot ar



heksanu. Attira kristaliz€jot no heksana. Iznakums: 1.60g (91%) bezkrasainu kristalu,

Bz =105-107°C.

'"H PMR (CDCl;, TMS, &): 1.20-1.58(30H, m, 2x(CH3),C un 2xt-Bu); 3.69-
4.71(6H, m, galaktozes CH); 4.64(2H, s, CH;Py); 5.22(1H, s, ArOH); 5.53(1H, d,
J=5.0Hz, galaktozes glikozidiskais-CH); 5.61(1H, s, OCHO); 7.11-7.36(3H, m, Py-5H

un C¢H,); 7.69(1H, m, Py-4H); 8.40-9.64m.d. (2H, m, Py-2H un Py-6H).

2.6-Di-tres-butil-4-[1-dietoksikarbonilmetil-5-(3-piridil)-4-oksa—pentil]fenols 61

250mg 75% natrija hidrida (7.8mmol) suspendé 50ml sausa dimetilsulfoksida un,
maisot argona atmosfera, pievieno 1.2ml (7.9mmol) malonestera. P&c gazu izdaliSanas
beigam iegito dzidro Skidumu uzsilda lidz 90°C un pa pilienam pievieno 2.6g
(7.4mmol) hinometida 57 Skidumu 15ml &tera ar tadu atrumu, lai viss &teris
pievienosanas laika iztvaikotu. Reakcijas maisijumu izlej 500ml Gidens un ekstrah& ar
éteri (3x100ml). Apvienotos &tera ekstraktus mazga ar piesatinatu natrija hlorida
Skidumu, zavé uz natrija sulfata un ietvaicé vakuuma. legato elju Skidina heksana /
etilacetata maisijuma (1:1) un hromatografé uz 300x25mm kolonnas ar Kieselgel 60.
[etvaicgjot produktu saturosas frakcijas ieglist 2.6g bezkrasaina kristaliska 61, kuru

attira, kristaliz€jot no izopropilspirta. [znakums: 2.3g (4.5mmol, 60.7%)

'H PMR (CDCls, TMS, 8): 0.89(3H, t, J=7.5Hz, COOCCH3); 1.27(3H, t. J=7.5Hz,
COOCCH3); 1.39(18H, s, 2xt-Bu); 1.73-2.18(2H, m, CCH;C); 3.31(2H.m. CH,0);
4.52(1H, dt, J;=11Hz, J,=15Hz. ArCH); 3.84(2H, q, J=7.5Hz, COOCH;); 4.20(2H, q,
J=7.5Hz, COOCH;); 4.22(1H, d, J=15Hz, HC)COOELt),); 4.27(2H, s. CH,Py);
5.04(1H, s, ArOH); 6.93(2H, s. C¢H,); 7.09-7.33(1H, m, Py-5H); 7.58(1H, m, Py-4H);

8.38-8.56m.d. (2H, m, Py-2H un Py-6H).
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2.6-Di-tres-butil-4-[ 1-metoksi-5-(3-piridil)-4-oksa—pentil}fenols 64

1g(2.84mmol) hinometida 57 $kidina 20ml absoliita metanola un pievieno ~200mg
Amberlyst 15 jonita. Skiduma spilgti dzeltend krasa izzid apméram 0.5h laika.
Reakciju atstdj maisities istabas temperatira pa nakti. Nofiltré jonitu, Skidumu
ietvaice. legust 0.98g (2.56mmol, 89%) produkta 64 ka bezkrasainus kristalus.
Kristaliz&jot no heksana, produkts pamazam parversas stirola 58.

'H PMR (CDCl;, T™MS, 8): 1.43 (18H, s, 2xt-Bu); 1.82-2.202H,m, CCH,C)
3.18(3H, s, OCHs); 3.40-3.73(2H, m, CH;0); 4.20(1H, m, OCHAr); 4.50(2H, s,
PyCH,); 5.13(1H, s, ArOH); 7.04(2H, s, Ce¢H,); 7.16-7.36(1H, m, Py-5H); 7.55-

7.73(1H, m, Py-4H); 8.44-8.61 m.d.(2H, m, Py-2H un Py-6H).

2.6-Di-tres-butil-4-[1-metilamino-5-(3-piridil)-4-oksa—pentil]fenols 65

1g(2.84mmol) hinometida 57 S$kidina 10ml sausa tetrahidrofurana un ievieto
biezsienu ampula. Turpat pievieno ~10ml Skidra metilamina. Ampulu aizkaus€ un
atstaj istabas temperatiird uz 12h. PEc tam $kidumu ietvaic€. legiist 1.10g produkta 65,
kuru mazga ar heksanu un filtré. [znakums: 0.94g (2.45mmol, 86%). Kristaliz€jot no

heksana, produkts pamazam parvérsas stirola 58.

'H PMR (CDCl;, TMS, 8): 1.42 (18H, s, 2xt-Bu); 1.67-2.182H,m, CCH,C)
2.29(3H, s, NCH;) 3.20-3.67(3H, s, CH,0 un NCHAr); 4.46(2H, s, PyCH,); 5.11(1H,
bs, ArOH); 7.022H, s, C¢H»); 7.24(1H, m, Py-5H); 7.62(1H, m, Py-4H);

8.49m.d.(2H, m. Py-2H un Py-6H).
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Abstract. Convenient large scale procedure for the synthesis of Nicanartine
(2,6-di-tert-butyl-4-[5-(3-pyridyl)-4-oxapentyl]phenol), an antiatherosclerotic
compound, was developed. Synthesis of rhia analogue as well as various
branched-chain oxa- and thia- derivatives of the parent compound were
investigated and 25 compounds were obtained. Screening of compounds in 4
different biological tests revealed an antiatherosclerotic profile similar to that of
Nicanartine.

Keywords: antiatherosclerotic  activity / antioxidants / butylated
hydroxytoluene / pyridyl-3-carbinol.



Introduction.

Atherosclerosis is the principal cause of heart attack, stroke and gangrene of the
extremities. It is responsible for c.a. 50% of all mortality in most industrial
countries.

Recently Ross[1] proposed the “response-to-injury” hypothesis of
atherogenesis. According to this different risk factors lead to endothelial
dysfunction. Evidence is found to suggest that oxidatively modified low- density
lipoproteins (ox-LDL) is a key component in endothelial injury[2]. Being formed
by the endothelium, ox-LDL may directly injure itself initiating the adherence and
migration of leukocytes into the subintimal space. Uptake of ox-LDL will lead to
foam cell formation[3] and, among others, may alter the synthesis of growth-
regulatory molecules. As a consequence arises the stimulation of the migration
and proliferation of smooth muscle cells (SMC) into the subintimal space causing
the life-threatening narrowing of arteries.

Searching for a drug, which might address therapeutically some of the most
important aspects of atherogenesis, Gold et al.[4] have synthesized new BHT-
ethers demonstrating their potential use as antiatherosclerotic drugs.

The mentioned class of compounds and namely Nicanartine (2,6-di-tert-butyl-
4-[5-(3-pyridyl)-4-oxapentyl]phenol, Al. Mrz 3/124, Fig.1) have been shown to
act as lipid lowering agents, inhibitors of LDL-oxidation and SMC-
proliferation[5]. Moreover, the action of Nicanartine on balloon-katheter-induced
restenosis (personal comm.) and PAI-1 production in vitro and in vivo has been
demonstrated[6].

Here we wish to report a convenient large scale method for the synthesis of

Nicanartine, instead of the 6 step procedure, elaborated by Gold and



coworkers[4], and, moreover, the synthetic route to the corresponding thia
analogue A2 as well as series of branched chain derivatives of both Al and A2
designed to evaluate the influence of alkyl substituents on both lipid-lowering and
antioxidant properties of compounds obtained (Fig. 1). According to our
hypothesis, an substituentat C1 atom (type A, fig.1) might affect the antioxidative
properties of the parent compound, whereas a chain branch at C3 (type C, fig.1)
should hinder the cleavage of the ether bond, making thus the release of pyridyl
carbinol and, correspondingly, lipid lowering activity, more prolonged. An alkyl
radical at C2 (type B, fig.1) was designed to help us to evaluate the inflence of
increase in lipofility of the Nicanartine analogues on their biological action.

Chemistry.

We started the synthesis of Mrz 3/124 (Al) from commercially available
methyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (Ionox 520, (2),
scheme 1):

Reduction of ester 2 via NaBH4 method[7] gave alcohol 3 in high yield.
Treatment of 3 with mesyl chloride afforded mesylate 4. Williamson’s
synthesis[8] in DMSO led to the ether Al in 75% yield (see table). The total yield
of Mrz 3/124 was c.a. 60%. This method turned out to be highly appropriate also
for a large scale synthesis (up to 500g of ester 2). Mesylate 4 in the reaction with
picolyl mercaptan generated in situ from picolylthiouronium salt[9] and NaOH
gave corresponding thioether A2 (see table).

There are several possibilities to obtain further type A derivatives of Mrz 3/124
(scheme 2).

On the one hand reaction of 2,6-di-terz-butylphenol (5) with «.p-unsaturated

compounds could afford the substituent at Cl atom. Thus addition of dimethyl



maleate to the phenol 5, followed by reduction of bis-ester obtained and
subsequent treatment with mesyl chloride, gave bis-mesylate 8b (R'=CH,OMs),
which was converted to bis-ether A4 (see table). However, both availability and
reactivity of unsaturated compounds as well as rigorous reaction conditions are
limitations of this method.

Another approach suggests utilization of quinone methide systems in reactions
with nucleophiles[10]. Alcohol 3 was regioselectively acetylated with Ac,O in
pyridine and oxidized by common procedure[11,12,13] to give quinone methide
10 as a bright yellow crystalline product. The intermediate 10 was stable enough
to be crystallized from hexane. Treatment of quinone methide 10 with an excess
of methylmagnesium iodide in ether at reflux, followed by reaction with mesyl
chloride, atforded mesylate 8a (R'=Me), which was converted either to ether A2
or corresponding thia analogue A6 (see table). Quinone methide pathway allowed
also to use ether Mrz 3/124 as a starting material for the preparation of type A
derivatives of 2,6-di-tert-butyl-4-[5-(3-pyridyl)-4-oxa-pentyl]phenol. Oxidation
with potassium ferricyanide in alkaline media[11] gave quinone methide 11 as a
bright yellow oil. Subsequent reaction with picolyl mercaptan afforded bis-ether
A5 (see table). However, isomerization of 11 to a styrene derivative 12, not
encountered in case of quinone methide 10, always took place and is a serious
drawback of this procedure.

Type B analogues of Mrz 3/124 were prepared via C2-substituted mesylates 18.
Either alkvlated malonic esters or methyl methacrylate were building blocks to
introduce the substituent at C2 atom (scheme 3).

Introduction of the BHT part into malonic esters is the key step, when using

this pathway for the synthesis of B type analogues of Mrz 3/124. Recent report



showed quaternary ammonium salts as 3,5-di-terr-butyl-4-hydroxybenzylating
agents superior to corresponding halides[14]. We have introduced pyridinium salt
13 providing benzylation under mild conditions to give diesters. Hydrolysis and
subsequent decarboxylation gave carboxylic acids 16b-d. Reduction afforded
alcohols 17b-d easily convertible to mesylates 18. Intermediates, as diesters 14,
dicarboxylic acids 15 and carboxylic acids 16, were used crude, except analytical
samples, and flash chromatography took place only for isolation of alcohols
17b-d.

Alternatively, treatment of phenol 5 with methyl methacrylate, followed by
reduction of ester 2]a obtained and reaction with mesyl chloride, gave mesylate
18a (R>=Me). However, reaction of salt 13 with alkylated malonic esters required
milder conditions, and various substrates are readily available. Condensation of
mesylates 18a-d under the same conditions as described for 4 gave both ethers B1-
B4 and thio-analogues B7-B10 (see table), however the yields were lower and
flash chromatography was used for isolation of products. Similar scheme allowed
to introduce the second pyridine moiety at C2. Alkylation of malonic ester or
methylmalonic ester, followed by reduction and treatment with mesyl chloride,
gave corresponding bis-mesylates 20a-b. However, condensation with
pyridylcarbinol gave mixture of products BS and B6 if R*=H (see table).
Introduction of methyl group (R2=Me) excluded elimination and cyclobutane
derivative 21 was the main product.

The introduction of the substituents at C3 atom to obtain type C analogues of
Mrz 3/124 was achieved via ketones 26a-c (scheme 3). Hydrolysis of
commercially available Jonox-520 (2) and following treatment with thionyl

chloride gave acyl chloride 24 Interaction with dimethylamine gave



corresponding amide 25, which was refluxed with Grignard reagents[17] to give
ketones. However, the reaction proceeded very slowly (170h at room temperature
for 26c) and the yields were quiet moderate. Alternatively, one can prepare
ketones using acyl halides and Grignard reagents in the presence of ferric
acetylacetonate[15,16]. Reaction of the acyl chloride 24 with 2 eq. of Grignard
reagents gave corresponding ketones. Yield was nearly quantitative in case of
propyl ketone 26b, whereas only 53% were achieved for ethyl derivative 26a.
Obviously, the purity of acyl chloride 16 is of great importance in this procedure;
however, the purification of 24 caused problems due to the self acylation.
Moreover, scaling up decreased the yields of this method dramatically. Obviously,
dimethylamine method should be preferred in large scale (25g and more)
syntheses.

Reduction of ketones, followed by treatment with mesyl chloride, afforded
mesylates 28a-b. Condensation with picolyl mercaptan gave expected ethers
C4.C5 (see table); however, this method was fully inappropriate for the
preparation of oxa-analogues due to elimination. That is why protected alcohols
3la-c became the key intermediates. Known procedure[4] (method A) includes
reduction of ketone. THP protection of aliphatic OH group and treatment with
Ac,O under phase transfer conditions (PTC), followed by removal of THP
protection. In our hands it gave only 37% total yield of propyl alcohol 31b.
Compared to this, direct acetylation (method B) of alcohols 27a and 27¢ gave 62%
and 71% of desired ester respectively, however, after chromatographic isolation of
the products. Alternatively (method C), acetylation of starting ketones 26a-c,

followed by reduction at low temperature, resulted in 81-84% total yield of



alcohols 31a-c. Alkylation of 20a-c with picolyl chloride under PTC, followed by
deprotection with LiAlH4 in refluxing THF, gave ethers C1.C3 (see table).

Whether carboxylic acid 16 (for types BC and AB) or alcohol 27b (for type
ACQC) were appropriate starting materials for miscellaneous type derivatives of Mrz
3/124 (scheme 5).

Carboxylic acids 16a.b were appropriate starting materials for the synthesis of
type BC analogues of Mrz 3/124. Treatment of 16b with thionyl chloride in
hexane, followed by reaction with dimethylamine, gave N,N-dimethylamide 34,
which reacted with Grignard reagent to ethyl ketone[17] 35 and gave disubstituted
alcohol 36 after reduction. Protection under PTC with Ac,O afforded selectively
product 37 in 70% yield. This was alkylated under PTC with excess of picolyl
chloride and deprotected by LiAlH, in boiling THF to give ether BC (see table).

On the other hand, reduction of 16a, followed by regioselective acetylation,
oxidation, reaction with methylmagnesium iodide and treatment with mesyl
chloride, gave mesylate 39. Reaction with either pyridylcarbinol or picolyl
mercaptan afforded products AB1 and AB2 (see table), respectively.

Regioselective acetylation of alcohol 27b with Ac,0 in pyridine, followed by
oxidation and reaction with methylmagnesium iodide, afforded disubstituted
alcohol 45. Protection under PTC (38%), followed by alkylation with picolyl
chloride and deprotection, yielded ether AC1. On the other hand, alcohol 45 was
converted to mesylate 46 and gave thioether AC3 (see table) by treatment with
picolyl mercaptan. Alternatively, direct oxidation of ethyl derivative C4 and
treatment of resulting quinone methide 49 with methylmagnesium iodide gave

ether AC2 (see table).



Biology.

The lipid lowering properties of the preparations were evaluated with nicotinic
acid as a standard. The antioxidative action of test compounds was estimated by
two methods: the determination of lag phase for the formation of conjugated
dienes[18] and determination of thiobarbituric acid reactive substances[19].
Antiproliferative effect of substances obtained was evaluated on Wistar-rat aorta
smooth muscle cell (SMC) proliferation[20]. The test results of lipid-lowering,
anti-oxidative and anti-proliferative properties of the compounds are summarized
in table.

Comparison of Nicanartine (Al) with its thig-analogue A2 revealed no obvious
difference. Regarding to its anti-proliferative activity A2 seemed to be more
active. On the other hand, due to the very steep concentration-response
relationship this compound lost activity as soon as the concentration was <S0uM.
This is an effect which could also be observed for the parent substance (Al).

In general, the introduction of a chain branch at C-1 atom (derivatives of type
A, namely A3, A4, A6 and 12) did not result in any improvement of
pharmacological properties. Moreover, A6 did not show any lipid-lowering effect,
whereas A2 bearing one methyl substituent less, showed the same or even higher
activity as the parent compound Al. Although this could be explained by too low
vehicle control value, the reason of inactivity might be related to the structure of
these compounds as well.

Similarly substituent at C-2 atom (derivatives B1l, B4-B10) did not change the
pharmacological profile of the compounds in comparison to the Nicanartine (Al).
Surprisingly B6, bearing two nicotinic acid equivalents, was not superior to the

other substances in the test on lipid lowering properties. Another interesting result
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is the complete loss of activity for B10 in the test on SMC-proliferation. Although
B10 is very similar to B4 with regard to thia-ether only, the oxa-derivative B4
showed the usual profile while B10 did not. No explanation can be given for this
so far.

Very heterogeneous results were obtained with the type C derivatives of
Nicanartine (Al). On the one hand, C2 and C3 did not reveal any lipid-lowering
activity, whereas C4 was comparable with A3. In the case of C2, at least partially,
a low vehicle control is responsible for the observed increase in triglycerides.

The introduction of two substituents in the molecule also did not cause any
significant changes in pharmacological profile. Irrespective on the position of
substituents no important differences from the parent compound (Al) were
obtained.

Discussion.

Finally, we have to conclude, that the Williamson's synthesis from
corresponding mesylates and pyridyl-3-carbinol is the most appropriate method
for the preparation of Nicanartine and its analogues. Obviously, sterical
hindrances of the phenolic OH group by the bulky o-substituents ensure
regioselectivity in this reaction and there is no need for protective groups.
Secondary mesylates undergo elimination under the same conditions, whereas
usage of stronger nucleophile - 3-picolyl mercaptan provided corresponding thio-
ethers.

Quinone methide systems are attractive starting materials for the substitution of
Mrz 3/124 molecule at C1 atom. Both picolyl ethers and acetylated 3-(3,5-di zert-

butyl-4-hydroxyphenyl)propan-1-ols are easily oxidized by potassium ferricyanide
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to obtain stable quinone methides. Reaction with whether thiol or Grignard
reagent provides substitution in high yield.

1-(3,5-Di-tert-butyl-4-hydroxybenzyl)pyridinium chloride is a highly versatile
agent for the introduction of the BHT residue into malonic esters.

In general, one should conclude that both the thig-analogue of Nicanartine
(A2) as well as the branched chain derivatives showed biological activities
matching those of parent compound (Al). In fact no differences were observed in
biological action of the preparations, bearing substituents at C1, C2 or C3 atoms
(types A, B and C, fig.1). However, the introduction of two chain branches
resulted in decrease of both antioxidative and lipid lowering activity, irrespective
of the position of alkylradicals. This allows us to suggest, that the increase of
lipophilicity of the compounds could be responsible for the changes of biological
activity.

Some unexpected results obtained with alkylated analogues of Nicanartine
could not be unambiguously attributed whether to the structure of compounds or
vehicle control rates.

Supplementary Material Available.

General experimental procedures, yields and physical constants of the
compounds described, 'H NMR spectra of the syhthesized products and
intermediates, HPLC conditions for the end products are given on 16 pages.
Ordering information is given on any current masthead page.

References.

1. Ross R (1993) Nature 362, 801-809

2. Steinberg D (1991) Circulation 84, 1420-1425



12

3. Yla-Herrtuala S, et al (1989) J Clin Invest 84, 1086-1095

4. Gold MR; Jarglis Panayiotis, Junglas H; Leimner JH, Peteri Dezsoe, Quack G,
Strohmeier J, Wiilfroth PM PCTInt. Appl. WO 93 12,089 24.06.93, (CA 1993,
119(21), P225836)

5. Wiilfroth P (1995) Drugs of the Future 20, 572-574

6. Okada H, Lundgren C, Brown SL, Vinogradsky B, Wiilfroth P, Fujii S (1996)
Curr Ther Res 57, 192-202

7. Soui K, et al (1984) Bull Chem Soc Jpn 57(7), 1948-1953

8. Benedict DR, Bianchi TA, Cate LA (1979) Synthesis (6), 428-429

9. Vejde'lek ZJ, Protiva M (1951) Coll Czech Chem Com 16, 451-452

10. For leading reference see: Angle SR, Arnaiz DO, Boyce JP, Frutos RP, Louie
MS, Mattson-Arnaiz HL, Rainier JD, Turnbull KD, Wenjin Yang (1994) J Am
Chem Soc 59, 6322-6337

11. Cook CD, Norcross BE (1956) J Am Chem Soc 78, 3797

12. Leary G, Thomas W (1975) Tet Lett 42, 3631-3634

13. Kende AS, Koch K, Smith CA (1988)J Am Chem Soc 110, 2210-2218

14. Top6ynos [1B, Epmos BB, Hukudgopos I'A ,1993, H38 AH cep xum 3, 526529
15. Fiandanese V, Marchese G, Martina V, Ronzini L (1984) Tet Let 25(42),
4805-4808

16. Cardellicchio C, Fiandanese V, Marchese G, Ronzini L (1987) Tet Let 28(18),
2053-2056

17. Briggs MA, Haines AM, Jones HF (1985) J Chem Soc Perkin Trans I 795
18. Esterbauer H, Striegl G, Puhl H, Rothneder M (1989) Free Rad Res Comm 6,

67-75



13

18. Esterbauer H, Striegl G, Puhl H, Rothneder M (1989) Free Rad Res Comm 6,
67-75
19. Yagi K (1976) Biochem Med 15, 212-216

20. Wiilfroth P, Griinwald J (1989) Basic Res Cardiol 84, 291-297



Ne  Hofl R X MP, Yicld, Triglicerides, I.ag time of dienes, TBARS form. SMC prolif.
cmpd (°C) (%) (inhib.% vs control) (% vs control) (inhib.% vs control) (inhib % vs
240° 360’ SpuM 20pM 10pM 20uM control, ¢c=50 uM)
1 Al R'=R’=R*=H O  104-105 76 73 76 450 NT 87 90 71
2 A2 R'=R?=R*=H S 59-60 75 60 59 360 733 90 90 98
3 A3 R'=Me; R’=R*=H (¢} 53 79 92 317 1600 85 86 98
4 A R'=CH,0CH,Py; R*=R*=H O 23 NT? NT 267 1304 42 52 98
5 AS R'=SCH,Py; R=R*=H 0 956 59 71 79 510 >1500 79 81 NT
6 A6 R'=Me; R>=R*=H S 105-106 70 2 5 NT NT NT NT 99
7 12 R'=R’>=R*=H 0 78 85 NT NT 36 73 98
8 Bl R>=Me; R'=R*=H 0 47 NT NT 263 321 77 80 96
9 B3 R?=Pr; R'=R*=H 0  99-101 62 NT NT NT NT NT NT NT
10 B4 R*=Bu; R'=R*=H o 7172 43 48 52 89 207 46 68 99
11 BS R*=CH,=; R'=R’=H 0 9596 37° 71 66 NT NT 74 84 96
12 B6 R’=CH,OCH,Py;R'=R**H O  75-76 194 71 80 NT NT 84 89 94
13 B? R>=Me; R'=R*<H S 63-64 63 67 60 237 1308 42 51 66
14 B8 R=Et;, R'=R*=H S oil 54 67 71 392 614 9 62 98
15 B9 R?=Pr; R'=R*=H S 8283 48 43 39 354 797 40 45 98
16 BIO R?=Pr; R'=R*=H S 80-81 32 40 64 NT NT 24 45 18
17 Cl R*=Et; R'=R*=H 0 8283 39° NT NT NT NT NT NT 97
18 C2 R*=Pr, R'=R*=H 0  63-64 39° -52 41 NT NT 65 70 98
19 C3 R*=Bu; R'=R*=H o il 33 -97 -28 451 922 68 83 99
20 C4 R¥=Et; R'=R*=H S 7374 53 81 62 204 276 'y} 63 98
21 C5 R*=Pr; R'=R*=H S 7576 45 NT NT NT NT NT NT NT
22 ABI R'=Me; R*=Pr; R’=H 0  56-7 39 77 72 193 650 75 76 98
23 AB2 R'=Me; R*=Me; R*=H S oil 50 61 46 232 1527 52 60 98
24 ACI R'=Me; R’=H; R*=Pr o ol 33 47 75 NT NT 70 74 NT
25 AC2 R'=Me; R’=H; R*=Et S oil 68 29 46 227 >1500 69 73 NT
26 AC3 R'=Me; R>=H; R*=Pr S 78-79 63 42 43 181 466 71 74 NT
27  BC R'=H; R?=Pr; R*=Et 0 oil 54° 45 66 NT NT 37 66 NT
28 NDGA' - = NT NT NT NT 95 NT
29 Nic® . . = 61 69 NT NT NT NT

" not tested

® obtained as a by-product from quinone methide (scheme 1)

? compound separated from B6, total coversion: 56%

. compound separated from BS, total conversion: 56%

© total yields, yields for both condensation and deprotection see

supplementary material

g nordihydroguaretic acid.

3

nicotinic acid
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Figure 1. Structural types of Mrz 3/124 derivatives.
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Scheme 1. Synthesis of Mrz 3/124 and corresponding thia analogue.



17

OH
t-BU\©/t-BU
5 1)KOH/PhCHjZ, reflux
2)MeOOCCHCHCOOMe/DMF
3) LIAH,/THF
4) 2eq. MsCUEt; N/PhH i Sf" Py
OH (o} OH HO »
t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu PYCH,SH g e
1) Ac,0Py 1) MeMgl /Et,0 | NaOH/DMSO 48
2) K5[Fe(CN)g] 2)MsCI / EtyN oM e
HO™ 3 AcO 10 8a.b -Bu R
Where: 82 R1=Me HO
8b R1=CH,OMs
t-Bu O
A s Py
Where: A3 R1=Me
t-Bu B PYCHzSH M R1 =CH20CH2Py
t-Bu
HO . KFeCN)gl O A5 R1=SCH,Py
t-Bu 0" Py m/\/OAPY t-Bu
e Ho@\/ -
Al 1" t-Bu 0 P
12

Scheme 2. Preparation of type A Mrz 3/124 derivatives
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Scheme 3. Preparation of type B Mrz 3/124 derivatives
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Where: 26a R3=Et

OH 3
OH 26b RY=Pr
t-Bu t-Bu A:1) Me,NH -B -
1) NaOH/ Hy0 t-Bu t-Bu 2) R%ﬁgsr t-Bu 26c R3=Bu
" >HO 0
H* 3 ‘Q_\_q
3)S0Cl, B: R®MgBr/ Fe{acac), 5 3
COOMe Loe o T
2 24 1) Ac,0/ PTC
LiAlH, 2) LIAIH,/ -50°C
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t'BU t-Bu t-Bu 2)Ac OIPTC
MsCVEtzN 3) H? AcO OH
B: Ac,O/PTC t-BU R?
Where: 28a R3—E 31a-c :
28b R =Pr R~ oMs 1) PyCH,CI/ PTC Where: 31a R¥=Et
: 31b R3=pr
2) LiAH, 3
28a-b 27a-c " 31c R°=B
3 t-Bu R
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—/ -
RO S . tBu C1-C3 ;
t-Bu Where: C1 R¥=Et
- c2 R3=Pr
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Scheme 4. Synthesis of type C Mrz 3/124 derivatives
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Where: 16a R2=Me tBU R . = t-Bu
16c RZ=Pr Ho@f HOQ—\_PH AcyOlPy
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Scheme 5. Preparation of miscelaneous type Mrz 3/124 derivatives
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Experimental.

All '"H NMR spectra were recorded on a 90MHz Bruker instrument. Melting points were
detected on Boetius table and are uncorrected. All reactions were carried out in an argon
atmosphere. Solvents and reagents used were purified according to literature (Perrin,
D.D., Armarego, W.L.F., Purification of laboratory chemicals, 39 ed,, Pergamon Press,
1988., 391pp.) Only general procedures are presented. Yields, 'H NMR data and physical
constants of products are summarized in tables 1-15. The content of impurities in target
compounds was less than 1% according to HPLC on 4.6x250mm Silasorb 600 column
and 4.6x250mm Silasorb SPH C18 column. Mobile phases: 3-5% i-PrOH in hexanes or
20-30% dioxane in heptane, and MeCN-0.1M phosphate buffer, pH=2.5 (45:55) or MeCN-
0.2M acetate buffer, pH=5.0 (70:30). Detection: UV 254nm.
Addition of a,b-unsaturated esters to 2,6-di-tert-butylphenol.
A
Methyi 3-(3,5-di-fert-butyl-4-hydroxyphenyl)-propionate (/onox 520, 2).
2,6-Di-tert-butylpheno! (5) (8.0g, 38.8 mmol) was dissolved in 7.0ml (77.7 mmol) of
methyl acrylate and the solution of 900mg (8.0 mmoi) of KOt-Bu in 20ml of -BuOH was

added. The reaction mixture turned green and was heated in a sealed tube at 115°C for
c.a. 20h. The green color disappeared and pale yellow suspension was obtained. The
slurry was poured into 200mi of ice-water and extracted with 3x30mi of ether. Extracts
were dried, evaporated and the residue was distilled in a short-path apparatus at
0.01mbar to give 8.0g (27.4 mmol, 71%) of ester 2 as a clear oil crystallizing on standing.
B.

Diethyl 2-(3.5-di-tert-butyl-4-hydroxyphenyl)-succinate (6).
Potassium 2,6-di-tert-butylphenolate (10.0g, 41.0 mmol) was dissolved in 70mil of

DMF. Diethyl maleate (21.0g, 122.1 mmoi) was added and the reaction mixiure was
heated at 100°C for 16h. Pale yellow suspension was poured into 300mi of ice-water,
neutralized with HCI to pH=6-7, and extracted with chioroform (3x70ml). Extract was
dried, evaporated to dryness to give 10.3g (27.2 mmol, 66%) of diester 6 after
crystallization from hexane.
Alkylation of malonic esters with 1-(3.5-di-tert-butyl-4-hydroxybenzyl)-pyridinium
chioride.
Diethyl (3.5-di-tert-butyl-4-hydroxybenzylimalonate (14a).

80% NaH in white oil (1g, 33.3 mmol) was suspended in 50ml of DMSO and dietyl
malonate (5ml, 32.9 mmol) was added dropwise. After dissolving of all NaH, a solution of
3.5-di-tert-butyl-4-hydroxybenzyi pyridinium chioride 13 (11.0g, 33.0 mmol) in DMSO was

added during 45 min at room temperature. The reaction mixture was stirred for an

additional hour, poured into 11 of water and acidified to pH=6. Product 14a was extracted
with EtOAc (3x150mi), extract was dried and evaporated to give pale yellow oill
crystallizing on standing. Yield: 10.0g (26.5 mmol. 80%).



Hydrolysis of 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid esters.
3-(3,5-Di-tert-butyl-4-hydroxyphenyl)-propionic acid (16).

Methyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate (2) (150.0g, 0.51 mol) was
added to a solution of NaOH (40g, 1.00 mol) in 1500 ml of water. Reaction mixture was

heated at 85-90°C until clear solution was obtained. The solution was cooled to room
temperature, some cloudy precipitate filtered off, and neutralized by aqueous HCI until
pH=5.0. The white precipitate was filtered, washed with water (500 ml) and dried to give
135.0g (0.49 mol, 95%) of 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid 16.
Preparation of 3-(3,5-di-tert-butyl-4-hydro
2-Propyl-3-(3 5-di-fert-butyl-4-hydroxypheny!)-propionic acid 16c.

Diester 14d (37.35g , 88.9 mmol) was dissolved in EtOH (65 ml) and a solution of KOH
(24g in 25ml of H,0) was added in one portion. The reaction mixture was refluxed for 6h.

henyl)-propionic acids.

Ethano!l was evaporated under reduced pressure, and 250ml of water was added under
stirring. The solution was vigorously stirred and acidified with 10% HCI until pH=1. The
precipitate was collected by filtraton and washed with water. The amorphous solid
obtained (32.0g) was placed into roud bottom flask and heated under vacuum (20 mbar)
in an oil bath with stirring until decarboxylation started (c.a. 140°C in the bath). The
reaction mixture was stirred and heated for additional 25min until the CO, evolution
ceased, then cooled to room temperature. The crude product, containing traces of ester,
was dissolved in EtOH (80ml) and the soifution of KOH (10.0g in 30ml of H,0) was
added. The reaction mixture was refluxed for 3h. The solution was cooled, acidified to
pH=1 with 10% HC! and product was extracted with chioroform. Extract was dried and
evaporated to give crude 16c. The carboxylic acid 16¢ was recrystallized from hexane.
Yield: 14.0g (43.7mmo!, 49%).
Preparation of acyl chiorides.
3-(3.5-Di-tert-butyl-4-hydroxyphenyl)-propiony! chloride (24).
3-(3,5-Di-tert-butyl-4-hydroxyphenyt)-propionic acid (16) (50.0g, 0.18 mol) was
suspended in 500 mi of dry hexane, 10ml of dry DMF were added. Freshly distilled thionyl

chioride (75 mi, 1.03 mol) was added dropwise within 1h. Reaction mixture was heated
under reflux for 6h, evaporated to dryness under reduced pressure at 30-35°C. The light
brown residue was crystallized from hexane to give 31.4g (0.11 moi, 59%) of 3-(3,5-di-
tert-butyl-4-hydroxyphenyl)-propionyl chloride (24). (M.p.=68-70°C)

Preparation of ketones.

A,

—

N N-Dimethyl 3-(3.5-di-tert-butyl-4-hydroxyphenyl)-propionic acid amide (25).

94.0g (2.09 mol) of anhydrous dimethylamine was dissolved in 400mi of methylene
chloride at-10°C. The solution of 3+(3,5-di-tert-butyl-4-hydroxyphenyl)-propiony| chioride
(24) (25.7g, 0.87 mol) in 100mi of dry methylene chloride was added within 1h at -10°C.
The reaction mixture was allowed to warm up to room temperature and washed with

3x100mI of 10% HCI, then with water until pH=6-7. The methylene chloride layer was



dried over Na,S0O, and evaporated to dryness to give 26,2g (0.86 mol, 99%) of
dimethylamide 25. 'H NMR spectrum (CDCls, TMS, §): 1.42 (18H, s, 2t-Bu); 2.44-3.00
(4H, m, CH,CHj); 2.92 and 2.96 (6H, 2s, N(CHa)2); 5.04 (1H, s, OH); 6.98 ppm (2H, s,
CeH,).
1-(3,5-Di-tert-butyl-4-hydroxyphenyi)-heptan-3-one (26¢).

N,N-dimethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid amide (25) (5.0g,
16.4 mmol) was dissolved in 50 mi of THF and added to soiution of 75 mmol

butylmagnesium bromide in 150 ml of THF. Reaction mixture was kept at room

temperature for 170h. Usual workup gave 5.6g of light brown oil. The crude product was

passed through a 20x4.5 cm Kieselgel 60 column and eluted with hexane/ethylacetate (

10/4 ). The product containing fraction was evaporated to give 3.8¢g (11.9 mmol, 73%) of

ketone 26c as a pale yellow oil.

B

1-(3,5-Di-tert-butyl-4-hydroxyphenyl)-hexan-3-one (26b).
3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionyl chioride (24) (5.9g, 19,9 mmol) was

dissolved in 200 mi of THF and ferric acetylacetonate (300mg, 0.85 mmol) was added.

The solution was cooled to -65°C and 22.0 mmol of propylmagnesium bromide in 30 ml of
THF were added within 15 min. The reaction mixture was stirred for 0.5h at -65°C and
then propylmagnesium bromide (20.0 mmol) was added within 1.5h at -60- -65°C. The
deep-red solution was allowed to warm up to room temperature, poured on 300g of ice,
extracted with 3x150 ml of ethyl acetate. Extract was washed with brine, dried over
Na,S0, and evaporated to give 5.8g (19.1 mmol, 96%) of crystalline ketone 26b.
Acetylation of ketones.
1-(3,5-Di-tert-butyl-4-acetyloxyphenyi}-hexan-3-one (32b).

Ketone 26b (5.00g, 16.45 mmol) was dissolved in 80ml of methylene chloride and

tetrabutylammonium hydrogen suifate (1.50g, 4.25 mmol) was added. The solution was
cooled to 5-7°C and diluted with 80ml of 40% NaOH solution in water. The mixture was
vigorously stirred for 0.5h at 5°C and then acetic anhydride (4.5 ml, 47.69 mmol) was
added dropwise within 0.5h. The stirring was continued for an additional 1h until TLC
(hexane/EtOAc 10/1) showed disappearance of the starting material. The reaction mixture
was diluted with 300mi of water, organic layer separated and water phase extracted with
3x75ml of CH,Cl;. The organic extracts were washed with water until neutral pH, dried
and evaporated to give 5.03g (14.54 mmol, 88%) of acetylated ketone 32b as a clear oil.
Preparation of 3-(3.5-di-tert-butyl-4-hydroxyphenyl)-propan-1-ois.

A.Reduction of ketones.
1-(3,5-di-tert-butyi-4-hydroxyphenyh-hexan-3-ol (27b).

Ketone 26b (10.37g, 34.0 mmol) was dissolved in 50ml of THF and added to a solution
of LiAlH, (1.30g, 34.3 mmol) in 500mi of THF at -35°C within 35 min. The reaction mixture

was stirred for an additional 15 min gquenched with ethyl acetate. washed with saturated




tartrate solution and water, the organic layer dried over Na,SO,4 and evaporated to give
9.66g (31.6 mmol, 93%) of alcohol 27b as a crystalline substance.

B.Reduction of esters.

3-(3.5-Di-tert-butyl-4-hydroxyphenyl)-2-methy!-propan-1-ol (22).

LiAIH,

Ester 21a (20.0g, 65.4mmol) was dissolved in 100ml of THF and added to a solution of
LiAlH4 (2.5g, 65.9 mmol) in 500ml of THF. Reaction mixture was refluxed for 1h. Usual
workup gave 15.3g (55.0 mmol, 83%) of alcohol 22 as a crystalline substance.

NaBH,

Ester 21a (7.0g, 22.9 mmol) was dissolved in 60ml of t-BuOH and NaBH, (4.0g, 105.3

mmol) was added. 20ml of MeOH were added dropwise with stirring at 45-55°C within

30min. When the exotermic reaction ceased, the slurry was refluxed for 1h until TLC
showed full conversion of the starting material. The reaction mixture was poured into
800mI of water, neutralized to pH=5 with HCI and filtered. The white precipitate was dried
to give 5.8g (20.9 mmol, 91%) of aicohol 22.
C. Reaction of quinone methide with Grignard reagent.
2-(3.5-di-tert-butyl-4-hydroxyphenyl)-heptan-4-ol (45).

Crude quinomethide 44 (19.9g, 57.5 mmol) was dissolved in 150ml of THF and added
to a stirred solution of 0.5 mol MeMgl in 500ml of ether. When the exotermic reaction

ceased, the resulting suspension was heated at reflux for 4h. Usual workup gave 18.02g
(56.31 mmol, 98%) of alcohol 45 as a clear oil.
Synthesis of mesylates.
2-(3.5-Di-tert-butyl-4-hydroxyphenyl)-butyl mesylate(8a).

Alcohol 7a (4.98g, 18mmol) was dissolved in 50ml of benzene. EtzN (3.7ml, 26.5
mmol) was added and reaction mixture was cooled to 8°C. Methanesulfonyl chioride

(2.0ml, 25.4 mmol) was added within 25min. The reaction mixture was stirred for an
additional hour, precipitate filtered off and washed with 2x15ml of benzene. The filtrate
was evaporated to dryness and treated with 15ml of cold i-propyl alcohol to give 3.37g
(9.5 mmol, 53%) of mesylate 8a after crystallization from i-propyl alcohol (10mi).
Acetylation of alcohols.

1-(3.5-Di-tert-butyl-4-acetyloxyphenyl)-hexan-3-ol (31b).

The solution of ketone 32b (5.03g, 14.54mmol) in 20ml of THF was added to a 550mg
(14.54 mmol) of LiAlH4 in 150mi of THF at -60°C within 15min. The reaction mixture was
stirred at -60°C for 10min, quenched at -60°C with 15ml of MeOH and washed with
tartrate solution. The organic layer was dried over Na,SO, and evaporated to give 4.87g

(14.00 mmol, 96%) of alcohol 27b as a clear oil.
1-(3.5-Di-tert-buty|-4-acetyloxyphenyl)-hexan-3-ol (31b).

Tetrabutylammonium sulfate (250mg, 0.74 mmol) was added to a solution of 1.00g
(3.27 mmol) 1-(3,5-di-tert-butyl-4-hydroxyphenyl)-hexan-3-ol (27b) in 15ml of methylene
chloride. The mixture was cooled to +5°C, diluted with 15ml of 40% NaOH and stirred for




0.5h at +5°C. 350ul (3.71 mmol) of acetic anhydride were added in one portion and
stirring continued for 2h. Usual workup gave 1.12g of a pale yellow oil, which was
chromatographed on a 30x2.4 cm Kieselgel 60 column with hexane/ethylacetate (10/1) to
give 0.81g (2.33 mmol, 71%) of acetylated phenol 31b as a clear ail.

Preparation of pyridyl ethers.

A.via mesylates.
2-(3,5-Di-tert-butyl-4-hydroxyphenyN-6-(3-pyridyl)-5-oxahexane (A3).

Picolyl alcohol (2.2g, 20 mmol) was mixed with 1.60g (40 mmol) of fine powdered
NaOH and 10ml of DMSO. The mixture was heated with stirring at 120°C for 1h, then
cooled to 15°C and solution of mesylate 8a (3.37g, 9.5 mmol) in 7ml of DMSO was added

during 2h. The reaction mixture was stirred overnight, poured into 450mi of water to give
pale yeliow emulsion, crystallizing on standing. Filtration yielded 2.2g (6.0 mmol, 63%) of
crude ether A3, which was purified by crystallization from hexane.
In case of bis-ether B6 reaction mixture after addition of mesylate was heated at

100°C for 2h.
B via PTC.
1-(3-Pyridyl)-3-[2-(3,5-di-tert-butyl-4-acetyloxy-phenyl)-ethyl]-2-oxahexane (33b).

Tetrabutylammonium hydrogen sulfate (1.70g, 5.00mmol) and picolyl chioride

hydrochloride (2.00g, 12.19mmol) were added to a solution of alcohol 31b (1.71g,
4.91mmol) in toluene (10mi). The resulting slurry was degassed, saturated with argon
and cooled to 0°C. 10ml of 50% NaOH were added and the reaction mixture was
vigorously stirred for Sh. Dark brown reaction mixture was diluted with 50ml of water and
50ml of ether. Organic layer was separated, the aqueous phase was washed with ether
(4x25ml). Extract was washed with water until pH=6-7, dried and evaporated to give 4.16g
of brown oil. Crude reaction mixture was separated on a 40x24cm Kieselgel 60 column
(hexane/ ethylacetate 10/4) to give 920mg (2.10 mmol, 42%) of ether 33b as a clear oil.
Deprotection of ethers.
1-(3-PyridyD-3-[2-(3,5-di-tert-buty|-4-hydroxy-phenyl)-ethyl]-2-oxahexane (C2).

Acetylated ether 33b (920mg, 2.10 mmol) was dissolved in 5ml of THF and added to a
solution of LiAlH, (80mg, 2.11mmol) in 40mi of THF. The reaction mixture was heated at

reflux for 2h. Usual workup gave 660mg (1.66 mmol, 79%) of deprotected ether C2 as
white crystalline substance.
Preparation of thio-ethers.
2.6-Di-tert-butyl-4-[5-(3-pyridyl)-4-thiapentyl]-phenoi (A2).

S-(3-Picolyl)isothiourea dihydrochloride (4.8g, 20mmol) was dissolved in 20ml of
DMSO and cooled to 10°C. Powdered NaOH (3.2g, 80mmol) was added in one portion

and resulting mixture was stirred for 10 min at 10-15°C. A solution of mesylate 4 (6.84g,

20mmol) in 20ml of DMSO was added within 10 min at 15-20°C. The reaction mixture was

stirred at room temperature for 1h and poured into ice-water. Oily solid precipitated was



extracted with chloroform, extract washed with water and dried. Resulting oil crystallized
by treatment with hexane to give 5.56g (15mmol, 75%) of ether A2.

In case, if no crystalline substances were obtained by treatment with hexane,
chromatography on Kieselgel 60 was used to isolate pure products (eluent: hexane/EtOAc
10/4).

Acetylation of alcohols.
1-(3,5-di-tert-butyl-4-hydroxyphenyl)-hex-3-y| acetate (43).
Alcohol 27b (32.31g, 0.106 mol) was dissolved in 150mi of pyridine, and acetic

anhydride (15ml, 0.159 mol) was added at room temperature. Reaction mixture was
stirred for 0.5h and poured into water (750mi). Product was extracted with EtOAc
(3x150mi), extract was dried and evaporated to give 33.06g (35mmoi, 90%) of acetylated
product 43.
Syntheses of quinone methides.
2 6-di-tert-butyl~-4-(3-acetyloxyhex-1-ylidene)-cyclohexa-2 5-dien-1-one (44).

20.0g (57.5 mmol) of acetylated alcohoi 43 in 500ml of benzene were added at 7-10°C
to a vigorously stirred degassed solution of K3[Fe(CN)s] (76.0g) and NaOH (60g) in 500ml
of water. Reaction mixture turned emerald green. Stirring was continued for 2.5h at 10°C

until the green color disappeared. The organic layer was separated, washed with water
until pH=7, dried over Na,SO, and evaporated at 30°C to give 19.9g (57.5 mmol) of
quinomethide 44 as a bright yellow oil.

1-(3,5-di-tert-butyl-4-hydroxybenzyl)-pyridinium chloride (13).

Pyridine hydrochloride (1.46g, 12.6 mmol) was dissolved in 25 mi of MeCN and lonox-
100 (3.00g, 12.7 mmol) was added in one portion. Reaction mixture was refluxed under
argon 5h. White precipitate 13 was filtered off, washed with dry MeCN (20 ml) and ether
(15 ml) and dried in vacuo. Yield: 3.50g (10.4 mmol, 83%). 'H NMR spectrum (DMSO-dg,
TMS, 5): 1.37 (18H, s, 2t-Bu); 5.74 (2H, s, CH,;N"); 7.24 (1H, bs, OH); 7.31 (2H, s, CeH,);
8.15 (1H, m, Py-5H); 8.58 (1H, m, Py-4H); 9.21ppm (2H, m, Py-2H&Py-6H).
2-Methyl-2-(3-pyridylmethyloxymethyl)-6,8-di-tert-butylspiro-[3,5]-nona-5,8-diene-7-
one (21).

Synthesis was carried out according to method for the preparation of BS and B6.

Reaction mixture was poured into ice-water, extracted with chloroform (3x100ml), extracts
were dried, evaporated to dryness and resulting oil chromatographed on Kieselgel 60.
Melting point: 92-93°C, yield: 47%. 'H NMR spectrum (CDCls, TMS, 8): 1.14 (9H, s, t-Bu);
1.22 (9H, s, t-Bu); 1.30 (3H, s, CHs3); 1.96 (2H, d, J=12.0Hz, CCH,C); 2.43 (2H, d,
J=12.0Hz, CCH,C); 3.32 (2H, s, CH;0); 4.61(2H, s, CH,Py); 6.82 (2H, s, CgHy); 7.27 (1H,
m, Py-5H); 7.69 (1H, m, Py-4H), 8.56ppm (2H, m, Py-2H&6H).
2,6-Di-tert-butyi-4-{1-(3-pyridylmethylthio)-3-{3-pyridyimethyloxy)-propyl]phenol
{A5)

S-(3-Picolyl)isothiourea dihydrochloride (2.4g, 10mmol) was dissolved in 15ml of
DMSO and cooled to 6°C. Powdered NaOH (1.6g, 40mmol) was added in one portion and




resulting mixture was stirred for 5 min at 8-10°C. A solution of quinone methide 11 (3.54g,
10mmol) in 10ml of DMSO was added dropwise within 10 min at 10°C. Reaction mixture
was stirred for an additional hour at room temperature and poured into ice-water. Oily
precipitate was extracted with chloroform, extract washed with water, dried and
evaporated to give pale yellow oil. Chromatography on Kieselgel 60 (hexane/EtOAc)
afforded 2.8g (5.9mmol, 59%) of ether AS. Product was crystallized from hexane/i-PrOH
to give pure substance.

Evaluation of lipid-lowering properties.

The experiment was carried out in groups of male SD-rats (n=5 rats per
measurement).

Test compounds were suspended in Cremophor (10% in distilled water). Dissolution of
the preparation was achieved on a magnetic stirrer, where the solutions had to be placed
up to the administration.

Single dose (0.2 mmol/kg) of the test substance or the vehicle only were administered
to fasting (24h) normolipidemic rats by the per oral route. 240 or 360 minutes after
application blood samples were taken and the concentration of serum-triglycerides was
estimated by a standard method (GPO-PAP method, E. Merck, Darmstadt, Germany).
Nicotinic acid served as standard. Data are given as lowering % vs vehicle control.

Evaluation of anti-oxidative properties.

The anti-oxidative properties of the test compounds were evaluated by two in vitro
assays: the determination of the lag phase for the formation of conjugated dienes
according to Esterbauer et al. and the determination of thiobarbituric acid reactive
substances (TBARS) according to the method of Yagi et ai.

Lag time of conjugated dienes formation.

Low-density lipoproteins (LDL, d=1.019-1.063) were isolated by ultracentrifugation
from human plasma sampled in EDTA-coated vials.

Protein was determined by the Lowry method using bovine serum albumin as a
standard. Test substances were dissolved in ethanol.

For assaying the lag time 10ul of the drug solution, 10ul Ccu®** and phosphate buffered
saline (PBS) were added to 200ug of LDL to give 1ml test solution with final
concentrations of 10uM Cu*, 0.5% ethanol and 5 or 20uM of the test substance. Controls
received ethanol only. Air was bubbled through the solution. The dosage of estimation at
234min. Induction of the formation of conjugated dienes was recorded by
spectrophotometer.

The lag phase till formation of conjugated dienes is calculated from the graphs. NDGA
was used as reference compound. Experiments were done in duplicates.

Data are given as % vs vehicle control.

TBARS formation.

LDL was prepared and protein was determined as above. Test substances were
dissolved as above.



For the assay 200ug of LDL was incubated in 1ml HAM F 10 medium for 24h at 37°C
in the presence of 10uM Cu®* with cr without the preparation (10 or 20uM). Controls
received ethanol only.

Total TBARS were determined by adding of 0.5ml aliquot to 0.75ml of 0.67% TBA in
0.05M NaOH +0.75mi of 20% trichloroacetic acid. After heating in a water bath (90°C) for
60 min the samples were cooled to room temperature and centrifuged at 5000 rpm
(Varifuge, Hereaus, Germany) for 10min. Optical density was read at 532nm. NDGA was
used as a reference substance, experiments were done in triplicates.

Data are given as % inhibition vs vehicle control.

Evaluation of anti-proliferative properties.

Smooth muscle cell (SMC) proliferation was determined using SMC from Wistar-rat
aorta.

The aortas were dissected, the adventitia removed and the intimal side was gently
scraped with a scalpel to remove all endothelium. Explants 1x1mm were prepared and
placed with the luminal side down in tissue culture multiwells.

The explants were attached to the surface but before they started to dry out they were
supplemented with Dulbecco’s Minimal Essential Medium (DMEM) + 0.5% fetal calf
serum (FCS).

For assaying the anti-proliferative activity of test substances subcultured SMC were
used.

10’000 cells per well were suspended in DMEM+ 10% FCS. After having adhered for
4h, test compounds (50uM in 0.5% DMSO, dissolution in pure DMSO and ultrasonification
for 10min) were added. Control cells received 0.5% DMSO only. After 3 days cells were
counted using a Coulter cell counter (Coulter Electronics, Germany) and the reduction in
cell proliferation was quantified. L44-0 was used as reference compound. 8 experiments
per compound were done.

Data are given as inhibition % vs vehicle control.



Table 1. Preparation of pyridyl ethers.

# of R Method | M.P., (°C) Yield, (%)
cmpd. of prepn.
Al R'=R’=R’=H A 104-5 76
A2 R'=Me; R*=R’=H A 53
A3 R'=CH,OCH,Py; A 23
R>=R’=H
A4 R'=SCH,Py; C 95-6 59
_R’=H
Bl R*=Me; R'=R’=H A 47
B3 R*=Pr; R'=R’=H A 99-101 62
| B4 R’=By; R'=R’=H A 71-2 43
B5 *=CH,=; R'=R’=H A 95-6 37
(separated (Total conv.: 56%)
from B-6)
B6 R*= CH,OCH,Py; A 75-6 19
R!=R’=H (separated (Total conv.: 56%)
from B-5)
(&4 R3=Et; R'=R’=H B 82-3 Condensation: 41
Reduction: 95
Total: 39
c2 R’=Pr; R'=R’=H B 63-4 Condensation: 41
Reduction: 96
Total: 39
c3 R°=Bu; R'=R’=H B oil Condensation: 38
Reduction: 87
Total: 33
ACl1 R'=Me; R2=H; R’=Pr B oil Condensation: 36
Reduction: 91
i . Total: 33
BC R'=H; R*=Pr; R’=Et B oil (mixture of | Condensation: 55
diastereomers Reduction: 99
ABI R'=Me; R*=Pr; R’=H A 56-7 39

Method A: reaction of mesylate with pyridylcarbinol.
Method B: alkylation of protected alcohol with picolyl chloride and deprotection via LiAIH,.
Method C: reaction of quinone methide with nucleophile.



lable 2. 'NMR spectra ol 2,6-di-ter/-butyl-4-[5-(3-pyridyl)-4-oxapentyl |phenols.
i ol 6, TMS, ppm
empd. | R, RZR® [ t-Bu [ ArCCH | ArCH CHO | CH,Py | ArOH | Ar Py R', R R’
Al R'=R*=R*=H [ 1.38 1.56-2.16 2.60 3.49 2H, | 4.49 2H,s) | 5.00 6.93 2H, [ 7.22 (1H, m,Py5H) 2
— (2H,m) (2H,m) 1, (1H,s) s) 7.64 (1H, m,Py4H)
J=6.0Hz) 8.49 (2H, m Py2&6H)
A3 R'=Me; 1.42 1.55-2.18 2.80 3.40 (2H, | 4.44 2Hs) | 5.00 693 (24, | 7.20 (1H, m,Py5H) R" 1.23 (3H, d,J=6.8Hz)
= R*=R*=H (2H,m) (1H,m) m) (1H,s) s) 7.58 (1H, m,Py4H)
8.38-8.56 (2H,m, Py2H&6H)
AS RI:SCHzPy; 1.41 220 3.78 3.60(2H, { 4.41 (2H,s) { 5.20 (1H, 7.00 (2H, 7.05-7.30 (1H, m, Py5H); R':3.45 (2H, s); 7.05-7.30 (1H, m,
— RZ*=R3=H (2H, m) (IH,LJ=75 | m) s) 5) 7.51 (1H, m, PydH); PySH); 7.51 (1H, m, Py4H); 8.42 (2H,
Hz) 8.42 (2H, m, Py2H&6H). m, Py2H&6H).
Ad R'=CH,0- 1.40 1.71-2.38 2.62-3.16 324-3.84 | 424. 2H, | 5.04 6.96 2H, | 7.07-7.31 (1H,m,Py5H) R': 3.24-3.84 (21, CH,0); 4.47 (2H, CH,Py),
e CH,Py, (2H, m) (I1H, m) @H,m) |9 (1H, 5) 5) 7.44-7.69 (1H,mPy4H) 7.07-7.31; 7.44- 7.69; 8.49 PyH.
R*=R’=H 8.49 (2H, m, Py2H&6H)
Bl R*=Me; 1.42 1.86-2.29 2.29-2.89 3.38 4.51 (2H,s) | 5.00 6.91 (2H, | 7.27 (1H, m, Py5H) R% 0.96 (3H, d,)=6.0Hz)
e R'=R3=H (1H,m) (2H, m) (2H, m) (1H, s) 5) 7.67 (1H, m, Py4H)
8.44-8.62 (2H,m, Py2H&6H)
B3 R2=Pr; 1.42 1.80 2.56 3.32 4.46 2H,s) | 5.00 (1H, | 691 (2H, | 7.24 (1H, m, PySH); R?% 0.88 (3H, m); 1.15-1.45 (4H, m)
— R'=R*=H (1H, m) (2H, d, (2H, d, 5) s) 7,61 (1H, m, Py4H),
J=7.0Hz) J=5.5Hz) 8.51 (2H, m, Py2H&6H)
B4 R’=Bu; 142 1.85 2.56 332(2H, | 446 2H,s) | 5.00 (1H, | 6.90 2H, | 7.22 (1H, m, Py5H) 0.86 (3H, t, J=6.5Hz)
R'-R*=11 (11, m) (211, m) m) s) s) 7.61 (111, m, Pydll) 1.10-1.40 (61, m)
- 8.49 (211, m, Py211&611)
B6 = 1.40 2.15 2.64 3.48 448 (2H,s) | 5.03 (11, | 692 H, | 7.21 (11, dd, J,=4.5Hz, R% 3.48 (2H, d, J=5.0Hz); 4.48 (21, 5);
— CH,0CH,Py; (1H, m) (2H, d, (2H, d, s) s) J,=8.0Hz) 7.59 (1H, dt, 7.21 (1H, dd, J,=4.5Hz, J,=8.0Hz) 7.60
R'=R*=H J=8.0Hz) J=5.0Hz) J1=8.0Hz, J,=2.0Hz); 8.50 2H, | (1H, dt, J,=8.0Hz, J,=2.0Hz); 8.50 (2H,
m, Py2H& 6H) m, Py2H&6H)
B5 R’=CHy=; 1.40 - 331 3.94 4.48 (2H,s) | 5.07(1H, | 6.96 2H, | 7.21 (1H, dd, J,=4.5Hz, R% 4.96 and 5.11 (2H, 2d, J=2Hz)
— R'=R*=H (2H, s) (2H, s) 5) s) J,=8.0Hz) 7.60 (1H, dt,
J1=8.0Hz, J,=2.0Hz); 8.50 (2H,
m, Py2H&6H)
Ci R=Et, 1.42 1.67-1.98 2.49-2.78 3.40 4.53 (2H,s) | 5.02(1H, | 6.98 2H, | 7.16-7.36 (1H, m, Py5H) 0.93 (3H, t, J=7.2Hz)
—a R'=R*=H (2H, m) (2H, m) (1H, m) s) s) 7.69 (1H, m, Py4H) 1.47-1.73 (2H, q, J=7.2Hz)
8.53 (2H, m, Py2H&6H)
2 R=Pr; 1.42 1.67-2.00 2.44-2.56 327-3.60 | 451(2H,s) | 5.03 (1H, | 6.96 2H, | 7.11-7.36 (1H, m,Py5H) 0.91 (3H, m)
R'=R*=H (2H, m) (2H, m) (1H, m) 5) 5) 7.56-7.76 (1H, m,Py4H) 1.18-1.76 (4H, m)
8.44-8.62 (2H, m, Py2H&6H)
3 R*=Bu; 141 1.74-2.04 2.49-2.82 3.44 453 (2H,s) | 5.04 (1H, | 6.96 2H, | 7.11-7.36 (1H, m,Py5H) 0.91 3H, m)
— R'=R%=11 (2H, m) (2H, m) (1H, m) s) s) 7.69 (1H, m, Py4H) 1.02-1.74 (6H, m)
8.56 (2H, m, Py2H&6H)
ACI R'=Me; 1.40 1.53-2.04 2.78 2.98-3.36 [ 4.36 (2H, 502and | 6.90 and 7.02-7.31 (1H, m,PySH) R’ 1.16-1.30 (3H, m);
= R*=H (2H, m) (1H, m) (IH,m) | m) 504 (IH, | 693 (2H, | 7.31-7.69 (1H, m,Py4H) R*: 0.69-1.00 (3H, m)
R*=Pr 2s) 2s) 8.42 (2H, m, Py2H&6H) 1.00-1.53 (4H, m)
BC R 1 40 1.69-2.22 240287 300-330 | 433-435 5.00 and 6.91 211, | 7.16-7.36 (111, m,Py5I1) RZ 0.71-1.00 (311, m)
= Ry (111, m) (211, m) (L my | @i m) S04, | s) 7.44-7.77 (111, m,Pyall) 1.00-1.69 (411, m);
R*=Et 2s) 8.42-8.62 (2H,m,Py2H&6H) R* 0.71-1.00 (3H, m)
1.00-1.69 (2H, m)
Bl R'=Me; 141 1.60-2.10 2.50-2.95 3.00-3.45 | 4.39 and 500(1H, | 6.89 (2H, [ 7.22 (1H, m, Py5H) R' 1.21-1.24 3H, m);
= R?*=Me (1H, m) (1H, m) (2H,m) | 4.49 (2H, s) s) 7.61 (1H, m, Py4H) R% 0.78-0.97 (3H, m)
R*=H 2s) 8.51 (2H, m, Py2H&611)




Table 3. Preparation and '[1 NMR spectra 2,6-di-tert-butyl-4-[5-(3-pyridyl)-4-thia pentyl]phenols.

#of | RLRY, 8, TMS, ppm M.P, | Yield,
cmpd. R’ -Bu | R',R*R? ArCCH | ArCH ArOH CHS CH,Py Ar Py °C %
A2 R'= 1.42 - 1.87 (21, | 25920, m) [ 504 (11,5) | 245@2H, m) [ 3.67(2H,s) | 693 (2H,s) 7.19 (1H, m, PySH), 59-60 | 75
_— R2=R*=} m) 7.60 (1H, m, PydH);
8.47 (2H, m, Py2H&6H)
A6 R'=Me; 1.42 R 1.20 (3H, d,J=7.0Hz) 1.78 (2H, 2.72 (1H, m) 5.04 2.32 (2H, m) 3.63 (2H, s) 6.92 (2H, s) 7.16 (1H, m, PySH) 105-6 70
— R¥=R*=H m) (H, s) 7.53 (1H, m, Py4H)
8.44 (2H, m,Py2H&6H)
B7 R2=Me; 1.42 R’ 0.93 (3H, d, J=6.0Hz) 1.90 (114, 2.53 (2H,d, 5.04 (1H, s) 2.38 (211, d, 3.63 (21, s) 6.89 (2H, s) 7.18 (111, m, PySH) 63-4 63
— R'=R*=H m) J=6.01z) J=6.0Hz) 7.51 (1H, m, Py4H)
8.44 (2H, m, Py2H&6H)
138 RE=Ey; 141 R%: 0.87 (3H, m), 1.20- 172 2.54 (2, d, SOS(IHs) | 23621, d, | 3.59(2H.s) | 69021, 9) 7.15 (11, m, Py5H), oil 54
=2 R'=R-11 1.50 (211,m) §=7 011z) J=6.0112) 7.28 (IH, m, Py4ll),
8.42 2H, m, Py2H&6l1)
BO R?=Pr, 141 R% 0.87 3H, m); 1.15- 178 (14, | 254 (2H,dd, | 5.03(1H,s) | 2.35(2H,dd, | 3.59(2H,s) | 6.90 2H, s) 7.15 (14, m, Py5ty, 82.3 48
= R'=R*=H 1.45 (411,m) m) 11=1.7Hgz, Ji=1.2Hz, 7.49 (1H, m, Py4H),
J,=6.51z) J=6.01z 8.43 2H, m, Py2H&6H)
B10 R2=Bu; 1.41 R% 0.86 (3H, m); 1.10- 1.72(1H, | 2.54 2H, 4, 502(1H,5) | 236(2H, dd, | 3.592H,s) | 690 (2H,s) 7.15 (1H, m, Py5H), 80-1 32
= R'=R*=H 1.40 (61, m) m) J=6.5Hz) Ji=1.0 He, 7.49 (1H, m, PydH);
J,=6.0Hz 8.43 (2H, m, Py2H&61)
C4 R3=Et; 1.42 R 0.94 3H, 1, J=7.0t1z) | 1.50-1.95 | 2.30-2.752H, {5.03 (1H,s) | 2.30-2.75 3.66 (2H,s) | 6.93 (2H, s) 7.18 (IH, m, Py5HO 13-4 53
- R'=R2=H 1.50-1.95 (2H, m) @, m) | m) (IH, m) 7.60 (1H, m, Py4H)
844 (2H, m, Py2H&6H)
C5s R’ZPr); 1.42 R*0.83 (3H, m); 1.20- 1.60-1.95 | 2.30-2.75 2H, | 5.04 (1iL,5) | 2.30-2.75 3.66 2H,s) | 6.93 (2H,s) 7.18 (1H, m, Py5H); 75-6 45
. R'-R*-H 1.45 (4H, m) 2H, m) m) 21, m) 7.60 (1H, m, Py4H),
8.44 (211, m, Py211&611)
AC3 R3=Pr; 1.42 R 117 (3H, d, 1.25-1.90 2.70-3.10 (1}, 5.03 and 2.05-2.45 3.59 (2H, s) 6.95 (2H, s) 7.05-7.25 (1H, m,PySH), 78-9 63
R R'=Me J=7.0Hz), (2H, m) m) 5.06 (1H, (IH, m) 7.30-7.55 (1H, m,Py4H);
R*=H R% 0.71-0.77 (3H, m); 25) 8.40 (2H, m, Py2H&6H).
1.25-1.9 (4H, m)
AB?2 R3=H; 1.40 R 1.16 (3H1, d,J=7.5Hz2); 1.55-1.95 2.10-2.85 (1H, 5.13 and 2.10-2.85 3.50 and 6.88 and 6.9! 7.10 (1H, m, PySH) oil 50
= R'=Me R% 0.84-1.00 (31, m) (1, m) m) 517 (1H, (2H, m) 3.60 (2H, (2H, 2s) 7.35-7.51(1H,m,Py4H)
R*=Me 2s) 2s) 8.40 (2H, m, Py2H&6H)
AC?2 R2-11, 1.41 R b 16-1.18 (3H, m); 1.45-1.85 2.70-3.10 (111, 5.05 (111, 2.05-2 40 3.55 (211, s) 6.93 (211, s) 7.05-7.25 (111, m,PySH); Oi] 68
e R'-M¢ R 0.82-0.90 (3, m); (2H, m) m) bs) (M1, m) 7.30-7.60 (1L, m,Py4ll),
R2=Iit 1.45-1.85 21, m) 8.40 (21, m, Py2t1&6H)
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Summary. Eight potential metabolites of 2,6-di-tert-butyl-4-[5-(3-pyridyl)-4-
oxapentyl]phenol, an hypolipidemic and antiatherosclerotic preparation, were
synthesized. Oxidative metabolism of both 2,6-di-tert-butyl-4-methylphenol moiety and
pyridyl-3-carbinol residue was simulated. Reactions of 2,6-di-fert-butyl-4-[5-(3-
pyridyl)-4-oxapent-1-ylidene]cyclohexa-2,5-dien-1-one, as primary metabolite, with
glutathione and cysteine were investigated and water soluble adducts were obtained
under phase transfer conditions.

Keywords. Butylated hydroxytoluene / Pyridyl-3-carbinol / Metabolism / Quinone
methide



Introduction.

Since 1954 the 2,6-di-fert-butyl-4-methylphenol (1) (BHT, butylated hydroxy
toluene) has been one of the most widely used preservatives added to foods, cos-
metics and drugs. Combination of the BHT residue with a nicotinic acid precursor
- pyridyl-3-carbinol[1] gave compound Mrz 3/124 (Nicanartine) (2) with high hy-
polipidemic and antiatherosclerotic activity.

In this paper we wish to report the chemical synthesis of several potential me-
tabolites of Mrz 3/124. The 2,6-di-tert-butylphenol moiety suggested us to look
for analogous products of BHT (1) itself. The oxidative metabolism of butylated
hydroxy toluene (1) is well studied and the initial metabolite - quinone methide 3
and subsequent products 4-7 are well known [2,3,4]. On the other hand structures
8 - 11 are analogues of known compounds 4 - 6 (figure 2). If the carbon chain of
the Mrz 3/124 undergoes metabolic degradation, quinone 7 could be produced
both from pyridyl ether 2 and BHT (1). This means, that quinone 7 is a general
metabolite for all BHT derived compounds and requires no analogues in our
scheme.

Glutathione (GSH) and cysteine (Cys) possibly are molecules capable to form
conjugates 12 and 13 respectively with quinone methide 3, protecting thus organ-
ism from toxicity of 3[5,6,7]. More recently the capability of quinone methide 3 to
form adducts 12 with glutathione was demonstrated[8] in vitro. So the corre-

sponding Mrz 3/124 derived analogues 14 and 15 also are objects of interest in the

metabolism research of pyridyl ether 2 (figure 3):



Finally the oxidative metabolism of pyridylcarbinol moiety was represented by
the synthesis of N-oxide 16 of ether 2 and corresponding rearrangement products
17 and 18[9] (figure 4).

So the aim of our research was investigations of the chemical synthesis of oxi-
dation products 8 - 11 and both N-oxide 16 and rearrangement products 17 and 18
(figure 4) as well as the examination of the quinone methide 8 reactions with glu-
tathione and cysteine to obtain adducts 14 and 15 (figure 4).

Chemistry.

Treatment of pyridyl ether 2 with m-chloroperbenzoic acid (MCPBA) gave N-
oxide 16. This was rearranged to pyridones 17 and 18 according to literature[10],
however we preferred trifluoroacetic anhydride in methylene chloride to acetic
anhydride as a reagent. This allowed us to perform the transformation at -70°C
thus avoiding the acylation of the phenolic OH group. Both isomers were sepa-
rated by LC on Kieselgel 60.

Attempting to synthesize oxidation products 8 - 11 we tried to oxidize 2 with
both  benzyltrimethylammonium  tribromide[11] and methyl-3-(1,1,1-
trimethylhydrazinium)-propionate tribromide[12]. Treatment of 2 with leq. of
oxidizing agent did not afford the desired product 10, instead of this quinol 9 was
obtained. Two equivalents of both reagents gave ketone 11 in good yield. Reduc-
tion of 11 with LiAlIH; under mild conditions afforded alcohol 10, whereas treat-
ment with NaBHy in iso-propy! alcohol gave phenol 2 in nearly quantitative yield.

Oxidation of Mrz 3/124 (2) with potassium ferricyanide in aqueous NaOH/PhH
system[13] (figure 4) gave quinone methide 8 as a bright yellow oil. Attempts to

purify 8 via flash chromatography failed due to rapid isomerization to a styrene



derivative 19. Transformation from quinone methides to styrenes is already de-
scribed in literature[14]. Isomerization of quinoid compound 8 to the unsaturated
product 19 was favored not only by silica gel, but occurred also by standing at
room temperature or treatment of the quinone methide with various nucleophiles
under basic conditions. The problem was solved by the use of phase transfer con-
ditions (PTC) (figure 5):

Quinone methide 8 was treated with glutathione (GSH), cysteine (Cys) in
methylene chloride / water system under neutral conditions in the presence of
tetrabutylammonium hydrogen sulfate. Addition products with GSH 14 and Cys
15 were obtained as water soluble substances.

Biology.

Toxicological studies of Nicanartine both on rats and dogs were carried out.

Urine, liver bile and gallbladder bile derived from a toxicological study in dogs
have been extracted with ether and subjected to a suitable GC-MS evaluation.
Identification of metabolites was acchieved via chromatographic comparison with
reference standards synthesized or masspectra of known BHT metabolites.

Following compounds have been identified:

Mrz 3/292, 297, 301, 303, 304, 305, 323, 124, 2,6-di-tert-butyl-p-benzo-
quinone (7, further DBPB), 2,6-di-fert-butyl-4-methylene-2,5-cyclohexadienone
.

These results have been confirmed by LC-MS and LC-MS/MS methods. Addi-
tionally compounds Mrz 3/293, 296 and 178 were found. Metabolite Mrz 3/298

was detected in urine only.



Moreover gluthathion adducts of Nicanartine have been detected

Biological samples derived from a toxicological study on rats have been treated
with ether and subjected to GC-MS analysis only. Following compounds were
found;

Liver bile:

Mrz 3/292, 296, 297, 301,303, 304, 305, DBPB (7), 2,6-di-tert-butyl-
4-(3-hydroxypropyl)-4-hydroxy-2,5-cyclohexadienone (see Fig.6, 19) and 2,6-di-
tert-butyl-p-hydroquinone (see Fig.6, 20, further DBHC)

Urine:

traces of Nicanartine only

Serum:

Mrz 301,304

Organs (such as liver, stomach, brain, lung, heart, kidneys, adipose tissue):

Mrz 3/223,292, 295, 301, 303, 304, DBPB (7), DBHC(20).

Results.

We have succeeded chemical syhthesis of presumptive metabolites of 2,6-di-
tert-butyl-4-[5-(3-pyridyl)-4-oxapentyl]phenol directly from the parent compound.
Different oxidazing agents selectively gave products corresponding to known
BHT analogues. Substances obtained are stable enough to be used as standards in
investigation of the metabolism of pyridyl ether 2. Moreover, quinone methide 8
turned out to be highly attractive starting material for convenient synthesis of
functionalized Nicanartine derivatives. Adducts with glutathione and cysteine

were obtained in one step procedure under phase transfer conditions.



Analysis of biological materials derived from toxicological studies on both
dogs and rats revealed presence of both synthesized metabolites of Nicanartine
and from BHT derived products. Certain diversity of metabolic degradation of NVi-
canartine in various organs is observed.

Experimental.

All "H NMR spectra were recorded on a 90MHz Bruker instrument. Melting
points were detected on Boetius table and are uncorrected. All reactions were car-
ried out in an argon atmosphere. Solvents and reagents used were purified ac-
cording to literature[15]. 2,6-Di-tert-butyl-4-[5-(3-pyridyl)-4-oxapent-1-yl]phenol
was prepared by described methods[1].

Reference spectra for compounds 3, 7, 19 and 20 were available from a con-

tract research institution in Cologne.

2.6-Di-tert-buty1-4-[3-(3-pyridv])-4-oxapent-1-ylidene]cyclohexa-2.5-dien-1-one

(8). The solution of Mrz 3/124 (355mg, 1.00mmol) (2) in 20ml of benzene was
added at +5-7°C to a degassed and stirred solution of K;3[Fe(CN)s] (13.2g) and
NaOH (10.0g) in 50ml of water. Emulsion turned emerald green. Stirring was
continued for 1.3-2h at +5-7°C until the green color disappeared. Benzene layer
was separated, washed with water until pH=6-7, dried and evaporated in vacuo
at tmax <30°C. Yield: 330mg (0.93 mmol, 93%) of bright yellow oil. Quinone
methide 8 obtained was satisfactory pure for further preparations. '"H NMR
spectrum (CDCl;, TMS),8: 1.27 (18H, bs, 2+-Bu); 2.82 (2H, dt, J,=7.4Hz,
J,=5.8Hz, CHCH,): 3.67 (2H, t, J=5.8Hz, CH,0); 4.55 (2H. s. CH,Py); 6.31

(1H, t, J=7.4Hz. CH); 6.86 and 7.26 (1H&IH, d, J=2.2Hz. C¢Hy); 7.27-7.37



(1H, m, Py-5H); 7.58-7.78 (1H, m, Py-4H); 8.49-8.64ppm (2H, m, Py-2H and

Py-6H).

2.6-Di-tert-butyl-4-[5-(3-pyridyl)-4-oxapent-1-yl]-4-hydroxy-cyclohexa-2.5-dien-

1-one (9).

A. Dry Mrz3/124 (2) (1.00g 2.8mmol) was added to a solution of benzyl-
trimethylammonium tribromide (1.17g, 3.0mmol) in 10ml of methylene chlo-
ride. Water (10ml) was added under stirring in one portion to a reaction mix-
ture. Stirring was continued for 6h. Reaction mixture was neutralized with satu-
rated NaHCOs. Organic layer was separated, washed with water, dried and fil-
tered through 3g of Kieselgel 60 to remove colored compounds. Filtrate was
evaporated to give 0.82g (2.2mmol, 79%) of 9 as a pale yellow oil, crystallizing
on standing. Crude quinol was crystallized from hexane.

B. Dry Mrz3/124 (2) (5.0g 14.1mmol) was added to a solution of methyl-3-
(1,1,1-trimethylhydrazinium)-propionate tribromide (5.7g, 14.2mmol) in 60ml
of methylene chloride. Water (60ml) was added under stirring in one portion to
a reaction mixture. Stirring was continued for Sh. Reaction mixture was neu-
tralized with saturated NaHCO;. Organic layer was separated, washed with
water. dried and filtered through 30g of Kieselge! 60 to remove colored com-
pounds. Filtrate was evaporated to give 3.9g (10.5mmol, 75%) of 9 as a yellow
oil, crystallizing on standing. Crude quinol 9 was crystallized from hexane to
obtain 2.3g (6.2mmol) of pure product 9.

'H NMR spectrum (CDCl;, TMS),5: 1.18 (18H, bs, 2t-Bu); 1.22-1.98 (4H, m,

CCH-CH,); 3.02 (1H, s, OH): 3.44 (2H, t, J=6.2Hz, CH;0); 4.47 (2H, s,



CH,Py); 6.47 (2H, s, CeHy); 7.22 (1H, m, Py-5H); 7.62 (1H, m, Py-4H):
8.44ppm (2H, m, Py-2H and Py-6H).

1-(3.5-Di-tert-butyl-4-hydroxyphenyl)-5-(3-pyridyl)-4-oxa-pentan-1-ol (10):

A solution of ketone 11 (2.12g, 5.7mmol) in 15ml of THF was added to LiAlH,
(220mg, 5.80mmol) in 50ml of THF at -20°C during 20min. The reaction mix-
ture was quenched with MeOH and usual workup gave 1.56g (4.2mmol, 74%)
of crystalline substance. Crude alcohol 10 was crystallized twice from CCl; to
give 1.30g of pure product 10. "H NMR spectrum (CDCls, TMS),8: 1.42 (18H,
s, 2t-Bu); 1.84-2.22 (2H, m, CHCH,); 2.67 (1H, bs, CHOH); 3.68 (2H, m,
CH;0); 4.51 (2H, s, CH,Py); 4.77 (1H, dd, J;=4.8Hz, J,=7.6Hz, ArCH); 5.16
(1H, s, ArOH); 7.11 (2H, s, C¢Hz); 7.22 (1H, m, Py-5H); 7.67 (1H, m, Py-4H):
8.47ppm (2H, m, Py-2H and Py-6H).

Reduction of ketone 11 with NaBHj,.

Ketone 11 (100mg, 0.27mmol) was dissolved in 2ml of i-propyl alcohol and
NaBHj; (12mg, 0.32mmol) was added. Reaction mixture was stirred at 60°C for
30min and poured into 8ml of ice-water. Resulting suspension was acidified to
pH=4, and crystalline precipitate filtered off. Yield: 84mg (0.24mmol, 88%) of
Mrz 3/124 (2). Melting point: 101-103°C.

3.,5-Di-tert-butyl-4-hydroxy-m-(3-pyridvl)oxymethylpropiophenone (11).

A. Dry Mrz3/124 (308mg, 0.87mmol) was added to a solution of benzyl-
trimethylammonium bromide (559mg, 1.40mmol) in 1.5ml of CH,Cl,. Water
(1.5m) and ~-BuOH (1.5ml) were added under stirring. The orange color disap-
pears within 1h, reaction mixture was stirred for additional 2h and neutralized

with saturated NaHCOs. Organic layer was separated, washed with water, dried



10

and evaporated to give 487mg of dark-brown oil. Trituration with hexane af-
fords crude crystalline ketone 11. Crystallization from ethyl acetate with addi-
tion of silica gel gives pure propiophenone 11. Yield: 240mg (0.65mmol,
75%).

B. Dry Mrz3/124 (9.1g, 25.6mmol) was added to a solution of methyl-3-(1,1,1-
trimethylhydrazinium)-propionate tribromide (20.7g, 51.6mmol) in 150ml of
CH,Cl,. Water (150ml) and +-BuOH (150ml) were added under stirring. The
orange color disappears within 2h, reaction mixture was stirred for additional
lh and neutralized with saturated NaHCO;. Organic layer was separated,
washed with water, dried and evaporated to give 15.2g of dark-brown semi-
crystalline solid. Trituration with hexane afforded crude crystalline ketone 11.
Crystallization from ethyl acetate with addition of silica gel and activated char-
coal gave pure propiophenone 11. Yield: 8.0g (21.7mmol, 85%).

'H NMR spectrum (CDCl;, TMS),5: 1.44 (18H, s, 2-Bu); 3.22 (2H, t,
J=6.2Hz, COCH;); 3.94 (2H, t, J=6.2Hz, CH,0); 4.57 (2H, s, CH,Py); 5.07
(1H, s, OH); 7.11-7.22 (1H, m, Py-5H); 7.53-7.91 (1H, m, Py-4H); 7.80(2H, s,
CsHb>); 8.33-8.62ppm (2H, m, Py-2H and Py-6H).

S-[1-(3.,5-Di-tert-butyl-4-hydroxyphenyl)-5-(3-pvridyl)-4-oxapent-1-yl]glutathione

(14).

A solution of quinone methide 8 (3.53g, 10.0 mmol) in 25ml of CH,Cl, was
added to a stirred mixture of glutathione (1.00g, 3.25 mmol) and tetrabutyl-
ammonium sulfate (1.10g, 3.25 mmol) in 25ml of water. The reaction mixture
was vigorously stirred for 5 days and evaporated to give 7.0g of oily residue.

Treatment with 150ml of anion exchanger Toyopear! DEAE in OH" form and
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elution with 1.5% NH4OH afforded 4.0g of crystalline product, which was fi-
nally purified by flash chromatography on a 25x2.5cm Kieselgel 60 column
(EtOH/NH4OH 97/3) to give 680mg (1.03 mmol, 32%) of adduct 14 after
crystallization from Et,0/CHCI; (1/1). Melting point: 95-96°C.

'H NMR spectrum (D,0, DSS),5: 1.37 (18H, s, 2t-Bu); 2.06-2.24 (4H, m, b-
CH,Glu and CHCH>); 2.40-2.56 (2H, m, y-CH,Glu); 2.56-2.96 (2H, m, CH,S);
3.19 (2H, m); 3.37-3.59 (2H, m); 3.59-3.83 (3H, m, CHS and CH,COOH);
4.00 (1H, m, a-CHGIu); 4.50(1H, m, a-CHCys); 4.39-4.57 (2H, m, CH,Py);
7.13 (2H, s, CeHz); 7.50 (1H, m, PyH-4); 7.78 (1H, m, PyH-4); 8.46ppm (4H.
m, 2PyH-2 and 2PyH-6).

S-[1-(3.5-Di-tert-butyl-4-hydroxyphenyl)-5-(3-pyridv])-4-oxapent-1-vl]cvsteine

(15).

A solution of quinone methide 8 (1.00g, 2.8 mmol) in 25ml of CH,Cl, was
added to a stirred mixture of cysteine (3.00g, 24.0 mmol) and tetrabutyl-
ammonium sulfate (2.00g, 5.8 mmol) in 25ml of water. The reaction mixture
was vigorously stirred for 5 days. Adduct 19 was collected by filtration, washed
with 50ml of cold water and crystallized from boiling water to give 760mg
(1.60 mmol, 57%) of pure amino acid 15.

'H NMR spectrum (DMSO-d¢ + D,0, TMS),8: 1.36 (18H, s, 21-Bu); 2.07 (2H.
m, ArCHCH,); 2.36-3.00 (4H, m. CH,0, CH,CHCO); 3.16-3.62 (2H, m.
ArCH, CHCO); 4.42 (2H, s, CH,Py); 7.04 (2H, bs, C¢H,); 7.38 (1H, m, Py-
5H); 7.62 (1H, m, Py-4H); 8.51ppm (2H, m, Py-2H and Py-6H).

1-(3.5-Di-tert-butyl-4-hydroxyphenv])-3-(3-pvridy1)-4-oxa-pentane N-oxide (16):
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A solution of Mrz3/124 (2) (2.0g, 5.6mmol) in 12ml of CH,Cl, was added at -
10°C to a dried solution of 55% MCPBA (2.0g, 6.3mmol) in 10ml of CH,Cl,.
The reaction mixture was warmed up to room temperature and stirred for 2h.
The solution was washed with H,O, sat. NaHCO;, dried and evaporated to give
1.7g (4.6mmol, 82%) of N-oxide 16. '"H NMR spectrum (CDCl;, TMS),5: 1.42
(18H, s, 2t-Bu); 1.69-2.18 (2H, m, ArCH,CH>); 2.62 (2H, m, ArCH,); 3.53
(2H, t, 6.0Hz); 4.47 (2H, s, CH,Py); 5.07 (1H, s, ArOH); 6.96 (2H, s, C¢H,);
7.20 and 7.96-8.27ppm (4H, m, Py-H).

3[5-(3.5-Di-tert-butyl-4-hvdroxyphenyl)-2-oxapentyl]pyrid-2-one (17) and

5[5-(3.5-di-tert-butyl-4-hvdroxyphenyl)-2-oxapentvl]pvrid-2-one (18).

A solution of N-oxide 16 (1.5g, 4.0 mmol) in CH,Cl; was cooled to -70°C and
trifluoroacetic anhydride (650ml, 4.6 mmol) was added. The reaction mixture
was stirred at -70°C for 10 min and triethylamine (700ml) was added. The so-
lution was allowed to warm up to room temperature within 4h, washed with
2x20ml of saturated NaHCO;, 3x20ml of water, dried and evaporated to give
1.63g of pale yellow oil. The isomers were separated on a 20x4.5 cm Kieselge!
60 column (hexane/EtOAc 1/5) and crystallized from hexane/EtOAc (1:1).
Yield: 3[5-(3,5-di-terr-butyl-4-hydroxyphenyl)-2-oxapentyl]pyrid-2-one (17) -
158mg (0.42 mmol. 11%) and 5[5-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
oxapentyl]pyrid-2-one (18) - 220mg (0.59mmol, 15%).

'"H NMR spectrum of 17 (CDCl3;, TMS),5: 1.39 (18H, s, 2¢-Bu); 1.75-2.14 (2H,
m, ArCH2CH>»); 2.64 (2H, m, ArCH;); 3.58 (2H, t, J=6.5Hz, CH,0); 4.44 (2H,

s, CH,Py); 4.94 (1H. bs, ArOH); 6.25 (1H, t. J=6.3Hz, Py-5H); 6.94 (2H, s,
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Ce¢Hy); 7.26 and 7.50 (2x1H, dd, J;=6.3Hz, J,=1.8Hz, Py-4H and Py-6H);
12.81ppm (1H, bs, PyOH).

'H NMR spectrum of 18 (CDCl;, TMS),8: 1.42 (18H, s, 2+-Bu); 1.62-2.20 (2H,
m, ArCH,CH>); 2.57 (2H, m, ArCH,); 3.47 (2H, t, J=7.3Hz, CH,0); 4.24 (2H,
s, CH,Py); 5.13 (1H, bs, ArOH); 6.56 (1H, d, J=9.0Hz, Py-3H); 6.96 (2H, s,
CeéHy); 7.29 (1H, d, J=2.3Hz, Py-6H); 7.49ppm (1H, dd, J,=9.0Hz, J,=2.3Hz,
Py-4H).

1-(3.5-Di-tert-butyl-4-hydroxyphenyl)-5-(3-pyridyl)-4-oxa-pent-1-ene (19):

A solution of quinone methide 8 (1.00g, 2.8 mmol) in 10ml of hexane/ethyl
acetate mixture (10/4) was passed through a 20x2.4 cm Kieselge! 60 column
and eluted with hexane/ethylacetate (10/4). Product containing fractions (UV
254nm detection) were collected and evaporated to dryness to give colorless
crystalline substance. Yield: 0.91g (2.6mmol, 92%). 'H NMR spectrum
(CDCl;, TMS),5: 1.43 (18H, s, 2t-Bu); 4.20 (2H, dd, J;=5.9Hz, J,=1.0Hz,
CH;0); 4.57 (2H, s, CHyPy); 5.16 (1H, s, OH); 6.16 (1H, dt, J;=5.9Hz,
J>=15.8Hz, CHCH,); 6.58 (1H, d, J=15.8Hz, ArCH); 7.20 (2H, s, C¢H>); 7.29
(1H, m, Py-5H); 7.67 (1H, m, Py-4H); 8.42-8.64ppm (2H, m, Py-2H and Py-
6H).
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3,5-di-tert-Butyl-4-hydroxy-benzaldehyde acetals undergo a rearrangement when oxidized

with potassium ferricyanide in alkaline medium.

During the course of our studies on pharmacologically active 3,5-di-tert-butyl-4-
hydroxybenzyl ethers we started to investigate the oxidation of both symmetrical and
unsymmetrical 3,5-di-tert-butyl-4-hydroxy-benzaldehyde acetals in order to generate
reactive quinone methides.

Here we wish to report a molecular rearrangement of 3,5-di-tert-butyl-4-hydroxy-
benzaldehyde acetals 1 by treatment with potassium ferricyanide in benzene/aqueous sodium
hvdroxide. Common oxidation procedure' gave a mixture of products depending on the

structure of the acetal 1 (see Scheme 1| and Table 1):



We suggest the formation of quinone methide 6 to be the initial step. Addition of water

and subsequent elimination of alcohol*” leads to the formation of the ester 5 (see Scheme

25

eanwhile quinone methide 6 can undergo whether Claisen ester enolate® like

rearrangement or radical reactions to give rearranged products 2, 3, and 4. Sterical effects
of tert-butyl groups facilitate the appearance of cyclohexadienone 2 type derivatives, while

products 3 and 4 are less present in reaction mixture’.

Experimental.

All '"H NMR spectra were recorded on a 90 MHz Bruker WH-90 instrument. Acetals
1(a-c) were prepared from 2,6-di-tert-butyl-4-[3-(3-pyridyl)-2-oxaprop-1-yl] phenol’ and
3,5-di-ferr-butyl-4-hydroxybenzaldehyde correspondingly according to known methods’. All
oxidations were carried out in an argon atmosphere, solutions were degassed and saturated
with argon prior to use. Column chromatography was performed on Kieselge!/ 60 using
hexane / ethylacetate.

General procedure for the oxidation of 3,5-di-tert-butyl-4-hydroxybenzaldehyde acetals.

Acetal 1 (0.50 mmol) was dissolved in benzene (5ml) and under vigorous stirring added
in one portion to a precooled (+6°C) solution of potassium ferricyanide (500mg, 1.52mmol)
and sodium hydroxide (300mg, 7.5mmol) in Sml of water. The reaction mixture turned
green, stirring was continued for 30-60 min until the green color faded and TLC on
Kieselgel 60 showed disappearance of starting material.

Organic layer was separated, aqueous phase washed with 2x3ml of benzene and extracts
washed with brine until neutral pH. The solution was dried over sodium sulfate, evaporated
in vacuo. and products were separated on an 1.5x15cm column.

Methvl 3,5-di-fert-butyl-4-hydroxybenzoate (5c¢) 1.47(18H, s, t-Bu); 3.88(3H, s, OCHs);
5.66(1H. s. OH); 7.89ppm(2H, s, CsH).

3-Pyndvl-methyl 3,5-di-tert-butyl-4-hydroxybenzoate (5a) 1.47(18H, s, t-Bu); 5.36 (2H,
s, CH,Pv): 5.69(1H, s, OH); 7.18-7.40(1H, m, Py-5H). 7.62-7.82(1H, m, Py-4H); 7.88(2H,
s, CsHy): 8.56(1H, m, Py-6H), 8.71ppm(1H, m, Py-2H).

3-Pyndvl-methyl 3.5-di-tert-butyl-4-(3-pyridyl-methoxy)benzoate (4a) 1.28(%9H, s, t-Bu);
1.41(%H. s. t-Bu); 4.88(2H, s, OCH;Py); 5.38(2H, s. COOCH,Py); 7.11-7.44(2H, m, Py-
SH); 7.62-7.87(2H, m, Py-4H); 7.99(2H, s, CsH,); 8.49-8 78ppm(4H, m, Py-2H and Py-
6H).




2.6-Di-tert-butyl-4-(3-pyridylmethyl)oxycarbonyl-4-(3-pyridylmethyl)-cyclohexa-2.5-
dien-1-one (2a) 1.11(18H, s, t-Bu); 3.18(2H, s, CHyPy); 5.19(2H, s, COOCH,Py);
6.67(2H, s, CsHy); 6.89-7.69(4H, m, Py-5H and Py-4H); 8.18-8.64ppm(4H, m, Py-2H and
Py-6H).
2.6-Di-tert-butyl-4-methyloxycarbonyl-4-(3 -cyclohexa-2 5-dien-1-one
(2b) 1.16(18H, s, t-Bu); 3.21(2H, s, CH,Py); 3.79(3H, s, OCH;); 6.74(2H, s, CsH); 6.96-
7.56(2H, m, Py-SH and Py-4H); 8.27(1H, d, J=1.5Hz, Py-2H); 8.41ppm(1H, dd., J;=5.0Hz,
J,=1.5Hz, Py-6H).

2.6-Di-rert-butyl-4-(3-pyridylmethyl)oxycarbonyl-6-(3-pyridylmethyl)-cyclohexa-2 4-
dien-1-one (3a) 0.98(9H, s, t-Bu); 1.09(9H, s, t-Bu); 2.71(1H, d, J=12.0Hz, CHPy);
3.53(1H, d, J=12.0Hz, CHPy); 5.04-5.38 (2H, m, COOCH,Py); 7.78-7.76 (6H, m., 2xPy-
4H, 2xPy-5H, 2xC=CH); 8.07-8.67ppm (4H, m., 2xPy-2H, 2xPy-6H).

References.

'Cook, C.D.; Norcross, B.E.; J.Am.Chem.Soc.. 1956, 78, 3797.

? see Shridhar, Bhat; Ramesha, A.R.; Chandrasekaran, S.. Synlett, 1995, 329-30 and references cited
therein.

3 Orlando, C.M.Ir. J.Org. Chem., 1970, 35(11), 3714-7.

*a) Mundy, B.P.; Ellerd, M.G., Name reactions in organic chemistry, Wiley-Interscience, N.Y.. 1988, p.
46; b) Burke, S.D.; Pacefsky, G.J., Ter. Lert.. 1986, 27(4), 445-8; c) Burke, S.D.; Schoenen, F.J.;
Murtiashaw, C.W., ibid., 449-52.

3 for leading reference see: Epmios, B.B.; Hixudopos, I''A.; Bonompkus, A.A.; I[IpocmpancmeenHo-
3ampyonenHvle Pernonvr, Xumusa, Mocksa, 1972, crp. 249; and references cited therein.

® Gold, M.R.: Jarglis, Panayiotis; Junglas. H.: Leimner. J.H.; Peteri, Dezsoe; Quack, G.P.; Strohmeier, J.;
Wiilfroth, P.M.; PCTInt. Appl. WO 93 12.089 24.06.93. (CA 1993, 119(21), P225836c).



where: a) R1=R?=CH,(3-Py)
b) R1=Me, RZ=CH,(3-Py)
¢)R1=R%=Me

Scheme 1. Oxidation of 3,5-di-tert-butyl-4-hydroxybenzylacetals.
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Scheme 2. The hydrolysis of quinone methide 6.

I

I

t-Bu



Table 1. Yields of reaction products after oxidation of 3,5-di-ferz-butyl-4-hydroxy-

benzaldehyde acetals.
R R’ Yields*, (%)
- 3 4 5
CHx(3-Py) CHa(3-Py) 76 2 3 10
Me CHx(3-Py) 90 - - -
Me Me - - - 91

*-Yields refer to isolated products.
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THE SYNTHESIS OF (3,5-DI-TERT-BUTYL-

4-HYDROXYPHENYL)METHYL-(3-PYRIDYLALKYL)-ETHERS VIA 1-(3,5-DI-TERT-BUTY L-4-
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A convenient synthetic procedure for the preparation of (3,5-di-tert-butyl-4-hydroxyphenyl)methyl-(3-pyridyl-
alkyl)-ethers 2a-c from corresponding pyridinium salts 6a-c
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THE SYNTHESIS OF (3,5-DI-TERT-BUTYL-4-
HYDROXYPHENYL)METHYL-(3-PYRIDYLALKYL)-
ETHERS VIA 1-(3,5-DI-TERT-BUTYL-4-
HYDROXYPHENYL)METHYL PYRIDINIUM SALTS.
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 Latvian Institute of Organic Synthesis, Riga, LV1006, Latvia
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Abstract. The rearrangement of 1-(3,5-di-tert-butyl-4-hydroxyphenyl)methyl
pyridinium salts under basic conditions is described. A method for the synthesis
of (3,5-di-tert-butyl-4-hydroxyphenyl)methyl-(3-pyridylalkyl)-ethers is elaborated.

Since 1954 the 2,6-di-rert-butyl-4-methylphenol (1) (BHT, butylated hydroxy-
toluene) has been one of the most widely used preservatives added to food, cos-
metics and drugs. Combination of the BHT residue with a nicotinic acid precursor
- pyridyl-3-carbinol' gave (3,5-di-tert-butyl-4-hydroxyphenyl)methyl-(3-pyridyl)-

methy! ether (2) with high hypolipidemic and antiatherosclerotic activity.

t-Bu t-Bu
I o
|
t-Bu t-Bu O =N
1 2

" to whom correspondence should be addressed.



However, the known synthesis of 2 and its analogues'~ is a complicated 7 stage
procedure including protection and deprotection steps with the total yield of 25%.
Introduction of unprotected (3,5-di-tert-butyl-4-hydroxyphenyl)methyl moiety into
a molecule may cause problems due to rapid oxidation and formation of complex
quinoid systems. Only a few methods allow direct benzylation with (3,5-di-tert-
butyl-4-hydroxyphenyl)methyl halides’. The usage of tertiary amines® or
quaternary acylammonium salts® afford better results. Recently we offered the 1-
(3,5-di-tert-butyl-4-hydroxyphenyl)methyl pyridinium chloride (3) as a synthetic

tool for the synthesis of (3,5-di-tert-butyl-4-hydroxyphenyl)methylmalonic esters®.

t-Bu
pelo
t-Bu 3 or

Here we wish to report a convenient synthetic procedure for the preparation of
(3,5-di-tert-butyl-4-hydroxyphenyl)methyl-(3-pyridylalkyl)-ethers via 1-(3,5-di-
tert-butyl-4-hydroxyphenyl)methyl pyridinium salts.

Interaction of pyridylalcohol hydrochlorides 4a-¢ with benzylalcohol 3 results
in corresponding pyridinium salts 6a-c. Further rearrangement of 6a-¢ under basic
conditions gives ethers 2a-¢ (scheme 1). As a first step we suggest initial
formation of quinone methide 7 followed by the nucleophilic attack of the
pyridylalcohol. Yields depend on the base, temperature and solvent applied (table
1). Sodium hydride in THF at -15°C appears to be the optimum conditions for this

rearrangement. More drastic reaction conditions cause (see table 1) dimerization



of quinone methide 7 resulting in formation of large amount of colored products’.
Chain length of pyridylalcohols 4a-c¢ has no significant effect on the reaction
yields (see table 2). Lower yields referred for 2b and 2¢ could be explained by
certain loss of substance after crystallization from hexane. In the contrary
secondary alcohol 8 gives a mixture of two main products: desired ether 10 and
cyclohexadienone derivative 11 (see table 3). Appearance of adduct 11 could be
explained as the dimerization of intermediate quinone methide 7 followed by
addition of an alcohol 8 molecule. Obviously more sterically hindered alcohol 8

reacts slower with the quinone methide 7 and dimerization of the latter becomes

favorable.
Schemel. Synthesis of di-tertbutyl-benzylethers.
OH
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Usage of solid sodium hydride in THF is a serious drawback of the method
described. The reaction needs certain activation by temperature increase and then,
after the process is started, the temperature in reaction medium should be kept at -
15°C to get good yield of product. If the exothermic process is not suppressed, the
yields decrease dramatically (see table 1). Attempts to use soluble bases, to avoid
activation, failed (table 1, runs 6 and 7). Finally we tried to prepare ether 2a
according to the so called “silyl method™. Treatment of pyridinium salt 12 with
O-trimethylsilylpyridylcarbinol 13 in THF at room temperature gives the target
ether 2a in 82% yield (scheme 2):

Scheme 2. Preparation of ether 2a from O-trimethylsilylpyridylcarbinol.

t-Bu t-Bu

LD - QoI L0 L
t-Bu cr 't By (@) -
12 2a

In conclusion, the procedure presented here is useful for the preparation of the
title compounds because of high yields, simple synthetic procedure and low

reagent COsts.

Experimental. All 'H NMR spectra were recorded on a 90 MHz Bruker WH-90
instrument. Melting points were determined on a Boetius table and are
uncorrected. All reactions were carried out in an argon atmosphere. Solvents were

prepared before use as described in literature’.



General procedure for preparation of pyridinium salts 4a-c, 9 and 12.

1-(3-Pyridyl)ethanol hydrochloride (8) (4.75g 29.7mmol) was dissolved in
50ml acetonitrile and benzylalcohol (5) (20g, 84.6mmol) was added. Reaction
mixture was refluxed for Sh, evaporated to dryness, oily residue triturated with
ether, filtered and washed with ether to give 8.63g (87%) of 9 as a pale yellow
crystalline substance.

General procedure for rearrangement of pvridinium salts 4a-c and 9.

Sodium hydride (412mg, 17.17mmol) was suspended in 120ml THF. The
mixture was cooled to -35°C and dry pyridinium salt 6a (5.0g, 13.76mmol) was
added in one portion. Reaction mixture was warmed up to -10°C and kept until the
reaction begins (hydrogen evolution). The mixture was stirred at -15°C for 3h,
then allowed to warm up to room temperature and poured into 150ml ice cold
brine. Organic layer was separated, washed twice with 50ml brine. Aqueous phase
was extracted twice with 50ml ether, organic extracts were dried over sodium
sulfate and evaporated to give 4.18g of yellow crystals. Recrystallization from
hexane gave 3.87g (11.83mmol, 86%) of ether 2a.

2.6-Di-tert-butyl-4-[(3,5-di-tert-butyl-4-hvdroxyphenyl)methyl]-4-[1-

(pyridvl-3)-ethoxy-methyl]-cyclohexa-2,5-dien-1-one (11).

Pyridinium salt 9 (1.026g, 3.10mmol) was treated with 105.0 mg (3.35mmol)
80% NaH in 30ml THF according to the procedure described above. Usual

workup gave 1.036g of brown oil. Trituration with hexane afforded 472.2 mg



(0.84 mmol) of 11. Residual oil was chromatographed on 50g Kieselgel 60 in
hexane/EtOAc (5/2) to give 57.5mg (0.10 mmol) of 11 and 260.1mg (0.76mmol,
24%) of ether 10. Total yield of cyclohexadienone 11: 529.7mg (0.95mmol, 61%).
Melting point: 145-6°C

'H NMR spectra (CDCl;, TMS) &: 1.16 and 1.19(18H, s, t-Bu); 1.31(3H, d,
J=5.8Hz, CCH;); 1.40(18H, s, t-Bu); 2.72(1H, d, J=12.6Hz, CHAr); 2.95(1H, d,
J=12.6Hz, CHAr); 3.12(1H, d, J=8.8Hz, CHO); 3.26(1H, d, J=8.8Hz, CHO);
4.34(1H, q, J=5.8Hz, OCHPy); 5.00(1H, s, OH); 6.45(1H, d, J=2.4Hz, C=CH);
6.60(1H, d, J=2.4Hz, C=CH); 6.86(2H, s, C;H,); 7.10-7.30(1H, m, Py-5H); 7.50-
7.70(1H, m, Py-4H); 8.49ppm(2H, m, Py-2H and Py-6H).

Reaction of O-trimethylsilylpvridvimethanol with pvridinium salt 12.

O-Trimethylsilylpyridylmethanol (13) (2.0ml, 10.6mmol) was dissolved in Sml
THF and added to a suspension of 3.3g (10.0mmol) pyridinium salt 12 in 10ml
THF. Reaction mixture was stirred at room temperature for 24h and poured into

30ml of ice-cold brine. Usual workup gave 2.69¢g (8.22mmol, 82%) of ether 2a.
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Table 1. Preparation of (3,5-di-tert-butyl-4-hydroxyphenyl)methyl-(3-pyridyl)methyl ether (2a).

No. Base / Solvent | Time /t, (°C) | Yield
of run (%)

1. NaH / THF 3h/-15 94

2. NaH / THF 2h / rt. 45

3. BaO / MeCN 3h / reflux 41

4. K,CO;/MeCN | 5h/ reflux 40

5. K,CO,/DMF | 1h/ reflux traces”
6. Et,SiH / THF 24h/r.t no rxn.
T DABCO/THF |24h/r.t. o

8. NaOMe /MeCN | 2h / reflux traces®

- a lot of colored reaction products were obtained, trace amount of 2 was obtained after flash chromatography.
®. pyridyl carbinol as a free base and alkylated DABCO were detected in reaction mixture.



Table 2. '"H NMR spectra, melting points and yields of (3,5-di-fert-butyl-4-hydroxyphenyl)methyl-(3-pyridylalkyl)-ethers
(CDCL,;, TMS).

No. of d, (ppm) Yield, | M.P.,
cmpd. t-Bu CH,Ar Py(CH,),O ArOH | C¢H, Py (%) °O)
2a 1.42 453 |[4.44(2H,s) 5.18 711 | 7.22(1H, m); 94 109-10
7.69(1H, m);
8.48(2H, m).
T 142 [ 437 175205 m)y; | 508|700 |75 H,my, |67 7237
2.72 (2H, t, J=7.5Hz); 7.43(1H, m);
3.47 (2H, t, J=6.0Hz) 8.40(2H, m).
T 2¢ [ 141 | 437 [1.0-1.88H,m)y; | 515 [7.10 [7.06(11, m); | 7z | 61-2 |
2.59 (2H. t, J=1.5Hz); 7.44(1H, m);
3.44 (2H, t, J=6.5Hz). 8.40(2H, m).
10 | 143 [ 7434 [153(H,d, J=62Hz); | 524 | 7.01 [722-738(1H,m); |24° [934 |
4.55 (1H, q, J=6.2Hz). 7.62-7.82(1H, m);
8.51-8.67(2H, m).

*-61% of adduct 11 was isolated.



Table 3. '"H NMR spectra, melting points and yields of 1-(3,5-di-tert-butyl-4-hydroxyphenyl)methyl pyridinium salts
(CDClL,;, TMS).

No.of R 8, ppm Yield, | M.P.,
cmpd. t-Bu R ArOH | CHN'" | CH, Py (%) °O)
6a" | CH,0H 1.36 [ 4.67 (2H,s) 720 | 5.71 729 |8.07 (111, m); 82 | 216-9,
: 8.47(1H, m); dec.
9.09-9.15(2H,m)
6b [ (CIL),0H [ 141 1200 (1T, m); 54117600 | 729 [7.74 (1H, m); 73| 2102, 4
3.06 (2H, t, 8.19 (1H, m); dec.
J=7.0Hz); 8.64 (1H, m);
3.64 (2H, t, 9.75 (1H, bs).
_______________ o lsomn L L ]
6c |[(CH)OH | 138 |0.8-1.75(8H, m); | 544 | 6.02 729 | 7.98(1H, m); 80
2.83 (2H, m); 8.21(1H, m);
3.46 (2H, m). 9.05-9.55(2H,m);
("9 [CH,CHOH | 141 [153GH,d, | 544 [ 589 [ 729 [791(H, m); | 84 | 200-2, |
J=6.0Hz); 8.44 (1H, m); dec
5.13(1H, q, 8.45 (1H, m);
J=6.0Hz); 6.3(1H, 9.51 (1H, m).
b.s.)
BRI "1_37_""""-""__"7.—2_4_T_5'.75_“—7_.3_1_T§1_5_(_1T{r—n3; ______ 81 | 238-42,
' 8.58(2H, m); dec
| 9.21 (2H, m).




