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Probl�mas b	t�ba un aktualit
te 

 

M�sdien�s glob�la probl�ma ir arvien vair�k pieaugoša saslimst�ba ar t�d�m 

neirode
enerat�v�m slim�b�m k� Parkinsona un Alcheimera slim�bas. Paradoks�li, ka t�s skar 

arvien jaun�kus cilv�kus. Lai izstr�d�tu efekt�v�kas z�les šo slim�bu �rst�šanai p�tnieki 

visbiež�k izv�las tikai vienu farmakolo
isko m�r�i, piem�ram, k�du no acetilhol�na 

receptoriem vai metabotropajiem glutam�ta receptoriem. Diemž�l, progres�jot slim�bai, 

sign�lu p�rnese tiek trauc�ta plašos smadze�u apgabalos un patalo
iskas izmai�as skar 

daudzus neiron�los receptorus. �oti veiksm�gs prepar�ts, kas agr�k izmantots Parkinsonisma 

�rst�šanai, bet tagad tiek pielietots Alcheimera dementes terapij�, ir memant�ns (1-amino-3,5-

dimetiladamant�ns). Š� prepar�ta darb�bas meh�nisma pamat� ir N-Metil-D-Aspart�ta 

receptora (NMDAR) antagoniz�šana. NMDAR ir organiz�ts k� jonu kan�ls un patalo
iskos 

apst�k	os jonu kan�ls ir atv�rts kalcija jonu pl�smai, kas izraisa neirotoksisku procesu kask�di 

š�n�. Memant�ns blo�� atv�rtu jonu kan�lu. Ta�u prepar�ta veiksmes pamat�, visticam�k, ir 

nevis t� selekt�v� regul�još� darb�ba uz NMDAR, bet tas, ka memant�ns saist�s ar v�l diviem 

jonotropajiem receptoriem – seroton�na 5-HT3 un nikot�na receptoru. Ide�lam prepar�tam 

j�b�t vien�di akt�vam uz visiem trim receptoriem. Izmantojot š�du „neselektivit�tes” 

koncepciju, izdev�s atrast min�to jonotropo receptoru ligandus cikloheksilam�nu, tiem 

radniec�go 6-azabiciklo[3.2.1]okt�nu un 2-azabiciklo[3.3.1]non�nu klas�s, ta�u tikai daži no 

tiem da	�ji atbilda pras�b�m. Plaš�ku strukt�ras-aktivit�tes sakar�bu anal�zi nebija iesp�jams 

veikt, jo to noteica ierobežotais sint�zes metožu arsen�ls. Optim�ls ligands ir lipof�la globula 

ar pirm�jo, otr�jo vai treš�jo aminofunkciju pie treš�j� oglek	a, t�p�c 	oti sarež
�ts uzdevums 

ir š�s alif�tisk�s globulas funkcionaliz�šana, lai ieg�tu vielas ar l�dz�gu afinit�ti uz visiem trim 

receptoriem.  

Promocijas darbs velt�ts cikloheksilam�nu C-H funkcionaliz�šanas reakciju 

p�t�jumiem, kas atvieglotu jaunu jonotropo receptoru ligandu sint�zi. Visnoz�m�g�k�s ir divas 

aminil radik�	u 1,5-H p�rneses rezult�t� 
ener�to C-radik�	u reakcijas - oksidat�v� 

azacikliz�cija, kas 	auj ieg�t 6-azabiciklo[3.2.1]okt�nus k� ar� karbonil�šana pie paaugstin�ta 

CO spiediena ar tai sekojošu acilradik�	u oksidat�vo amin�šanu, kas dod 2-

azabiciklo[3.3.1]non�n-3-onus. P�d�j� reakcija l�dz šim nebija p�t�ta un paz�stama tikai 

alkanolu karboksil�šana CO atmosf�r�. Sal�dzin�ta ar� dicikloheksil- un diadamantanil-

diaz�nu rea
�tsp�ja cikla C-H aktiv�šanas reakcij�s un realiz�ta aminocikloheks�nu un 

deaktiv�tu adamant�nu elektrof�l� C-H funkcionaliz�šana.  
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Darba m�r�i 

 

Promocijas darba galvenais uzdevums ir att�st�t jaunas aminocikloheks�na 

atvasin�jumu sint�zes un C-H funkcionaliz�šanas metodes, kas veicin�tu jonotropo receptoru 

ligandu ieg�šanu un izp�ti. T� �stenošanai nepieciešams: 

 

1. Izanaliz�t literat�ras datus par aliciklisko am�nu un tiem radniec�go alkanolu C-H 

funkcionaliz�šanas un cikliz�cijas reakcij�m. 

2. Optimiz�t 6-azabiciklo[3.2.1]okt�nu sint�zes metodi un aizst�t toksisko svina tetraacet�tu 

1-amino-1,3,3-alkilaizvietotu cikloheks�nu radik�	u cikliz�cijas reakcij� ar videi 

draudz�g�ku oksid�t�ju. 

3. P�rbaud�t vai no 1,3,3-trialkilaizvietotiem cikloheksilam�niem 
ener�ti karbil radik�	i var 

karbonil�ties paaugstin�t� CO spiedien� l�dz�gi pirm�jo un otr�jo alkilspirtu radik�	u 
-

karboksil�šanai.  

4. Izp�t�t 6-azabiciklo[3.2.1]okt-6-�nu C=N saites rea
�tsp�ju pievienošanas reakcij�s un 

noskaidrot vai ir iesp�jama stereoselekt�va 7-ekso- un 7-endo-aizvietotu 6-

azabiciklo[3.2.1]okt�nu sint�ze.  

5. Atrast optim�lu helat�jošo grupu 1-metilcikloheksilam�nu Pd-kataliz�tai C-H aktiv�šanai 

un oksid�šanai, k� ar� noskaidrot vai analo
iska C-H funkcionaliz�cija iesp�jama ar 

aminoadamant�niem. 

6. Izstr�d�t sint�zes taktiku aizvietotu aminoadamant�nkarbonsk�bju ieg�šanai. P�rbaud�t 3-

aminoadamant�n-1-karbonsk�bes atvasin�jumu deaktiv�t�s C-H saites tiešas 

funkcionaliz�šanas iesp�jas.  
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Darba rezult
ti 

 

1-Amino-1,3,3,5,5-pentametilcikloheks
na cikliz
cijas optimiz�šana 

 

K� alternat�vu modific�tai Hofmana-Loflera-Freit�ga (HLF) am�du cikliz�cijas 

reakcijai, kur� tiek izmantots jods ar svina tetraacet�tu vai (diacetoksijod)benzolu, mums 

izdev�s atrast ekonomisk�ku aminocikloheks�nu cikliz�ciju par 6-azabiciklo[3.2.1]okt-6-

�niem. Principi�ls uzlabojums ir t�ds, ka reakcij� var izmantot br�vu am�nu un nav 

nepieciešams lietot jodu. Reduc�jot 6-azabiciklo[3.2.1]okt-6-�nus, ieguv�m atbilstošos 6-

azabiciklo[3.2.1]okt�nus, kuriem piem�t v�rt�gas farmakolo
isk�s �paš�bas, pateicoties to 

sp�jai regul�t vair�ku jonotropo receptoru jonu kan�lu caurlaid�bu. Jaun� sint�zes metode 	�va 

izdal�t bicikliskos im�nus ar sam�r� zemiem izn�kumiem (25-50%) t�p�c bija nepieciešams 

optimiz�t cikliz�cijas apst�k	us. K� mode	savienojumu izmantoj�m 1-amino-1,3,3,5,5-

pentametilcikloheks�nu (1a). Reakcij� var veidoties tr�s pamatprodukti – bicikliskais am�ns 

2a, t� oksid�šanas produkts 3a un diaz�ns 4 (1.att.). Vispirms izdar�j�m eksperimentus ar svina 

tetraacet�tu benzol�. Reakcijas gait� atbr�vojas eti�sk�be, kuras saist�šanai nepieciešama b�ze. 

Piln�ga substr�ta konversija sasniegta, k� b�zi izmantojot DABCO vai pirid�nu (1. tabula). Lai 

gan izejas am�na un biciklisk� am�na b�ziskums ir iev�rojami liel�ks par pirid�na b�ziskumu, 

tom�r tieši pirid�na izmantošana b�tiski paaugstin�ja cikliz�cijas efektivit�ti. Kop�jais biciklu 

2a un 3a izn�kums sasniedza 89%. Lai ieg�tu augstu am�na 2a izn�kumu, im�nu 3a var 

reduc�t, nesadalot produktu (2a un 3a) mais�jumu. Vilinoša bija iesp�ja aizst�t toksisko svina 

tetraacet�tu ar citu oksid�t�ju. Modific�taj� HLF reakcij� visplaš�k lietotie oksid�t�ji ir 

hipervalent� joda savienojumi. M�su variant� am�na 1a reakcij� ar (diacetoksijod)benzolu 

nepol�r� š��din�t�j�, veidoj�s dimeriz�cijas produkts 4 (91%). Izdarot šo pašu reakciju 

metanol� un KOH kl�tien�, diaz�na saturs samazin�j�s l�dz 1% un biciklu kop�jais izn�kums 

sasniedza 54%. Min�tajos apst�k	os no IBD in situ rodas jodozilbenzols t�p�c eksperimenti 

izdar�ti ar� ar jodozilbenzolu. Izmantojot jodozilbenzolu metanol� bez b�zes, ar labu izn�kumu 

ieguv�m im�nu 3a (77%). Lai nov�rstu dim�ra 4 veidošanos, kas izskaidrojama ar nitr�nu 


ener�šanu, pievienoj�m brom�djonu avotu. Š�d� variant� oksid�šana var�tu notikt ar N-

bromoam�na veidošanos un novestu pie klasiska HLF reakcijas radik�	u procesa. Tom�r 

ieg�tie rezult�ti bija pret�ji gaid�tajiem, jo diaz�na 4 daudzums palielin�j�s. Gan TBAB, gan 

KBr l�dz�g� m�r� veicin�ja abus reakcijas virzienus – diaz�na 4 un bicikla 3a veidošanos. 
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1.att. Am�na 1 radik�	u cikliz�cijas reakcijas pamatprodukti 

 

1. tabula 

Am�na 1 cikliz�cijas produktu izn�kumi atkar�b� no reakcijas apst�k	iem 

Oksid�t�js ekviv. 
B�ze vai 

piedeva 
ekviv. 

Konversija, 

% 
2a, % 3a, % 4a, % 

Pb(OAc)4 2.2 K2CO3 8 51 - 49 - 

Pb(OAc)4 1 DABCO 2 100 5 63 - 

Pb(OAc)4 1 Py 10 100 41 48 1 

PhI(OAc)2 2 K2CO3 8 83 - 1 81 

PhI(OAc)2* 2 KOH 8 75 40 14 1 

PhI(OAc)2**** 2 Py 100 93 - 45 12 

PhIO* 2 - - 100 1 77 1 

PhIO* 2 KOH 4 72 28 33 - 

PhIO 2 K2CO3 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 Et3N 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 - 

CuCl2*H2O*** 3 K2CO3 2 100 13 40 - 

* - š��din�t�js MeOH,  ** CH3CN,  ***  DMF,  **** Py 

 

Visv�rt�g�kos rezult�tus izdev�s sasniegt, izmantojot NBS. Nopietn�k� probl�ma bija 

HBr saist�šana, jo substr�ts ir stipra b�ze un uzreiz izveido hidrogenbrom�du. Izdarot reakciju 

bez b�zes piedevas, izejvielas konversija nevar p�rsniegt 33%. Izmantojot pirid�nu, notika 
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nev�lamas blakusreakcijas. Trietilam�ns paaugstin�ja am�na 1a konversiju, bet dramatiski 

samazin�ja biciklisk� im�na 3a izn�kumu. Ja, izdarot reakciju bez b�zes, tika pievienots vara 

(I) hlor�ds, reakcija bija 	oti selekt�va, ta�u konversija nep�rsniedza 50%. Optim�l�kais a
ents 

hidrogenbrom�da saist�šanai aminocikloheks�nu reakcij� ar NBS izr�d�j�s DABCO. 

Preparat�vi v�rt�gi ir divi reakcijas varianti. Pirmais variants (2 ekviv. NBS, 2 ekviv. DABCO) 

	auj ieg�t 6-azabiciklo[3.2.1]okt-6-�nu 3a ar labu izn�kumu un ar� produkta izdal�šana ir 

sam�r� vienk�rša. Otraj� variant� (1 ekviv. NBS un 0.5 ekviv. DABCO) reakciju var izdar�t t�, 

lai ar liel�ku kop�jo izn�kumu izdal�tu abu biciklu (2a un 3a, 40+50%) mais�jumu, kuru p�c 

tam j�reduc�.  

Ar� vara (II) hlor�ds analo
iski augst�k aprakst�tajiem oksid�t�jiem izraisa radik�	u 

p�rneses procesus, kuros var notikt biciklu 2a un 3a veidošan�s. Tom�r nav iesp�jams 

paaugstin�t produktu izn�kumu virs ~50-55%, jo notiek reakcijas produktu oksid�šana.  

 

Aminocikloheks
nu t
l
 radik
�u aminokarbonil�šana. 

 

Analo
iski alkoksil radik�	u 1,5-H p�rneses procesam, kas noved pie C-centr�tu 

radik�	u 
ener�šanas, notiek 1,5-H p�rnese uz aminil radik�	iem. Šis process tika izmantots 6-

azabiciklo[3.2.1]okt�nu ieg�šanai no aminocikloheks�niem. Abos gad�jumos veidojas C-

radik�	i t�p�c bija sagaid�ms, ka l�dz�gi alkanolu iekšmolekul�rajai karboksil�šanai CO 

atmosf�r� var�tu notikt ar� aminocikloheks�nu t�l� radik�	u karbonil�šana ar tai sekojošu 

am�da cikliz�ciju. Š�da reakcija pav�rtu iesp�ju tiešai 2-azabiciklo[3.3.1]non�nu sint�zei. Bija 

paredzams, ka 6-azabiciklo[3.2.1]okt�na veidošan�s b�s galvenais konkur�jošais process. 

Turkl�t acil radik�	a veidošan�s ir apgriezeniska reakcija t�p�c nepieciešams augsts CO 

spiediens. Akanolu radik�	u karboksil�šanas reakcijas optim�lais CO spiediens bija 80 bar. 

M�s var�j�m nodrošin�t CO spiedienu ne augst�ku par 50 bar. Reakcijas izdar�j�m t�rauda 

autokl�v�. Pirmais p�t�jumu substr�ts bija am�ns 1a. K� oksid�t�ju izmantoj�m svina 

tetraacet�tu. Piem�rot�k� b�ze bija k�lija karbon�ts. Am�na 1a konversija sasniedza 68% (p�c 

GH) un pavisam identific�ti 7 produkti ar kop�jo izn�kumu 49.9%. M�r�a savienojumu - 2-

azabiciklo-[3.3.1]non�n-3-ons 13a izdal�j�m ar 5.0% izn�kumu, bet pamatprodukts - ur�nviela 

14a izdal�ta ar 5.1% izn�kumu. Ur�nvielu 14a un 15a veidošan�s nor�da uz aminil radik�	u 

reakciju ar oglek	a oks�du k� noz�m�gu konkur�jošu procesu karbil radik�	u 
ener�šanai un to 

reakcij�m. T� k� am�na 1a molekula ir konformacion�li kust�ga un paaugstin�t� temperat�r� 

l�dzv�rt�gi var notikt gan ax-, gan eq-aminil radik�	u reakcijas, var�ja pie�emt, ka fiks�tu ax-
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amino konform�ru gad�jum�, pateicoties atvieglotai 1,5-H p�rnesei uz aminil radik�li, 

sagaid�ms liel�ks C-karbonil�šanas �patsvars. Piem�rots ax-amino substr�ts bija 1-amino-

1,3,3,trans-5-tetrametilcikloheks�ns (1b), kurš aminokarbonil�šanas reakcij� analo
iski 

am�nam 1a deva piln�gi to pašu ��misko p�rv�rt�bu produktus tikai ar atš�ir�gu attiec�bu. 

Am�na 1b konversija bija 52% un 7 identific�to savienojumu kop�jais izn�kums sasniedza 

40.9% (p�c GH). Lai gan ur�nvielu 14b un 15b kop�jais izn�kums (10.3%) patieš�m 

samazin�j�s, sal�dzinot ar analo
isko ur�nvielu 14a un 15 a kop�jo izn�kumu (20.9%), tom�r 

dramatiski samazin�j�s ar� 2-azabiciklo[3.3.1]non�n-3-ona 13b veidošan�s. P�d�jais da	�ji 

notika uz 6-azabiciklo[3.2.1]okt�na atvasin�jumu (3b, 11b, 12b, 15b) r��ina (24.4% jeb 

47.1% no visu produktu daudzuma). Sal�dzin�jumam am�na 1a reakcij� analogu (3a, 11a, 12a, 

15a) �patsvars bija tikai 18.2%. Lai gan 2-azabiciklo[3.3.1]non�n-3-onu 13a un 13b izn�kumi 

ir zemi, ieg�tie rezult�ti demonstr� aminocikloheks�nu t�l�s radik�	u aminokarbonil�šanas 

potenci�lo pielietošanas iesp�ju. Skaidrs, ka pirmais optimiz�šanas virziens ir CO spiediena 

paaugstin�šana, kas var samazin�t virziena D �patsvaru. Samazinoties intermedi�ta 8 

koncentr�cijai, j�palielin�s izejvielas konversijai, jo pie t�s pašas stehiometrijas uz bicikla 8 

oksid�šanas r��ina j�pieaug neizmantot� svina tetraacet�ta daudzumam. CO spiediena noz�mi 

apstiprina eksperiments, kuru izdar�j�m pie 25 bar CO spiediena. Izejvielas konversija bija 

60% ta�u produktu mais�jum� neizdev�s identific�t v�lamo lakt�mu 13a, bet ur�nvielu 14a un 

15a izn�kums palielin�j�s (16.8% un 10.6%, attiec�gi).  

Negaid�ti zemo lakt�ma 13b izn�kumu var skaidrot ar to, ka fiks�taj� ax-am�na 

konform�cij� radik�	a 7 tieš� oksidat�v� amin�šana noris �tr�k, sal�dzinot ar analo
isku 

konformacion�li kust�g� am�na 1a karbil radik�li. Reakcijas virziena C �patsvars, sal�dzinot ar 

virzienu D, ir izteikti zems (C/D = 0.12). Tas netieši nor�da, ka am�nu substr�ti, kuru strukt�r� 

1,5-H p�rnesi nodrošina tieši konformacion�l� ciet�ba, ir kin�tiski piem�rot�ki pirolid�na cikla 

veidošanai, nevis radik�	u karbonil�šanai. Savuk�rt, ja C-radik�lis ir 
ener�ts no 

konformacion�li kust�ga substr�ta (1a) un tas sa�er CO molekulu, tad izveidojies acil radik�lis 

ir pietiekami stabils lai notiktu oksidat�v� amid�šana. 

To apstiprina virziena C �patsvara palielin�šan�s (C/D = 0.7). Virziena B reakcijas 

nor�da, ka past�v iesp�ja izstr�d�t simetrisku un nesimetrisku ur�nvielu sint�zes metodi no 

am�niem, apstr�d�jot tos ar piem�rotu oksid�t�ju CO atmosf�r�. Radik�lis 10 oksidat�vos 

apst�k	os visticam�k veido rea
�tsp�j�gu izocian�tu, kurš uzreiz acil� jebkuru br�vo am�nu. Lai 

noskaidrotu vai radik�	u karbonil�šana var notikt modific�t�s HLF reakcijas apst�k	os, 

izmantojot svina tetraacet�tu joda kl�tien�, eksperimenti izdar�ti ar N-(1,3,3,5,5-pentametil- 
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2. att. Aminocikloheks�nu p�rv�rt�bas radik�	u karbonil�šanas apst�k	os 

 

2. Tabula  

Karbonil�šanas reakcijas konkur�jošo virzienu un produktu �patsvars 

R 3a, % 5a, % 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 

 
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)-acetam�du (5a). Substr�ta konversija sasniedza 93% ta�u neviens no pieciem 

identific�tajiem (66% p�c GH) nebija karbonil�šanas produkts. Biciklisko produktu izn�kums 

bija zems (kop� 12.9%). T�tad 1,5-H p�rneses ce	� 
ener�t� C-radik�	a reakcija ar br�vo joda 

radik�li augst� spiedien� CO atmosf�r� ir nom�kta. Tom�r, t� k� reakcijas vide nav 

reduc�joša, acilradik�	a veidošan�s ir apgriezeniska. Pie tam, ja acilradik�lis ar� tiek oksid�ts 

par ac�lija katjonu, tas nesp�j noacil�t v�ji nukleof�lo amido grupu un atkal notiek CO 

elimin�šana. Š�ds nom�cošais CO efekts uz cikliz�cijas procesu neietekm� oksidat�v�s 

blakusreakcijas – acetamido grupas acetoksil�šanu un jod�šanu.  

Svina tetraacet�ta viet� oksid�šanas reakcij�s bieži lieto maz�k toksisko IBD. Am�na 

1a radik�	u karbonil�šanas reakcij�, izmantojot IBD, produktu sadal�jums atš��r�s no iepriekš 

aprakst�to reakciju rezult�tiem. 

 

N
H

ON

NH2

NH

O

NO2

N
N

NH

O O
PhI(OAc)2, K2CO3

CO, 40 bar, 80 oC

+ +

+

+

1a

3a  4.3% 13a  10.4%5a  6.9%

16  25.8% 17  21.3%

4  21.4%  
 

3. att. Am�na 1a radik�	u karbonil�šana IBD kl�tien� 

 

Identific�ti seši savienojumi, no kuriem tr�s jau paz�stami k� am�na 1a transform�ciju 

produkti, ieskaitot m�r�a lakt�mu 13a. Izejvielas konversija bija piln�ga un identific�to 

produktu kop�jais izn�kums sasniedza 90%. Diaz�na 4 veidošan�s rakstur�ga IBD reakcij�m 

ar am�niem pat maigos apst�k	os, bet p�rsteidzošs ir nitrocikloheks�na 16 augstais �patsvars. 

Ar� produkta 17 veidošan�s ir sam�r� negaid�ta lai gan š�da dikarbonil�šana ir nov�rota 

radik�	u reakcij�s un rakstur�ga pall�dija kataliz�tai aminokarbonil�šanai. Summ�ri IBD 

reakcij� karbonil�šanas produktu 13a un 17 izn�kums sast�d�ja 31.7%.  



12 
 

6-Azabiciklo[3.2.1]okt-6-�nu reakcijas ar met
lorganiskajiem rea
entiem. 

 

Am�na 1b (R1=H) N-Boc atvasin�jumu (18) modific�taj� HLF radik�	u reakcij� ar 

negaid�ti augstu selektivit�ti veidoj�s ekso-izom�rs. Min�taj� reakcij� izmantoj�m svina 

tetraacet�tu un jodu, bet divu š�du rea
entu lietošana padara to ne p�r�k atrakt�vu no 

ekolo
isk� un praktisk� viedok	a. Tom�r mums bija izdevies izstr�d�t 6-azabiciklo[3.2.1]okt-

6-�nu 3 sint�zes pa��mienu no aminocikloheks�niem, neizmantojot jodu. T� k� im�nu 3 

reakcijas ar met�lorganiskajiem savienojumiem potenci�li var dot tos pašus bicikliskos am�nus 

20-ekso, bet im�nus 22 reduc�jot, potenci�li var ieg�t atbilstošos 20-endo izom�rus, bija 

nepieciešams noskaidrot 6-azabiciklo-[3.2.1]okt-6-�nu reakciju diastereoselektivit�ti. 

 

N
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R2

N
H

R1

R2

N
H

R1
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N
R1

H
NBoc

R2

NHBocR2

NH2
R2

R1

20-ekso

Pb(OAc)4

2220-endo

3

R2Li

vai LiAlH4 

18 19-ekso

Pb(OAc)4

I2, PhH

Pb(OAc)4

21

NaBH4

(R2 =H)

(R2 =Ph)

Pb(OAc)4

TFA

 
 

4. att. 7-ekso- un 7-endo-aizvietoto 6-azabiciklo[3.2.1]okt�nu sint�zes visp�r�g� sh�ma 

 

Vispirms m�
in�j�m pievienot im�nam t�dus Gri�j�ra rea
entus k� MeMgCl un 

PhMgBr tom�r reakcija nenotika. Ar� izmantojot LiCl piedevu (5 ekviv.) MeMgCl gad�jum�, 

pievienošanas produkti neveidoj�s. Labus rezult�tus izdev�s sasniegt tikai ar litijorganiskiem 

rea
entiem. T� ieg�ti 6-azabiciklo[3.2.1]okt�nu 7-ekso-metil-, butil- un fenil-atvasin�jumi. 

Pievienošanas reakciju iesp�jams realiz�t gan Luisa sk�bes (BF3*Et2O) kl�tien�, gan bez t�s. 

P�d�jais variants izmantojams metillitija gad�jum�. Izmantojot Luisa sk�bi, nevar pan�kt 

piln�gu im�na konversiju, ta�u reakcija noris atr�k un selekt�v�k. Izdarot reakciju bez Luisa 

sk�bes, im�na konversija ir gandr�z piln�ga un produkta izn�kums ir liel�ks, bet veidojas ar� 

blakusprodukti. Visp�rsteidzoš�kie rezult�ti ieg�ti metillitija gad�jum�. Metillitijs reakcij� ar 
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im�nu 3 darbojas gan k� nukleof�ls, gan k� stipra b�ze. Notiek C=N saites liti�šana un 

jaunizveidotais litijorganiskais savienojums st�jas reakcij� ar otru im�na molekulu. 3-Metil-

aizvietota im�na 3a (R1=Me) reakcij� izdal�tais dim�rs 23a pier�d�ts, nooksid�jot br�vo CH-

NH saiti.  

 

N
R1 N

H

R1

R2

N
H

R1

O

N
R1

N
H

R1

N

N

3

R2Li
+ +

20-ekso 11
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Et2O

(R1=Me)

Oks.

24  
 

5. att. Im�nu reakcija ar litijorganiskajiem rea
entiem 

3. tabula  

Litijorganisko rea
entu pievienošanas selektivit�te un produktu izn�kumi 

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 21.4 98 10.1 - 
d Me Ph 72.3 31.3 99 - - 
e Me n-Bu 74.2 54.2 99 - - 

 
Savuk�rt im�na 3b (R1=H) gad�jum� liti�šanas un pievienošanas reakciju produkts - dim�rs 

23b bija nestabils un viegli oksid�j�s t�p�c izdal�t var�ja tikai lakt�mu 11b (R1=H).  

Litijorganisko savienojumu pievienošan�s bicikliskajiem im�niem 3 notika 

stereoselekt�vi un veidoj�s 7-ekso-aizvietotie 6-azabiciklo[3.2.1]okt�ni. Pat metillitija un 3-

st�vokl� neaizvietot� im�na reakcijas gad�jum� izdal�t� 7-ekso-izom�ra diastereom�rais 

par�kums bija liel�ks par 90%. Izmantojot telpiski liel�kus litijorganiskos rea
entus (sk. 3. 

tabulu), sasniegta v�l augst�ka stereoselektivit�te.  

Izdar�j�m eksperimentus ar� ar cinka organiskiem rea
entiem. Alilcinka brom�ds 

sam�r� viegli rea
�ja ar tetrametilim�nu 3a (R1=Me) c�rija fluor�da kl�tien�, kas bija 

nepieciešams im�na aktiv�šanai. Izdal�tais savienojums (20f-ekso) bija t�rs ekso-alil-

pievienošanas produkts. T� k� alilzinka brom�ds netika pagatavots atseviš�i, bet tika 
ener�ts  
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N Br
N
H

N N

3a

 Zn, THF

20f-ekso  44.6%

+

26  60.3%

Grubbs II 

25  18.0%  
 

6. att. Im�na 3a alil�šana Barbj� apst�k	os 

 

in situ no alilbrom�da un cinka, veidoj�s ar� am�na N-alil�šanas produkts 25. Izdal�tais 6,7-

dialil-6-azabiciklo[3.2.1]okt�ns 25, izmantojot Grabsa rea
entu, p�rv�rsts par triciklu 26. 

Ieg�tie rezult�ti liecina, ka 6-azabiciklo[3.2.1]okt-6-�nu reakcija ar litij- un cink- 

organiskajiem rea
entiem 	auj stereoselekt�vi ievad�t aizvietot�ju bicikla sept�t�s poz�cijas 

ekso-st�vokl�. Lai nomain�tu konfigur�ciju uz pret�jo nepieciešams nooksid�t am�nu par im�nu 

un stereoselekt�vi noreduc�t im�no grupu. Lai noskaidrotu š�du transform�ciju efektivit�ti, 

eksperimenti izdar�ti ar 7-fenil- un 7-metil-6-azabiciklo[3.2.1]okt�niem. Oksid�jot 

savienojumus ar svina tetraacet�tu, labi v�lam� produkta izn�kumi ieg�ti tikai fenil-

atvasin�juma 22d gad�jum�. To var izskaidrot ar benzilisk�s CH grupas rakstur�go vieglo 

oksid�šanos. Reakcija bija �tra, selekt�va un izdal�ts tikai viens produkts. Ieg�to im�nu 22d 

(R1=Me) reduc�jot ar n�trija borhidr�du, notika hidr�da ekso-pievienošan�s, kas deva endo- 

produktu ar 	oti labu izn�kumu. Sasniegt to pašu atvasin�juma 20a-ekso (R2 =Me) gad�jum� 
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Pb(OAc)4

PhH
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7. att. 7-Aizvietotu biciklu 20 oksid�šana 

4. tabula 

7-ekso-Aizvietoto am�nu 20 oksid�šanas produkti un to izn�kumi 

Am�ns 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 

 
 



15 
 

izr�d�j�s nesal�dzin�mi gr�t�k. Oksid�šanas reakcij� veidoj�s v�lamais 7-metilim�ns 22a ta�u 

t� metil grupa 	oti viegli oksid�j�s. Abu (R1=H un R1=Me) 7-metil-biciklu 22a,b sept�t�s 

poz�cijas metilgrupa oksid�jas tikpat �tri k� izejviela vai pat �tr�k t�p�c gandr�z viss im�ns, kas 

rodas reakcij�, uzreiz tiek nooksid�ts par diacetoksi-atvasin�jumu 27 vai lakt�mu 11. 

Apstr�d�jot reakciju mais�jumus, konstat�j�m, ka pentametilbicikla 20a (R1=Me) gad�jum� 

diacetoksi-atvasin�jumu var izdal�t un hromotograf�t. Savuk�rt tetrametilbicikla 20b (R1=H) 

gad�jum� diacetoksi-atvasin�jums ir nestabils gan b�ziskos, gan sk�bos apst�k	os un pie 

izdal�šanas p�rv�ršas par lakt�mu 11b. Vari�jot oksid�t�ja daudzumu, neizdev�s ietekm�t 

produktu sadal�jumu. Ar� NBS izr�d�j�s neefekt�vs un deva sarež
�tu produktu mais�jumu. 

3-endo-aizvietoto 6-azabiciklo[3.2.1]okt-6-�nu reduc�šana ar hidr�diem norit�ja ar 

augstu diastereosektivit�ti (de>98%). Ar� im�na 3a reakcij� ar litija alumodeiter�du ieg�ts t�rs 

7-deitero-bicikls 20g-ekso. Vien�gi trimetilim�na 22b (R1=H) reduc�šana nedeva tik izcilus 

rezult�tus k� t� analogu reakcijas. Veidoj�s izom�ru mais�jums, kur� endo-produkta 

diastereom�rais p�r�kums nep�rsniedza 20%.  

 

N
R

N
H

R

D

H
N

H
N

D

3

LiAlD4

20-ekso

Pb(OAc)4

PhH
3a 93.1%

K2CO3Et2O

22e

2.D2O

 91.5%

1.t-BuLi

g R = Me,  h R = H  
8. att. Deitero-atvasin�jumu sint�ze 

 

Neizdev�s sintez�t 7-deitero-im�nu 22e. M�
in�jumi apmain�t im�na 3a 7-H, 

izmantojot liti�šanu, bija neveiksm�gi. Savuk�rt, 7-deiterio-bicikla 20-ekso oksid�šana notika 

ekso-stereoselekt�vi un deva 7-H-im�nu (3a). 

Ne tikai met�lorganiskie rea
enti stereoselekt�vi pievienojas im�niem 3. Oksid�jot 

im�nu 3a ar m-hlorperoksibenzosk�bi, veidoj�s ekso-oksazirid�ns 28. L�dz�gi rezult�ti ieg�ti,  

 

N N
O

N
HO

3a 28  83.9%

m-CPBA
CHCl3

�

11a  
 

9. att. Oksazirid�na 28 ieg�šana 
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izmantojot NaOCl, ta�u reakcijas t�r�ba un produkta izn�kums nebija tik augsti. GHMS 

anal�zes apst�k	os oksazirid�ns 28 termiski p�rgrup�jas par 1,3,3,5-tetrametil-6-

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

 

N N
+

O

R
Cl

 

N

O

R
OH

H2O
RCOCl

 a R = Me, b R = OPh
3a 29 30

 
 

10. att. Stereoselekt�va �dens pievienošan�s acilim�niem 29 

 

Analo
iski, acil�jot im�nu 3a ar acetilhlor�du vai fenilhlorformi�tu, veidojas acilim�ni 

29, kuri stereoselekt�vi pievieno �dens molekulu no ekso-puses. Augst� im�na 3a ekso-

oksafunkcionaliz�šanas selektivit�te ne	auj izmantot savienojumus 28 un 30 k� aktiv�tus 

im�na atvasin�jumus 6-azabiciklo[3.2.1]okt�na cikla 7-C funkcionaliz�šanai. 

 

1-Amino-1,3,3,5,5-pentametilcikloheks
na 4-CH2 grupas oksidat�v
 funkcionaliz�šana 

 

Pirms vair�kiem gadiem nerameks�na (1-amino-1,3,3,5,5-pentametilcikloheks�ns, 1a) 

potenci�lo metabol�tu p�t�jumu programas ietvaros bija izstr�d�ta aminospirta 32 daudzstadiju 

form�l� sint�ze, izmantojot k� izejvielu 2,2,6-trimetil-2-cikloheks�n-1,4-dionu. Tom�r m�r�a  

 

X
NH3+

NH2

O

NH2

OH

H2O2

0.1M HCl

1a 32

NaBH4

MeOH

31  
 

11. att. Aminospirtu 32 iesp�jam�s ieg�šanas sh�ma 

 

savienojumus 31 un 32 ieg�t neizdev�s. T�p�c, kad nerameks�na oksidat�v� stresa test� 

�de�raža peroks�da kl�tien� tika detekt�ts 4-okso-atvasin�jums 31, nol�m�m pam�
in�t 

piemekl�t apst�k	us tiešai 4-CH2 grupas oksidat�vai funkcionaliz�šanai. Lai samazin�tu 
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aminogrupas oksid�šan�s iesp�jas, eksperimentos izmantoti am�na 1a s�	i. Gaistoš�s frakcijas 

analiz�j�m ar GH un GH-MS. Produktu re�lo izn�kumu noteikšanai, k� iekš�jo standartu 

izmantoj�m tert-butilbenzolu. Lai gan am�na 1a s�	u konversija bija gandr�z kvantitat�va, 

aminoketona 31 izn�kums nep�rsniedza 5%. Tas liecina par neselekt�viem t�l�kas oksid�cijas 

procesiem, kuros veidojas hidrof�las vielas.  

Daudzas ciklisko og	�de�ražu oksidat�v�s funkcionaliz�cijas katalizatoru sist�mas 

balst�s uz vara hlor�da izmantošanu. T�p�c, lai ieg�tu savienojumus 31 un 32, pirmie 

eksperimenti tika izdar�ti ar vara hlor�da – �de�raža peroks�da kompoz�ciju. CuCl2 visos 

gad�jumos izrais�ja 6-azabiciklo[3.2.1]okt�na atvasin�jumu 2a un 3a veidošanos (~1%). To 

var skaidrot N-hlor�šanu, kas t�l�k noved pie aminil radik�	u rašan�s un 1,5-H p�rneses. Š�du 

meh�nismu apstiprina tas, ka reakcija daudz efekt�v�k noris ar br�vu am�nu (1. tabula).  

Alternat�va pieeja aminilradik�	u cikliz�cijas nom�kšanai ir N-acil-atvasin�jumu 

izmantošana. Tom�r vara hlor�da – �de�raža peroks�da sist�m� ar am�diem 5a un 5c nek�das 

p�rv�rt�bas nenotika. Ar� oksons neoksid�ja acetam�du 5a, ta�u uret�na 5c oksid�šana deva N-

hidroksi-atvasin�jumu 33c ar 7% izn�kumu. Gan am�da 5a, gan 5c N-hidroksil�šana notika ar 

in situ 
ener�tu rut�nija oks�du acetonitrila – �dens sist�m�, bet 4-CH2 funkcionaliz�šanas 

produktus detekt�t neizdev�s. Klasiskajos heterog�najos oksid�šanas apst�k	os (�dens – 

tetrahlorogleklis – acetonitrils), izmantojot rut�nija oks�du un n�trija perjod�tu k� reoksid�t�ju, 

veidoj�s stabils dzeltenas kr�sas rut�nija komplekss ar hidroks�msk�bi 33a, kurš izkrita no 

reakcijas vides. Lai gan izdal�t�s vielas 33a izn�kums bija sal�dzinoši labs, iesp�jams, ka tieši 

heterog�n� vide apgr�tin�ja gan NH oksid�šanu, gan 4-CH aktiv�šanu un oksid�šanu. 
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12. att. Aminospirta 32 sint�ze 
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Ar m�r�i paaugstin�t substr�ta konversiju un rut�nija kataliz�t�s oksid�šanas efektivit�ti, 

RuCl3 – NaIO4 kompoz�cijai pievienoj�m starpf�žu katalizatoru – tetrabutilamonija jod�du. 

Klasisk�s tr�skomponenšu š��din�t�ju sist�mas viet� izmantoj�m �dens – acetonitrila 

mais�jumu. In situ 
ener�ta rut�nija oks�da kataliz�t� reakcija notika 	oti l�ni ta�u tas izr�d�j�s 

vien�gais selekt�vais process, kas 	�va ieg�t ketonus 34a un 34b ar apmierinošiem 

izn�kumiem. Atbilstošie 4-hidroksi-atvasin�jumi 35 netika detekt�ti, jo reakcijas apst�k	i bija 

piem�roti otr�jo spirtu oksid�šanai par ketoniem. Netika detekt�ti ar� N-hidroksi-atvasin�jumi 

33a un 33b. Savienojuma 33 oksid�šanas m�
in�jums TBAI kl�tien� neapstiprin�ja 

pie��mumu, ka aminocikloheks�na 5 4-CH aktiv�šana un oksid�šana notiek caur N-hidroksi-

am�da 33 rut�nija kompleksu.  

Aminoketona 34b (R=Boc) reduc�šana ar n�trija borhidr�du un tai sekojoša Boc 

aizsarggrupas no�emšana 	�va ieg�t aminospirtu 32 ar augstu stereoselektivit�ti.  

 

Cikloheks
na un adamant
na azo-atvasin
jumu C-H aktiv�šana un funkcionaliz�šana 

 

Azo-savienojumiem kompleks�joties ar p�rejas met�liem, bieži notiek C-H aktiv�šana 

- met�la insert�šan�s C-H sait�. Galvenok�rt izp�t�tas diarildiaz�nu sp2 C-H aktiv�šanas un 

orto-funkcionaliz�šanas reakcijas. T� k� visi m�su p�t�jumu objekti aminocikloheks�nu un 

aminoadamant�nu rind� ir tert-alkilam�nu p�rst�vji, tos oksid�jot var ieg�t atbilstošos 

simetriskos diaz�nus. Š�di savienojumi ir piem�roti cikloalk�nu sp3 C-H aktiv�šanas 

p�t�jumiem. 
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13. att. Iesp�jamie cikloheks�na CH aktiv�šanas un acetoksil�šanas virzieni 
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M�su m�r�is bija cikloheks�na un adamant�na cikla oksi-funkcionaliz�šana, izmantojot 

pall�dija kompleks�šanos ar N=N saiti un cikla 2-CH aktiv�šanu. Tam piem�rot�k� ir M. 

Senfordas izstr�d�t� pall�dija acet�ta kataliz�t� acetoksil�šana ar IBD, kas noder t�das 

metilgrupas oksid�šanai, kura atrodas �-st�vokl� pret Pd-helat�jošo heteroatomu.  

Bis-(1,3,3,5,5-pentametilcikloheksil-1)-diaz�na (4) cikloheks�na gredzena 2. st�vok	a 

CH2 grupas oksid�šanas (sk. 13. att.) metode pav�rtu iesp�ju ne tikai optimiz�t nerameks�na 

potenci�lo metabol�tu sint�zi, bet dotu iesp�ju att�st�t jaunas pieejas polifunkcionaliz�tu 

cikloheks�nu sint�z�. Diazo funkciju var reduc�t un ir pa��mieni simetrisko hidraz�nu 

reduc�jošai š�elšanai par attiec�gajiem am�niem.  

Diemž�l nevien� eksperiment� ar bis-cikloheksil-diaz�niem neizdev�s nov�rot 

cikloheks�na gredzena 2-CH2 vai 1-Me grupas acetoksil�šanu. Vien�gais pie�emamais diaz�na 

4 neveiksm�g�s funkcionaliz�šanas izskaidrojums var�tu b�t simetriski aizvietot� cikloheks�na 

tieksme ie�emt saš�iebtu konform�ciju, lai mazin�tu tr�s aksi�lo aizvietot�ju st�riskos efektus. 

Konform�ciju p�rejas apgr�tina palladacikla veidošanos.  

Savuk�rt analo
isku adamant�na atvasin�jumu C-H aktiv�šana un funkcionaliz�šana 

notika viegli. Š�ds rezult�ts ir pretrun� ar „met�lorganisko” C-H aktiv�šanas koncepciju, p�c 

kuras st�riski maz�k trauc�t�s metilgrupas C-H aktiv�šana notiek ar izteikti liel�ku varb�t�bu 

k� otr�j�s CH2 grupas aktiv�šana. Savienojumu veidošan�s pier�d�ta, balstoties, galvenok�rt, 

uz GH-MS datiem, jo tikai dažus produktus no izom�ru mais�juma izdev�s izdal�t t�r� veid�. 

Iesp�jamie adamant�na C-H acetoksil�šanas virzieni (atz�m�ti tikai vien� adamant�na tricikl�) 

 

N
N

N
N

OAc

N
N

OAc

N
N

OAc

41
42

43 (cis), 44 (trans)

Pd(OAc)2

+

40

PhI(OAc)2

+

a (mono-AcO)
b (di-AcO)

 
14. att. Iesp�jamie adamant�na C-H acetoksil�šanas virzieni diaz�na 40 strukt�r� 

 

diaz�na 40 strukt�r� par�d�ti 14. att. Diaz�na 40 konversija bija 100% un idenific�j�m tr�s 

mono-acetoksi-diaz�nus, no kuriem viens bija virsotnes acet�ts (41a, 4% p�c GH), bet p�r�jie 

divi var�ja b�t tikai stereoizom�rie 43, 44 un 42 (kop� 48%). Detekt�ti ar� pieci di-acetoksi-
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diaz�ni (kop� 41%), kuru adamant�ni katrs satur vienu acetoksi grupu. Par to liecina rakstur�g� 

masfragment�cija, sl�pek	a elimin�šanas rezult�t� atš�e	ot aizvietotus adamantanil radik�	us. 

T� k� dažas di-funkcionaliz�to diaz�nu kombin�cijas var�tu b�t nedal�mas GH-MS anal�zes 

apst�k	os, j�secina, ka ieg�to produktu kopa var p�rst�v�t visus teor�tiski iesp�jamos.  

Izdarot reakciju bez Pd(OAc)2, ieguv�m mono-3-acetoksi- (41a, 47%) un simetrisko 

di(3-acetoksiadamantanil)diaz�nu (41b, 40%). P�d�jais nebija detekt�ts Pd kataliz�taj� 

reakcij�. Palielinot Pd(OAc)2 daudzumu, izejvielas konversija ir zem�ka un veidojas vair�k di-

acetoksi produktu, tom�r tas nenov�rš virsotnes CH oksid�šanu. Ja Pd(OAc)2 daudzumu 

samazina, konversija ir zem�ka, pieaug mono-acetoksi produktu un, it �paši, savienojuma 41a 

daudzums. 

Lai nov�rstu virsotnes C-H oksid�šanu un samazin�tu iesp�jamo produktu kl�stu, Pd-

kataliz�tas oksidat�v�s funkcionaliz�šanas eksperimentus izdar�j�m ar bis-(3,5,7-

trimetiladamantan-1-il)-diaz�nu 45, kurš sintez�ts no 1,3-dimetiladamant�na asto��s stadij�s, 

izmantojot tradicion�las ��misk�s p�rv�rt�bas. 

OAc

N
N

N
N

OAc

N
N

OAc

AcO
45

+

+

Pd(OAc)2

47

49

46

48

PhI(OAc)2

 
 

15. att. Bis-(3,5,7-trimetiladamantan-1-il)-diaz�na 45 funkcionaliz�šana 

 

Pret�ji gaid�tajai augst�kai oksid�šanas selektivit�tei un š�ietami samazin�tai 

blakusreakciju varb�t�bai mono- (47) un di-acetoksil�to diaz�nu (49) kop�jais izn�kums bija 

tikai 24% (konversija 87%). Reakcijas pamatprodukta - (3,5,7-trimetiladamantan-1-il)-acet�ta 

46 izn�kums sasniedza 45%. V�l viens negaid�ts produkts bija 3,5,7,3',5',7'-heksametil-

[1,1']bi[adamantils] 48. Abu p�d�jo savienojumu veidošanos var izskaidrot tikai ar diaz�na 45 

termisko nestabilit�ti. Ilgstoši v�rot eti�sk�bes un acetanhidr�da mais�jum�, notiek diaz�na 

š�elšan�s un, elimin�joties sl�peklim, rodas 3,5,7-trimetiladamantan-1-il radik�	i, kuri var 

rekombin�ties vai izrea
�t ar eti�sk�bi.  
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Aizvietoto adamant
nu halogen�šana starpf
žu katal�zes apst
k�os 

 

Sadarb�b� ar profesoru Šraineru (Schreiner) G�zenas Universit�t� veic�m adamant�na 

cikla radik�	u halogen�šanas p�t�jumu starpf�žu katal�zes apst�k	os. Galvenais p�t�juma 

m�r�is bija izstr�d�t metodolo
iju adamant�na C-H funkcionaliz�šanai un selekt�vai halog�nu 

apmai�ai, kas b�tu piem�rota enantioselekt�vai aminoadamant�nkarbonsk�bju ieg�šanai. 

P�d�j�s paredz�tas k� dipept�du konformacion�li ierobežoti analogi, kas potenci�li b�tu 

izmantojami jaunu medikamentu izstr�d�šanai. Viens no uzdevumiem bija atrisin�t zarainas 

alkil��des saturošu adamant�nu halogen�šanas selektivit�tes probl�mu, kas var b�t 	oti 

aktu�la, piem�ram, leic�nu vai t� homologus saturošu dipept�du mode	u sint�z�. Vispirms 

vajadz�ja sal�dzin�t adamant�na cikla un izopropilgrupas treš�jo oglek	a atomu rea
�tsp�ju. 

Š�dam p�t�jumam piem�rots objekts bija 1-brom-3-izopropiladamant�ns (51), kuru sintez�j�m 

no adamant�nkarbonk�bes (50) seš�s stadij�s, izmantojot klasiskas ��misk�s p�rv�rt�bas. 

 

OHO

Br Br

I

Br

I

I

HCI3, NaOH, TBAB
+

50 51 52 53

6 stad.

 
 

16. att. Adamant�na 51 jod�šanas reakcija 

 

Adamant�na 51 halogen�šanas reakcija ar jodoformu starpf�žu katal�zes klasiskos 

apst�k	os notika 	oti l�ni t�p�c 50% NaOH š��dumu aizst�j�m ar NaOH pulveri un reakciju 

izdar�j�m ultraska��. Starp ieg�tajiem produktiem netika konstat�ts izopropilgrupas jod�šanas 

produkts. Tas liecin�ja par to, ka halogen�šanas reakcija starpf�žu katal�zes apst�k	os daudz 

viegl�k notiek ar adamant�na virsotnes oglek	a atomu. Reakcijas pamatprodukts bija 1-bromo-

3-jodo-5-izopropiladamant�ns (52), kuru t�l�k p�rv�rst�m par N-(bromoadamantanil)-

acetam�du 54. Selekt�vu joda apmai�u var�ja realiz�t, izmantojot nitrozo tetrafluorbor�du 

modific�t� Ritera reakcijas variant�. Savuk�rt Koha-Hafa karbonil�šanas reakcij� no am�da 54 

ieguv�m aizsarg�tu aminosk�bi 55. 

Visas realiz�t�s p�rv�rt�bas apstiprin�ja zarainas alkilgrupas saturošu adamant�nu 

selekt�vas halogen�šanas iesp�jas k� ar� selekt�vas halog�nu apmai�as iesp�jam�bu bromo-

jodo-adamant�nos, lai ieg�tu v�lamos aminoadamant�nkarbonsk�bju atvasin�jumus.  
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17. att. Selekt�va halog�nu aizvietošana adamant�na molekul� 

 

T�l�k bija nepieciešams atrisin�t galveno uzdevumu - nov�rt�t iesp�ju realiz�t šo 

reakciju enantioselekt�vi. Enantioselekt�vas reakcijas koncepcija balst�j�s uz to, ka ar 

orient�još�m grup�m aizvietota adamant�na cikl�, izmantojot apjom�gu hir�lo starpf�žu 

katalizatoru, triciklisk�s sist�mas halogen�šana reakcija var notikt stereospecifiski. 

Vispiem�rot�kais p�t�juma objekts bija 3-acetamidoadamant�nkarbonsk�bes tert-butil esteris 

57, kurš satur�ja optim�las funkcion�l�s grupas, ta�u gan acetamido grupa, gan estergrupa 

iev�rojami deaktiv�ja cikla CH un var�ja potenci�li neiztur�t agres�vo starpf�žu katal�zes 

reakcijas vidi. Tom�r rac�misk� bromadamantanilam�da 58 sint�ze bija sekm�ga. Adamant�na 

57 brom�šana, kaut ar� 	oti l�ni, bet notika un abas funkcion�l�s grupas saglab�j�s, neraugoties 

uz smagajiem reakcijas apst�k	iem sešu diennakšu laik�. 
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1.SOCl2 � CBr4, TBAB, 50% NaOH

PhF 50 oC2. Et3N, t-BuOH 

56 57 58  
 

18. att. Rac�misk� bromadamantanilam�da 58 sint�ze 

 

Enantioselekt�vas brom�šanas p�t�jumam starpf�žu katal�zes apst�k	os izv�l�j�mies 

divus hir�lus kvaterniz�tus am�nus – (-)-N-metilsparte�na jod�du un (+)-Maruokas katalizatoru. 

Abas reakcijas izdar�tj�m analo
iski rac�misk� brom�da 58 ieg�šanai. Diemž�l nov�rt�t 

ieg�tos rezult�tus neizdev�s, jo nebija iesp�jams piemekl�t enantiom�ru (R)-58 un (S)-58 

sadal�šanai piem�rotus hir�l�s hromatogr�fijas apst�k	us. 
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Secin
jumi 

 

1. Izstr�d�tas metodes 1,3,3,5-tetrametil-6-azabiciklo[3.2.1]okt�na un 1,3,3,5-tetrametil-6-

azabiciklo[3.2.1]okt-6-�na ieg�šanai no 1-amino-1,3,3,5,5-pentametilcikloheks�na tieš� 

radik�	u reakcij�, neizmantojot toksisko svina tetraacet�tu.  

2. 1,4-Diazabiciklo[2.2.2]okt�ns ir optim�la b�ze 1-amino-1,3,3,5,5-pentametil-

cikloheks�na cikliz�cijai N-bromsukcinim�da ierosin�tas Hofmana-Loflera-Freit�ga 

radik�	u reakcijas b�ziskaj� variant�. 

3. 1-Amino-1,3,3-alkilaizvietotu cikloheks�nu radik�	u reakcij� CO atmosf�r� pie 

paaugstin�ta spiediena notiek neaktiv�to 3-Me grupu aminokarbonil�šana, kuras rezult�t� 

veidojas 2-azabiciklo[3.3.1]non�n-3-oni. Process ir l�dz�gs alkilspirtu radik�	u 
-

karboksil�šanai, bet notiek ar zem�ku selektivit�ti.  

4. Izstr�d�ta pieeja 7-ekso-alkil- un aril-aizvietotu 6-azabiciklo[3.2.1]okt�nu ieg�šanai, k� 

ar� to transform�cijai par 7-endo izom�riem div�s stadij�s. 

5. C-3-endo metilgrupas steriskais efekts nodrošina augstu nukleof�lu un hidr�da ekso-

pievienošanas stereoselektivit�ti 6-azabiciklo[3.2.1]okt-6-�nu C=N saitei. 

6. In situ 
ener�ta rut�nija oks�da reakcij� ar N-acil�tu 1,3,3,5,5-pentametilcikloheksilam�nu 

�dens – acetonitrila sist�m� veidojas N-hidroksi-am�ds. Analo
iskos reakcijas apst�k	os 

t�di starpf�žu katalizatori k� tetrabutilamonija jod�ds paaugstina oksid�t�ja efektivit�ti un 

nodrošina selekt�vu aminocikloheks�na cikla 4-CH2 grupas oksid�šanu. 

7. Apstr�d�jot diadamantanildiaz�nus ar (diacetoksijod)benzolu pall�dija acet�ta kl�tien�, 

notiek adamant�na �-metil�ngrupas C-H aktiv�šana un acetoksil�šana.  

8. Pretstat� struktur�li l�dz�gu diadamantanildiaz�nu reakcijai analo
iskos apst�k	os bis-

(1,3,3,5,5-pentametilcikloheksil)diaz�na 1-Me vai 2-CH2 grupas funkcionaliz�šanu 

realiz�t neizdodas.  

9. Starpf�žu katal�zes apst�k	os selekt�vi jod�jas 1-bromo-3-izopropiladamant�na virsotnes 

oglek	a atoms nevis izopropilgrupas treš�jais ogleklis.  

10. Selekt�va joda un broma aizvietošana 1-bromo-3-jodo-5-izopropiladamant�na molekul�, 

izmantojot Ritera reakciju un Koha-Hafa karbonil�šanas reakciju, k� ar� 1-

acetilaminoadamant�n-3-karbonsk�bes tert-butil estera brom�šana hir�lu starpf�žu 

katalizatoru kl�tien� demonstr� polifunkcion�lu adamant�nu asimetrisk�s sint�zes 

izstr�d�šanas potenci�lo 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]octane 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 
-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 1a 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 

additive 
eq. 

Conversion, 

% 
2a, % 3a, % 4a, % 

Pb(OAc)4 2.2 K2CO3 8 51 - 49 - 

Pb(OAc)4 1 DABCO 2 100 5 63 - 

Pb(OAc)4 1 Py 10 100 41 48 1 

PhI(OAc)2 2 K2CO3 8 83 - 1 81 

PhI(OAc)2* 2 KOH 8 75 40 14 1 

PhI(OAc)2**** 2 Py 100 93 - 45 12 

PhIO* 2 - - 100 1 77 1 

PhIO* 2 KOH 4 72 28 33 - 

PhIO 2 K2CO3 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 Et3N 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 - 

CuCl2*H2O*** 3 K2CO3 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 1a 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 

(I) 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 
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carbyl radical generation and its subsequent reactions. Since amine 1a molecule is 

conformationally flexible and at higher temperatures ax- and eq-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 (5a) 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, % 5a, % 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. 
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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 1a 

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. 
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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 (BF3*Et2O) 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 (R1=H).  
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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-exo,% 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 21.4 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 (R1=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 Br
N
H

N N

3a

 Zn, THF

20f-exo  44.6%

+

26  60.3%

Grubbs II 

25  18.0%  
 

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 (R1=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 (R2 =Me). The reaction did produce the desired 7-

methylimine 22a,  
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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 

(R1=H and R1=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 (R1=Me) it was possible to isolate and purify the diacetoxy-derivative. In contrast, 

tetramethylbicycle 20b (R1=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 (R1=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%.  
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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  
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Figure 9. Synthesis of oxaziridine 28 
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obtained by using NaOCl, 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). 
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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-CH2 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-CH2 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 
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Figure 11. Proposed synthesis scheme of aminoalcohol 32  
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a standard to determine intrinsic yield of products. Although conversion of amine 1a 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. CuCl2 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 5a and 5c in copper 

chloride – perhydrol system. Similarly, oxone was not effective towards acetamide 5a, but 

carbamate 5c gave N-hydroxy-derivative 33c in 7% yield. Both amides 5a and 5c underwent 

N-hydroxylation by in situ generated ruthenium oxide in acetonitrile – water system, and 

products of 4-CH2 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-CH2 

oxidations and functionalizations. To increase the conversion of the substrate and efficiency of 

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

 

N
H

R

N
HO

R N
H

OH

R

NH2

OHN
R

OH

5

34

NaBH4

35

32

RuCl3 cat. 
NaIO4

TFA R= Boc

K2CO3

Bu4N+I-

a R= Ac    20%
b R= Boc 18%

*CF3COOH

a R= Ac     
c R= Boc 

33
cat. RuCl3, NaIO4

or
Oxone, Al2O3*H2O

 
 

Figure 12.Synthesis of aminoalcohol 32 
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catalyst to RuCl3 – NaIO4 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 5 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 sp2 C-H activation and ortho-functionazation. Since all of our research objects 

among aminocyclohexanes and aminoadamantanes contain tert-alkylamine fragment, 

symmetrical diazenes could be obtained by oxidation of corresponding amines. This type of 

compounds is suitable for an investigation of cycloalkane sp3 C-H bond activation. Our goal 

was oxy-functionalization of cyclohexane and adamantane using an advantage of palladium  
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Figure 13. Possible way of cyclohexane C-H activation and acetoxylation  
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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 �-position relative to Pd-

chelating heteroatom. 

The oxidation methodology of a cyclic 2-CH2 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-CH2 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 CH2 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 
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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- (41a, 47%) and symmetric di-(3-acetoxyadamantan-1-yl)diazene 

(41b, 40%) were obtained performing the same reaction without Pd(OAc)2. The latter 

compound was not detected in Pd-catalyzed reaction. Increasing the amount of Pd(OAc)2 

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)2 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. 
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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. 
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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 55 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.  

I
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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. 
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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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Conclusions 

 

1. 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 1-amino-1,3,3,5,5-

pentamethylcyclohexane without the use of toxic lead tetraacetate was developed. 

2. 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. 

3. Nonactivated 3-Me group in 1-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 
-carbonylation 

of alkanols, albeit proceeds with lower selectivity. 

4. The route to 7-exo-alkyl- and aryl-substituted 6-azabicyclo[3.2.1]octanes and their 

transformation to 7-endo isomers was developed. 

5. 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.  

6. 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-CH2 group 

oxidation in aminocyclohexane. 

7. C-H bond of �-methylene group was activated and acetoxylated in reaction of 

diadamantanyldiazenes with diacetoxyiodobenzene in the presence of palladium acetate.  

8. 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-CH2 

groups under similar reaction conditions.  

9. 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. 

10. 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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