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Problémas biitiba un aktualitate

Misdienas globala problema ir arvien vairak pieaugosSa saslimstiba ar tadam
neirodegenerativam slimibam ka Parkinsona un Alcheimera slimibas. Paradoksali, ka tas skar
arvien jaunakus cilvékus. Lai izstradatu efektivakas zales So slimibu arst€Sanai pétnieki
visbiezak izv€las tikai vienu farmakologisko mérki, pieméram, kadu no acetilholina
receptoriem vai metabotropajiem glutamata receptoriem. Diemz€l, progres€jot slimibai,
signalu parnese tiek traucéta plaSos smadzenu apgabalos un patalogiskas izmainas skar
daudzus neironalos receptorus. Loti veiksmigs preparats, kas agrak izmantots Parkinsonisma
arst€Sanai, bet tagad tiek pielietots Alcheimera dementes terapija, ir memantins (1-amino-3,5-
dimetiladamantans). ST preparata darbibas mehanisma pamatd ir N-Metil-D-Aspartata
receptora (NMDAR) antagonizéSana. NMDAR ir organiz&ts ka jonu kanals un patalogiskos
apstaklos jonu kanals ir atverts kalcija jonu pliismai, kas izraisa neirotoksisku procesu kaskadi
Stna. Memantins blok€ atvértu jonu kanalu. Tacu preparata veiksmes pamata, visticamak, ir
nevis ta selektiva regul€josa darbiba uz NMDAR, bet tas, ka memantins saistas ar vél diviem
jonotropajiem receptoriem — serotonina 5-HT3 un nikotina receptoru. Idealam preparatam
jabut vienadi aktivam uz visiem trim receptoriem. Izmantojot S$adu ,neselektivitates”
koncepciju, izdevas atrast ming&to jonotropo receptoru ligandus cikloheksilaminu, tiem
radniecigo 6-azabiciklo[3.2.1]oktanu un 2-azabiciklo[3.3.1]nonanu klases, tacu tikai dazi no
tiem dal€ji atbilda prasibam. Plasaku struktiiras-aktivitates sakaribu analizi nebija iesp&jams
veikt, jo to noteica ierobezZotais sintézes metozu arsenals. Optimals ligands ir lipofila globula
ar pirmgjo, otréjo vai tre$€jo aminofunkciju pie tresgja oglekla, tapec loti sarezgits uzdevums
ir §1s alifatiskas globulas funkcionalizéSana, lai iegtitu vielas ar lidzigu afinitati uz visiem trim
receptoriem.

Promocijas darbs veltits cikloheksilaminu C-H funkcionalizéSanas reakciju
petijumiem, kas atvieglotu jaunu jonotropo receptoru ligandu sintézi. Visnozimigakas ir divas
aminil radikalu 1,5-H parneses rezultata generéto C-radikalu reakcijas - oksidativa
azaciklizacija, kas lauj iegiit 6-azabiciklo[3.2.1]oktanus ka arT karbonil€Sana pie paaugstinata
CO spiediena ar tai sekojoSu acilradikalu oksidativo aminéSanu, kas dod 2-
azabiciklo[3.3.1]nonan-3-onus. P&dgja reakcija Iidz Sim nebija pétita un pazistama tikai
alkanolu karboksiléeSana CO atmosféra. Salidzinata ari dicikloheksil- un diadamantanil-
diazénu reagetspéja cikla C-H aktivéSanas reakcijas un realizéta aminocikloheksanu un

deaktivetu adamantanu elektrofila C-H funkcionalizeSana.



Darba merki

Promocijas darba galvenais uzdevums ir attistit jaunas aminocikloheksana
atvasinajumu sintézes un C-H funkcionaliz€Sanas metodes, kas veicinatu jonotropo receptoru

ligandu iegtiSanu un izpéti. Ta 1stenoSanai nepiecieSams:

1. Izanalizét literatiiras datus par aliciklisko aminu un tiem radniecigo alkanolu C-H

funkcionaliz€Sanas un ciklizacijas reakcijam.

2. Optimizet 6-azabiciklo[3.2.1]oktanu sint€zes metodi un aizstat toksisko svina tetraacetatu
I-amino-1,3,3-alkilaizvietotu cikloheksanu radikalu ciklizacijas reakcija ar videi

draudzigaku oksidetaju.

3. Parbaudit vai no 1,3,3-trialkilaizvietotiem cikloheksilaminiem generéti karbil radikali var
karbonil&ties paaugstinata CO spiediena Iidzigi pirm&jo un otr&jo alkilspirtu radikalu o-

karboksiléSanai.

4. Izpétit 6-azabiciklo[3.2.1]okt-6-énu C=N saites reagCtsp&ju pievienoSanas reakcijas un
noskaidrot vai ir iesp&jama stereoselektiva 7-ekso- un 7-endo-aizvietotu 6-

azabiciklo[3.2.1]oktanu sint&ze.

5. Atrast optimalu helat€joSo grupu 1-metilcikloheksilaminu Pd-katalizétai C-H aktivéSanai
un oksidéSanai, ka arT noskaidrot vai analogiska C-H funkcionalizacija iesp&ama ar

aminoadamantaniem.

6. Izstradat sintézes taktiku aizvietotu aminoadamantankarbonskabju iegtiSanai. Parbaudit 3-
aminoadamantan-1-karbonskabes atvasinajumu  deaktivétas C-H saites tieSas

funkcionaliz€Sanas iespé€jas.



Darba rezultati

1-Amino-1,3,3,5,5-pentametilcikloheksana ciklizacijas optimizésana

Ka alternativu modificétai Hofmana-Loflera-Freitaga (HLF) amidu ciklizacijas
reakcijai, kura tiek izmantots jods ar svina tetraacetatu vai (diacetoksijod)benzolu, mums
izdevas atrast ekonomiskaku aminocikloheksanu ciklizaciju par 6-azabiciklo[3.2.1]okt-6-
€niem. Principials uzlabojums ir tads, ka reakcija var izmantot brivu aminu un nav
nepiecieSams lietot jodu. Reducgjot 6-azabiciklo[3.2.1]okt-6-Enus, ieguvam atbilstoSos 6-
azabiciklo[3.2.1]oktanus, kuriem piemit vértigas farmakologiskas TpaSibas, pateicoties to
sp&jai regulét vairaku jonotropo receptoru jonu kanalu caurlaidibu. Jauna sint€zes metode lava
izdalit bicikliskos iminus ar saméra zemiem iznakumiem (25-50%) tapéc bija nepiecieSams
optimiz€t ciklizacijas apstaklus. Ka modelsavienojumu izmantojam 1-amino-1,3,3,5,5-
pentametilcikloheksanu (1a). Reakcija var veidoties tris pamatprodukti — bicikliskais amins
2a, ta oksideSanas produkts 3a un diazéns 4 (1.att.). Vispirms izdarfjam eksperimentus ar svina
tetraacetatu benzola. Reakcijas gaita atbrivojas etikskabe, kuras saistiSanai nepiecieSama baze.
Pilniga substrata konversija sasniegta, ka bazi izmantojot DABCO vai piridinu (1. tabula). Lai
gan izejas amina un bicikliska amina baziskums ir ievérojami lielaks par piridina baziskumu,
tomer tiesi piridina izmantoSana bitiski paaugstinaja ciklizacijas efektivitati. Kopgjais biciklu
2a un 3a iznakums sasniedza 89%. Lai iegiitu augstu amina 2a iznakumu, iminu 3a var
reducét, nesadalot produktu (2a un 3a) maisijumu. Vilino$a bija iesp€ja aizstat toksisko svina
tetraacetatu ar citu oksidétaju. Modificeétaja HLF reakcija visplasak lietotie oksidétaji ir
hipervalenta joda savienojumi. Misu varianta amina la reakcija ar (diacetoksijod)benzolu
nepolara $kidinataja, veidojas dimerizacijas produkts 4 (91%). Izdarot So paSu reakciju
metanola un KOH klatieng, diazéna saturs samazinajas 1i1dz 1% un biciklu kopgjais iznakums
sasniedza 54%. Minétajos apstaklos no IBD in situ rodas jodozilbenzols tapéc eksperimenti
izdarti arT ar jodozilbenzolu. Izmantojot jodozilbenzolu metanola bez bazes, ar labu iznakumu
ieguvam iminu 3a (77%). Lai noverstu diméra 4 veidoSanos, kas izskaidrojama ar nitrénu
genergsanu, pievienojam bromidjonu avotu. Sada variantd oksidéSana varétu notikt ar N-
bromoamina veidoSanos un novestu pie klasiska HLF reakcijas radikalu procesa. Tomeér
iegitie rezultati bija pretgji gaiditajiem, jo diazéna 4 daudzums palielinajas. Gan TBAB, gan

KBr I1dziga méra veicinaja abus reakcijas virzienus — diazéna 4 un bicikla 3a veidoSanos.



H
Oks. N =N \
NH, — + + N~
PhH
1a 2a 3a 4

1.att. Amina 1 radikalu ciklizacijas reakcijas pamatprodukti

1. tabula
Amina 1 ciklizacijas produktu iznakumi atkariba no reakcijas apstakliem
Oksidztajs ekviv. Baze vai ekviv. Konversija, 2a,% | 3a,% | 4a, %
piedeva %
Pb(OAc)4 2.2 K,CO; 8 51 - 49 -
Pb(OACc)4 1 DABCO 2 100 5 63 -
Pb(OACc)4 1 Py 10 100 41 48 1
PhI(OAc), 2 K,CO; 8 83 - 1 81
PhI(OAc),* 2 KOH 8 75 40 14 1
PhI(OAc),**** 2 Py 100 93 - 45 12
PhIO* 2 - - 100 1 77 1
PhIO* 2 KOH 4 72 28 33 -
PhIO 2 K,COs 4 100 52 6 10
PhIO** 2 TBAB 0,2 99 - 50 40
PhIO** 2 KBr 1 96 3 31 45
NBS 1.2 - - 33 - 23 -
NBS 2 Py 2.2 51 - 24 -
NBS 2 Et;N 4 92 - 8 -
NBS 1 CuCl 0.1 50 - 26 -
NBS 2 DABCO 2 100 1 69 -
NBS 1 DABCO 0.5 96 40 50 -
CuCl*H,O%** 3 K,CO; 2 100 13 40 -

* - §kidinatajs MeOH, ** CH3CN, *** DMEF, **¥* Py

Visvertigakos rezultatus izdevas sasniegt, izmantojot NBS. Nopietnaka probléma bija
HBr saistiSana, jo substrats ir stipra baze un uzreiz izveido hidrogenbromidu. Izdarot reakciju

bez bazes piedevas, izejvielas konversija nevar parsniegt 33%. Izmantojot piridinu, notika
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nevelamas blakusreakcijas. Trietilamins paaugstindja amina la konversiju, bet dramatiski
samazindja bicikliska imina 3a iznakumu. Ja, izdarot reakciju bez bazes, tika pievienots vara
(I) hlorids, reakcija bija loti selektiva, ta¢u konversija neparsniedza 50%. Optimalakais agents
hidrogenbromida saistiSanai aminocikloheksanu reakcija ar NBS izradijas DABCO.
Preparativi vertigi ir divi reakcijas varianti. Pirmais variants (2 ekviv. NBS, 2 ekviv. DABCO)
lauj iegiit 6-azabiciklo[3.2.1]Jokt-6-€nu 3a ar labu iznakumu un ari produkta izdaliSana ir
saméra vienkarsa. Otraja varianta (1 ekviv. NBS un 0.5 ekviv. DABCO) reakciju var izdarit ta,
lai ar lielaku kop@jo iznakumu izdalitu abu biciklu (2a un 3a, 40+50%) maisijumu, kuru péc

tam jareduce.

Arl vara (II) hlorids analogiski augstak aprakstitajiem oksidétajiem izraisa radikalu
parneses procesus, kuros var notikt biciklu 2a un 3a veidoSanas. Tomér nav iesp&jams

paaugstinat produktu iznakumu virs ~50-55%, jo notiek reakcijas produktu oksidésana.

Aminocikloheksanu tala radikalu aminokarboniléSana.

Analogiski alkoksil radikalu 1,5-H parneses procesam, kas noved pie C-centrétu
radikalu generéianas, notiek 1,5-H parnese uz aminil radikaliem. Sis process tika izmantots 6-
azabiciklo[3.2.1]oktanu iegtSanai no aminocikloheksaniem. Abos gadijumos veidojas C-
radikali tapec bija sagaidams, ka Iidzigi alkanolu iekSmolekularajai karboksiléSanai CO
atmosfera var€tu notikt ari aminocikloheksanu tala radikalu karboniléSana ar tai sekojosSu
amida ciklizaciju. Sada reakcija pavértu iesp&ju tieSai 2-azabiciklo[3.3.1]nonanu sintézei. Bija
paredzams, ka 6-azabiciklo[3.2.1]oktana veidoSanas biis galvenais konkurgjoSais process.
Turklat acil radikala veidoSanas ir apgriezeniska reakcija tapec nepiecieSams augsts CO
spiediens. Akanolu radikalu karboksiléSanas reakcijas optimalais CO spiediens bija 80 bar.
Mes varg&jam nodrosinat CO spiedienu ne augstaku par 50 bar. Reakcijas izdarijjam t€rauda
autoklava. Pirmais pétijjumu substrats bija amins la. Ka oksidétaju izmantojam svina
tetraacetatu. Piemérotaka baze bija kalija karbonats. Amina 1a konversija sasniedza 68% (péc
GH) un pavisam identificéti 7 produkti ar kop€jo iznakumu 49.9%. Mérka savienojumu - 2-
azabiciklo-[3.3.1]nonan-3-ons 13a izdalijam ar 5.0% iznakumu, bet pamatprodukts - urinviela
14a izdalita ar 5.1% iznakumu. Urinvielu 14a un 15a veidoSanas norada uz aminil radikalu
reakciju ar oglekla oksidu ka nozimigu konkur&josu procesu karbil radikalu generéSanai un to
reakcijam. Ta ka amina 1a molekula ir konformacionali kustiga un paaugstinata temperatiira

lidzvertigi var notikt gan ax-, gan eg-aminil radikalu reakcijas, vargja pienemt, ka fiksétu ax-



amino konforméru gadijuma, pateicoties atvieglotai 1,5-H parnesei uz aminil radikali,
sagaidams lielaks C-karboniléSanas ipatsvars. Piem@rots ax-amino substrats bija 1-amino-
1,3,3,trans-5-tetrametilcikloheksans (1b), kur§ aminokarboniléSanas reakcija analogiski
aminam la deva pilnigi to paSu kimisko parveértibu produktus tikai ar atSkirigu attiecibu.
Amina 1b konversija bija 52% un 7 identific€to savienojumu kop¢jais iznakums sasniedza
40.9% (péc GH). Lai gan urinvielu 14b un 15b kopgjais iznakums (10.3%) patieSam
samazinajas, salidzinot ar analogisko urinvielu 14a un 15 a kopgjo iznakumu (20.9%), tomér
dramatiski samazinajas ar1 2-azabiciklo[3.3.1]nonan-3-ona 13b veidoSanas. Pedg&jais dal&ji
notika uz 6-azabiciklo[3.2.1]oktana atvasinajumu (3b, 11b, 12b, 15b) rekina (24.4% jeb
47.1% no visu produktu daudzuma). Salidzinadjumam amina 1a reakcija analogu (3a, 11a, 12a,
15a) patsvars bija tikai 18.2%. Lai gan 2-azabiciklo[3.3.1]nonan-3-onu 13a un 13b iznakumi
ir zemi, iegltie rezultati demonstré aminocikloheksanu talas radikalu aminokarboniléSanas
potencialo pielietoSanas iesp&ju. Skaidrs, ka pirmais optimizéSanas virziens ir CO spiediena
paaugstinaSana, kas var samazinat virziena D Ipatsvaru. Samazinoties intermediata 8
koncentracijai, japalielinas izejvielas konversijai, jo pie tas paSas stehiometrijas uz bicikla 8
oksidéSanas rékina japieaug neizmantota svina tetraacetata daudzumam. CO spiediena nozimi
apstiprina eksperiments, kuru izdarjjam pie 25 bar CO spiediena. Izejvielas konversija bija
60% tacu produktu maisijuma neizdevas identific€t vélamo laktamu 13a, bet urinvielu 14a un
15a iznakums palielinajas (16.8% un 10.6%, attiecigi).

Negaiditi zemo laktama 13b iznakumu var skaidrot ar to, ka fiks€taja ax-amina
konformacija radikala 7 tieSa oksidativa aminéSana noris atrak, salidzinot ar analogisku
konformacionali kustiga amina 1a karbil radikali. Reakcijas virziena C ipatsvars, salidzinot ar
virzienu D, ir izteikti zems (C/D = 0.12). Tas netieSi norada, ka aminu substrati, kuru strukttira
1,5-H parnesi nodroSina tieSi konformacionala cietiba, ir kinétiski piemérotaki pirolidina cikla
veidoSanai, nevis radikalu karboniléSanai. Savukart, ja C-radikalis ir @generéts no
konformacionali kustiga substrata (1a) un tas saker CO molekulu, tad izveidojies acil radikalis
ir pietiekami stabils lai notiktu oksidativa amidéSana.

To apstiprina virziena C Ipatsvara palielinasanas (C/D = 0.7). Virziena B reakcijas
norada, ka pastav iesp€ja izstradat simetrisku un nesimetrisku urinvielu sint€zes metodi no
aminiem, apstradajot tos ar piemeérotu oksidétaju CO atmosfera. Radikalis 10 oksidativos
apstaklos visticamak veido reaggtsp&jigu izocianatu, kurs§ uzreiz acilé jebkuru brivo aminu. Lai
noskaidrotu vai radikalu karboniléSana var notikt modificétas HLF reakcijas apstaklos,

izmantojot svina tetraacetatu joda klatieng, eksperimenti izdariti ar N-(1,3,3,5,5-pentametil-
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2. att. Aminocikloheksanu parvértibas radikalu karboniléSanas apstaklos
2. Tabula
KarboniléSanas reakcijas konkur&joso virzienu un produktu ipatsvars
R | 32, % S5a, % 11a,% | 12a,% | 13a, % | 14a, % 15a,% | A/B | C/D
Me 5.8 2.2 4.5 3.7 12.8 16.7 4.2 148 | 0.70
R |3b,% | 5b,% | 11b, % | 12b, % | 13b, % | 14b, % | 15b,% | A/B | C/D
H 5.5 7.4 3.2 11.6 2.9 6.2 4.1 2.60 | 0.12

Virziens A :3+11+12+ 13 +15
Virziens B : 14 + 15

Virziens C : 13

Virziens D: 3+ 11 +12 + 15
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cikloheksil)-acetamidu (5a). Substrata konversija sasniedza 93% taCu neviens no pieciem
identificetajiem (66% peéc GH) nebija karboniléSanas produkts. Biciklisko produktu iznakums
bija zems (kopa 12.9%). Tatad 1,5-H parneses cela generéta C-radikala reakcija ar brivo joda
radikali augsta spiediena CO atmosféra ir nomakta. Tomér, ta ka reakcijas vide nav
reducgjosa, acilradikala veidoSanas ir apgriezeniska. Pie tam, ja acilradikalis ar1 tiek oksid&ts
par acilija katjonu, tas nespg noacilét vaji nukleofilo amido grupu un atkal notiek CO
eliminé$ana. Sads nomacosais CO efekts uz ciklizacijas procesu neietekmé oksidativas
blakusreakcijas — acetamido grupas acetoksiléSanu un jodésanu.

Svina tetraacetata vieta oksidéSanas reakcijas biezi lieto mazak toksisko IBD. Amina
1a radikalu karboniléSanas reakcija, izmantojot IBD, produktu sadalijums at$kiras no ieprieks

aprakstito reakciju rezultatiem.

0
—N O NH
B PPy -
3a 4.3% 5a 6.9% 13a 10.4%
O o0
PhI(OAG),, K,CO,
NF2 0, 40 bar, 80 C NO: Q
1a 16 25.8% 17 21.3%
* w\ N/’N\F?

4 21.4%

3. att. Amina la radikalu karbonil€Sana IBD klatiené

Identificeti sesi savienojumi, no kuriem tris jau pazistami ka amina 1a transformaciju
produkti, ieskaitot mérka laktamu 13a. Izejvielas konversija bija pilniga un identific&to
produktu kopgjais iznakums sasniedza 90%. Diazéna 4 veidoSanas raksturiga IBD reakcijam
ar aminiem pat maigos apstaklos, bet parsteidzoSs ir nitrocikloheksana 16 augstais Tpatsvars.
Ar1 produkta 17 veidoSanas ir saméra negaidita lai gan Sada dikarbonil€Sana ir novérota
radikalu reakcijas un raksturiga palladija kataliz€tai aminokarboniléSanai. Summari IBD

reakcija karboniléSanas produktu 13a un 17 iznakums sastadija 31.7%.
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6-Azabiciklo[3.2.1]okt-6-énu reakcijas ar metalorganiskajiem reagentiem.

Amina 1b (R1=H) N-Boc atvasinajumu (18) modificétaja HLF radikalu reakcija ar
negaiditi augstu selektivitati veidojas ekso-izomérs. Mingtaja reakcija izmantojam svina
tetraacetatu un jodu, bet divu $adu reagentu lietoSana padara to ne parak atraktivu no
ekologiska un praktiska viedokla. Tom&r mums bija izdevies izstradat 6-azabiciklo[3.2.1]okt-
6-enu 3 sintézes pan€mienu no aminocikloheksaniem, neizmantojot jodu. Ta ka iminu 3
reakcijas ar metalorganiskajiem savienojumiem potenciali var dot tos pasus bicikliskos aminus
20-ekso, bet iminus 22 reducgjot, potenciali var iegiit atbilstoSos 20-endo izomerus, bija

nepiecieSams noskaidrot 6-azabiciklo-[3.2.1]okt-6-€nu reakciju diastereoselektivitati.

R%, H
NHBoc Pb OAc), NBoc TFA TN ReLi
R
-
I, PhH

19-ekso 20-ekso

R H
N NaBH,
R1 -~
vai LiAIH,
20-endo

4. att. 7-ekso- un 7-endo-aizvietoto 6-azabiciklo[3.2.1]oktanu sintézes vispariga shéma

Vispirms mé&ginajam pievienot iminam tadus Gripjara reagentus ka MeMgCl un
PhMgBr tomér reakcija nenotika. Art izmantojot LiCl piedevu (5 ekviv.) MeMgCl gadijuma,
pievienoSanas produkti neveidojas. Labus rezultatus izdevas sasniegt tikai ar litijjorganiskiem
reagentiem. Ta iegiiti 6-azabiciklo[3.2.1]oktanu 7-ekso-metil-, butil- un fenil-atvasinajumi.
PievienoSanas reakciju iesp&jams realiz€t gan Luisa skabes (BF3;*Et,0O) klatien€, gan bez tas.
Pedgjais variants izmantojams metillitija gadijuma. Izmantojot Luisa skabi, nevar panakt
pilnigu imina konversiju, tacu reakcija noris atrak un selektivak. Izdarot reakciju bez Luisa
skabes, imina konversija ir gandriz pilniga un produkta iznakums ir lielaks, bet veidojas ar1

blakusprodukti. Visparsteidzosakie rezultati iegtti metillitija gadijuma. Metillitijs reakcija ar
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iminu 3 darbojas gan ka nukleofils, gan ka stipra baze. Notiek C=N saites liti€Sana un
jaunizveidotais litijorganiskais savienojums stajas reakcija ar otru imina molekulu. 3-Metil-
aizvietota imina 3a (R'=Me) reakcija izdalitais dimérs 23a pieradits, nooksidgjot brivo CH-

NH saiti.

3 R
20-ekso 11

230
Nz

24

5. att. Iminu reakcija ar litijorganiskajiem reagentiem
3. tabula

Litijorganisko reagentu pievienosanas selektivitate un produktu iznakumi

20-ekso | R1 R2 Konv.,% | 20-ekso,% | de,% 11.% 23.%
a Me Me 96.1 52.3 99 - 40.0
b H Me 98.2 65.5 96 30.1 1.3
c H Ph 65.8 214 98 10.1 -
d Me Ph 72.3 31.3 99 - -
e Me | n-Bu 74.2 54.2 99 - -

Savukart imina 3b (R'=H) gadijuma litidSanas un pievienoSanas reakciju produkts - dimérs
23b bija nestabils un viegli oksidgjas tapec izdalit vargja tikai laktamu 11b (R'=H).

Litijorganisko savienojumu pievienosanas bicikliskajiem iminiem 3 notika
stereoselektivi un veidojas 7-ekso-aizvietotie 6-azabiciklo[3.2.1]oktani. Pat metillitija un 3-
stavokll neaizvietota imina reakcijas gadijjuma izdalita 7-ekso-izoméra diastereomerais
parakums bija lielaks par 90%. Izmantojot telpiski lielakus litijorganiskos reagentus (sk. 3.
tabulu), sasniegta vél augstaka stereoselektivitate.

Izdarijam eksperimentus ari ar cinka organiskiem reagentiem. Alilcinka bromids
saméra viegli reaggja ar tetrametiliminu 3a (R'=Me) cérija fluorida klatieng, kas bija
nepiecieSams imina aktivéSanai. Izdalitais savienojums (20f-ekso) bija tirs ekso-alil-

pievienosSanas produkts. Ta ka alilzinka bromids netika pagatavots atseviski, bet tika generéts
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3a 20f-ekso 44.6% 25 18.0% 26 60.3%

L
.
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6. att. Im1na 3a alilésana Barbjé apstaklos

in situ no alilbromida un cinka, veidojas ar1 amina N-aliléSanas produkts 25. Izdalitais 6,7-
dialil-6-azabiciklo[3.2.1]oktans 25, izmantojot Grabsa reagentu, parversts par triciklu 26.
legiitie rezultati liecina, ka 6-azabiciklo[3.2.1]okt-6-&nu reakcija ar litij- un cink-
organiskajiem reagentiem lauj stereoselektivi ievadit aizvietotdaju bicikla septitas pozicijas
ekso-stavokli. Lai nomainitu konfiguraciju uz pretéjo nepiecieSams nooksidét aminu par iminu
un stereoselektivi noreduc€t imino grupu. Lai noskaidrotu $adu transformaciju efektivitati,
eksperimenti izdariti ar 7-fenil- un 7-metil-6-azabiciklo[3.2.1]oktaniem. Oksidgjot
savienojumus ar svina tetraacetatu, labi vélama produkta iznakumi ieguti tikai fenil-
atvasinajuma 22d gadijuma. To var izskaidrot ar benziliskas CH grupas raksturigo vieglo
oksidésanos. Reakcija bija atra, selektiva un izdalits tikai viens produkts. Iegiito iminu 22d
(RI:Me) reduc€jot ar natrija borhidridu, notika hidrida ekso-pievienoSanas, kas deva endo-

produktu ar Joti labu iznakumu. Sasniegt to pasu atvasindjuma 20a-ekso (R*> =Me) gadijuma

R%, H
—N Pb(OAc), SNy
R I + R' +
K,CO,
20-ekso PhH 1

7. att. 7-Aizvietotu biciklu 20 oksidéSana

4. tabula
7-ekso-Aizvietoto aminu 20 oksidéSanas produkti un to iznakumi
Amins R1 R2 Konv.,% 22,% 11,% 27, %
20a-ekso Me Me 78.0 6.4 3.7 26.8
20b-ekso H Me 54.0 16.7 22.3 0
20 d-ekso Me Ph 85.7 83.9 0 0
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izradijas nesalidzinami grutak. OksidéSanas reakcija veidojas veélamais 7-metilimins 22a tacu
ta metil grupa loti viegli oksidgjas. Abu (R'=H un R'=Me) 7-metil-biciklu 22a,b septitas
pozicijas metilgrupa oksidg&jas tikpat atri ka izejviela vai pat atrak tapec gandriz viss imins, kas
rodas reakcija, uzreiz tiek nooksid€ts par diacetoksi-atvasinagjumu 27 vai laktamu 11.
Apstradijot reakciju maisijumus, konstatéjam, ka pentametilbicikla 20a (R'=Me) gadijuma
diacetoksi-atvasinajumu var izdalit un hromotografét. Savukart tetrametilbicikla 20b (R'=H)
gadijuma diacetoksi-atvasinajums ir nestabils gan baziskos, gan skabos apstaklos un pie
izdaliSanas parverSas par laktamu 11b. Varigjot oksidétaja daudzumu, neizdevas ietekmét
produktu sadalfjumu. Ari NBS izradijas neefektivs un deva sarezgitu produktu maisijumu.
3-endo-aizvietoto 6-azabiciklo[3.2.1]okt-6-€nu reduc€Sana ar hidridiem norit€ja ar
augstu diastereosektivitati (de>98%). Ar1 imina 3a reakcija ar litija alumodeiteridu iegiits tirs
7-deitero-bicikls 20g-ekso. Vienigi trimetilimina 22b (R'=H) reducé$ana nedeva tik izcilus
rezultatus ka ta analogu reakcijas. Veidojas izomé€ru maisijums, kura endo-produkta

diastereomérais parakums neparsniedza 20%.

—N LiAD, Pb(OAC), =N {tBuLi =N
Et 0 K CO 2.D0,0 ; i
20-ekso 91 5% 3a 93.1%

gR=Me, hR=H

8. att. Deitero-atvasinajumu sintéze

Neizdevas sintezét 7-deitero-iminu 22e. MgEginajumi apmainit imina 3a 7-H,
izmantojot liti€Sanu, bija neveiksmigi. Savukart, 7-deiterio-bicikla 20-ekso oksidéSana notika
ekso-stereoselektivi un deva 7-H-iminu (3a).

Ne tikai metalorganiskie reagenti stereoselektivi pievienojas iminiem 3. Oksidg&jot

iminu 3a ar m-hlorperoksibenzoskabi, veidojas ekso-oksaziridins 28. Lidzigi rezultati ieguti,

0
RN O
=N —N A N
m-CPBA
CHClI,
3a 28 83.9% 11a

9. att. Oksaziridina 28 iegliSana
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izmantojot NaOCl, taCu reakcijas tiritba un produkta iznakums nebija tik augsti. GHMS
analizes apstaklos oksaziridins 28 termiski pargrupjas par 1,3,3,5-tetrametil-6-

azabiciklo[3.2.1]oktan-7-onu (11a).

0 0
o o J

E_N RCOCI é@,\]\ H,0 ;N

3a

R

30
aR=Me, bR =0Ph 29

10. att. Stereoselektiva tidens pievienoSanas aciliminiem 29

Analogiski, acil&jot iminu 3a ar acetilhloridu vai fenilhlorformiatu, veidojas acilimini
29, kuri stereoselektivi pievieno tdens molekulu no ekso-puses. Augsta imina 3a ekso-
oksafunkcionalizéSanas selektivitate nelauj izmantot savienojumus 28 un 30 ka aktivetus

imina atvasinajumus 6-azabiciklo[3.2.1]oktana cikla 7-C funkcionalizéSanai.
1-Amino-1,3,3,5,5-pentametilcikloheksana 4-CH, grupas oksidativa funkcionalizéSana

Pirms vairakiem gadiem nerameksana (1-amino-1,3,3,5,5-pentametilcikloheksans, 1a)
potencialo metabolitu p&tijumu programas ietvaros bija izstradata aminospirta 32 daudzstadiju

formala sintéze, izmantojot ka izejvielu 2,2,6-trimetil-2-cikloheksén-1,4-dionu. Tomér mérka

X

NHg+  H,0, NH,  NaBH, NH,
_— —_—
/%7 = 0.AMHCI o% MeOH |, o%

1a 31 32
11. att. Aminospirtu 32 iesp&€jamas iegtiSanas shéma

savienojumus 31 un 32 iegiit neizdevas. Tapéc, kad nerameksana oksidativa stresa testa
tdenraza peroksida klatieng tika detektets 4-okso-atvasinagjums 31, nolémam paméeginat

piemeklet apstaklus tieSai 4-CH, grupas oksidativai funkcionaliz€Sanai. Lai samazinatu
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aminogrupas oksidéSanas iesp&jas, eksperimentos izmantoti amina la sali. Gaistosas frakcijas
analizéjam ar GH un GH-MS. Produktu realo iznakumu noteikSanai, ka iekS€jo standartu
izmantojam tert-butilbenzolu. Lai gan amina la salu konversija bija gandriz kvantitativa,
aminoketona 31 iznakums neparsniedza 5%. Tas liecina par neselektiviem talakas oksidacijas
procesiem, kuros veidojas hidrofilas vielas.

Daudzas ciklisko ogludenrazu oksidativas funkcionalizacijas katalizatoru sist€mas
balstas uz vara hlorida izmantoSanu. Tapéc, lai iegiitu savienojumus 31 un 32, pirmie
eksperimenti tika izdariti ar vara hlorida — tudenraza peroksida kompoziciju. CuCl, visos
gadijumos izraisija 6-azabiciklo[3.2.1]oktana atvasinajumu 2a un 3a veidoSanos (~1%). To
var skaidrot N-hloréSanu, kas talak noved pie aminil radikalu rasanas un 1,5-H parneses. Sadu
mehanismu apstiprina tas, ka reakcija daudz efektivak noris ar brivu aminu (1. tabula).

Alternativa pieeja aminilradikalu ciklizacijas nomakSanai ir N-acil-atvasindajumu
izmantoSana. Tomér vara hlorida — idenraZza peroksida sistéma ar amidiem Sa un Sc nekadas
parvertibas nenotika. ArT oksons neoksid€ja acetamidu Sa, tacu uretana Sc oksidéSana deva N-
hidroksi-atvasinajumu 33c¢ ar 7% iznakumu. Gan amida Sa, gan Sc N-hidroksiléSana notika ar
in situ generétu ruténija oksidu acetonitrila — Gidens sist€éma, bet 4-CH, funkcionalizéS$anas
produktus detektét neizdevas. Klasiskajos heterogénajos oksidéSanas apstaklos (idens —
tetrahlorogleklis — acetonitrils), izmantojot ruténija oksidu un natrija perjodatu ka reoksidétaju,
veidojas stabils dzeltenas krasas ruténija komplekss ar hidroksamskabi 33a, kur§ izkrita no
reakcijas vides. Lai gan izdalitas vielas 33a iznakums bija salidzinosi labs, iesp&jams, ka tiesi

heterogéna vide apgritinaja gan NH oksidéSanu, gan 4-CH aktivéSanu un oksidésanu.

Oksons, AI 0,;*H,0

NH,
CF,COOH
HO
kat. RuCl,, NalO,

%N’R T 32
H R
TFA T R= Boc
5 RuCl, kat.
aR= Ac NalO, NaBH, R
¢ R=Boc —_— H
Bu4N+ OH 35
K,CO,

aR=Ac 20%
b R= Boc 18%

12. att. Aminospirta 32 sint€ze



Ar merki paaugstinat substrata konversiju un rut€nija katalizétas oksideSanas efektivitati,
RuCl; — NalO4 kompozicijai pievienojam starpfazu katalizatoru — tetrabutilamonija jodidu.
Klasiskas triskomponensu Skidinataju sistémas vieta izmantojam tidens — acetonitrila
maisTjumu. In situ generéta ruténija oksida kataliz&ta reakcija notika loti 1€ni tacu tas izradijas
vienigais selektivais process, kas lava iegiit ketonus 34a un 34b ar apmierinoSiem
iznakumiem. AtbilstoSie 4-hidroksi-atvasinajumi 35 netika detektéti, jo reakcijas apstakli bija
pieméroti otr&jo spirtu oksidéSanai par ketoniem. Netika detektéti arT N-hidroksi-atvasinajumi
33a un 33b. Savienojuma 33 oksidéSanas méginajums TBAI klatiené neapstiprindja
pienémumu, ka aminocikloheksana 5 4-CH aktivéSana un oksidéSana notiek caur N-hidroksi-
amida 33 ruténija kompleksu.

Aminoketona 34b (R=Boc) reduc€Sana ar natrija borhidridu un tai sekojoSa Boc

aizsarggrupas nonemsana lava iegiit aminospirtu 32 ar augstu stereoselektivitati.

Cikloheksana un adamantana azo-atvasinajumu C-H aktiveéSana un funkcionalizéSana

Azo-savienojumiem kompleksgjoties ar parejas metaliem, biezi notiek C-H aktivéSana
- metala insertéSanas C-H saité. Galvenokart izpétitas diarildiazénu sp2 C-H aktivéSanas un
orto-funkcionalizéSanas reakcijas. Ta ka visi musu pétijjumu objekti aminocikloheksanu un
aminoadamantanu rinda ir fert-alkilaminu parstavji, tos oksidgjot var iegiit atbilstoSos

simetriskos diazénus. Sadi savienojumi ir pieméroti cikloalkanu sp3 C-H aktivéSanas

petijumiem.
Pd ] OAc
Pd(OAc), N 'H PhI(OAc), N
_ 37
N [Pd-(CH;)] 36
‘N
AcO
Pd(OAc), HoN PhI(OAc),
> N// ﬁﬁ N//N
4 Pd
39 cis, trans

— [Pd-(CH,)] 38 -

13. att. Iesp&jamie cikloheksana CH aktivéSanas un acetoksiléSanas virzieni

18



Misu mérkis bija cikloheksana un adamantana cikla oksi-funkcionaliz€$ana, izmantojot
palladija komplekseSanos ar N=N saiti un cikla 2-CH aktivéSanu. Tam piemérotaka ir M.
Senfordas izstradata palladija acetata katalizéta acetoksiléSana ar IBD, kas noder tadas
metilgrupas oksidéSanai, kura atrodas y-stavokli pret Pd-helat&joSo heteroatomu.

Bis-(1,3,3,5,5-pentametilcikloheksil-1)-diazéna (4) cikloheksana gredzena 2. stavokla
CH, grupas oksidéSanas (sk. 13. att.) metode pavértu iesp&ju ne tikai optimiz€t nerameksana
potencialo metabolitu sint€zi, bet dotu iesp&ju attistit jaunas pieejas polifunkcionalizétu
cikloheksanu sintéz€. Diazo funkciju var reduc€t un ir pap€mieni simetrisko hidrazinu
reducgjosai SkelSanai par attiecigajiem aminiem.

DiemZzel neviena eksperimenta ar bis-cikloheksil-diazéniem neizdevas novérot
cikloheksana gredzena 2-CH, vai 1-Me grupas acetoksiléSanu. Vienigais pienemamais diazé€na
4 neveiksmigas funkcionaliz€Sanas izskaidrojums varétu biit simetriski aizvietota cikloheksana
tieksme ienemt saskiebtu konformaciju, lai mazinatu tris aksialo aizvietotaju stériskos efektus.
Konformaciju parejas apgrutina palladacikla veidoSanos.

Savukart analogisku adamantana atvasinajumu C-H aktivéSana un funkcionalizéSana
notika viegli. Sads rezultats ir pretrund ar ,,metalorganisko” C-H aktivéSanas koncepciju, péc
kuras stériski mazak traucétas metilgrupas C-H aktivéSana notiek ar izteikti lielaku varbutibu
ka otrgjas CH, grupas aktivéSana. Savienojumu veidoSanas pieradita, balstoties, galvenokart,
uz GH-MS datiem, jo tikai daZus produktus no izoméru maisijuma izdevas izdalit tira veida.

Iesp&jamie adamantana C-H acetoksiléSanas virzieni (atziméti tikai viena adamantana tricikla)

I SRVY e

M a (mono-AcO)
d(OAC) b (di-AcO)

40 ﬁ;ﬁ

43 (cis), 44 (trans)

-N

14. att. Iesp&jamie adamantana C-H acetoksileéSanas virzieni diazéna 40 struktiira

diazéna 40 strukttira paraditi 14. att. Diazéna 40 konversija bija 100% un idenific€jam tris
mono-acetoksi-diazénus, no kuriem viens bija virsotnes acetats (41a, 4% pec GH), bet pargjie

divi vargja bt tikai stereoizomérie 43, 44 un 42 (kopa 48%). Detektéti ar1 pieci di-acetoksi-
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diazéni (kopa 41%), kuru adamantani katrs satur vienu acetoksi grupu. Par to liecina raksturiga
masfragmentacija, slapekla eliminéSanas rezultata atSkelot aizvietotus adamantanil radikalus.
Ta ka dazas di-funkcionaliz€to diazénu kombinacijas varétu biit nedalamas GH-MS analizes
apstaklos, jasecina, ka iegtito produktu kopa var parstavet visus teorétiski iesp&jamos.

Izdarot reakciju bez Pd(OAc),, ieguvam mono-3-acetoksi- (41a, 47%) un simetrisko
di(3-acetoksiadamantanil)diazénu (41b, 40%). Pedgjais nebija detektets Pd kataliz€taja
reakcija. Palielinot PdA(OAc), daudzumu, izejvielas konversija ir zemaka un veidojas vairak di-
acetoksi produktu, tomér tas nenovérS virsotnes CH oksidéSanu. Ja Pd(OAc), daudzumu
samazina, konversija ir zemaka, pieaug mono-acetoksi produktu un, it 1pasi, savienojuma 41a
daudzums.

Lai noveérstu virsotnes C-H oksidé€Sanu un samazinatu iesp&jamo produktu klastu, Pd-
kataliz€tas oksidativas funkcionaliz€Sanas eksperimentus izdarfjjam ar bis-(3,5,7-
trimetiladamantan-1-il)-diazénu 45, kur§ sintez€ts no 1,3-dimetiladamantana astonas stadijas,

izmantojot tradicionalas kimiskas parvértibas.

+ N
OAc N
PhI(OAc), 26 OAG 47

Pd(OAc), 2O
45
N
+ i é }—N
48 OAC 49

15. att. Bis-(3,5,7-trimetiladamantan-1-il)-diazena 45 funkcionalizeéSana

Pret€ji gaiditajai augstakai oksidéSanas selektivitatei un Skietami samazinatai
blakusreakciju varbiitibai mono- (47) un di-acetoksiléto diazénu (49) kop¢jais iznakums bija
tikai 24% (konversija 87%). Reakcijas pamatprodukta - (3,5,7-trimetiladamantan-1-il)-acetata
46 iznakums sasniedza 45%. VE@l viens negaidits produkts bija 3,5,7,3',5',7'-heksametil-
[1,1']bi[adamantils] 48. Abu p&d&jo savienojumu veidosanos var izskaidrot tikai ar diazéna 45
termisko nestabilitati. Ilgstosi varot etikskabes un acetanhidrida maisijuma, notiek diazéna
SkelSanas un, elimingjoties slapeklim, rodas 3,5,7-trimetiladamantan-1-il radikali, kuri var

rekombingéties vai izreagét ar etikskabi.
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Aizvietoto adamantanu halogenéSana starpfazu katalizes apstaklos

Sadarbiba ar profesoru Sraineru (Schreiner) Gizenas Universitaté veicam adamantina
cikla radikalu halogen€Sanas pétijumu starpfazu katalizes apstaklos. Galvenais pé€tijuma
merkis bija izstradat metodologiju adamantana C-H funkcionaliz€$anai un selektivai halogénu
apmainai, kas butu piemérota enantioselektivai aminoadamantankarbonskabju iegiiSanai.
Pedgjas paredzétas ka dipeptidu konformacionali ierobezoti analogi, kas potenciali bitu
izmantojami jaunu medikamentu izstradaSanai. Viens no uzdevumiem bija atrisinat zarainas
alkilkeédes saturoSu adamantanu halogene&Sanas selektivitates problému, kas var but loti
aktuala, piem@ram, leicinu vai ta homologus saturoSu dipeptidu modelu sint€z€. Vispirms
vajadz€ja salidzinat adamantana cikla un izopropilgrupas treséjo oglekla atomu reagétsp&ju.
Sadam pétijumam piemé&rots objekts bija 1-brom-3-izopropiladamantans (51), kuru sintez&jam

no adamantankarbonkabes (50) sesas stadijas, izmantojot klasiskas kimiskas parvertibas.

(@] OH
6 stad HCl,, NaOH, TBAB
s - +
Br Br I Br
| |
50 51 52 53

16. att. Adamantana 51 jodésanas reakcija

Adamantana 51 halogeng€Sanas reakcija ar jodoformu starpfazu katalizes klasiskos
apstaklos notika loti 1eni tapéc 50% NaOH skidumu aizstajam ar NaOH pulveri un reakciju
izdarTjam ultraskana. Starp iegiitajiem produktiem netika konstatéts izopropilgrupas jodéSanas
produkts. Tas liecinaja par to, ka halogenéSanas reakcija starpfazu katalizes apstaklos daudz
vieglak notiek ar adamantana virsotnes oglekla atomu. Reakcijas pamatprodukts bija 1-bromo-
3-jodo-5-izopropiladamantans (52), kuru talak parvérstam par N-(bromoadamantanil)-
acetamidu 54. Selektivu joda apmainu var&ja realiz€t, izmantojot nitrozo tetrafluorboridu
modificeta Ritera reakcijas varianta. Savukart Koha-Hafa karboniléSanas reakcija no amida 54
ieguvam aizsargatu aminoskabi S5.

Visas realizétas parvertibas apstiprindja zarainas alkilgrupas saturoSu adamantanu
selektivas halogengSanas iesp€jas ka ari selektivas halogé€nu apmainas iesp&jamibu bromo-

jodo-adamantanos, lai iegiitu vélamos aminoadamantankarbonskabju atvasinajumus.
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NOBF,, CH,CN HCOOH 0
—_—
I -50 °C JJ\ H,SO, N/Ik
Br Br H
O 55

52 54
17. att. Selektiva halogénu aizvietoSana adamantana molekula

Talak bija nepiecieSams atrisinat galveno uzdevumu - noveértét iesp&ju realizét So
reakciju enantioselektivi. Enantioselektivas reakcijas koncepcija balstijas uz to, ka ar
orient§joSam grupam aizvietota adamantana cikla, izmantojot apjomigu hiralo starpfazu
katalizatoru, tricikliskas sistémas halogenéSana reakcija var notikt stereospecifiski.
Vispiemeérotakais pétijuma objekts bija 3-acetamidoadamantankarbonskabes terz-butil esteris
57, kur§ saturéja optimalas funkcionalas grupas, tacu gan acetamido grupa, gan estergrupa
ievérojami deaktivéja cikla CH un var€ja potenciali neizturét agresivo starpfazu katalizes
reakcijas vidi. Tomér racémiska bromadamantanilamida 58 sint€ze bija sekmiga. Adamantana
57 bromé&sana, kaut arT loti 1€ni, bet notika un abas funkcionalas grupas saglabajas, neraugoties

uz smagajiem reakcijas apstakliem seSu diennaksu laika.

o) Q i
HN)K HN)K
1.80Cl, A CBr4, TBAB, 50% NaOH
2. Et,N, t-BuOH PhF 50 °C O7<

18. att. Racémiska bromadamantanilamida 58 sintéze

Enantioselektivas broméSanas pétijumam starpfazu katalizes apstaklos izv€lgjamies
divus hiralus kvaternizétus aminus — (-)-N-metilsparteina jodidu un (+)-Maruokas katalizatoru.
Abas reakcijas izdaritjam analogiski racémiska bromida 58 iegtSanai. Diemz&l novertét
iegiitos rezultatus neizdevas, jo nebija iesp&jams piemeklét enantioméru (R)-58 un (S)-58

sadaliSanai pieméerotus hiralas hromatografijas apstaklus.



10.

Secinajumi

Izstradatas metodes 1,3,3,5-tetrametil-6-azabiciklo[3.2.1]oktana un 1,3,3,5-tetrametil-6-
azabiciklo[3.2.1]okt-6-€na ieguSanai no I-amino-1,3,3,5,5-pentametilcikloheksana tiesa
radikalu reakcija, neizmantojot toksisko svina tetraacetatu.

1,4-Diazabiciklo[2.2.2]oktans ir  optimala baze  1-amino-1,3,3,5,5-pentametil-
cikloheksana ciklizacijai N-bromsukcinimida ierosinatas Hofmana-Loflera-Freitaga
radikalu reakcijas baziskaja varianta.

1-Amino-1,3,3-alkilaizvietotu cikloheksanu radikalu reakcija CO atmosféra pie
paaugstinata spiediena notiek neaktivéto 3-Me grupu aminokarbonil€Sana, kuras rezultata
veidojas 2-azabiciklo[3.3.1]nonan-3-oni. Process ir lidzigs alkilspirtu radikalu o-
karboksilé$anai, bet notiek ar zemaku selektivitati.

Izstradata pieeja 7-ekso-alkil- un aril-aizvietotu 6-azabiciklo[3.2.1]oktanu iegtiSanai, ka
ar1 to transformacijai par 7-endo izomériem divas stadijas.

C-3-endo metilgrupas steriskais efekts nodroSina augstu nukleofflu un hidrida ekso-
pievienoSanas stereoselektivitati 6-azabiciklo[3.2.1]okt-6-8nu C=N saitei.

In situ generéta ruténija oksida reakcija ar N-acilétu 1,3,3,5,5-pentametilcikloheksilaminu
tidens — acetonitrila sistéma veidojas N-hidroksi-amids. Analogiskos reakcijas apstak]os
tadi starpfazu katalizatori ka tetrabutilamonija jodids paaugstina oksidétaja efektivitati un
nodroSina selektivu aminocikloheksana cikla 4-CH; grupas oksidéSanu.

Apstradajot diadamantanildiazénus ar (diacetoksijod)benzolu palladija acetata klatieng,
notiek adamantana a-metiléngrupas C-H aktivéSana un acetoksiléSana.

Pretstata strukturali 1idzigu diadamantanildiazénu reakcijai analogiskos apstaklos bis-
(1,3,3,5,5-pentametilcikloheksil)diazéna 1-Me vai 2-CH, grupas funkcionalizéSanu
realizet neizdodas.

Starpfazu katalizes apstaklos selektivi jod€jas 1-bromo-3-izopropiladamantana virsotnes
oglekla atoms nevis izopropilgrupas tres€jais ogleklis.

Selektiva joda un broma aizvietoSana 1-bromo-3-jodo-5-izopropiladamantana molekula,
izmantojot Ritera reakciju un Koha-Hafa karboniléSanas reakciju, ka ar1 1-
acetilaminoadamantan-3-karbonskabes tert-butil estera broméSana hiralu starpfazu
katalizatoru klatiené demonstré polifunkcionalu adamantanu asimetriskas sintézes

izstradasanas potencialo iesp&ju.
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Introduction

The increasing number of patients diagnosed with neurodegenerative disorders, such as
Parkinson’s and Alzheimer’s diseases, has become a global problem nowadays. To develop an
effective medicine for the treatment of such diseases, scientists quite often choose only one
pharmacological target, for example, one of the acetylcholine receptors (AChR) or
metabotropic glutamate receptors. Unfortunately, signal transduction is deteriorating in many
regions of brain, as illness progresses, and pathological changes affect many neuronal
receptors. Memantine (1-amino-3,5-dimethyladamantane), a drug previously used for
Parkinson’s disease treatment, is an effective medicine in therapy of Alzheimer’s dementia.
The action of this drug is based on antagonism of N-Methyl-D-Aspartate receptor (NMDAR).
NMDAR is an ion channel which in pathological conditions is opened for calcium ion flow
that provokes a cascade of neurotoxic processes in the cell. Memantine blocks the opened ion
channel. However, success of this drug is based not on its selective regulation of NMDAR, but
most likely on its ability to interact with two other receptors — serotonine 5-HT3 and nicotinic
AChR. Ideally, the drug candidate should be equally active towards all three receptors. Using
the concept of such ,,nonselective” action we have discovered new ligands for the mentioned
ionotropic  receptors among cyclohexylamine, 6-azabicyclo[3.2.1]octane and 2-
azabicyclo[3.3.1]nonane derivatives. Unfortunately, only few of them satisfied our criteria. It
was not possible to perform larger structure-activity relationship studies, due to a very limited
scope of available synthetic methods. Since an optimal ligand is a lipophilic globule with a
primary, secondary or tertiary amino function attached to a tertiary carbon atom, it is a very
complicated task to functionalize such aliphatic globule to obtain compounds with similar
affinity toward all three receptors.

Thesis is devoted to the study of C-H functionalization of aminocyclohexanes which
can simplify greatly the synthesis of new ligands for ionotropic receptors. Significant interest
is drawn to the reactions of carbon-centered radicals generated as a result of 1,5-H transfer to
aminyl radicals. The two most important reactions are: oxidative azacyclization, which allows
to obtain 6-azabicyclo[3.2.1]octanes, and radical carbonylation at elevated pressure of CO
with subsequent oxidative acyl radical amination, to prepare 2-azabicyclo[3.3.1]nonan-3-ones.
The later reaction has not been studied before. Only radical carboxylation of alkanols in
atmosphere of CO is known. Besides, reactivities of dicyclohexyl- and diadamantyl-diazenes
in Pd-catalyzed C-H bond activation reactions, were compared, and electrophilic C-H

functionalization was performed in aminocyclohexanes and deactivated adamantanes.
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Objectives of the work

The main objective of the work is to develop the synthesis of new aminocyclohexane
derivatives and C-H bond functionalization methods which would facilitate the development
and investigation of novel ligands for ionotropic receptors. To achieve this goal it was

necessary:

1. To evaluate publications on the subject of C-H bond functionalization and cyclization

reactions of alicyclic amines and related alkanols.

2. To optimize the synthesis of 6-azabicyclo[3.2.1]Joctane and to replace toxic lead
tetraacetate, used in radical cyclization reaction of 1-amino-1,3,3-alkylsabstituted

cyclohexanes, by an environmentally friendly oxidizer.

3. To study whether the carbyl radicals generated from 1,3,3-alkylsubstituted
cyclohexylamines can undergo carbonylation under elevated CO pressure, analogously to

primary and secondary alkanol radical o-carboxylation.

4. To explore the reactivity of 6-azabicyclo[3.2.1]oct-6-ene C=N bond in addition reactions
and to evaluate the possibility of stereoselective synthesis of 7-exo- un 7-endo-substituted

6-azabicyclo[3.2.1]octanes.

5. To find an optimal chelating group for Pd-catalyzed C-H bond activation and oxidation of
1-methylcyclohexylamines, and to investigate the possibility of related C-H bond

functionalization in aminoadamantanes.

6. To develop tactics for the synthesis of substituted aminoadamantane carboxylic acids and
to test the possibility of direct functionalization of unactivated C-H bond in 3-

aminoadamantane- 1-carboxylic acid derivatives.
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Results

Optimization of 1-amino-1,3,3,5,5-pentamethylcyclohexane cyclization

As an alternative to modified Hofmann-Loffler-Freytag (HLF) amide cyclization
reaction, in which iodine and lead tetraacetate or diacetoxyiodobenzene are used, we have
developed more economical aminocyclohexane cyclization process to yield 6-
azabicyclo[3.2.1]oct-6-ene. The principal improvement is that free amine can be used in the
reaction and the use of iodine is not required. In reduction of 6-azabicyclo[3.2.1]oct-6-enes we
obtained 6-azabicyclo[3.2.1]octanes which have important pharmacological properties due to
their ability to regulate ion transport of several ionotropic receptors. New synthetic
methodology allows to isolate bicyclic amines in modest yields (25-50%), therefore it was
necessary to optimize the cyclization conditions. 1-Amino-1,3,3,5,5-pentamethylcyclohexane
(1a) was used as a model compound. The reaction can lead to three major products — bicyclic
amine 2a, its oxidation product 3a and diazene 4 (Figure 1.). First experiments were carried
out with lead tetraacetate in benzene. In the course of reaction acetic acid is formed, which
needs to be neutralized with a base. Full substrate conversion was reached using DABCO or
pyridine as a base (Table 1.). Although the starting amine and bicyclic amine are substantially
more basic than pyridine, the use of pyridine dramatically improved the efficiency of
cyclization. The total yield of bicycles 2a and 3a has reached 89%. The highest yield of
bicycle 2a was obtained, when imine was reduced without separation of a mixture of bicyclic
products (2a and 3a). It was an attractive possibility to replace toxic lead tetraacetate with
another oxidant. Hypervalent iodine reagents are the most frequently used oxidants in
modified HLF reaction. In our modification the reaction of amine 1la with
diacetoxyiodobenzene in nonpolar solvent lead to dimerization product 4 (91%). Carrying the
same reaction in methanol and in the presence of KOH, amount of diazene was decreased to
1% and the yield of bicyclic compounds reached 54%. Since under aforementioned conditions
IBD in situ forms iodozylbezene, control experiments were performed. Using iodozylbezene
in methanol without base, amine 3a was obtained in good yield (77%). A source of bromide
ions was added to prevent the dimer 4 formation, which can be explained by nitrene
generation. Under these conditions oxidation can proceed through N-bromoamine formation
and result in classical HLF radical reaction. However, to the contrary to our expectations, the
amount of diazene 4 has increased. TBAB as well as KBr had similar stimulating effect on

both reaction directions — formation of diazene 4 and bicycle 3.
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Figure 1. Main products of radical cyclization reaction of amine 1

Table 1.
Yields of amine 1 cyclization products depending on reaction conditions
Oxidizer eq. Base or eq. Conversion, 28, % | 3a,% | 4a, %
additive %
Pb(OAc)4 22 K>CO; 8 51 - 49 -
Pb(OAc), 1 DABCO 2 100 5 63 -
Pb(OAc), 1 Py 10 100 41 48 1
PhI(OAc), 2 K>,CO3 8 83 - 1 81
PhI(OAc),* 2 KOH 8 75 40 14 1
PhI(OAc),**%** 2 Py 100 93 - 45 12
PhIO* 2 - - 100 1 77 1
PhIO* 2 KOH 4 72 28 33 -
PhIO 2 K>COs 4 100 52 6 10
PhIO** 2 TBAB 0,2 99 - 50 40
PhIO** 2 KBr 1 96 3 31 45
NBS 1.2 - - 33 - 23 -
NBS 2 Py 2.2 51 - 24 -
NBS 2 Ei;N 4 92 - 8 -
NBS 1 CuCl 0.1 50 - 26 -
NBS 2 DABCO 2 100 1 69 -
NBS 1 DABCO 0.5 96 40 50 -
CuCly*H O ** 3 K>COs 2 100 13 40 -

* - solvent MeOH, ** CH3CN, *** DMF, **** Py

The most important results were obtained using NBS. The biggest problem was
neutralization of HBr, since the substrate is a strong base, it readily forms hydrobromide salt.

Carrying out the reaction without a base, conversion of the starting amine to products can not
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exceed 33%. The addition of pyridine promoted undesired side reactions. In the case of
triethylamine conversion of amine la was increased, but the yield of bicycle 3a decreased
dramatically. When the reaction was carried out without a base, but in the presence of copper
(D) chloride, the oxidation proceeded in highly selective manner, however conversion suffered
again. It was found that DABCO was the optimal agent for neutralization of HBr in the
reaction of aminocyclohexane with NBS. We have identified two versions of reaction that
have preparative value. First (2 eq. NBS, 2 eq. DABCO) allows to prepare 6-
azabicyclo[3.2.1]oct-6-ene 3a in good yield with quite simple isolation. In second version (1
eq. NBS and 0.5 eq. DABCO) the highest yield of the mixture of both bicycles can be
obtained (2a and 3a, 40% and 50%), that could be further reduced to afford an amine.

Copper (II) chloride, analogously to previously described oxidants, also evokes radical
transfer process affording bicycles 2a and 3a. However it is not possible to increase the yield

of product above ~50-55%, because of product oxidations.

Remote radical aminocarbonylation of aminocyclohexanes.

1,5-H transfer on aminyl radicals proceeds analogously to alkoxyl radical 1,5-H
transfer, which generates C-centered radicals. This process was used to obtain 6-
azabicyclo[3.2.1]octanes from aminocyclohexanes. Since both processes proceed through C-
radical formation, it was expected, that similarly to intramolecular alkanol carbonylation in
CO atmosphere, it would be possible to realize aminocyclohexane remote radical
carbonylation with subsequent amide cyclization. Such reactions can give a possibility for
direct synthesis of 2-azabicyclo[3.3.1]nonane. It was also expected that the formation of 6-
azabicyclo[3.2.1]octane would be the major competitive process. Furthermore, the formation
of acyl radical is reversible reaction and, as a result, high pressure of CO is needed. In contrast
to the optimum CO pressure in alcanol radical carbonylation reaction of 80 bar, the highest
pressure we could reach in our stainless steel autoclave was 50 bar. First research object was
amine 1a. The reaction was carried out with lead tetraacetate as an oxidant in the presence of
potassium carbonate. Conversion of amine 1a reached 68% (by GC) and totally 7 products
were identified with combined yield of 49.9%. The target compound — 2-azabicyclo-
[3.3.1]nonan-3-one 13a was isolated in 5.0% yield, but the major product — urea 14a was
isolated in 5.1% yield. The formation of ureas 14a and 15a constitutes a significant

competitive process where aminyl radical reaction with carbon monoxide competes with

28



carbyl radical generation and its subsequent reactions. Since amine la molecule is
conformationally flexible and at higher temperatures ax- and eg-aminyl radical reactions are
equally probable, it was reasonable to expect, that in case of restricted ax-amino conformer, C-
carbonylation would proceed to a greater extent because of more favorable 1,5-H transfer on
aminyl radical. 1-Amino-1,3,3,trans-5-tetramethylcyclohexane (1b) was suitable ax-amino
substrate which in carbonylation reaction, analogously to amine 1a, gave exactly the same
chemical transformation products only in different ratios. Conversion of amine 1b was 52%
and total yield of 7 identified compounds reached 40.9% (by GC). Although the total yield
(10.3%) of ureas 14b and 15b decreased substantially as compared to related ureas 14a and
15a (20.9%), the formation of 2-azabicyclo[3.3.1]nonane 13b had also slumped dramatically.
This could partly be attributed to the formation of 6-azabicyclo[3.2.1]octane derivatives 3b,
11b, 12b, 15b (24.4%, or 47.1% from all products amount). Comparing to the case of amine
1a, the content of bicyclooctanes (3a, 11a, 12a, 15a) was only 18.2%. Despite the low yields
of 2-azabicyclo[3.2.1]octan-3-ones 13a and 13b, the results obtained show the potential utility
of remote radical aminocarbonylation reaction. It is clear that the first optimization step should
be CO pressure increase which can diminish the progress of reaction via route D. Taking into
account the same stoichiometry with respect to bicycle 8, as the concentration of intermediate
8 is decreased, the conversion of starting material should raise because of increase of the
concentration of unreacted lead tetraacetate. The significance of CO pressure was confirmed
by the experiment performed at 25 bar. Conversion of starting material was 60%, yields of
ureas 14a and 15a (16.8% and 10.6%, accordingly) increased, however lactam 13a was not
identified among the products.

The unexpectedly low yield of lactam 13b can be explained by faster direct radical
oxidative amination of conformationally rigid ax-amine as compared to carbyl radical of
related conformationally flexible amine 1a. The progress of the reaction in direction C is much
less pronounced than in direction D (C/D = 0.12). This indirectly proved that amine substrate,
in which 1,5-H transfer is assured with conformational rigidity, is kinetically more suitable for
pyrrolidine ring formation rather than for radical carbonylation. In contrast, if C-radical is
generated from conformationally flexible substrate (1a) and it intercepts CO molecule, it leads
to formation of sufficiently stable acyl radical which can undergo oxidative amination. This is
proved by the increased preferance of direction C (C/D = 0.7). Direction B reactions show that
there is a possibility to develop synthetic methodology for symmetrical and nonsymmetrical
ureas from amines, treating them with appropriate oxidant in CO atmosphere. Radical 10,

under oxidative conditions, most likely forms a reactive isocyanate, which readily acylates the
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free amine. N-(1,3,3,5,5-pentamethylcyclohexyl)-acetamide (Sa) was used in carbonylation
reaction in order to assess the possibility of radical carbonylation in the modified HLF reaction

using lead tetraacetate in the presence of iodine. Despite the high
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Figure 2. Transformations of aminocyclohexane in radical carbonylation
Table 2.
Relative preferance of competing directions in carbonylation reactions.
R | 3a,% | S5a,% | 11a,% | 12a,% | 13a,% | 14a,% | 15a,% | A/B | C/D
Me 5.8 2.2 4.5 3.7 12.8 16.7 4.2 1.48 | 0.70
R | 3b,% | 5b,% | 11b,% | 12b,% | 13b,% | 14b,% | 15b,% | A/B | C/D
H 5.5 7.4 3.2 11.6 2.9 6.2 4.1 2.60 | 0.12

Direction A :3+11+12+ 13+ 15
Direction B : 14 + 15

Direction C : 13

Direction D: 3+ 11 + 12 + 15
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conversion of substrate (93%), none of the identified products (66% by GC) stemmed from
carbonylation process. Yield of bicyclic compounds was low (in total 12.9%).

Thus, the reaction of C-radical with free iodine radical is suppressed at high CO
pressure. However, since the reaction conditions are not reductive the formation of acyl radical
is reversible. Furthermore, if acyl radical got oxidized to acyl cation, it was not able to acylate
weakly nucleophilic amido group, and CO elimination occurred again. Such suppressive effect
of CO on cyclization process did not affect oxidative side reactions - acetoxylation and

iodation of acetamido group.

0

—N 9 NH
+
4/@\ /éﬁ? ‘N)K ¥
H
3a 4.3% 5a 6.9% 13a 10.4%
PhI(OAC),, K,CO,
%NHZ CO, 40 bar, 80 °C %
1a 16 25.8% 17 21.3%
éi% _N. [i?/
¢

4 21.4%

Figure 3. Amine 1a radical carbonylation in presence of IBD

Less toxic IBD is frequently used in oxidation reactions instead of lead tetraacetate. In
radical carbonylation reaction of amine 1a with IBD the distribution of products was different
from previously described results.

Six compounds were identified, three of which were already known amine 1la
transformation products, including target lactam 13a. The conversion of starting material was
complete and the total yield of identified compounds reached 90%. Diazene 4 formation is
characteristic to IBD reactions with amines even under mild reaction conditions, but surprising
is the yield of nitrocyclohexane 16. Formation of product 17 was also rather unexpected,
although such dicarbonylation has been observed in some radical and palladium catalyzed
aminocarbonylation reactions. The combined yield of carbonylated products 13a and 17

comprised 31.7%.
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Reactions of 6-azabicyclo[3.2.1]oct-6-ene with organometallic reagents

N-Boc derivative 18 of amine 1b in the modified HLF reaction gave exo-isomer with
unexpectedly high selectivity. In aforementioned reaction iodine and lead tetraacetate were
used as reagents, but the combination of these two reagents is not attractive from
environmental and practical point of view. We were able to develop synthetic methodology for
the direct synthesis of 6-azabicyclo[3.2.1]oct-6-ene 3 from aminocyclohexanes without the use
of iodine. Since imine 3 in reaction with organometallic reagents can potentially give the same
bicyclic amine 20-exo, and by reducing the imine 22 it is possible to obtain corresponding 20-
endo isomers, it was necessary to evaluate the diastereoselectivity of 6-azabicyclo[3.2.1]oct-6-

ene reaction.

R%, H
NHBoc Pb OAC) NBoc TFA N ReLi
R -
I, PhH

19-exo 20-exo
(OA) Pb(OAG),
(Rz=H)
R\ H 2
—N NaBH, Pb(OAG), . NH,
R B -
or LiAIH, (R2 =Ph)
20-endo 21

Figure 4. General synthesis scheme of 7-exo- and 7-endo-substituted 6-azabicyclo[3.2.1]octanes

Initially, we tried reactions with such Grignard reagents as MeMgCl and PhMgBr, but
that was not successful. Also using additive LiCl (5 eq.), in case of MeMgCl, did not give us
the product of addition. Good results were achieved only with organolithium reagents. This
way were obtained 7-exo-methyl-, butyl- and phenyl-6-azabicyclo[3.2.1]octane derivatives.
Addition reaction can be realized in the presence of Lewis acid (BF;*Et,O) or without it, as in
the case of methyl lithium. Although the use of Lewis acid did not provide full imine
conversion, the reaction proceeded faster and with better selectivity. Almost complete imine
conversion and better chemical yield of the product was achieved without the use of Lewis

acid, but in this case undesirable side products formed. The most unexpected results were
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achieved in reaction of imine 3 with methyl lithium. In this case, methyl lithium worked as a
nucleophile as well as a strong base. The C=N bond got lithiated and the new nucleophile
added to the second imine molecule. The structure of isolated dimer 23a was proved by NMR
after CH-NH bond oxidation. In the case of imine 3b (R1=H) the product of lithiation and
addition reactions was not stable and got easily oxidized, therefore it was only possible to

isolate lactam 11b (RI:H).

AN
Nz
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Figure 5. Imine reactions with organolithium reagents
Table 3.

Selectivity and product yields of organolithium reagent addition

20-exo R1 R2 Conv.,% 20-ex0,% de,% 11.% 23,%
a Me Me 96.1 52.3 99 - 40.0
b H Me 08.2 65.5 96 30.1 1.3
c H Ph 65.8 214 98 10.1 -
d Me Ph 72.3 31.3 99 - -
e Me | n-Bu 74.2 54.2 99 - -

The addition of organolithium reagents to bicyclic imines 3 occured stereoselectively
and only 7-exo-substituted 6-azabicyclo[3.2.1]octanes were formed. Even in the case of imine
3b reaction with methyl lithium, diastereomeric excess of isolated amine was higher than 90%.
The use of bulkier organolithium reagents (Table 3) furnished even higher levels of
stereoselectivity.

Organozinc reagents were also tested in addition reaction. Allylzinc bromide quite
easily reacted with tetramethylimine 3a (R'=Me) in the presence of cerium fluoride, which
was necessary for imine activation. Isolated compound 20f-exo was pure exo-allyl-addition

product. N-allylation product 25 was also obtained, because allylzinc bromide was not
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prepared prior to experiment, but was generated in situ from allylbromide and zinc. Isolated

6,7-diallyl-6-azabicyclo[3.2.1]octane 25 was transformed to tricycle 26 using Grubbs™ catalyst.

\ \> / _
=N I Grubbs Il N
&\ Zn, THF &\ &\ &\
20f-ex0 44.6% 25 18.0% 26 60.3%

Figure 6. Imine 3a allylation under Barbier conditions

The results obtained show that the reaction of 6-azabicyclo[3.2.1]oct-6-ene with
organolithium or organozinc reagents allows stereoselective introduction of an exo-substituent
at seventh position of a bicyclic system. In order to inverse the configuration it was necessary
to oxidize the amine and stereoselectively reduce the imino group. Experiments were
performed with 7-phenyl- and 7-methyl-6-azabicyclo[3.2.1]octanes to evaluate the efficiency
of this transformation. In oxidation with lead tetraacetate good results were obtained only in
the case of phenyl-derivative 22d. This can be explained by easy oxidation of benzylic CH
group. The reaction was fast, selective and furnished only one product. Reduction of the
resulting imine 22d (R'=Me) with sodium borohydride proceeded with exo-hydride addition
and gave endo-product in good yield. It was incomparably more difficult to achieve related
derivative starting with 20a-exo (R* =Me). The reaction did produce the desired 7-

methylimine 22a,

“—N Pb(OAc), SNy
R I + R’ +
K,CO
20-exo PhH 11

Figure 7. Oxidation of 7-substituted bicycle 20

Table 4.
7-exo-Substituted amine 20 oxidation products and their yields
Amine R1 R2 Conv.,% 22.% 11.% 27.%
20a-exo Me Me 78.0 6.4 3.7 26.8
20b-exo H Me 54.0 16.7 22.3 0
20d-exo Me Ph 85.7 83.9 0 0
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but its methyl group turned out to be quite easily oxidizable. In both 7-methyl-bicycles 22a,b
(R'=H and R'=Me) methyl group got oxidized at the same rate as C-N bond or even faster. As
a result, almost all the generated imine was transformed to diacetoxy-derivative 27, or to
lactam 11. After workup of the reaction it was established, that in case of pentamethylbicycle
20a (R'=Me) it was possible to isolate and purify the diacetoxy-derivative. In contrast,
tetramethylbicycle 20b (R'=H) was unstable in acidic and basic media and during the workup
it transformed to lactam 11b. Changing the amount of oxidant did not affect the distribution of
reaction products. The use of NBS was also ineffective and gave a complex mixture of
compounds.

The reduction of 3-endo-substituted 6-azabicyclo[3.2.1]oct-6-enes proceeded with high
diastereoselectivity (de>98%). Imine 3a in the reaction with lithium aluminum deuteride also
gave exclusively exo-isomer of 7-deutero-bicycle 20g. Only reduction of 22b (R'=H) did not
provide as good results as analogs. The product was obtained as a mixture of isomers, in

which diastereomeric excess of endo-product did not exceed 20%.

—N LiAD, Pb(OAC), =N | tBuLj —N
Et 0 K CO 2.D0,0 ; i

20-exo 91 5% 3a 93.1%
gR=Me, hR=H

Figure 8. Synthesis of deuterated compounds

It was not possible to prepare 7-deutero-imine 22e. An attempt to exchange 7-H in
imine 3a using lithiation was unsuccessful. At the same time, oxidation of 7-deutero-bicycle
20-exo occured exo-stereoselectively and gave 7-H-imine (3a). Stereoselective addition to
imine 3 is not limited to only organometallic reagents. Exo-oxaziridine 28 was prepared by the

oxidation of imine 3a with m-chloroperoxybenzoic acid. Quite comparable results were

0
A 0
—N —N A §
m-CPBA
—_— —_—
CHClI,
3a 28 83.9% 11a

Figure 9. Synthesis of oxaziridine 28
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obtained by using NaOClI, except the yield of the desired product was lower and the reaction
was not as clean. Under conditions of GCMS analysis oxaziridine 28 thermally rearranged to

1,3,3,5-tetramethyl-6-azabicyclo[3.2.1]octan-7-one (11a).

0 0
o Ho, L

E\ RCOCI %N\ HZO ., ;N

3a

R

aR=Me, bR =0Ph 29 30

Figure 10. Stereoselective addition of water to acylimine 29

Acylimines 29, obtained in acylation reaction of imine 3a with acetyl chloride or
phenyl chloroformate, added water stereoselectively from the exo side. The high imine 3a exo-
oxafunctionalization selectivity made it impossible to use compounds 28 and 30 as activated

imine derivatives for 7-C functionalization of 6-azabicyclo[3.2.1]octane ring.
Oxidative functionalization of 1-amino-1,3,3,5,5-pentamethylcyclohexane 4-CH, group

Some time ago we prorosed a multi-step formal synthesis of aminoalcohol 32 as a
potential metabolite of neramexane (1-amino-1,3,3,5,5-pentamethylcyclohexane, 1a), using
2,2,6-trimethyl-2-cyclohexen-1,4-dione as a starting material. However, target compounds 31
and 32 were not obtained. Therefore, when 4-oxo-derivative 31 was detected in oxidative
stress test with perhydrol, we decided to develop conditions for direct 4-CH, group oxidative
functionalization. Amine 1a salt was used in experiments to reduce the risk of amino group

oxidation. Volatile fractions were analysed by GC and GCMS. Tert-butylbenzene was used as

.
NHg+  H,0, NH,  NaBH, NH,
/%7 " 0.AMHCI o% MeOH Hoé ~

1a 31 32

Figure 11. Proposed synthesis scheme of aminoalcohol 32
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a standard to determine intrinsic yield of products. Although conversion of amine 1la was
almost quantitative, the yield of aminoketone 31 did not exceed 5%. This indicates to further
nonselective oxidation processes, which lead to hydrophilic compounds.

Numerous methods of oxidative functionalization of alkanes are based on catalytic
copper chloride use. Therefore, in order to obtain compounds 31 and 32, first experiments
were performed using copper chloride — perhydrol combination. CuCl, in all experiments
promoted formation of 6-azabicyclo[3.2.1]octane derivatives 2a and 3a (~1%). This can be
explained by N-chlorination, which further leads to aminyl radical formation, followed by 1,5-
H transfer. This mechanism is supported by the fact that the reaction proceeded more
efficiently with free amine (Table 1).

An alternative way to suppress the aminyl radical formation is use of N-acyl-
derivative. Unfortunately, there was no reaction detected with amides Sa and Sc in copper
chloride — perhydrol system. Similarly, oxone was not effective towards acetamide Sa, but
carbamate Sc gave N-hydroxy-derivative 33¢ in 7% yield. Both amides Sa and Sc¢ underwent
N-hydroxylation by in situ generated ruthenium oxide in acetonitrile — water system, and
products of 4-CH, functionalization were not detected. Under classical oxidation conditions
(water — carbon tetrachloride — acetonitrile) using ruthenium oxide and sodium periodate as
oxidants, stable yellow complex of ruthenium with hydroxamic acid 33a formed and
precipitated from the reaction medium. Although the isolated yield of compound 33a was
fairly good, it was possible, that heterogeneous conditions caused slow NH and 4-CH,
oxidations and functionalizations. To increase the conversion of the substrate and efficiency of

ruthenium catalytic oxidation, tetrabutylammonum iodide was added as a phase transfer

Oxone, Al,O;*H,0

NH
il - -R ? *CF,COOH
N HO
M _R __1 cat. RuCl,, NalO, OH

N 32
N 33
TFA T R= Boc
5 RuCl, cat.
a R=Ac NalO, r NaBH, R
¢ R=Boc — N N
Bu,N+I- O H H
’ 34 OH 35
K,CO,

aR=Ac 20%
b R= Boc 18%

Figure 12.Synthesis of aminoalcohol 32

37



catalyst to RuCl; — NalOy4 system. In place of classical three component solvent system we
used water — acetonitrile mixture. The catalytic reaction with in situ generated ruthenium
oxide progressed very slowly, but it turned out to be the only selective process, which allowed
to obtain ketones 34a and 34b with satisfactory yields. Corresponding 4-hydroxy-derivatives
35 were not detected because of the reaction conditions suitable for secondary alcohol
oxidation to ketone. N-hydroxy-derivatives 33a and 33b were not detected either. Compound
33 oxidation experiment in the presence of TBAI did not support the hypothesis that
aminocyclohexane § 4-CH activation and functionalization goes through N-hydroxy-amide 33
ruthenium complex.

Reduction of aminoketone 34b (R=Boc) with sodium borohydride followed by

cleavage of Boc protecting group gave cis-aminoalcohol 32 with high stereoselectivity.
C-H bond activation and functionalization of cyclohexane and adamantane azo-derivatives

During complexation of azo-derivatives with transition metals C-H activation - metal
insertion into the C-H bond is often observed. Primarily this process has been investigated in
diaryldiazene sp” C-H activation and ortho-functionazation. Since all of our research objects
among aminocyclohexanes and aminoadamantanes contain fert-alkylamine fragment,
symmetrical diazenes could be obtained by oxidation of corresponding amines. This type of
compounds is suitable for an investigation of cycloalkane sp® C-H bond activation. Our goal

was oxy-functionalization of cyclohexane and adamantane using an advantage of palladium

Pd(OAc), H Phl( OAC
_—
N N/~ :’%‘2/

[Pd-(CH,)] 36

I\

N
AcO
Pd(OAc), N Phl(OAc), c
- N o e
4 Pd
39 cis, trans

— [Pd-(CH,)] 38 B

Figure 13. Possible way of cyclohexane C-H activation and acetoxylation

38



complexation with N=N bond and subsequent cyclic 2-C-H activation. A palladium catalyzed
acetoxylation method with IBD developed by M. Sanford is suitable for this transformation. In
the reaction, the methyl group that gets oxidized is the one located in y-position relative to Pd-
chelating heteroatom.

The oxidation methodology of a cyclic 2-CH, group in bis-(1,3,3,5,5-
pentamethylcyclohex-1-yl)-diazene 4, would give a possibility not only to optimize the
synthesis of potentional metabolites of neramexane, but also allow to develop new synthetic
methods of polyfunctionalized cyclohexanes. Diazo function can be reduced and there are
known methodologies for reductive cleavage of symmetrical hydrazines to corresponding
amines. Unfortunately, it was not possible to detect the products of cyclohexane ring 2-CH, or
1-Me group acetoxylation in experiments with dicyclohexyl-diazenes. The only plausible
explanation for the failure of diazene 4 functionalization could be the tendency of
symmetrically substituted cyclohexane to adopt a twisted conformation to minimize
unfavorable diaxial interactions. Interconversion of conformers could disturb the formation of
palladacycle intermediate.

At the same time, C-H activation and functionalization of analogous adamantane
derivative was possible. The results obtained are in disagreement with “organometallic” C-H
activation concept, according to which, activation of the less sterically hindered methyl group
is much more probable than the secondary CH, group. The formation of compounds was
proved mainly by GCMS, since only few of the reaction products could be isolated in pure
form. Potential directions of adamantane activation in diazene 40 are shown in figure 14 (for
simplicity displayed only on one adamantane tricycle). Conversion of diazene 40 was 100%
and three mono-acetoxy-diazenes were identified, one of them was acetoxylated on the
bridgehead (41a, 4% by GC) and the rest could only be isomers of 42, 43 and 44 (totally

48%). Five di-acetoxy-diazenes (totally 48%) were also detected, in which each adamantane
OAc

N® N
@\ F PhI OAc),
d(OAc), 41 a (mono-AcO)
b (di-AcO)
+ N’/N
OAc

43 (cis), 44 (trans)

Figure 14. Possible pathways of adamantane C-H acetoxylation in diazene structure 40
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contains one acetoxy group. This is supported by characteristic mass fragmentation pattern;
elimination of nitrogen results in formation of substituted adamantyl radicals. Taking into
account that some of the di-functionalized diazene combinations could not be resolved under
GC conditions, we assumed that the mixture of products represented all theoretically possible
isomers.

Mono-3-acetoxy- (41la, 47%) and symmetric di-(3-acetoxyadamantan-1-yl)diazene
(41b, 40%) were obtained performing the same reaction without Pd(OAc),. The latter
compound was not detected in Pd-catalyzed reaction. Increasing the amount of Pd(OAc),
diminished the conversion and lead to a higher yield of di-acetoxy products, but it did not
suppress the bridgehead CH oxidation. If amount of Pd(OAc); is decreased, that leads to lower
conversion and increased amount of mono-acetoxy products, especially of compound 41a.

In order to prevent the bridgehead oxidation and to decrease the number of possible
products, Pd-catalyzed oxidative functionalization experiment was performed with bis-(3,5,7-
trimethyladamantan-1-yl)-diazene 45, which was synthesized in eight steps from 1,3-

dimethyladamantane using classical chemical transformations.

_ oty
= b n

Figure 15. Functionalization of bis-(3,5,7-trimethyladamantan-1-yl)-diazene (45)

Contrary to our expectations of high oxidation selectivity and decreased probability of
side reactions, the yield of mono- (47) and di-acetoxylated products (49) was only 24%
(conversion 87%). The yield of the major product — (3,5,7-trimethyladamant-1-yl)-acetate (46)
was 45%. Another unexpected product was 3,5,7,3',5',7'-hexamethyl-[1,1']bi[adamantyl] (48).
The formation of both compounds can be explained by thermal instability of diazene 45.
Prolonged refluxing of diazene in a mixture of acetic acid and acetic anhydride promoted its
cleavage, nitrogen elimination lead to formation of 3,5,7-trimethyladamantan-1-yl radical,

which could recombine or react with acetic acid.
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Halogenation of substituted adamantanes under conditions of phase transfer catalysis

In collaboration with professor Schreiner group at the University of Giessen we
investigated radical halogenetion of adamantane ring under phase transfer catalysis (PTC)
conditions. The major goal of this work was to develop methodology of adamantane C-H
functionalization and selective halogen subtitution, which can be used for enantioselective
synthesis of aminoadamantanecarboxylic acids. The novel amino acids will be used for the
construction of conformationally restricted analogs of dipeptides, which have a potential in
preparation of new medicines. One of the main tasks was to study the selectivity of
halogenation in adamantanes with branched alkyl substitutents. The problem is significant in
the case of peptides containing leucine and its homologues. Foremost, it was necessary to
compare the reactivity of tertiary carbon atom in isopropyl group and adamantane cycle. A
suitable target for this investigation was 1-bromo-3-isopropyladanatane (51), which was

prepared from adamantanecarboxylic acid (50) using classical methodology.

O+ OH
6 staps HCI,, NaOH, TBAB
- s - +
Br Br | Br
[ I
50 51 52 53

Figure 16. Iodination reaction of adamantane 51

Halogenation of adamantane 51 under classical PTC conditions occured very slowly
and 50% NaOH solution was replaced with NaOH powder. The reaction was carried out by
ultrasonic irradiation. The iodination product of the isopropyl group was not detected among
the isolated products. This proved that halogenation reactions under PTC conditions proceeded
much more easily at the bridgehead carbon atom of the adamantane. The major product of this
reaction was 1-bromo-3-iodo-5-isopropyladamantane (52), which was further transformed into
N-(bromoadamantanyl)-acetamide 54. Selective iodine subtitution was possible using
nitrosonium tetrafluoroborate in the modified Ritter reaction. In Koch-Haaaf carbonylation
reaction, protected aminoadamantanecarboxylic acid 5§ was obtained from amide 54.

The accomplished transformations confirmed the possibility of selective halogenation

of adamantane possessing branched alkyl chain and selective halogen subtitution in bromo-
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iodoadamantanes, which combined provided a method for the synthesis of desired derivatives

of aminoadamantanecarboxylic acid.

NOBF,, CH,CN HCOOH
_—
| -50 °C J\ J\
Br Br

52 54

Figure 17. Selective halogen replacement in adamantane molecule

The next major task was to investigate the possibility of enantioselective version of the
aforementioned process. We assumed that stereoselectivity of halogenation reaction in a
tricyclic system could be achieved using a bulky chiral phase transfer catalyst and an
adamantane properly decorated with directing groups. 3-Acetamido-adamantanecarboxylic
acid tert-butyl ester 57, which contained optimal functional groups, was the most attractive
substance for the initial studies. Although we were concerned that the acetamido and ester
groups would strongly deactivate the ring CH and would be unstable in aggressive PTC
reaction conditions, the synthesis of racemic bromoadamantanylamide 58 was successful.
Bromination of adamantane 57 was slow, but both functional groups were retained despite the

harsh reaction conditions.

0 0 i
N N o
1.80Cl, A CBr4 TBAB, 50% NaOH
2. Et,N, t-BuOH PhF 50°C

Figure 18. Synthesis of racemic mixture of bromoadamantanylamide 58

Chiral quaternary amines (-)-N-methylsparteine iodide and (+)-Maruoka were chosen
as PTC catalysts for enantioselective bromination. Both reactions were performed in a similar
manner to the synthesis of racemic bromide 58. Unfortunately we could not evaluate the
results obtained, because it was not possible to develop suitable chromatographic conditions

for the separation of enantiomers (R)-58 and (S)-58.
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10.

Conclusions

Synthesis of 1,3,3,5-tetramethyl-6-azabicyclo[3.2.1]oct-6-ene and 1,3,3,5-tetramethyl-6-
azabicyclo[3.2.1]octane based on direct radical reaction of I-amino-1,3,3,5,5-
pentamethylcyclohexane without the use of toxic lead tetraacetate was developed.
1,4-Diazabicyclo[2.2.2]octane is the optimal base for cyclization of 1-amino-1,3,3,5,5-
pentamethylcyclohexane with N-bromosuccinimide under basic Hofmann-Loffler-
Freytag radical reaction.

Nonactivated 3-Me group in 1l-amino-1,3,3-alkylsubstituted cyclohexanes was
successfully aminocarbonylated in radical reaction under CO gas pressure resulting in 2-
azabicyclo[3.3.1]nonan-3-one formation. The process is similar to radical o-carbonylation
of alkanols, albeit proceeds with lower selectivity.

The route to 7-exo-alkyl- and aryl-substituted 6-azabicyclo[3.2.1]octanes and their
transformation to 7-endo isomers was developed.

The steric effect of C-3-endo methyl group ensures high stereoselectivity of nucleophile
and hydride exo-addition to the C=N bond in 6-azbicyclo[3.2.1]oct-6-enes.

In situ generated ruthenium oxide in reaction with N-acylated 1,3,3,5,5-
pentamethylcyclohexylamine in water — acetonitryle system gives N-hydroxy-amides.
Under similar reaction conditions, phase transfer catalyst such as tetrabutylammonium
iodide increases the efficiency of the oxidiser and ensures selective 4-CH, group
oxidation in aminocyclohexane.

C-H bond of o-methylene group was activated and acetoxylated in reaction of
diadamantanyldiazenes with diacetoxyiodobenzene in the presence of palladium acetate.
Despite close structural analogy with diadamantanyldiazene, in the case of bis-(1,3,3,5,5-
pentamethylcyslohexyl)diazene it was not possible to functionalize 1-Me or 2-CH,
groups under similar reaction conditions.

Iodination of 1-bromo-3-izopropyladamantane under phase transfer catalysis conditions
proceeds selectively at the bridgehead carbon atom and not at the tertiary carbon of
isopropyl group.

Selective substitution of iodine and bromine atoms in 1-bromo-3-iodo-5-
isopropyladamantane using Ritter reaction and Koch-Haaf carbonylation reaction, as well
as bromination of 1-acetylaminoadamantane-3-carboxylic acid tert-butyl ester in the
presence of a chiral phase transfer catalyst, shows considerable potential for the

development of asymmetric synthesis of polyfunctional adamantanes.
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