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1. lIevads

N-metil-D-aspartata (NMDA) receptora antagonizé$ana paver pladas 1espéjas centralds
nervu sistémas (CNS) disfunkciju arstésanai, kas saistitas ar patalogisku glutamaita
producéianos no presinaptiskajiem ncironiem.'®  Pie $dim CNS  disfunkcijam
pieskaitima gan akita neirodegenericija triekas un smadzenu traumu gadijuma, gan
hroniska neirodegeneracija Parkinsona, Alcheimera un Hantingtona shimibu gadijumos. ™
ST receptora antagonisti ir poter.ciali preparﬁti ar1 epilepsijas. narkotisko vielu atkaribas
un depresijas simptomatiskaja arstesand.'” NMDA receptora-jonu kandla kompleksa

modul&sanu var realizét, iedarbojoties uz ta ligandu - glutamina. glicina. poliaminu un

fenciklidina (PCP) saistisanas victdm (1. atgls).'”

PCP

— —— Ghataxunws

Glicirs

! E Poltantm
\.
PCP (+) MK-801

1. attéls 2. atEls

Jonu kanila blokewajr (PCP saisti3anas vietas antagonisti) nekonkuré ar endogéno
signalu pareséju-glutamatu ua saistds tikal ar ierosinarn receptoru t.i. blol& atvertu jonu
kanalu. Sads darbibas veids nodrosina to efektivitati arf pie patalogiski augstas glutamata
koncen:racijas.' >

Kliniskajos pétfjumos augstas afinitates NMDA nekonkuréjosie antagonisti PCP un
dizocilpins ((+)MK-801) (2. atidls) terapeitiskajas devas uzrada neveéiamus psihotropos
stmptomus. Tas sakotneji noveda pie secindjuma, ka NMDA receptora nekonkuréjosais
antagonisms no terapeitiskd viedokla nav izmantojams.”  Savukart, padzilinitos
clekirofiziologiskajos pétijumos ar plasaku savienojumu kldstu tika noskaidrots, Ka
nekonkuréjodo antagonistu terapeitisko profilu ietekmé tadi faktori. ka receptora
blok&sanas/deblok&sanas atrums un &1 cfekia atkarba no membrinas potencidla.'”
Batiski, ka $ie faktori ir vairak 1zteikti mérenas afinitdtes nckonkurcjosiem antagonistiem,
kurt art klmiskajos petijumos uzrada augstu terapeitisko indeksu? Pastaik vairaki $adi

savienojumi tiek izmantoti KITnikd vai art iziet kliniskds pirbaudes dazadim CNS



disfunkciju indikdcijam (piem. ADCI, budipins. felbamats, remacemids, cerestats u.c.).'
Bez jau piemindtajiem savienojumiem nekonkur§jodie mérenas afinitates NMDA

receptora antagonisti ir arl firmas Merz&Co preparau adamantan-l-amins (amantadins)

|.3.3-7

un 3,5-dimetiladamantan-1l-amins (memantins) (3.attéls).

NEHL "\“W NH, NH. R R= HL Me, Bt
- . Pr, c-Hex

Me R’

Amantadins Memantins 3.5-aizvietotie adamantan-l-amint

3. attals

Sie preparati jau vairakus gadus tiek izmantoti klinikd Parkinsona slimibas. ki ari
smadzenu dementes arst@sanal. un terapeiiskajds devas reti uzrada nevélamus blakus
efektus. Memantina terapija CNS slimibu arstesana ir bijust 1pasi veiksmiga (15 gadu
laika drstéto dementes pacientu skaite parsniedz 200 000).°

Lai radTwu jaunus CNS aktivus preparatus, mérktiecTga ir memantinam strukturdli
radniecigu savienojumu izpdte. Lidz $im sintezéti un in vive parbaudtu galvenokart
amantadina un memantina homologi 3,5-aizvietotie adamantan-]-amini (3. attéls) un to
N-alkilatvasingjumi.”” Tomér. tikai dazi §7s klases savienojumi (R'sMe, R*=Et; R'=
R*=E1) uzrada véra nemamu N MDA receptora afinitati, tipéc ir |ott maz informicijas par
$ada tipa savienojumu struktliras - receptora afinitates un citu biofizikalo parametru
likumsakaribam.

Misu darba pamatuzdevums bjja izstradar sintezes metodes karbociklrskajiem
aminiem, kas ir strukwurdli radniectgi 3.5-aizvietotajlem adamantan-l-aminiem. Par
sadiem svruktiranalogiem var uzskatnt 1.3.5-a1zvietotos cikloheksanaminus (4. atzls) un
1.5.5.7-aizvietotos bictklo[3.3.1)nondn-3-aminus (4. attels). kuros no adamantin-]-amina
struktiras saglabau attiecici viens un divi cikloheksana fragmenti. Alzvictotdji $ajis
molekulds dow iespéju variét molekulas telpiskos izmerus, Kas sniegtu informaciu par
karbociklisko aminu lipofllas dalas iewckmi uz receptora saistibu. Jaawzime. ka
nesimetriski 1.3.5-aizvietotajicm cikloheksanaminicm ir iesp&jam? divi diastereomdert.
savukidrt 1,3.5,7-aizvietotajiem biciklo[3.3.1]nonan-3-aminiem iesp&jami Cetri 1zomer.
Svarig) jr 1egit atseviskr diastercomerus ar fiksétu aminogrupas novietojumu. kas lautu

noverndt aminogrupas telpiskas onentdcijas ietckmi uz receptora saisthu

tn
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1.3.5-Aizvietotie cikloheksinamini
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1.3.5.7-Atzvietotie biciklo[3.3.1|nonan-3-amini
4. attels

Galvena sintetiska probleéma merka savienojumu iegdsanai ir saistita ar aminogrupas
tevadiSanu pie tre$&)a ogclekla atoma. Preparativi nozimigakd literatiira piedavald pieeja
terc-karbTnaminu sintézei® ir in situ generétu karbkagonu reakcija ar slapeklddenrazskabi
(HN3) vai nitriliem (Ritera reakceija). Lai gan azid@Sanas reakcija ir efekilva sintétiska
metode, tds galvenais trikums ir eksplozivas HN; izmantoSana. Savukart, Ritera reakcija
ciklisko rerc-karbinammu 1egiSanal pamatd aprobezojas ar toksiskas zilskabes
izmantosanu k& nitrila komponenti. Meérka savienojumu sintézes konteksta paredzéjam
veikt petfjumu par Ritera reakcl’as izmantoSanas iespéjam serc-karbmaminu licla apjoma
sintézem, izvairoties no toksiskiem un dargiem reagentiem.

Nesimetriski  1,3,3-aizvietoto  cikloheksanaminu un  biciklo[3.3.1]nonan-3-aminu
1egiisana Joti nozimiga ir aminofunkcijas ievadisanas diastereoselektivitate. No teordtiska
viedokla 1pasi interesanta ir Ritera reakeijas stereokimija, kas Jidz 3im maz pétita. Nemot
vera §1s reakeijas praknisko nozimi. k3 vienu no promocijas darba uzdevumiem izvizzijam

Ritera reakcijas diastercoselektivitites likumsakaribu noskaidrosanu.



2. 1,3,5-Alkilaizvietoto cikloheksanaminu sintéze
1.3.5-Alkilaizvietoto cikloheksanaminu Sa-p sintézi (1. sh&ma) vetcam. sakot no 2-

cikloheksen-1-oniem la-g. kuri apkopoti 1. tabula.
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Reakepas apstakli. i: R’ .CuMgX, F1-0; ii: R™gX. Et.0; iii: A metade: HN;. TiCly,, CHCly: B metode:
TMSN;, BF;*Er O, benzols; iv: LiAlH,, Et-O péc tam HCI.

1. shema

[zejas savienojumi la-d ir komerciali piecjami. Parejos cikloheks€nonus le-g ieguvam

pac literatird’ aprakstitas metodes (2. shéma).

1fa
Reakcijas apstakji. i: EtOH. TsOH ii: LiAlH.. p&c tam 10% H.SO,; iii: RMgl pec tam 326 H,SO,

2.shéma

2-CikloheksZn-1-onus la-g 1.4-konjugétas pievienosanas reakeija ar organokupratiem
(legut 6z sire no alkilmagnija halogenidiem un vara (1) hlorda) parv&rtam par
ciklohexsanoniem 2a-d un 2f-m (1. shéma. 2. wabula). Cikloheksénona te cadiuma
dietil- un dipropilmagnija kuprati ptevienojas ar augstu diastercoselektivitity, seiektvi
verdojot 1zomérus 2g un 2h. kuros 3- un S-metilgrupas novictotas cis kofigurdcyja (>

95%, GC). Sads rezuliats 1r saskana ar vara organisko savienojumu anti-paral&lo



plevieno3anas virzienu 3-aizvietotajiem cikloheksénoniem. " Apstiprindjumu 3. un §.
pozicijas metilgrupu cis- kofiguracijai ieguvam, analiz&jot mérka savienojumu 3¢ un Sh
PMR spektru datus (sk. 2.2. nodalu).

Ketonus 2a-d un 2f-m Grinjara reakcija ar alkilmagnija halogenidiem parvértam par
cikloheksanoliem 2a-d un 2f-m (1. shéma, 3. tabula). Sajd reakcija 3-monoaizvietotie
cikloheksanoni 2a-¢ deva izoméro cikloheksanolu 3a-c-ax”™ un 3a-c-eq” maisfjumu,
savukart 3,3,5-trisaizvietotie cikloheksanony 2f-j veidoja cikloheksanolus 3f-j-ax ka
vienigos reakcijas produktus. Sads stereoktmiskais Iznakums ir sakana ar literatlras

datiem par nukleofilas pievienosanas virzienu S-metii- un 3.3.5-
trimetilcikloheksanoniem.""

1,¢-3.c-5-Trimetilcikloheksan-r-1-olu 3e-eq ieguvam, izmantojot citu sintézes cclu (3.
shé&ma). Oksidgjot komerciali piejamo 3.5-dimetilcikloheksanola 8 izomeéru maisjumu.
leguvam cis- un rans-dimelcikloheksanonus 2e. Dimetilcikloheksanona 2¢ izoméru
sadalTiana ir literatira apraksiita’” tom@r ievérojami énak izridijas adalit cikloheksanolu
3e-¢q ar nepicciesamo 3. 5-metilgrupu cis-konfiguraciju no izomero cikloheksanolu 3e-

eq, 3e-ax un 9 maisjuma, kuru leguvam ketona 2e reakeija ar metilmagnija jodidu.

oH IO Me OH e QI-I
C 3 :
; /J\ ii Me OH Me Me i A
‘i —> | | — + ,
” N /
.\~1cMMe McM Me \e Me \e

8 2e o Je-oyg e-ax 9
Reakcijas apstak]i: it H.SO,, CrO- ii: MeMgX
3. sheéma

Tres€jo spirtu 3a-m transtormacija par aminiem 3a-p ir mérka savienojumu Sintcézes
notejcodais  posms. Efektivakds metodes tres€jo  spirtu panérsanai  par  ferc-
karblnaminiem ir i sizu generéto karbkatjonu reakcija ar slapekladenrazskabi™ vai tas
ekvivalentu azidotrimetilsilanu (TMSN;)™ un nitriliem (Ritera reakcetja). Ka paridits 3.
nodala uz [.3-dmmetil un 1.3,33-tetrametilcikloheksanolu 3a un 3f piemera. Ritera
reakcija Jauj leglt tikai vienu amina izomé&ru. attiecigi Sa-ax un Sf-ax. jo athilsiosie

formamidi Ritera reakeiji veidojas ar augstu diastereoselektivitati,  Savukirt.

" Apziméjumi --ax un —eg nordda heteoatoma aksidlo vai ekvatoridlo novietojumu diasiereomeéri
cikloheksina anvasindjuma pamatkonformacta (3, un 6. at:2iu)



cikloheksanolu 3a un 3f azidé3anas reakcija ar apmierinosu izndkumu veidojas abi azidu
4a un 4f jzoméri (4. tabula), kurus viegh vargja sadalit, izmantojot kolonu
hromatografiju. Tapéc. pemot véra, ka darba merkis bija iegt abus cikloheksanaminu Sa-
¢ un Se-j diastercomérus, 1.3.5-aizvietoto cikloheksanaminu 3 sintézel izvEigjamies
cikloheksanoiu 3 uziddSanas reaketju.

Spirtus 3a-p parvériam par azidiem 4a-p (1. shéma. 4. tabula). k@ reagentus
izmantojot gan HN; un titana tetrahloridu'® (A metode. 4. tabula). gan TNMSN; un bora
trifluorida &teratu' (B metode. 4. tabula). Jaatzimé, ka B metode ir ievérojami &rtika. jo
taja eksploziva un toksiska skiabe HN: tiek aizstdta ar komerciali piejamo un mazik
bistamo TMSNj;. Diastereomero spirtu 3a-¢ gadjuma azidé$anas reakciju izdari)am ar
izom&ru maisTjumu, jo abi spirta izoméri dod vienadu izoméro azidu atiecibu.'”

Azidesanas reakci)d leglitos diastereoméros azidocikloheksana atvasingjumus 4a-c-
ax,-eq un  de-j-ax,-eq veiksmigr sadalijam. 1zmantojot  kolonu  hromatogerifiju.
Azdocikloheksanus 4a-p ar litija alumohidridu' reducéjam par aminiem Sa-p. kurus
1zdalfjdam hidrogenhloridu veida (1. shima, 5. tabula). Diastercoméro azidocikloheksdnu
4a-c 4e-j—ax un 4a-c,de-j-eq cadijuma ieguvam tirus ciklohcksanaminu diasteromérus

Sa-¢,e-j —ax un Sa-c.e-j-¢q.



1. tabula Aizvictotie 2-cikloheksgn-I-oni 1a-g

Savienojums R' R R’ Izné!;;unsf

la H H

1b H Me

lc Me Me

1d Me Me Me

le Me Me H 70

1f Me Me Et 40

ig Me Me Pr 40

%a izndkums nav uzradns, savienojums ir komerciali picejars:
2. tabula Aizvietotie cikloheksanoni 2a-m
Savienojums R' R’ R’ R ’Z’]‘a";z’ms‘z

2a H H H Me .
b H H H Er 63
2¢ H H H Pr 79
2d H H Me Me 78
2e Me H H(Me) Me(H) 86"
2f Me H Me Me 37
2g Me H E: Me 78
2h Me H Pr Me 82
2i Me Ma H Et 54
2j Me Mz I Pr 74
2k Me Me Me My
21 \e Me Et Et 84
2m Me Me Pr Pr 79

Yla iznakums nav uzradits. savienojums ir komerciali piecjams;

Yegiits ahsidejot 5. 5-dimetitcikloheksanolu (5. shania)

1Y)



3. tabuia Aizvietotie cikloheksanoli 3a-p

Savienojums R R 8 R R’ Iznﬁlo\'/zxms_‘
g:;’; H H H Me Mo 88
;E‘:; H H H Bt Me 93
3322 H H H Pr Me 93

3d H H Me Me Me 78
3e-eq Me H H Me Me 15
3f-ax Me H Me Me Me L)
3g-ax Me H Et Me Me 94
3h-ax Me H Pr Me Me 88
Ji-ax Me Me H Et Me 84
3j-ax Me Me H Pr Me 88

3k Me Me Me Me Me 95

31 Me Me Me Me Et 92

3m Me Me Me Me Pr 8s

3n Me Me Et Et Me 87

3o Me Mg Pr Py Me 90

3p H H H H Me

*ja iznakums nav uzradits. savienojums ir komercidli pieejams



4. tabula Aizvietotie azidocikloheksani 4a-p

Metode

Iznakums,

Savienojums R' R* R’ R* R

Yo

43-ax 24
H H H Me Me B

4a-eq 12

4b-ax 26
H H H £t Me A

4b-eq 4

dc-ax 24
H H H Pr Me A

dc-eq 11

4d H H Me Me Me A 65

de-ax 43
Me H H Me Me B

de-eq 19

4f-ax 42
Me H Me Me Me A

df-eq 12

4g-ctx 47
Me H Et Me Me A

4g-eq 12

th-ax 44
Me H Pr Me Me A

4h-2q 9

4i-ax 43
Me Me H Et Me B

fi-eq 12

4j-ax 3
Me NMe H Pr NMe A

4j-eq 7

1K Me Me Me Me Me A 67

4l Me Me Me Me Et A 39

dm Me Me Me Me Pr A 6%

4n Me Me Et Fr e A 66

40 Me Me Pr Pr Me A 6]

4p H 1 H H Me A 27




3. tabula Aizvietoo cikloheksanaminu ndrogenhlioridi 3a-p

Savicnojums R' R R* R* R Iznakums.

o

Sa-ax 63
H H H Me Me

Sa-eq 48

Sb-ax 6a
H H H Et Me

Sb-eq 43

S¢-ax 30
H H H Pr Me

Sc-eq 81

3d H H Me Me Me 73

Se-ax 74
Me H H Me Me

Se-eq 53

Sf-ax 7
Me H Me MMz Me

Sf-eq 57

Sg-ax 63
Me H Et Me Me

3g-2g 60

Sh-ax 37
e H Pr Me Nle

Sh-¢qg 36

Si-ax 69
\le Ne H £1 Me

Si-eq AR

Sj-ax 83
Me Me H Pr Me

Sj-eq 4.

5k Me Me Me Me Me 82

3y Ve Me N2 Me Et 74

im Ale Me M Me Pr 88

in N\ Me £t & M S

) \fe Me Pr Pr e 2

H H f1 12 Ne 69




2.1. 1,3,5-Aizvietoto cikloheksinaminu konformiciju analize

Sintcz&to cikloheksanaminu hidrogenhloridu Sa-p konformaciju analizi (5. un 6.
attéls) veicam semikvantitativi. konformaciju destabilizicijas enerdiju (Ep) aprékinasanal
izmantojot aizvietotaju A un U véribas (A(R)=UR)=L.8 kcal (R=Me. Et, Pr}:
ANH;)=U(NH:")=2.0 kecal).'® Péc semikvatitativajiem aprékiniem aminu izomériem
Sa-c-ax, Se-ax un 5f-j-ax konformiacija ar aksidli novietotu aminogrupu ir energétiski
1zdevigaka par 3,4 kcal/mol, 8.8 kcal/mol un 5.1 kcal/mol, attiectgi. Diastereomériem Sa-
c-eq, Se-eq un Sf-j-eq konformacija ar ekvatoridli novietotu amtnogrupu Ir eneraétiski
izdevigika par 3.9 kcal’mol. 9.2 kcal'mol un 5.6 kcal'mol, atticcigi. SAda enerdiju
starptba p&c Bolcmana sadalfjuma'” atbilsi >99% stabilaki konformara populacijai. tapsc
cikloheksinaminu Sa-¢ un 3Se-j diastereomérus var uzskattt par konformacionidl

terobezotiem ar fiksétu prowcndtas aminogrupas aksialo val attiecigi ekvatoridlo

novietojumu.

NY. R R R R NH,
R e N = S
EL=AMNH; ¥ 2.0 keal E5=U(R3-UiR=1/2AMR) Ep=AR= 1.8 keal E,=UIR-U(NH, )= 1L2:uR)

=1:2A(R =5 3 Keatl ’].'2.-\(.\:H}'.'=5_7 Leal
-AG=34 keal -AG=3Y keal
Sa-c-ax Sa-c-¢q
R R NH.
R m (R '
Zﬂ‘\ R 3 N NHy e— R
R
By \L‘ ;)= 2,0 keal Ey=6"1 (R/=10.8 keal oV R R el F_ =2 LR LiNH, )
~2=(R)=11.0Kecal
—AG=8.8 keal -AG=9.2 keal
SC‘-Q\.‘ Se-()q
NH. R R NH.
R NH, Re R R - R R ;
R R R R
E,=U(R)-UINI1, - L 2AMe) F=0 U R 10,8 Keal L =2 U R)=ARMey3 4 Reul Ea™2 YBATUANE, 1
+2AN 57 keal —2UR)=110 Keal
—AG=5.1 keal —AG=36 kel
Sf—j-CL\' Sf—j-L’L?

h

aécls



R

R R R NH, RR R N
- { R up —— RM
R%NH; = " M'\Hs — §

R

E,=2"LIR)r AlR)= 5.4 keal Co=U N L+ UR= 1 IAR) L =0 CiR)=10.8 kel Ep=27UR I UNH,;~)
C2AINHL =T keat “2*U(R)=1 1.0 keal

-AG=0.3 kcal ’ ) -AG=0.2 keal

I
[+9
U
;.,—
[}

e .

E =AR)=1 8kcal E5=ArNH; )= 2.0 keal
—AG=0.2 keal

6. attels

Simetriski aizvietoto cikloheks@naminu 5d un Sk-p cadfjuma konformars ar
ekvatoniall novietoto aminogrupu ir enereétiski izdevigaks tikal par 0.2-0.3 keal mol. Tas

nordda, ka abas $o savienojumu konformécijas ir apdzivotas ldzigl.

<

2.2. 1.3,5-Aizvietoto cikloheksanaminu aizvietotiju konfiguricijas pieradiSana

Aminogrupas konfiguraciju 1.3-diaizvieroto cikloheksanaminu diastereomeros Sa-c un
1.3,5-trimetilcikloheksilaming Se nevar viennozimigi noteikt, izmantojot tikai 'H-KMR
spektru datus, jo S0 savienojumu viegli interpret€jamo meulgrupu protonu kimisko
nobizu atSkiriba ir neliela (6. tabula). Sim nolitkam informativi bija aminu Sa-ax un Sa-¢q
BC-KMR spekiri. Aminu diastercoméru Sa-ax un Sa-eg PC.KMR spektru signdlus
koreléjam ar literatiird'® interpresdto 1.3-dimetilcikloheksanolu 3a-ax un 3a-eg spektru
datiem. Lidzigl ka cikloheksanolu gadijuma v-etekia letekmE amina Sa-ax 1-metlgrupas
signals ir nobiaits vajaka lauka par 3.8 m.d.. salidzinot ar 1d izomeru 3a-eq.

Batski, ka aminam Sa-ax ¢dazu hromatografiskaja analizé 1znikanas laiks ir par Q.2
min Tsaks ka izoméram 3a-¢q. Sada pasiba ir novérota arl konformacionali ierobeZotien
cikloheksanotiem.'® Ta tiek skaidrota ar viranas temperatiru starpibu. ko vada aksiala
aizvictotdja mazaka spéja veidot Gideqraza saiti. salldzinot ar ckvatorialo aizvietotdju.
Pamatojoties uz 1zndksanas latku starpibu gdzu hromatografiskaja analizé, varéjam izdarit
secindjumus  par cikloheksanamina 5a homologue 5b. Sc un Se diastereoméru

aminogrupas konfrguriciju.



1,3,3.5-Tetraaizvietoto cikioheksanaminu Se-j aizvietotdju konfiguradcijas noteik3anai
izmantojam 'H-KMR spektru datus (6. tabula). Aksiali novietotds 3-metilgrupas protonu
signali savienojumiem Se.fii,j-ax ir nobidiu vajaka lauka par ~0,25 m.d.. salidzinor ar
attiecigajiem izomériem 3e f,i,j-eq. Ievérojama kimisko nobizu starpiba ir izskaidrojama
ar 1,3-diaksialo aizvietoriju o kompresijas efekw. Sis efekis stiprak izteikts
elektronegativajai aksialajai l-aminogrupal savienojumos Se.f,i,j-ax, salidzinot ar aksialo
I-meulgrupu savienojumos Sc.f,i,)-eq (_literatﬁrézo‘” aprakstita $ada efekta ietekme uz
1.3,5-aizvietoto cikloheksanolu metilgrupu protonu kimiskajim nobidém). 3-Etil- un 3-
propil-1,3.5-trimetilcikloheksanaminu izom&rem Sg-¢x un Sh-ax aksialds aminogrupas o
kompresijas efekts uz 3. pozicijas metilgrupu PMR spektros nav novérojams. Tas
apstiprina 3. un 5. pozicijas metilgrupu cis konfigurdciju savienojumos 5g un 5Sh (abas
metilgrupas novietotas ekvatonali).

Nelielu 3. pozicijas aksialo aizvietotaju ¢ kompresijas efektu (0,03-0,16 ppm) uz 1-
metilgrupas protonu kimiskzjam nobidém var novérot arl 1,333 -tetraaizvietolo
cikloheksanaminu 5f-j-e¢ spektros salldzindjuma ar to izomeériem 5f-j-ax.

Papildus  aminogrupas  konfiguracijas  pieradijums  1.3.3.5-tetraaizvietotajos
cikloheksanaminos Se-j Ir izomé&ru Se-j-ox Tsdks i1zndk3anas laiks (=0,5 min) g¢izu

hromatografiskaja analizg, salidzinot ar 1izomériem Se-j-eq.



6. tabula Diastereoméro cikloheksanaminu 5-4x un 3-¢¢ metilgrupu
protonu kTmiskas nobides

Amins i-CH; 3-CH;(ax)  3-CHi(eg)  5-CHj(eq)
Sa-ax 1.45 - 0.89 -
5a-eq 1 47 . 0.91 -
Sh-ax 1.46 - -

Sh-eg [ 45 - -

Se-ax S - -

Se-eqg 1.47 - - -
Se-x .44 - 0.90 0.90
Se-eq 1.47 - 0.50 0.90
Sf-ax ].45 1.23 091 0.90
Sf-eq 1.61 1.04 1.00 0.96
Sg-ax .48 - 0.84 0.85-0.93
Sg-eq 1.33 - 0.88 0.91
Sh-ax 1.31 - 0.86 0.89
Sh-eq P34 - 0.8-0.93 0.8-0.95
Si-ax 1.46 1.23 0.92

Si-eq | 56 0.98 0.96 -
Sj-ax 1.43 1.23 0.92 -




3. 1,3,3,5,5-Pentametilcikloheksanamina struktiranalogu sintgze

No 2. nodaja sintezétajiem 1.3,5-aizvietotajiem cikloheksanamiriem Sa-p 1,3,3.5.5-
pentametilcikloheksanamins (3k) uzrddyja visaugstdko afinitati uz NMDA receptoru in
vitro (sk. 7. nodalu, 13. tabulu). ki ari daudzsolodu terapeitisko profilu in vive.™ Tapéc
talakai struktiras optimizésanal bija mérktiecigi sintez&t §1 savienojuma struktliranalogus
- N-alkil atvasinajumus 10a-c, aminoalkilcikloheksanus 11a-c¢ un l-azaspiro-dekanu un

undekanu 12a,b.

Me

MeM
| Me
R'ICM?\H:

Me

Sk

7. attels

3.1.1,3,3,5,5-Pentametilcikloheksinamina N-alkil atvasinajumu sinteze

1,3,3,5,5-Pentametilcikloheksanamina N-alkil atvasindjumu 10a-c sintézei izmantojam

tradicicnalas C-N saites veidoSanas metodes. N-Metil- un N-eul- 1,3.3,5,3-
pentametilcikloheksanaminus 10a,b ieguvam, reducgjot atticcigos N-formil un N-acetil
atvasingjumus 13a,b (4. shéma).” Amidu 13a,b feglisana no cikloheksanola 3k plasak

apskatita 6. nodala.

hY
Me Me Me Mil e Cf‘
\. : \, 1 vie y -
\ \e
Me le 132 R=II ‘()ﬂ R:.\Ie
3k ]32,[‘) 13b R=\Me 10a,b 10bR=Et

Reakcijas apstakph uniznakumi. i a) TMSCON, HySO;, AcOH. 78%; b) MeCN, H-SO,, 60°%;
ii: LIATH,, Et-O, p&c tam HC1 a) $6%5 b) §2°.

4. shéma
Me \|lC Me v Me Me
Me r~< . Me -7
X NH.»HC] N * HCI
Me %\ : o Me Me
Me Me
Sk 10¢

Reakcijas apstakii un izndkumi it NaOH, H. O, Et-O, pcc tam HCO:H, H.CO. pZe tam HCL 8§39,

S. shéma



N N-Dimetil-1,3,3,5,5-pentametilcikloheksanaminu 10¢ teguvam amina Sk reducéjosa
e o .. 2 - _
alkilesana péc Esveilera-Klarka metodes®* (5. shema).
3.2. 1-(Aminoalkil)-3,3,5,5-tetrametilcikloheksinu sintéze
l-(Aminometil)-3,3,5.5-tetrametileikloheksanamina 1la (6. shéma) sint€zi veicim,
izmantojot ketona 2k Henri-tipa kondensaciju ar nitrometanu. péc literatlira aprakstitas
o~ L S _. P . . .
procediiras ketosterotdu modificésanai.” Hidrogenéjot nepiesatinito nitrosavienojumu 14

hidrogenhlorida donora- hloroferma kldtbiitné, ieguvdm mérka savienojumu 11a.™

0] NMe Me .
f\ileMe ) ¢ Me NO2 . \fe NH CH
Me L \Me . / 1 J\[eW\/
Me Me Me
2k 14 11a

Reakcijas apstak]i un iznakumi. it a) MeNOs, etiléndiamins. 61%; ji: Ha.. 1026 Pd C. CH,CI,
MeOH, 50%.

6. shéma
Lal iegliu aminoetilciklobheksana atvasindjumu 11b (7. shema). C-C saites veidolanat
izmantojam ketona 2k Hornera-Vardsofa-Emonsa reakciju ar trietitfosfondtn,” Talak,
nepicsatinato esteri 15 hidrogen&jam un ieguvam esteri 16. To. savukart, reducgjam ar
litija aluminija hidridu par hicroksietilcikioheksana atvasinajumu 17, kuru mezil$jam un
mezilgrupu savienojuma 18 nomainijam pret azido grupu.23 legiito azidu 19 reducgjor,”

-

icguvam merka savienojumu- -(2-aminoetil)-3.3,53-tetrametilcikloheksanu (11b).

Vi 0 \e CO, =t
Me . M -
Me o Me S Me
Me ; NMe
2k 15 16 17
e \le N
NMe OMs v Me Ny vi v Nfe NH Ct

— Me ~—» MNle S e \e %

\fe AMe NMe
18 19 11b

Reakeijas apstak|i un izndkumi, it (EiG):-POCH-CO;EL Nak. THF, 86%. ii: Ha, 10% Pd C. £t 95% iii:
LiAlH,, EnO0 7960 iv: MsCLEN, benzols. 947 ¢; v NaN., DMSO. 80 %o
vi: LiAlHy, EtO, p&c tam HCI §3%.

7. shéma



Esteri 16 izmantojdm ka izejvielu 1-(Z-amino-2-metilpropil)-3.3,5.3-tetrametil-
cikloheksana 11c¢ iegiliSanal (8. sh€ma). No estera 16 Grinjara reakci)d leguvam tresgjo
spirtu 20, kuru, savukart, azideSanas reakcija'? parvénam par azidu 21. Reducéjot azidu

21, jeguvAam mérka savienojumu lle.

. Co. Et
T
\H. Cr
M :
: %\46 v Me
———— NIC \le
Me
Ilc

Reakcijas apstakli un iznakumi. i: MeMagl, Et,O 80%: ii: TMSN;, BF:*EL,0, benzols S2%; iii: LiAlH..
Et.O, p&c tam HC! 89%.

8. shtma
3.3. 7,7,9,9-Tetrametil-1-azaspiro[4.5]dekana un 8,8,10,10-tetrametil-1-azaspiro
[5.5]undekina sinteze

Viena no visbiezak izmantota)dm pieejam I-azaspiro[4.3]dekana atvasingjumu
legtidanai balsids uz nitrocikloheksanu Mihaela reakciju ar nepiesétinﬁtajiem esteriem. ar
sekojodu nitrogrupas reducésanu un spirocikliska lakiama veidosanos.™ SN piceja ir
izmantota arl l-azaspiro[5.5]urdekdna atvasindjumu iegidanal. kimiskajds parvenibas
pagarinot oksikarbomletl fragmentu par vienu C atomu.™ Lai pielictotu Miliacla
pievienoSanas reakciju l-azaspiroalkanu sintéze, ka izejviela bija nepiecieSams l-nitro-
3,3,5,5-tetrametilcikloheksﬁns. kuru ar zindmajam  nitrocikloheksanu  sintezes
metodem’®* leglt neizdevas. Gritibas, kas saistitas ar nitrocikloalkanu legtidanu, ka arl
Saurais metozu klasts dazada ciklu lieluma 1-azaspiro]x,v]alkanu iegtisanal pamudinija
mas izstrddat principidli jaunu. visparigu pieeju l-azaspirocikloalkanu sintczer. Ta balstas
uz azacikla konstu€any, laktamiz&jot amunoskabes atvasindjumu. Kuru leglist no
atbilstosa 1-(fenilalkil)-ciklohcksanola. Tresgjais spirts kalpo ka Ritera reakcijas substrits
aminogrupas ievadifanai. Savukart, fenilgrupa tiek izmantota ki latertd karboksilerupa.
Sts metodes iespdjas demorsugiam uz mérka savienojumu 12a,b sintézes pieméra (9.

shema).
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Me Me Me  NHCHO Me  NHCHO
iMe 0O e P e |
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Me oy Me  22ab Me 24 OH
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Me NHCOCH.C! Me NHCOCH.C! Me \THCOCH Cl
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Me ) v o Me : ) Mg Me
mph '\'/o \,OEz
Me  953.h Me  56ab o Me  27a,b O
Ne .
o _vii [\Me ﬂ
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N n o ay0=
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28a,b 12a,b b) n=2

Reakcijas apstak]i un izndkumi. it a\ Ph(CH-);MgaBr. Et.O. 88°6 b) Ph(CH:):MgaBr, Et-0. 90% ii:
TMSCN. H:S0,. AcOH, 83%: iii: RuOs, NalO.. MeCN. H,O. CHCL., 0°4; iv:
CICH:CN. H:80., AcOH a) 96% b) 37°%; v: RuOs, NalOy, MeCN. H:0.
CHCl.. aj 53% b) 74 %; vi: EtOH, SOCi:. a) 78% b) 98 %% vii: tiourinviela,
AcOH. ETOH, 3) 33% b) 76 %o, viii: BH;, THF. p&c tam HCl a) 44%0. b) 43%%.
9. shema
Ketona 2k reakcijda ar 2-fenetilmagnija bromidu un 3-fenilpropilmagnija bromidu
feguvam tres§jos spirtus 22a un 22b, attiectgl. Spirta 22a gadjjuma aminogrupas
jevesanal sakotn&ji jzmantojam Ritera reakciju ar TMSCN (sk. 6. nodalu). Tacu, méginot
oksidé: fenilgrupu formamida 23a, leguvam neidentificdtu produkta  maisjjumu,
lespéjamais 3$3ida neveiksmiga rezultata izskaidrojums ir nevélama formilgrupas
oksidéanas. Fenilgrupas oksidé€Sanai plemcrota i1zradijas hloracetamidogrupa amidos
25a,b, kurus ieguvam ciklohcksanolu 22a,b Ritera reakcija ar hloracetonitrilu (sk. 6.
nodalu). Oksidé3anas reake1ja icgiitds N-aizsargatds aminoskabes 26a,b esterificgjam. No
esteriem 27a,b, ar tiourinviclu noskelot aizsarggrupu (sk. 6. nodalu), veidojas lakidmi
28a,b. Laktimus reducéjam ar bordpu™ un ieguvam attiecigo 7,7,9.9-tetrametil-1-

azaspiro[+.5]dekanu (122a) un 8.8,10,10-terrametil-1-azaspiro[3.3Jundekinu (12b).



4.1,3,5,7-Tetrametilbicikio[3.3.1]nonan-3-aminu sintéze

K3 jau ievada minéts, viens no darba mérkiem bija memantina struktfranalogu-
1,3.5,7-aizvietoto biciklo{3.3.1])n0ondnaminu iegliSana. Sintézes izstradasanai. ki relativi
vienkarsdkos par mérka savienojumiem izvél&jamies 1.3.5.7-tetrametilbiciklo[3.3.1)

nonanaminus 29a-ax.eq un 29b-ax.eq.

Me Me —/| \H, Me Me Me \H,

Me \e Me Me
29a-ax 2%9a-2q 29b-ax 29b-eg

8. attals
Aminu 29a,b sintézes pirmais posms ir izoméro ketonu - 1,3,5,7¢.- un 7B-tetrametil-
biciklo[3.3.1]nonan-3-onu 33a un 33b ieguisana. Ketonus 33a,b jeguvam analogiski
aprakstitajai to vienkardako homologu 7c¢i- un 7B-metilbiciklo[3.3.1]ronan-3-onu sintézei
(11. shZma). Broméjot komercidli pieejamo 1.3-dimettladamantanu 30, ieguvam 1.3-
dibrom-3,7-dimetiladamantanu 31, kuru Grobsa fragmentacijas reakcija transforméjam

par 7-metilén-1,5-dimetilbiciklononan-3-onu 32°° (10. shéma).

Br
. . O
: > N | SN Me
Me Me =71 Br |
l
Me Me Me
30 31 32

Reakcijas apstak|i un jznakumi. i: Brs, Fe, §3%; ii: NaOH, dioksans. 79%.
10. shéma
Hidrogen&jot nepiesatinito ketonu 32,7 teguvam 1,5,7a-trimetilbiciklonanan-3-onu 33a
(I1. sheéma). Izmantojot 1zomero 1.5,7B-trimetilbiciklonanan-3-onu 33b ka standariu.
parliecinajamies, ka hidrogencsanas reakcija ir loti selektiva t.i. gizu hromatografiskaja
anallzé tika konstatéls, ka otra izoméra reakcijas maisfjumi ir mazak par 2%, 1.5.7B-
Trimetilbictklonanan-3-onu 33b ieguvam divas stadijis. kas ietver nepiesatinata ketona

32 Merveina-Pondorfa-Verleja reducdsanu® un skibes katalizét protona pamesi™” 7-

metilcn-1,5-dimetilbiciklonondn-3f3-0la 34 (11. shéma).

bRl
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Reakeijas apstak[i un izndkumi. i: Hs, PtO,. AcOH 34 % ii: “MeCeCl,", THF, 97% iii:
Al(i-PrOH);, toluols, 57%: iv: 73% H.SO,. 73%%.

[1. shema

Niakosails sintézes posms bija metilgrupas 1evadiSana biciklononana 3. pozicija. No
literatiiras zinams, ka biciklo[3.3.]]nondn-3-ons neveido pievienodanas produktus ar
alkilmagnija un alkillityja reagentiem,’ savukart, organolantanoidu reagenti pievienojas
karbonilgrupai ievérojami efektivak." 1,5,7-Trimetilbiciklonanoni 33a un 33b reakecija ar
metilmagnija jodidu un metillitiju deva zemu vai vidéju konversiju par atbilstosajiem
spirtiem 335a un 35b. Savukarn. reagents, kas pagatavots no metilmagnija jodida un cérija
trihlorida, kvantitativi pievienojas ketonu 33a un 33b karbonilgrupai, veidojot spirtus 352
un 35b ar Joti labiem iznakumiem (7. tabula).

7. tabula Izoméro biciklononanonu 33 konversija par tredgjiem spirtiem 35
reakcijd ar organomeriliskajiem reagentiem

Konversija par tresgjiem spirticm

Npk. Reakcijas apstak|s 33, 04
33a 33b
] MeMeal Et,O 50 9
2 MeLV THF 70 40
3 MeMzgl. CeCl,'THF 100 100
a) Konversija noteikta péc ketonu 33 un spirtu 35 antiecibas gazuhromatografiskaji

analize
P - . . - - « y=- N N — X .
M&ginajums realizdt spinw 332 un 35b azidesanas reakciju'™ bija nesekmiss. Saja

reakcija ki galvenos produktus icguvam biciklononénus 36a un 36b (12, shéma).

12
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Me
36a 33b

Reakeijas apstak]i un iznakumi. i TMSN;, BF;*EtO-, benzols. 36a 45 %% un 36b 34%.
12. shéma
1,3B8.5,7a-Tetrametilbiciklo[2.3.1 jnonan-3a-ols  (35a) Ritera  reakcya  ar
trimetilsililcianidu® (sk. 5. nodalu) deva 1,33.5,7a-tetrametiibiciklo[3.3.1]non-2-&nu

-

(36a) un N-formil-1,3,3,7-tetrametilbiciklo[3.3.] Jnondn-3-aminu 37 (13. shéma).

}\'Ie \Ie ;‘\:Ié
NHCHO hY; ] Ct

\1e ’
;,J G G
29a-ax
Reakcijas apstdk[i un iznakumi. it TMSCON, H;SO., AcOH, 362 54%, 37 55% ii: H:0", 71°
13. shema
Gazhromatogrifiska analize paradija, ka 3aja reakcijd veidojas tikar viens amida izomeérs.
Pargjo signalu intensitate (ar 11dzigu 1znak3anas laiku) bija nenozimiga (<1%). Reakcijas
produkta 37 PMR spektrs N-formilgrupas ¢is-trans izomérijas dé| ir griti interpretéjams.
Formamida 37 hidrolizes produkta 29a-ax (13. shéma) gazu hromatografiska analize un
'H-NMR k3 arT PC-NMR spektri parliecinosi paradija, ka radies tikai viens no diviem
iespgjamiem amina izomé&riem. Formamidogrupas vai aminogrupas Kkonfiguraciju
biciklononana atvasinzjumos 37 un 29a-ax. izmantojot 'H-NMR spektru datus nevardja
noteikt, jo §ajos savienojumos neérealizéjas protonu vicinalas spinu-spinu mijiedarbibas.
Formamida 37 rentgenstruktliras analize paradija, ka savienojums 37 tenem krisia-vannas
konformaciju ar formamidogrupu endo-konfiguracija (9. atels).
Selektiva formamida 37 veidoSands pardda. ka Ritera reakcija amids rodas jevérojami
atrak, nitrilam pievienojoties no stériski vairdk traucétas karbkatjona endo-puses. Sis
interesantals rezultdts 1zskaidrots 5. nodala par Ritera reakcijas diastercoselektivitates

likumszkartbam.



9. attels

7B-Metilbiciklononanols 33b at3kirtbd no td epiméra 33a Ritera reakcyja deva
1,3,5,7B-tetrametilbiciklo{3.3.1]Jnon-2-&nu (36b) ka galveno reakcijas produktu (93% no

reakcijas produktiem péc gazu hromatografijas datiem) (14. shéma).

Me Me

r% OH Me

14. shema
Ir zindms, ka 7B-metilbiciklononan-3-il katjona 38 realizéjas atra transanulara hidrida
parnese un 1as ienem krésla-krésla konformziciju37 (10. atéls). Rezultata katjona endo-
puse Ir ste€riski nosegta. Tas vargtu izskaidrot, kdpsc biciklononanols 35b Ritera reakcija

vélamo produktu neveido.

hY!
¢ Me
V\H Me % B
Me - MCM \e
Nle Me
38
10. attéls

Nemot vérd. ka no Cetriem 1ccerétajiem mérka savienojumiem 29a-ax, 29a-¢g un 29b-
ax. 29b-cq izdevas icgit tikat 1,3B.3.7w-tetrametilbicikla[3.3.]1]nondn-3a-amina
hidrogenhloridu 29a-ax, kwr§ biologiskajos p&tjumos uziddija ievérojami zemaku

NMDA receptora afinitau ka memantins, §is klases savienojumu sint€zi neturpingam.

n



5. Ritera reakeijas diastereoselektivitite

Nesimetriski  1,3,5-aizvietoto cikloheksanaminu (sk. 2. nodalu) un 1[.3,3.7-
tetrametilbiciklo{3.3.1)nonan-3-aminu (sk. 4. nodalu) iegfisanai joti nozimiga ir
informacija par aminofunkcijas ievadiSanas stereokimiju. /n situ gener@u karbkatjonu
reakcija ar nitriliem (Ritera reakcija43) Ir viena no sintétiski nozimigakajam metodém
aminofunkcijas ievadiSana pie tres€jd oglekla atoma. Neskatoties uz Ritera reakcijas

4314

praktisko nozimi ferc-karbinaminu iegiiSana literatard ir lotl maz daru par §is
reakcijas diastereoselektivitates likumsakaribam. Lidz §im pétita tikal 4-aizvietoto
cikloheksilkatjonu reakeija ar nitriiem un parddits, ka nitrili  ar augstu
diastereoselektivitati pievienojas no karbkatjonu aksiilas puses (11. anéls). P 7% §ads
stereol,dmiskaié iznazkums tiek skaidrots ar cikloheksana 2,6-aksialo Uidenraza atomu

radito torsijas spriegumu parejas stivokli, analogiski Felkina-Ana teorijai par nukieofilu

pievienosanos cikloheksanoniem.***’
R
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[1. attéls

Lai iegttu plasaku informaciju par Ritera reakcijas stereokimiju, més pétijam nitrilu
pievienoSands diastereoselektivititi karbkatjoniem ar dazadu stérisko apkartni.
Karbkajonu generésanai izmantojam sekojosus treiéjos cikloalkanolus:

a) lu-3-dimetilcikloheksan-r-1-ola (3a-av) (12. attéls) ieg@ifana aprakstita 2. nodala.

Ritera reakcijas pétfjumiem izmantojam tikai izoméru 3a-ax, kuru hromatografiski

atdalijam no diastereoméro spirtu maisijuma;

[j Me

i
NMe

Ja-ax

12. attels



b) ¢-4-rerc-butil-1-metilcikloheksin-7-1-olu (40-ax) un r-4-rerc-butil-1-metilcikloheks

an

-r-1-olu (40-eq) ieguvam 4-rerc-butilcikloheksanona (39) reakcya ar metillitiju™ (15.

shema) un hromatografiski sadalijam jzomeru maisijumu;

9)

d)

OH Me
0 l
i Me OFl
> +
t-Bu t-Bu t-Bu
39 40-ax 10 -Zq

Reakcijas apstak]) un izndkumi i: MeLi, Et,O, 40-ax 65%, 40-eg 26%

15, shema
1,3,3.1-5-tetrametilcikloheksan-r-1-ola (3f) (13. ati&]s) iegi$ana aprakstita 2. nodala;
OH

N’ z ]
Me —ﬂ Me
I

Me
3f-ax
13. attéls
1,3.3,7-5-tetrametilcikloheksan-r-1-ola (3f) deiteroanaloga dg-3f ieginsanal ka
1zejvielu 1zrmantojam cikloheksanonu 2f, kura ¢-protonus baziskad vidé aizvictojam ar
deiteriju.*® Deitergto ketonu d4-2f Grinjara reakciji ar deiteréto metilmagnija jodidu
parvértam par cikloheksanolu d;-3f, kura hidroksilgrupas protonu ari apmainijam ar

dentertju un leguvam cikloheksanolu dg-3f.

NMe e
ﬂ——) Fg ———b \Ieﬁ 3 —) \Ieﬁ
NMe

2f d,- : d.3f—'zr v dxlf-ar

Reakcijas apstak|t un iznakumi i: D-O, K.CO;. 82%, it: CD;MgBs. E1,0, 83°5, iii: D;0. Et-0, 1%
16. shema
2.4 4-trimetiladamantan-2-ola  (48) sintézi (17. shéma) realizé)am saskand ar
literatiivas procediru.* Komerciali pteejamo adamantan-2-onu (41) bez starpprodukia
42 izdall5anas transforme&jam par biciklo[3.3.1]non-6-en-3-karbonskabi (43). no kuras
reakcya ar metillitju leguvam tres€jo spirtu 44. To, savukirt. bez starpproduktu
izdaliSanas  parvértdm  par  4.4-dimetiladamantan-2-onu  (47)  kimiskajas
transformacijs, kas ietver: spirta 44 ciklizaciju skabi vide, veidojot

adamantilformidtu 45; formilgrupas noskel3anu savienojuma 45 un adamantanola 46



oksidésanu par ketonu 47. Ketons 47 reakcija ar met]litiju stereoselektivi veidoja

mums nepiccieamo adamantanola atvasinajumu 48.

OH
“Me Me v >
7
44
) M \
Nlde .OCHO Me OH [e 0 fe OH
Me v Me vi | Me— vii  Me Me
— — —> — >
t
‘\
45 46 47 18

Reakcijas apsréi(li un izndkuml. i© NaN;, MeSO:H. ii: 2N KOH, 69% no 41, iii: MeLj, Et.0, §8%, iv:
HCOsH, v: LiAlH,, Et,O. vi: PDC. CH.Cl,, vii: MeLi, Et.O. 36%5 no 43.

17. shema
Ritera reakciju ar cikloalkanoliem 3a-ax, 40-av, 40-e¢q. 3f-ax. dsg-3f-ax un 48
realizéjam tradicionalajos apstz‘aklos.42 ka nitrila komponenti izmantojot HCN. ko generé

in situ no TMSCN (sk. 6. nodaju) (18-22. shémas).

NHCHO Me
e —— ﬂ\;le N MHCHO
Me Me
49.-ax 49-eq  kop. izn. 80%
85:15

Reakeljas apstak|il. i: TMSCN, H.SO,, AcOH, 23 b, it

18. shema
NHCHO NMe
. I '
40-ax — ﬂ_\x{c - ﬂ NHCHO
i 1-Bu -
4(]‘8(7 ’_4-1/” 1-Bu
50-ax 50-2q
93 :7 kop. izn. 9495 no 40-av

95% nod0-eq
Reakceijas apstak|l. it TMSCN. H-SO,, AcOH. 23 h. it

19. shéma



NHCHO \¢
Me Me
e i Me Me 4 Me NHCHO
|
Me Me

- S1-
e 94 : 6 i kop. izr. 96%

Reakeijas apsik]i. it TMSCN H.SO,, AcOH, 23 h, i1,

20. shéma
NHCDO CD,
Me Me )
. D ?Z‘\ CHDO
dg3f-ax — Me%\ Ty e
Me Me -
Sl-ax -
dg-51-ax dg-51-e9 kop. izn. 71%
88 : 12

Reakcijas apstak]i. it TMSCN, D-SQ,, AcOD, 25 h, i.t

21. shéma

Me
Me
: e 7 NHCHO
48 —>» T
_ Kop. izn. 76%
52-ax 52-¢9

Reakeijas apstak]i. it TMSCN, HySOy, AcOH, 23 h, i.t
22.shéma
Reakelja ieglito diastereom@ro amidu 49-52-av-eq un dg-51-ax-eq attiecibu noteicam
ar gazu hromatografijas metodi. Amidu 49-ax un 49-¢g diastereomeéru sadalidana nebija
iespéjama, tapéc hromatografiskajai analizei un amidu maistjuma PMR spektru analizel
nepiecie3amos standartus ieguvam, formilgjot diastereoméros aminus 3a-av un Sa-cy (23.
sheéma) (aminu sintéze apraksuta 2. nodald). Amidu 350-32-ax-eq gadijuma
diastercomeérus  sadalijam ar kolonu hromatografijas palidzibu un péc struktiiras
noskaidrodanas izmantojam xa standartus Ritera reakcijas produkiu hromatografiskajar

analizel.



NH, = HCI \IHCHO

Me —»ﬂ 7L\H*HC|._+M\\HCHO
Me

M
c Sa-ax € 49.ay Sa-ey 49-gq

Reakcijas apstak]i. i: a) 10% NaOH: b) Ac,O, HCO,H, 65% 49-ax un 58% 49-2¢.
23. shéma

Kz liecina Ritera reakcijas pétljuma iegutic rezultati, neskatoties uz to, ka in siru
generétais karbkatjons ir stériski nosegts no aksialds puses ar 3-pozicijas metilgrupu.
visos gadfjumos ar lielu parsvaru rodas aksiala amida izomérs. Tas ir pretruna ar
paredzamo stereokimisko iznakumu, ja par modell 1zvélas cikloheksanonu reakciju ar
nukleofiliem, kuros 3-poziciyjas aksidlais aizvietotdjs ar augstu selektivitati virza
nukleofila uzbrukumu karbonilgrupai no ekvatoriilas puses.'' Tapéc dominéjosu aksiilo
amidu 49-52-ax un dg-S51-ax veidolanos Ritera reakcija nevar izskaidrot ar kingtiski
kontrolétu nitrila ptevieno$anos karbkatjonam.

Lai izskaidrotu 1eghtos rezultdtus, izvirzijam hipotézi, ka Ritera reakcijas
diastereoselektivitati nosaka termodinamiski kontroléta produktu veido¥ands. Saskana ar
ieteikto Ritera reakeijas mehanismu,* s pitmals posms ir nitrilija jona veidoSanas. talak
notiek Udens molekulas pievienoSands un rodas amids (11. attéls). Uz amida 50-eq
pieméra parliecindjamics, Ka miisu izmantotajos Ritera reakcijas apstaklos izomérais
amids 50-ax neveidojas, tatad atbilsto$a nitrilija jona parvérSana par amidu ir
neapgriezanisks process. Lai pétitu nitrilija jonu epimerizaciju, bija nepieciesams in siru
generét diastercoméros nitrilija jonus. Alternativi nitrilu reakcijai ar karbkatjoniem.
nitrihja jonus var generdt, protongjot izonitrilus Pcmumlcm nepieciesamos izonitrilu

izomérus 53-ax vn 53-¢q ieguviim, dehidratéjot amidus 50-ax un 30-eq (24. shéma). ™

NHCHO _\;Ie
ﬂ\ Me ﬂ\ ﬂ\ ~ NHCHO
1-Bu t-Bu 1-Bu
S0-ax 33-ax 33-eq 30-q
Reakeijas apstakji. it i-ProEiN, T:0, CHACl, -70°C, 33-ax 48%, 33-eg 76%.
24. shema

Ritera reakcijas apstakjos no diastereomérajiem izanitriliem 53-ax un 53-cg ¢energjam
o}

nitrilija jonus un reakcyjas gaitu kontrolgjam ar gizu hromatografijas palidzibu (25.

shema). Jegiitie rezulidti paradija, Ka in siru generétie nitrilija joni S4-ax un 34-¢q savi

L
<D



starpa epimerizéjas (26. shdma}, ka rezultatd veidojas abu izoméro amidu maisijums ar
aksiala amida 50-ax parsvaru (8. tabula). Ta kd nitrflija jonu epimerizacia notiek atrak
neka ddens molekulas plevienodanas, var uzskatit, ka diastereoméro amidu veidoSands
Ritera reakcija ir termodinamiski kontroléta. Tomér no izonitrila 53-¢q un ta izomera 33-
ar ieglto amidu 50-ax un 350-¢q¢ anieciba atSkiras. Tas norada, ku, iespdjams.

termodinamiska kontrole §aja reakcija nav pilniga.

IT«’C NHCOH Me Ye
i i _.
—_—— + ~——— ;
t'BUNMC t-BU‘N\Me FBUNNHCOH By N\C
53-ax 50-ax 50-eg 53-eq

Reakcijas apstak]i. it TMSCN. H,SO., AcOH, 23h. i.t.

23. shéma

8. tabula Diastereomeéro 30-av un 30-eg amidu aieciba. protongjot
1zonitrilus 53-ax un S3-eg Ritera reakcijas apsiakjos

I1zonitrils Reakcijas S0-ax: 30-eg
laiks
lmm 52:48
53-eq 10 min 5644
1h 38:42
5h 66 1 34
25 h 65: 33
31h 65:35
B 10 min 95:7
3-ax Ih 928
Sh 94:6

Interesanti, ka protongjot izoritrilu 53-eg. dtri novérojama gandriz ekvimoldra abu
izoméro amtdu 50-ax un 30-2¢ attieciba, tacu talak pakapeniski picauy aksiald amida 50-
ax parsvars. lespéjams, ka sakuma in sire generétais nitrilija jons 34-¢q dalji parverias
par amidu 50-¢g un dalgn veido karbkatjonu 35, no kura, savukart, veidojas izomerais
nitrfijja jons 34-ax un ciklohekséns 56 (vai arf citi karbkatjona stabilizacjjas reakeijas

produkti - cikloheksanols vai sérskabes esteris). Cikloheksens 56 ievérojami 1éndk

iy



aperiezeniski transforméjas par karbkatjonu 55, no kura reakcija ar zilskabi veidojas abi
nitrflija joni 54-ax un 34-eg kinétiskaja attjeciba, atSkirtbd no reakcijas sakuma. kad licla

parakuma bija nitrilija jons 54-¢¢ (26. shéma).

X X X
- i Me Me o
N H o N=CH pcv L SMeHOy X 1«:‘7"\ 2

e pun— - oy, — 7 N H
ij\ Me 14"17\ Me :1:7 v N=CH “ M

50-ax S4-ax 55 S4-2g 30-eq
AN I
' Y
NC Me Me
P e 7 S
53-ax 36 33-eq
26.shéma

Ka liecina pétyjuma rezulidti, Ritera reakcijas stereokimisko rezultdtu liela mera
nosaka termodinamiska kontrole. Tapéc var secinat. ka aksidlo amidu 49-52-ax un dg-51-
ax veidoSanas parsvaru cikloalkanolu 3a-ax, 40-ax, 40-¢¢q, 3f-ax. ds-3f-ax un 48 Ritera
reakcija (18-22. shémas) nosaka aksiala nitrilija jona augsiaka termodinamiska stabilitiite
salidzindjuma ar ekvatorialo nitrihja jonu. Tas, visticamak, izskaidrojams ar nitritija
grupas mazaku 1,3-diaksialo sadarbibu, salidzinot ar telpiski lielako metilgrupu (14

attels).

R=H. Mce
14, attels

Neskatoties uz steriski Joti [1dzigo apkirini karbkatjonos. kuri Ritera reakcya tika
generéti in situ no cikloatkanoliem 3f-avx, dg-3f-ax un 48, fegiito amidu 51-av-¢q. dg-31-
av.eq, 52-ux, eq attiectba ievErojami atSkiras (20-22. shémas).

Saskapa ar jaunadkajiem petjumicm cikliskie karbkatjoni eksisté ka divi savstarpiji
invertgjost izomért A un B ar prramidalu aizvictotdju novietojumu ap 1adétu C-atomu (13,
attels). Tiek uzskatits, ka izomeru attiecibu nosaka karbkatjona p-orbitiles
hiperkenjugcija ar antiperiplanarajam B-saisu saistoSajam orbitalem.” " Ta ki C-D un

C-C saites ir vajaki elektrondonori. salidzinot ar C-H saiti,”’ jasecina ka karbkatjonos. kas

an



generéti no cikloalkanoliem dg-3f-ax un 48, izomérs B ir vairdk apdzivots ka katjona. kas
generéts no cikloheksanola 3f-ax (no Jiteratiiras’" zinams, ka B-protonu aizvietosana ar
deitérijiem 1-metilcikloheksilkatjona palielina 1izoméra B populaciju 4-3x, savukan

salidzir:odi dati par 1.3,3,5-tnmetilciklioheksi] un 2.4.4-trimetiladamantitkatjoniem nav

pieejami).
Me
+

R Mg —— R *

{0 H|(D. Ci
H (D, C) HD, O

B
15. attels

Pienemot, ka nukleofila uzbrukuma virzienu ietekmé ne tikai aizvietotdju steriskais
efekts, bet art izoméru A un B populacija. nitrtla uzbrukums no ekvatorialas puses
katjoniem, kas generéti no cikloalkanoliem dg-3f-ax un 48, var notikt vieglak ki
katjonam, kas generéts no cikloheksanola 3f-ax. Nemot vera, ka termodinamiska kontrole
Ritera reakcjja nav pilniga. iesp@jams, aiSkirigd nitrilija jonu veidodanas kinetiska

attieciba ir c€lonis atskirigal amidu 51-ax-¢q, dg-51-ax.eq un 52-ax.eq atticcibal.

L
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6. 1,3.35,5-Pentametilcikioheksanamina liela apjoma sintézes metodes
izstradaSana
No visiem §ajd darbd sintez€tajiem aminiem - potencidliem N-metil-D-aspartata

(NMDA) receptora fenciklidina (PCP) saistiSanas vietas ligandiem 1,3.3.3.5-

20

pentametilcikloheksanamins (5k) uzradija visaugstako receptora afinitati in virro (sk. 7.

"

nodalu) un daudzsolosas farmakologiskas ipaSibas in vivo.”> Tapdc. lai veikt
padzi)inatus pétijumus, byja ja:zstrada metode $T savienojuma liela apjoma sintézel.
1,3,3,5.5-Pentametiicikloheksanolu (3K), kas nepiecieSams amina Sk sintézel, var viegli
ieglit no komerciali pieejama un 1&1a izoforona 2k (sk. 2. nodalu) divas stadj)as, kas no
tehnologiskd viedokla griitibas nerada. Noteicodd stadija amina 5K iegtiland ir
aminofunkcijas ievadiSana. Lai gan azidé3anas reakcija 1.3.3-aizvietoto cikloheksilaminu
sintéz€ deva labus rezultatus (2. nodala), tomer §T metode slapekjiodenrazskabes
eksplozivo 1pasibu dé&] ir piemérota tikai nelielu vielas daudzumu iegt$anal. Tapéc
patijumus koncetr§jam uz Ritera reakciju® ki iesp&jamo tehnologisko risindgjumu
aminofunkcijas 1evadisanal pie tre§éjd oglekla atoma.

Terc-karbimaminu 1eg@iSanal visplasdak tiek izmantota Ritera reakcija ar HCN, jo
formilgrugrupu Ritera reakcija iegiitajos formamidos var viegli noskelt gan baziskaja.

L
gan skibaja hidrolize.”™

* Semérd nesen aprakstita formamidu iegfiSana, ka niirila
komponenti izmantojot trimetilsilicianidu (TMSCN).** Publikicijas autori uzskata, ka
TMSCN ir nukleofils HCN ekvivalents, un atseviskos pieméros demonstré TMSCN
efektivitau salidzingjuma ar HCN.

1.3,3,5,5-Pentametilcikloheksanola (3k) Ritera reakcija ar TMSCN ieguvam vélamo
formamidu 13a ar augstu iznakumu (27. shtma, 9. tabula). Formamidu 13a hidrolizéjam
skaba vide un izdaljjam 1.3,3,3.5-pentametilcikloheksilaminu (5k) (27. shéma. 9. tabula).
Amina Sk legiifanu no spirta 3k var realizét, neizdalot formamidu 13a no reakcijas
maisfjuma. Saja gadijuma amina Sk kopéjais iznakums bija 88%.

Lar gan Rittera reakcija ar TMSCN sasniedzam vElamo rezultatu, tomér, likas
ap$aubimi, ka TMSCN spd] izturét skdbos reakcijas apstaklus un darbojas ka nitrila
komponente. 'H-NMR eksperiments parddija. ka TMSCN sak sadaltues tiklidz ta
Skidumam CDCls pievicno dazus pilienus etikskabes. Tas liccing, ka TMSCN Ritera

reakcijas apstaklos (H:SO;/ AcOH) nitrila komponente ir zilskibe (HCN). Zilskabe, ko



generéjim in sirw no kilija cianida (KCN) cikloheksanola 3k Ritera reakcija izradyjas
lidzvérigl efektiva (27. shéma, 9. tabula).

Butisks trikums tehnologiskai TMSCN un KCN izmantoSanai Ritera reakcija ir loti
toksiskdis HCN veidosanas skabajos reakcijas apstaklos. Tapec ka alternativu
aminofunkcijas ievadisanai m23inajdm izmantot cikloheksanola 3k Ritera reakeyju ar
acetonitrilu (CH;CN). No literatiiras zindms, ka 1-metilcikloheksanols Ritera reakcija ar
CH;CN sarskabes klatbuitné ar labu iznakumu veido N-aceti)-1-metilcikloheksanaminu.”
Lidzigos reakcijas apstdklos no 1.3,53,5,5-pentametilcikloheksanola (3k) k@ galveno
reakcijas produktu ieguvam 1,3,3,5,5-pentametilcikloheksénu (57) (27. shéma, 9. tabula)
up, ar Joti zemu izn3kumu, vélamo acetamidu 13b. Reakcljas temperatiras
paaugstinaSana acetamIda 13b izndkumu bitiski neictekmgja (9. tabula), tacu veicinaja
blakus produktu vetdosanos.

Sistematiski vari€jot reakcijas apstaklus (skabes, temperatiiru un reagentu attiecibu).
noskaidrojam, ka cikloheksanola 3k reakcija ar acetoniurilu var 1eglt vélamo acetamidu
ar labu iznakumu tad, ja ki reakcijas vidi izmanto kipo$o slapekiskdbi (9. tabula).
Tomeér, jaatzimé, ka izmantojot zemakas kvalitdtes slapek]skabi, atseviskos gadijumos

norisindjas spontana oksidésanas reakcija ar slapekla oksidu izdalisanos.

Vismaigakie apstak]i N-acetil-zerc-karbinaminu acetilgrupas noskel3anai ir divstadiju
process, kas letver acetamida O-alkilesanu ar trietiloksonija tetrafluorboratu.*® Tomér &
metode pav izmantojama vielu iegisanai lielos daudzumos trietiloksonija tetrafluorborita
augstas cenas dg].

N-Acetil-rerc-karbinaminu hidrolizi 1espjams realizét tikai baziskos apstak]os.
paaugstindtd temperatira. Skabaja hidrolizeé, atskiribd no N-formil-rere-
karbInaminiem. ar N-acetil-rerc-karbinaminiem notiek retro-Ritera reakeija.>® No visiem
acetam™da 13b hidrolizes mégindjumiem visaugstako amina 3k iznakumu sasniedzam,
acetilgrupu Skelot ar kalija hidroksidu varo$a n-oktanola (27. shéma. 9. tabula).

IVerrot vera gratibas, kas saistitas ar acetamida 13b sintézi un acetilgrupas nogkelSanai
nepiccieSamos smagos  hidrolizes apstaklus, atteicAmies no s pieejas talakas

optimiz&sanas.

>
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13a R=H: \
13b R=CH,; "
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Reakcijas apstakli. i: Ritera reakcija. sk. 9. tabulu 1; ii: acilgrupas noskel3ana, sk. 10. tabulu

27. shéma

9. tabula Cikloheksanola 3k Ritera reakcija

Npk. Reakcjjas apstak]i R-jas produkts
(iznZkums, o)
! TMSCN, H.SO.. 13a (78)
AcOH, i1, 153k
2 KCN, H,SO;, AcOH, 13a (86)
it,15h
3 CH;CN. H:S0,, 13b (3):
AcOH, i.t, 21 h 57 (43)
4 CH;CN, H.SO,, 13b (15)

50-60°C, 4 h

5 CH,CN.HNO;, 13b (60)
50-60°C, 4 h
6  CH-CICN, H.SO,, 13c (95)

AcOH,it..5h




10. tabula Acilgrupas nodkeliana amidos 13a-c

Npk. Amids Reakcijas apstak]i [znakums, %

1) 20% H.SO.., 100°C.
4 h
2) HCl

1 13a 66

1) oktanols. KOH, 196°C,
10 h
2) HCI

81

o

13b

13¢ 1) EtOH-AcOH, 5:1, 89
tiourinviela, 78°C, 17 h

2) HCI

L)

Ta ka hloracetilgrupu amidos var noskelt ar tiourinvielu,*”®" amia 3k icgisanai
meginajam izmantot hloracetamidu 13¢. No literatiiras ir zindmi vairdki plemeri N-rerc-
alkilhloracetamidu sintézel no tresgjiem spiriem Ritera reakciyd ar hloracetonitrilu
(CICH,CN).* Ritera reakcyjas apstak]os no spirta 3k un CICH-CN ar augstu iznakumu
jeguvdm hloracetamidu 13¢ (9. tabula). Amida 13c hloracetilgrupas noskelsanu
kontrolégjam ar planslana hromatografijas metodi. Hloracetamids 13c atri reagé ar
tiourinviclu, veidojot izotiouronyja sali 58, kas léni sadalas par aminu Sk. Tapec,
analizgjot reakcijas gaitu. ka standartu izmantojam izotiouronija sah 58.

Tradicionalajos hloracetilgrupas noskelSanas apsiaklos (varosa etanola), amina Sk
veldo3anas bija Jotl 1&na (p&c 17 h variSanas amina Sk iznakums bija 30%). Tas,
iespéjams, tzskaidrojams ar to, ka amidogrupa savienojuma 13c ir stériski vairdk traucéta
ka mazak sazarotajos otrgjos un tre3gjos amidos.>’ =’ Eksperimentali noskaidrojam, ka
1zotiouronija sals 58 sadalisanas dirums ir atkarigs no etikskabes koncentracijas reakcijas
malsjuma (10. tabula). K3 optimilos reakcijas apstakJus amida 13¢ hloracetilurupas
noskel§anai ar tiourinvielu izvElE)amies ctanola un ctikskibes maisijumu (3:1), varot 10 h
(izndkums péc 10 h (10. tabula) praktiski neatskiras no iznikuma péc 7 h vartSanas (11.

tabula)i.
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13¢ 58 c) 3k
28. shéma

11. tabula Reakcijas apstak|u optimizéiana amida 13c
hloracetiigrupas noskel3anati

N pk. EtOH/AcOH 58 pilniza 5k
attiectba izzudana, h 1znakums, %

1 20:1 18 81

2 10:1 1 83

3 5:1 7 88

Augstie 1zndkumi gan cikloheksanola 3k Ritera reakcya. gan bloracetilgrupas
no8kelSanas stadija, lauj izmantot $o pieeju amina Sk liela apjoma sint€zel, un ta dod

lespéju jzvainties no toksiskiem un dargiem reagentiem.

6.1. terc-Karbinaminu iegiisana, izmantojot Ritera reakciju ar hloracetonitrilu
lepriek$&ja nodala paradijam, ka efektiva metode 1,3.3.5,5-pentametilcikloheksilamina
(8k) sintezei ir cikloheksanola 3k Ritera reakcija ar hloracetonitrilu un sckojosa amida

. —

13¢ hloracetilgrupas noskelSana ar tiourinviclu. Nemot verd, ka 31 ir jauna piecja
aminofunkcijas 1evadidanat pie tre3gja oglekia atoma. pladak petijam 1as izmantosanas
lespe)as strukturali atskuTgu tres&jo spirtu 39a-f parversanal par rerc-karbinaminiem 61a-

f(29. sh&ma, 12. tabula).

0
L _Cl
O o NH,* HC
i i
R=7N\ .0 — R’)\ > > R/7J\ )
! R | R 1 R
R R R
59a-f 60a-f 6la-f

Reaxcijas apsadkli. i: CICH,ON, H-SO;. AcOH, Sh, i.t.:ii: tiowinvigia,
EtOH: AcOH (5:1), var 10 h,

29, shéma
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12. tabula Hloracetamidu 38 un aminu 39 iznakumi

Nopk. - 60 (X=NHCOCH.C!) 61 (X=NH;"CI"
RRRTCX iznakums. % iznakums, %
Me— - o
] Me S 602. 84 61a. 80
ve—
2 Z@*x 60b. 95 61b. 85
Ph,
3 Me—7=X 60c. 78 61c, 84
Me
—_Ph
4 N R 60d, 73 61d. 74
Ph
CO.H
5 Phs 60e, 91 6le. 61
Ph
6 Q?h 60f. - 61f, -
X

"Dihidrohlorids ir joti higroskopisks, tapgc amins 614d tika izdalits brivas

bazes veidz.
Spinu S9a-f Ritera reakeija ar CICH,CN ieguvam hloracetamidus 60a-e ar [abiem
iznakumiem. 1-Fenilcikloheksanola (59f) gadijuma vélamais amids 60f neradds un ka
galveno produktu no reakcijas izdalijam 1-fenilcikloheksénu. No literatiiras zinams. ka I-
fenileikloheksanols 39f Ritera reakcejd ar PhCN un HCN dod atbilsto3os amidus ar Joti
zemiem izndkumiem.® Tas, iespgams. saistits ar 1-fenilcikloheksitkatjona  zemo
elektrofilitau. Jaatzimg, ka ta heteroanalogs 4-fenilpiperidin-4-ols 39d efektivi reage ar
CH;CN®™ un, k3 mé&s parliecindjamies, arf ar CICH.CN (12. tabula).

Amidu  60a-e hloracetlgrupas noskelsanal jzmantojim  eksperimentos ar N-

hloracciil-1,3.3,3,5-pentametilcik]oheksilamimu optimizétos reakeijas apstakjus (sk. 3.
nodaju) un jeguvam rerc-karbimaminus 6la-e ar labiem iznakumicm (29. shéma. 12.

tabula).
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7. Karbociklisko aminu NMDA receptora saistibas afinitate
2-4. Nodalas aprakstito sintez€to karbociklisko aminu NMDA receptora PCP

cikioheksanaminu
-(aminoalkil)-3.3,3,5-

1.3,5-Alzvietoto
un

saistisanis vietas affinitdte tika noteikta ar radioliganda (PHIMK-801) izspiesanas metodi
zurku smadzenu paraugos.r Sa-p,
pentametilcikloheksanamina  N-azlkilatvasingjumu  10a-¢
tetrametilcikloheksanu 1la-c¢ receptora saistibas affinitates (K;) apkopotas 13-15. tabulas.
Salidzindjumam dota amantadina un memantina receptora saistibas afinitate. Biokimiskie
dati par 1-azaspiro-dekanu 12a un undekanu 12b promocijas darba noformésanas laika vél
3.3.1]nonan-3-amina 29a-ax NMDA receptora

nebija pieejami. 1,3.5,7-Terrametilbiciklo[3.3

saistibas affinitate ir 54 pM.
Detaliz&ta sintez€to savienoiumu biofizikalo parametru un terapeitiska profila analize

veikta sadarbibas partneru zinatniskaja publikacija.””
No promocijas darba sintezgtajiem karbocikliskajiem aminiem memantinam lidzigu
afinitati (13,14 tabula), receptora bloké&sanas/deblokésanas kinstiku un afinitates atkaribu
no membranas potenciéla22 uzradija savienojumi Si-ax,eq. Sk,ln, 10a,b un 11b. /i vivo
petjumos ar pelém Sie savienojumi uzradija arl augstu aktviiant pret maksimala
elektrofoka inducétam konvulsijim, ko visticamik nodrodina NMDA receptora
antagoniz&sana.”” No sintezéta savienojumu klasta visaugstakid NMDA receptora affinitite
piemit 1.3,3,5,5-pentametilcikloheksanaminam (5k). Butiski, ka amins Sk at3kiriba no ta
homologiem, kuriem piemit 1tdzigas biofizikalas Tpasibas, ir simetrisks, un ta sintéze ictver
vismazdko stadiju skaitu. Tapéc 1.3,3,5.3-pentametilciklohcksidnamins tika izraudziis ka

preparata kandidats dazadu CNS disfunkciju arst@sanai un paslaik iziet pirmis fazes

kliniskos pétfjumus
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13. tabula 1,3.5-Aizvietoto cikloheksinamMmu NMDA receptora saistibas afinitate
s

- NH.,* HCI 5 R
R%ps - Rp3 |
SR s R .
i NH.*> .
R 5-ax RY Seeg
Savienojums R' R’ R’ R! R’ Ki (uM) »

Sa-ax H H H  Me  Me 3261
Sa-eq 65.29
Sh o
Sb-ax H H H o OEt Me 49.28
5b-eq 49,10
Sc-ax q H H pr Me 70,95
Sc-eq 49.18
sd H H Me Me Me 32,20
Se-ax Me H H o Me  Me 30.00
Se-eq 19.21
Sf-ax Me H  Me Me Me 1
3f-eq 4,66
. SN
Sgax Me H Ft Me  Me 13.32
Sg-eq 15,14
Sh- 24 02
h-ax Me H Pr Me  Me 24,02
Sh-eq 57.76
S1-ax Me Me  H EC Me 5.18
Si-eq 2,88
Sl Me Me H Pr Me 13,01
Sj-eq 13,40
Sk Me Me Me Me Ne 1,47
Sl Me Me Me Me Et 2.28
S5m Me Me Me Me Pr 8,09
3n Me Me Et Et Me 316
So Me Me Pr Pr Me 16,48
Sp H H H H Me 144,33
Amantadins 25,87

Mem:antins 248




14. tabula 1.3.3.5.5-Pentametilcikloheksinamina N-alkil
atvasinajumu NMDA receptora saistibas afinitite

Me Me -
i Me .R -
Me —~ N+ HCI
~ \
R
Me
10a-¢
Savienojums R R Ki (M)
10a H Me 483
10h H Ft 4,17
10c Me Me 12,72
Amantadins 25,87
Memantins 2,45

15. tabula !-(1-Ammoalkil)-3.3 5.5-tetramettlcikloheksanamina

NMDA receptora saisiibas afinitate

Afe W NH.+ HCI
2 n 2
/
Me
fla-c
Savienojums n R Ki (uM)
11a 0 H 17.84
11b ] H 4.84
1ic 1 Me 60,17
Amantadins 2387
Memantins 245

7.1. Karbociklisko amTnu struktiiras un NMDA receptora saistibas affinitites

likumsakaribas.

Viens no misu darba uzdevumiem bija noskaidrot karbociklisko aminu lipofilas dalas

ietckmi uz NMDA receptora saistibu. Sim nolikam pieméroti ir 1.3,3-aizvietotie



cikloheksanamini 5. kuros aizvietotdji dod lespéju samérd plasi vanét lipofilas globulas
telpiskos 1zmeérus.

NMDA receptora PCP saistiSands vietas ligandu kvantitativas struktiiras - afinitates
likumsakaribas (KSAL) ir pétitas vairdkam savienojumu klasém. 56 Sajos petijumos tika
noskaidrets, ka PCP saistiSanas vieta ir ledobe ar noteiktiem jzmérieny. un augstai ligandu
afinitdtet ka farmakoforie elementi nepieciesami aromatiskais gredzens un aminogrupa_éj‘66
Veicot molekularo model3anu. ir izveidots farmakoforais modelis, kurd paridits, ka PCP
saistiSanas vieta sastav no protonéras aminogrupas piesaistes centra un diviem lipofilajiem
apgabaliem® (16. attdls). Viend no tiem saistas augstat afinitatei nepiecie$ama aromatiska
molekulas dala, kas atbilst PCP molekulas fenilgrupai un vienam MK-801 aromatiskajam
gredzenam. Otru apgabalu iepem PCP cikloheksana gredzens un otrs MK-80] aromatiskais
gredzens. Saskand ar So modeli tiek uzskatits, ka adamantanaminu lipofila dala ienem
apgabalu, kas atbilst PCP cikloheksana gredzenam.éf’ Adamantdanaminu mérena affinitdte
tiek skaidrota ar lipofllas dajas stérisku neatbilstibu $1 apgabala telpiskajiem izmériem.

LipofY ats apgabals. kas reprecielams
auostas atintiles satstical

‘ Note:kta 1zmera
lipotilas apeatals

H R’ NH,
| )
LY R’

Udenraia satte PCP (+)MK-801 Adamantanimini
16. attels [7. attels

Cikloheksanamini 5a-c,e-j-eq un 3d,k-p. kuriem zemiakas energijas konformicija
aminogrupa novietota ekvatoriali, ir vistuvakie adamantanaminu strukiiranalogi. Sie amini
savstarpeji atSkiras ar telpiskajiem tzmériem un lipofilitati, tapec to KSAL noskaidroianai
piemérota Hansa analize.®” Hansa vienadojumns (1) izsaka savienojumu saistisanas afinitau

ka funkctju no logP (hidrofobd efekta deskriptors) un log (S) (stériskais deskriptors).
log (I'K)=alog (P)*blog (S) ¢ (1)

Hidrofoba efekta deskriptous logP (16. tabula) cikloheksanaminicm 5a-c,e-j-¢g un 3d k-p
aprékindjam, integréjot fragmentu lipofilitates konstantes®® ar datorprogramu ACDLogP
1.0.

Jo
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Ki redzams no 18. auéla, cikloheksdnaminiem 5a,b,e-g-eq un Sd.k,p () afinitate, kas
izteikta ka log (1/K,) (16. tabula) ir line@ra funkcija no to lipofilitates (log(P)). Tas nozime,
ka stériskais deskriptorus ir nenozimigs, respektlvi, Sie savienojumi péc tepiskajiem
izmérem atbilst PCP saistisanas vietal. Apjomigaku aminu 3¢,h-j-eq un Sl-0 (A) gadtiuma
verojama izteikta novirzisanis no liniaritates, kas norada, ka to saistibu biitiski ietekmé

steériskais faktors.

! 1 15 2 25 3 35 4 45 5 55 6 6.5
1,5 - o -
. z Iog( 1K) = 0.95lag(P) - 4.16
: R? =0.92, n=8
05 1
:
= O0fF
< 3 .
= + a s
T 0.5+ g9 ASn
o t
1 L A Sm
f: & Si-eg D Sjeq A 3o
A5 -
: A Sh-eg
20 3
| : e
| D5 L S L
| log(P)
18. attels

16. tabula 1.5.3-Aizvietoto cikloheksinaminu log(1.’Ki). un log(P) lielumi

Savienojums 105: oz (P)  gavienojums _];35;._ .- lég (P-)m
— (1.K1) o (_}.-’Kz)

2a-eg 182 243 Yiceg 2046 3.99
Ib-eq 169 2.96 2.cq 13 48
lc-eg -1,69 3,49 1% -0.17 4,00

2d -1.57 2,97 21 -0.36 4,53
le-eq 128 2,92 om 091 506
2f-eq -0,67 3.46 m -0.50 5.06
29-29 118 3,99 % 422 63
2h-eg -1,76 4,52 2p 2,16 1.94

Interesanti, ka veicot Handa analizi kopa ar konfermacionali icrobezotajiem aminiem
Sa,bje-g-¢q, loti precica korelacija realizéjas arl simeirisko cikloheks@naminu 5d.k,p

gadtjuma, kaut arl abas 30 savienojumu konformicijas ir 11dzigi apdzivotas. To var



izskaidrot, ja pienem, ka abi konforméri ar receptoru saistas lidzvértigi, uz ko norada Jot
I1dzigas konformaciondli ierobeZoto cikioheksanaminu S-ax un 5-eq afinttates (13. tabula).
Péc Han3a analizes veikSanas cikloheksdnaminus Sa-c,e-j-eq un 5d,5k-p savietojam ar
vienu no augstas affinitates PCP saistiSands vietas ligandiem (+)MK-801 (19a. auéls),
izvEloties slapekla atomu ki kopéjo punkiu. Batiski, ka amint Sa,b,e-g-¢¢ un 54,5K,p, kuri
Han3a analizé uzradija stérisku a:bilstibu PCP saistiSanas vietat, ievietojas telpa starp MK-
801 arcmatiskajiem gredzentem. Savukart, amini 3ch-j-eq un Sl-o, kuru saisittbu ar
receptoru ietekme stériskais faktors (aksialie aizvietotdji lielaki par metilgrupu un
ekvatoridlie aizvietotdji lielaki par etilgrupu), ievérojami parsniedz MK-801 dimensijas.
No t3 izriet nozimigs secindjums, ka 1,3,5-aizvietoto cikJoheksanaminu 5, un l1dz ar to art
adamantan-1-aminu lipofild daja neteklaujas noteikta farmakofora modela lipofilaja
apgabald (16. attéls), bet gan atpazist PCP saistiSanas vietu ka vienotu hidrofobo regionu.
PCP saistiSands vietai stériski atoistigo cikloheksanaminu 5§ un adamantanaminu méreno
afinitatl drizak var izskaidrot ar svarjga farmakofori elementa - aromatiskas sistémas, kas

nepieciedama augstai afinitatei, trikumu.

19. attéls

Konformacionali ierobezoto 1,3,5-aizvietoto cikloheksanaminu izoméru S-ax un 3-¢g
lidzigo affinitati (13. tabula) var skaidrot divejadi. Ja cikloheksanaminu izomérus 3-ax
savieto ar (+)MK-801], izraugoties slapek]a atomu ki kopéjo punktu, lipofila dala ieklavjas
MK-801 dimensyas tikai tad, ja aksidlie aizvietotdji nav lieliki par metilgrupu un
ekvatoridlie aizvietotdji nav liclaki par etilgrupu (19b attéls). No ta izriet, ka stériskie
icrobezojumt aminu S-ax receptora saistibai ir lidzigi ka to izomériem 5-e4.

Nevar izslégt, ka aksidlajai aminogrupat cikloheks&@naminu izoméros 3-ax atbilst cits
piesaistes punkts nekd to izomériem S-eq. Ja cikloheksinaminus 3-axv savieto ar (+)MK-
801 tada pasa veida, ka to izomerus S-eg (19¢ atéls), aminogrupa cikloheksanaminos S-ax
ir noviciota tuvu MK-8Q1 3. pozicijas metilgrupai. MK-801 radniccige savienojumu SAL
pétjumi liecina, ka MK-801 5. pozicijas metilgrupas tuvuma, iespéjams, atrodas cits

piesaistes purkts, kas spéj veidot Gdenraza saiti.®®

£
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8. Secinajumi

. Attistitas  1,3.5-aizvietoto cikloheksanaminu sinteézes metodes. lzmantojot tresgjo

spirtu azid&$anas reakciju un diastereomé@ro azidocikloheksanu hromatografisko
dali3anu, ieglti nesimetriski 1,3.5-aizvietoto cikloheksanaminu Kkonformacionali

1erobezoti diastereomeéri ar fiksétu ax- un eg-aminogrupu.

. Sintezéti 1.3,3,5,5-pentametilcikloheksanamina struktiranalogi - N-alkil-1,3,3.3.5-

pentametilcikloheksinamini. 1-aminoalkil-3,3,5.5-tetrametilcikloheksanamini, ka art
7,7,9,9-tetrametil-1-azaspiro(4.5]dekans un  8,8.10,10-tetrametil-1-azaspiro(3.3]

undekins.

. Izstradata jauna. vispariga piceja l-azaspirociklisko savienojumu i1eg@iSanai no

cikloalkanoniem.  Azacikla  saslégSanu  1zdara, Jlaktamiz€jot ]-amino-)-(w-
karboksialkil)cikloalkdnu, kura aminofunkciju tevada Ritera reakcija, bet ka
karboksilfunkceijas latento grupu izmanto fenilgrupu.

~a

. Sintezéts 1,3.5,7a-tetrametilbiciklo[3.3.1Jnonan-3a-amins.  Noskaidrots, ka

aminotunkcijas ievadiSana biciklo[3.3.1]nonana 3-pozicija, izmantojot Ritera reakciju

ar TMSCN, notiek endo-selektivi.

. Izpétitas 1-metilcikloheksanolu Ritera reakcijas diastereoselekuvitates hkumsakaribas.

Neatkarigl no karbkatjona stériskds apkartnes ar lielu parsvaru veidojas wx-amida
izomérs. Pierddits, ka Ritera rcakeijas apstaklos notiek starpproduktu - diastereoméro
nitrilija jonu epimeriz&3anas. Tas norada, ka amidu veidodands diastereosclektivitate

Riterareakeya tiek kontroléta parsvara termodinamiskti.

. 1.3,3.5,5-Pentametilcikloheksanamina sintézes noteico3d posma izstridadanai pétita

1,3.3.5,5-pentametilcikloheksanola Ritera reakeija ar TMSCN, HCN, CH;CN un
CICH.CN. Atrasts, ka Ritera reakeija ar CICH>CN un sekojosa hloracetilarupas
noskelsana ar tiowinvielu ir efekifva aminofunkcijas ievadiSanas metode, kas lauj
1zvairities no toksiskiem un dargiem reagentiem, ki art smagiem reakeijas apstak[iem.
$1s jaunds pieejas lespejas nodemonstrétas art city, strukturdli atSkirigu tere-

karbinaminu iegGsanai.
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7. Veikta 1,3,5-aizvietoto cikloheksdnaminu lipofilitates un NMDA receptora afinitites
korelaciju (Hanca) analize. Noskaidrots. ka karbociklisko aminu lipofild dala
peizklaujas noteikta PCP  saistidanas vietas farmakofora modela hidrofobaja
apgabala, bet atpazist So saisttSanas vietn kd vienotu hidrofobo apgabalu.
Cikloheksanaminu lipoflla dala neparsniedz PCP saistSands vietas telpiskos
apmérus, ja 3.5-aksialie aizvietotdji nav lielaki par metilgrupu un 3,5-ekvatonalie

aizvietotdji nav lieldki par etilgrupu.
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9. Eksperimentala dala

Kusanas punkti noteikti kapilaros Gallenkamp aparatd un nav korngéti. IS spekin
uzpemti uz Perkin-Elmer 580B spektrometra.. "H-KMR  spektri uznemti uz Varian
Mercury 200BB spektrometra. Reakeiju maistjumi analiz8ti un produktu tiriba noteikta
vizu hromatografiskaja analizé (MN-OV-1, 25mx0.53mm, d= 1.0 p. 30-270°C (10°C
min™)). Preparativa hromatogrifija veikta izmantojot Kieselgelu 63-100. PSH analizes
veiktas uz Kieselgel 60 Faqy plaksnitem; etuents: heksans-etilacetats (dazadas attiecibas);
attistiSanai izmantoti joda tvaiki. Visj eksperimentalaja daja izmantotie reagenti iegadati
no Aldrich. Skidindt3ji un reagenti sagatavoti ki aprakstits literatira.”

SekojoSu savienojumu sint€ze un fizikali kimiskas pasibas dotas pielikumos: 1-9 (1.
prelikums): 10,11.13a,b,14-21 (2. pielikums); 29-37 (3. pielikums); 13¢,58-61 (4.
pielikums). Eksperimentalaja dald ietverta tikai literaturd (ieskaitot pielikuma dotas

publikdcijas un patentus) neaprakstito savienojumu iegtisana.

[-(2-Feniletil)-3.3.5.5-tetrametileik]oheksanols  (22a) un  1-(3-fenilpropil)-3.3.5.5-

tetrametilcikloheksanols (22b)

Pie 0.85 M fenilalkilmagnija bromida (2-feniieulmagnija bromids cikloheksanola 22a
iegiSanar un 3-fenilpropilmagnija bromids cikloheksanola 22b icgiSanai) Skiduma &tert
(25 ml; 20 mmol), kas atdzeséts 1idz 0°C. piepilina 3.3,3.5-tetrametilcikloheksanona 2k
(1,54 g; 10 mmol) skidumu &tert (10 ml). Pec 0,5 h maisiSanas uzmanigi piepilina pies.
NH4Cl tdens skidumu (30 ml). Atdala organisko fazi un udens fazi ekstrahé ar éreri
(2x20 ml). Apvienotos ekstraktus mazga ar pies. NaCl skidumu un zave virs MgSO,. Péc
skidinatdja aizvaicéSanas atlikumu attira uz silikagela kolonas (80 em’), elugjot ar
petrolétera-EtOAc (10:1) maisijumu.

leglist 22a (2.1g; 829%) ellas veida; 'H-KMR (CDCls, TMS) &: 0,91 (6H. s. 3.3-CHy);
1,23 (65, s, 3.5-CH;): 1,0-1,6 (7H, m, cikla protoni un OH); 1,6-1.8 (2H. m, PhCH.CH-):
2.6-2,8 (CH, m, PhCH-CH>) vn 7,0-7,4 m.d. (3H, m. Ph);

22b (248 2: 90%) ¢llas veidd; 'H-KMR (CDCl;, TMS) &: 0,86 (6H, s, 3,3-ClH;): 1,19
(6H, s, 3.3-CHj); 1,0-1.8 (11H. m, cikla protoni, OH un PhCH>CH-CH-): 2.60 (2H, t, J=
7.5 Hz, PACH:CH>CH>) un 7,1-7,4 m.d. (SH. m. Ph).
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N-Formil-1-(2-feniletil)-3.3.3.5-tetrameulcikloheksdnamins (23a)

Pie cikloheksanola 22a (0,5 g: 2 mmol), rimetilsililcianida (0.54 ml; 4 mmol) un
etikskabes (0,32 m]) maisijume, kas atdzeséts lidz 0°C piepilina sérskabi (0,32 ml; 6
mmol). Sérskabi pievieno ~5 min laika, uzturot reakcjjas maisjjuma temperatiiru zem
+5%C. Pée 23 h reakcijas maisijumu izlej ledus Gdent (20 ml) un neitralize ar 20% NaOH
tidens skidumu. Reakcijas produktu no udens fazes ekstrahé ar &teri (3x20 ml).
Apvienotos ckstraktus mazga ar pies. NaCl skidumu un zaveé virs MgSO,. Péc &tera
aiztvaic3sanas atlikumu attira uz silikagela kolonas (50 cm®), elugjot ar petrolstera-
EtOAc (4:1; 2:1) maisjumu.

legtist 23a (0.47 g; 85%) ar k.t. 90-92° C; '"H-KMR (CDCl5, TMS) &: 0,93 un 0,95
(kopa 6H, abi s, 3.5- CH;); 1,17 un 1,19 (kopa 6H, abi s, 3,5-CHj;); 1.0-2,3 (9H, m, cikla
protoni, OH un PhCH,CH>); 2,5-2,7 (2H, m, PhCH,CH3); 5.3 un 5,6 (kopa 1H, pl sund
(J=12.5 Hz), NH); 7,1-7,4 (3H, m. Ph); 8,13 un 8.33 (kopa 1H. abi d, J= 2 Hz un 12,5
Hz).

N-HlJoracetil-1-(2-feniletil)-3.3.5.5-tetrametilcikloheksanamins (25a) un N-hloracetil-

1-(3-fenilpropil)-3.3.5.5-tetrametilcik loheksanamins (23b)

Pie cikloheksanola 22a vai 22b (2 mmol), hloracetonitrila (1.52 ml; 4 mmol) un
etikskabes (0,96 ml) maisijuma, kas atdzeséts Jidz 0°C. piepilina sérskabi (0,96 ml; I8
mmol). Serskabi pievieno ~3 min laik3, uzturot reakcijas maisijjuma temperatiiru zem
+3°C. Péc 48 h reakcijas maistjumu izlej ledus Gident (50 ml) un neitralize ar 20% NaOH
fdens skidumu. Reakcijas produktu no udens fazes ekstrahé ar &teri (5x40 ml).
Apvienotos ekstraktus mazga ar pies. NaCl Skidumu un 2ave virs MgSO,. Péc étera
aiztvaicganas atlikumu attira uz silikagela kolonas (100 cm’®). elugjot ar petrolatera-
EtOAc (10:1) maisjumu.

Jegast 25a (191 g; 96%) ellas veida; 'H-KMR (CDCl;, TMS) &: 093 (6H. s, 3.5-
CH;); 1,17 (6H, s, 3,5-CH3); 1,0-1,5 (4H. m. 4-CH:, 2,6-CH); 2,0-2.2 (2H. m,
PhCH.CH-); 2.24 (2H. d, J= 14 Hz, 2,6-CH); 2,5-2.6 (2H. m, PhCH-CH-): 3,90 (2H, s,
CH>CD); 6.6 (1H, pl s, NH) un 7,1-7.2 m.d. (SH. m. Ph);

un 25b (0,77 g 37%) ar k.t. 83-85° C: "H-KMR (CDCl;. TMS) 6: 0.89 (6H. s, 3.3-

=

CHs); .15 (6H, s, 3.3-CH1); 0,9-1,9 (8H. m, 4-CH,, 2.6-CH un PhCH-CU-CH:): 2:13



(CH. d, J= 14,3 Hz, 2,6-CH), 2.36 (2H, t, J= 8 Hz, PACH.CH,CH-): 3,93 (2H, s, CH.Cl):
6.5 (1H. pl s, NH) un 7.1-7.4 m.d. (3H, m, Ph).

N-Hloracetil-1-(2-oksikarboniletil}-3.3.5.5-tetrameulcikloheksanaming _(26a) un N-

hloracetil-1-(3-oksikarboniipropil)-3.3.5.5-tetrametilcikloheksanamins (26b)
Amida 24a vai 24b (2 mmol). CCl; (8 mb), CH;CN (8 ml), H-O (12 ml) un NalO: (6,5

g: 30 mmol) maisfjumam pievieno RuO; (6 mg) un maisa istabas temperatiira. Péc 72 h
reakcijas maisijumu filtré un nogulsnes uz filtra mazga ar CH-Cl: (3x10 ml). No filirata
atdala organisko fazi. Udens fazi ekstrahé ar CH.Cly (3x10 ml). Apvienotds organiskas
fazes zavé virs CaCly. Péc skidinatd)ja aiztvaicé3anas atlikumu attira uz silikagela kolonas
(100 cmz), elugjot ar petroletera-EtOAc (4:1, 2:1 un 1:1) maisijumu.

leglst 26a (0,32 g; 33%) ar k.t. 130-131°C; "H-KMR (CDCls, TMS) &: 0,92 (6H, s,
3.3-CHj); 1,17 (6H, s, 3,5-CH;5): 1,0-1,5 (4H. m, 4-CH., 2.6-CH.); 2,0-2.4 (6H, m,
OCCH-CH», 2,6-CH); 3,97 (2H, s, CH>Cl) un 6,6 m.d. (1H, pl s, NH);

un 26b (0,47 g; 74%) ar k.t. 140-141°C; "H-KMR (CDCl;. T™MS) 8: 0,91 (6H, s, 3.5~
CH;): 1.15 (6H, s, 3,5-CH3); 0,9-1,8 (8H. m, 4-CHa,, 2,6-CH, OCCH-CH-CH>): 2,17 (2H,
d. J= 14,2 Hz, 2,6-CH): 2,35 (2H, t, J= 7.2 Hz. OCCH;CH,>CHz3); 3.97 (2H, s. CH:Cl) un
6.6 m.c. (1H, pl s, NH).

N-Hloracetil-1-(2-etoksikarboniletil)-3.3.5.5-tetrametilcikloheksanamins (27a) un N-

Pie karbonskabes 23a val 23b (2 mmol) skiduma etanola (3 ml). kas atdzeséts idz 0°C
pievieno tiontlhloridu (0,32 ml; 9.8 mmol) un maisa 5 b istabas temperatiird. Reakcijas
maisyumu letvaic€ un atlikumu attira uz silikagela kolonas (30 cn15), clugjot ar
petrolétera-EtOAc (6:1) maistjumu.

Tegiist 27a (0,55 g; 82%) ellas veidi; 'H-KMR (CDCls, TMS) & 091 (6H, s. 3.5-
CHs); 1,14 (6H, s, 3.5-CH;); 1.25 (3H. . J= 7 Hz. CH:CH,0): 0,8-1,6 (4H, m, 4-CHa,
Hz, CH;CH:0) un 6,50 m.d. (1H, p! s, NH);

27b (0.68 g: 98%) ellas veidd; 'H-KMR (CDCl;, TMS) 3: 0.91 (6H. s, 3.5- CHsy: 1,14
(6H, s, 3,5-CHs); 1.25 (GH. t, J= 7 Hz, CH;CH:0): 0,9-1,8 (4H, m. 4-Ctls, 2.6-CH,
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3.95 (2H, s. CH:Cl); 4.13 (2H, q. J= 7 Hz. CH;CH,0) un 6.52 m.d. (1H. pl s. NH).

2-0ks0-7.7.9.9-tetrametil- 1 -azaspiro[4.5]dekins (282a) un 2-okso-8.8.10.10-tetrametj]-
1-azaspiro[5.5]undekans (28b)

Estera 27a vai 27b (1 mmol) un tiourinvielas (1,2 mmol) skidumu etanola (5 ml) un

etikskabes (1 ml) maisijuma vara 30 h. Reakcyas maisijumu atdzesé un 3kidmatdjus
aiztvaicgé. Pievieno 10% NaOH udens skidumu un ekstrahé ar CHCl; (3x10 ml).
Ekstraktu zave virs CaCly, $kidinatdju aiztvaice€ un produktu attira uz silikagela kolonas
(50 em?), elugjot ar petrolétera-EtOAc (2:1, 1:1) maisijumu.

lcglist 28a (0,14 g: 54%) ar k.t. 158-160° C; "H-KMR (CDCls. TMS) &: 1.01 (12H, s.
7,9-CHs): 1,19 (1H, 4, J= 14 Hz, 8-CH); 1,27 (1H, d, J=14 Hz, 8-CH); 1,45 (4H, s, 6,10-
CH;): 2,02 (2H, 1, J=7,5 Hz, 4-CH>): 2,36 (2H, t, J= 7.5 Hz, 3-CH-) un 5.8 m.d. (IH. pl
s, NH);

28b (0,17 g; 76%) ar k.t. 126-128° C; 'H-KMR (CDCls;, TMS) &: 1.01 (6H, s, 8,10-
CHs); 1,45 (6H, s, 8,10-CHy): 1.0-2,0 (10H, m, 4,5,7,9.11-CH>): 2,33 (2H, t, J= 6 Hz, 4-
CH:) un 5,8 m.d. (1H, pl s, NH).

7.7.9.9-Tetrameti}-1-azaspiro[4.5]dekans (12a) un 8.8.10.10-tetrametil-1-azaspiro[3.5]
undekans (12b)

Pie IM borana §kiduma THF (5 ml; 5 mmol) pievieno laktama 27a vai 27b (1 mmol)
Skidumu THF (3 ml) un vara 15h. Péc atdzesésanas reakceijas maisjjumam pievieno K.
HC! lidz skabai vide) un THF aiztvaicé. Atlikumam pievieno heksanu (20ml) un 20%
NaOH idens Skidumu. Atdala organisko fazi un tidens fazi ekstrahé ar heksanu (2x10
ml). Organisko fazi mazgd ar pies. NaCl tdens skidumu (20 ml) un zavé virs NaQH.
Heksana ekstraktam pievieno 4.8 M HCI skidumu &terT (1 ml) un $kidinatdjus aiztvajce.
Sauso atlikumu izberzé ar &teri un filtré. Nogulsnes 7avé eksikatora virs NaOH.

leglist 12a (0,18 g; 76%) ar k.t. 220-221° C. 'H-KMR (CDCl;, TMS) 8: 1,01 (6H, s,
7.9-CHs). 1,08 (6H, s, 7.9-CH;): 1,23 (1H, d, J= 14 Hz, 8-CH); 1,35 (1H., d, J=!4 Hz, 8-
CH): 1.8 (4H, pl s, 6.10-CHy); 2,0-2.2 (4H. m, 34-CH,): 3.3 (2H, p! s. 2-CH-) un 9.4
m.d. (2H. pl's, NH)");



12b (0,11 g: 45%) ar k.1. 212-214° C; 'H-KMR (CDCl;, TMS) &: 1,01 (6H. s, 8.10-
CHs); 1,09 (6H, s, 8.10-CH;); 1.0-2,1 (12H, m, 3,4,5.7,9.11-CH>); 3,1 (2H. pl s. 2-CHo)
un 9.1 m.d. (2H. pl s, NHy").

3.3.5-Trimetil{2.2.6.6-"H,] cikloheksanons (dy-2f)

Ketona 2f (0.98 g; 7 mmol), K;CO; (0.1 g: 0,7 mmol) un D-O (2.1 mi) matsjjumu vara
20 h. Péc atdzes@3anas reakcijas maisijumam pievieno &teri (5 ml). atdala D-O. Eteri
aiztvaicg, atlikumam ptevieno D>O (2,1 ml) un K;COs (0,1 g; 0,7 mmol) un vara 20 h.
Atdzesé, pievieno éteri (3 ml), atdala D:O. Eteri aiztvaicé, atlikumam pievieno DO (2.1
ml) un K>COj; (0,1 g; 0,7 mmol) un vira 20 h. Péc atdzeséSanas reakcijas produktu
ekstrahé ar &teri (2x10 ml). Ekstraktu nofiltré caur 1 cm biezu silikagela slani un
$k1dinataju aiztvaice.

legust d4-21 (0,8 g; 82%) el]as veida; 'H-KMR (CDCls. TMS) &: 0,89 (3H, s, 3-CHz):
1,00 (3H, 4, J= 7 Hz, S-CH;); 1,04 (3H, s, 3-CH:); 1,0-1.8 (2H, m, 4-CH,): 1.89 (1H. m,
5-CH).

1-[*H;]Metil-3.3.3-trimetil[2.2,6.6-"H,]cikloheksanols (d--3f)
Pic IM metilmagnija bromida $kiduma &ter? (13 ml; 13 mmol), kas atdzeséts [1dz 0° C

piepiliva ketona ds-2f (0,72 g 5 mmol) skidumu &ter? (10 ml). Péc 0.5 h maisisanas
uzmanigi piepilina pies. NHyCl udens $kidumu (20 ml). Atdala organisko fazi un ddens
fazi ekstrahe ar &teri (2x10 ml). Apvienotos ekstraktus mazga ar pies. NaCl skidumu un
2ave virs MgSOy. Pec skidinatdja aiztvaicésanas atlikumu attira uz silikagela kolonas (30
cmd), elugjot ar petrolétera-EtOAc (20:1, 10:1) maistjumu. legist d-3f (0.68 g: 83%) ar
k.t. 79-81°C; 'H-KMR (CDCl;, TMS) 8: 0,62 (1H, d, J= 13 Hz); 0.89 (3H, s, 3-CHs):
0,90 (GH. d, J= 7 Hz, 5-CHj3); 0,96 (1H, s. OH); 1.09 (3H. s, 3-CH;); 1.40 (1H, dd, J= 13
Hz un 3 Hz) un 1,87 m.d. (1H, m, 5-CH).

1-[*H;]Metil-3.3 5-trimetil[2.2.6.6-"H]cikloheksan]*Hols (dg-3f)

Cikloheksanola d;-3f (0.1 g; 6 mmol) skidumam &teri (2 m)) pievieno D=0 (1 ml). Péc
24 h maisiSanas atdala D,O fazi un reakcijas maisijjumam picvieno svaigu D:O (1 ml).
P&c 24 h maisisanas atdala &tera fazi un D,O fizi ckstrah@ ar &tevi (2%10 m!). Ekstraktu
nofiltré caur | cm biezu MgSO, slani un $kidinataju aiztvaice. legiist dy-3f (75 ma. 75%%)

ar k.t. 78-80°C; "H-KMR (CDCt;, TMS) 8: 0.62 (1H, d, J= 13 Hz): 0.89 (3H. s, 3-CHs):



0.90 (3H. d. J= 7 Hz, 5-CH53): 1,09 (3H, s. 3-CH:); 1,40 (1H, dd, J= 153 Hz un 3 Hz) un
1.87 m.d. (1H. m, 5-CH).

Cikloalkanolu 3a-av. 40-ax.eq. 3f-ax. dg-3f-ax. 48 Ritera reakcija. Amidu 49-32-ax.eq

un dg-51-av.eq iegudanas vispariga metode.

Pie cikloalkanola (2 mmol), inmetilsililcianida (0,54 ml; 4 nunol) un etikskabes (0.32
ml) maisijuma, kas atdzesets lidz 0°c, piepilina sérskabi (0.32 ml; 6 mmol). Sérskabi
pievieno ~5 min laika, uzturot reakcijas maisijjuma temperatiiru zem +5%C. Pec 23 h
reakcijas maisijumu izlej ledus udeni (20 ml) un neitralizé ar 20% NaOH udens skidumu.
Reakcijas produktu no 0dens fazes ekstrahé ar &teri (3x20 ml). Apvienotos ekstraktus

mazga ar pics. NaCl $kidumu, 2avé virs MgSO; un skidinataju aiztvaicé.

N-Formil-l.f- un e-3-dimetilcikloheksan-»-1-amini (49-«x) un (49-¢4)

Cikloheksanola 3a-ax reakcijas produktu attira uz silikagela kolonas (30 em’), elugjot
ar petrolétera-EtOAc maisyjumu (4:1, 3:1, 2:1). Iegdst 49-ax un 49-eg maisjjumu (0.25 g;
80%)

Tiri izoméro amidu 49-ax un 49-e¢g paraugi 1egtti péc sekojosas metodes:
pie €tera (1,5 ml) un 10% NaOH (1,5 ml) maisTjuma pievieno amina hidrogenhloridu 3a-
ax val Sa-eq (16 mg; 0,1 mmol). Péc 2 h maisisanas, atdala &tera fazi un pievieno pie
skudrskabes (0,41 ml) un eukskabes anhidrida (0.81 ml) maisijuma. P& 14 h reakcijas
maisfjurgu letvaicE un atlikumu attira uwz silikagela kolonas (10 cm‘;), elugjot ar
petrolCiera-E1tOA ¢ maisijumu (2:1. 1:1).

Teglist 49-ax (10 mg, 65%), ellas veida; 'H-KMR (CDCls, TMS) §: 0,88 (3H. d. J=6.3
Hz, 3-CH;); 1,33 un 1,40 (kopd 3H, abi s, 1-CH;); 0,8-2,3 (9H, m, cikla protoni); 3,1 un
5,6 (kopa 1H, abi pl s. NH); 8,11 un 8.24 m.d. (kopa 1H, abi d, J= 2 Hz un 12,5 Hz.
CHO);

49-¢q (9 mg, 538%) ellas veida; 'H-KMR (CDClsy, TMS) 8: 0,89 un 0.91 (kopa 311, abi
d, J= 6.5 Hz, 3-CHs); 1,34 un 1,42 (kopa 3H, abi s, 1-CH:): 1.1-2.1 (OH. m, cikla
protoni): 5,2 un 5.9 (kopa 1H, abi pl s, NH): 8.03 un 8,32 m.d. (kepa IH, abi d, J= 2 Hz
un 12.5 Hz, CHO).



N-Formil-£- un e- 4-rere-butil-1-metilcikloheksin-»-1-amini (50-ax) un (50-¢¢)

No cikloheksanola 40-ax tegist amidu 50-av un 50-e¢¢ maisjumu (0.37 gi 94 %): no
cikloheksanola 40-eq iegiist amidu 50-ax un 50-e¢ maisyumu (0.37 g: 94 %); Abu
reakeiju produktus apvieno un sadala uz silikagela kolonas (50 em), eludjot ar
petrolérera-EtO Ac maisijumu (1:1).

legiist 30-ax (0,62 g) ar k.t. 91-92°C; 'H-KMR (CDCls, TMS) 5: 0.85 (9H, s, terc-Bu);
1.35 un 1,59 (kopa 3H, ab s, 1-CH3); 0,6-2,5 (9H, m, cikla protont); 5.0 un 3,6 (kopd 1H,
abi pl s, NH); 8,14 un 821 m.d. (kopa 1H, abid, J=2 Hz un 12,5 Hz, CHO);

50-¢q (48 mg) ar k.t. 101-102°C; '"H-KMR (CDCl;, TMS) 6: 0,86 un 0,87 ( kopa 9H.,
abi s, ferc-Bu); 1,32 un 1,39 (kopa 3H, abi s, 1-CHj); 0,6-2.2 (9H, m, cikla protoni); 3,2
un 5,8 {kopa IH/. abi pl s, NH); 8,04 un 8.32 m.d. (kopa 1H. abi d, J= 1,5 Hzun 12,5 Hz.
CHO).

N-Formil-1.3.3. - un ¢- S-terrametileikloheksan-r-1-amini (51-ax) un (51-¢4)

Cikloheksanola 3f-ax reakcijas produktus sadala uz silikagela kolonas (30 cms)\
elugjot ar petrolétera-EtOAc maisyjumu (4:1, 3:1, 2:1).

leghist S1-ax (0,27 g; 74%) ar k.t. 82-83° C; "H-KMR (CDCl5, TMS) 0.8-1,0 (9H. m,
3.3.5-CH;); 1,30 un 1,38 (kopa 3H, abi s, 1-CHj3); 0,7-2.2 (7H, m, cikla protoni); 3.3 un
5,7 (kopa 1H, abi pl s, NH); 8.06 un 8,24 m.d. (kopa 1H, abi d, J= 2 Hz un 12,5 Hz,
CHO):

S1-eq (20 mg; 6%) ar k.t. 101-102° C: "H-KMR (CDCls. TMS) 0.8-1.1 (9H, m. 3.3,5-
CHi); [44 un IS (kopd 3H. abi s, [-CH;): 0.7-2.2 (7H, m, cikla protoni); 5.3 un 6.0
(kopa 1H, abi pl's, NH): 7.99 un 8.29 m.d. (kop3 1H, abi d, J=2 Hzun 12,5 Hz, CHO).

N-[*H]Formil-1-[*Hslmetil-3.3. £~ un ¢- S-trimetil][2.2.6.6-"H]cikloheksan »- | -amini
(dg-51-ax) un (dg-51-eq)

No cikloheksanola dg-3f-av iegiist amidu dg-5t-ax un dg-5l-eqg (0.27 g; 70%)

maisijumu. 'H-KMR (CDCls. T™MS) 0,8-1.1 (OH, m, 3,3.3-CH;): 0,6-1.9 (3H. m, cikla

h

protoni); 3,2 un 3,7 m.d. (kopa 1H, abi pl s, NH).

N



N-Formil-2.4.4-trimetiladamantan-2-amini (52-ax) un (52-eq)

Adamantanola 48 reakcijas produktus sadala uz silikagela kolonas (120 cm3), elugjot
ar petrolétera-EtOAc maistjumu (2:1).

legiist 52-ax (253 mg; 57%) ar k.t. 128-130° C; '‘H-KMR (CDCl;, TMS) &: 1.11. 1,18,
1,26 (kopa 6H, visi s. 4.4-CHs), 1,53 un 1,61 (kopa 3H, abi s, 1-CH;): 1.0-2.4 (12H, m,
cikla protoni): 5,3 un 5,7 (kopa 1H, abi pl s, NH); 8,05 un 8,24 m.d. (kopa 1H., abi d, J=
2,5Hz un 12,5 Hz, CHO).

52-eq (70 mg; 16%) eljas veida. 'H-KMR (CDCl;, TMS) &: 1,14 un 1,16 (kopa 6H,
abi s, 4,4-CHs); 1,62 un 1,67 (kopa 3H, abi s, 1-CHjs): 1,0-2,3 (12H, m, cikla protoni); 5.4
un 3,9 fkopa 1H, abi pls, NH); 8,09 un 8.23 m.d. (kopa 1H, abi d. J=2.5 Hz un 12,5 Hz,
CHO).

- yun c-4-terc-Butil-1-metilcikloheksan-r-1-1zonitrihi (53-ax) un (583-¢g)

Amidu 50-ax vai S0-eq (0,3 g; 1.5 mmol) skidumu CH-Cl5 (935 m!) atdzesé 1idz —70° C
wn pievieno diizopropiletilaminu (1,62 ml: 10 mmol) un trifluoretikskabes anhidridu
(0,40 ml; 2,4 mmol). Maisa 10 min pie =70° C, pievieno pies. NaHCO; fidens $kidum:
(30 ml) un atsilda 11dz istabas temperatiirai. Atdala organisko fazi, to mazga ar pies.
NaHCO; Gdens $kidumu (30 ml) un 7avé virs MgSO,. Skidinataju aiztvaicg un atlikumu
attira uz silikagela kolonas (50 cm?), elujot ar petrolétera-EtOAc maisfjumu (20:1).

leglst 52-ax (0.13 g 48%) ar k.t. 46-47°C; '"H-KMR (CDCl;, TMS) &: 0.88 (9H, s,
rerc-Bu); 1,40 GH, s, 1-CH;) un 0,6-2.0 m.d. (9H, m, cikla protoni): IS (CHCl3) viya=
2120 em™ (NC);

52-eq (0.21 g; 76%) ar k.t. 39-41°C; "H-KMR (CDCl;, TMS) &: 0.86 (9H. s. rerc-Bu);
141 (3H, s, 1-CHs) un 0,6-2,2 m.d. (OH, m, cikla protoni); IS (CHCl5) vpya= 2130 cm™
(NO).

Izonitrilu (33-ax) un (53-¢4) protonedana Ritera reakcijas apstaklos

Pie izonitrila 50-ax vai 50-2q (30 mg; 0.17 mmol) pievicno 13dz 0° C atdzesétu
maisjumu (Iml), Kuru pagatavo no sérskibes (2,5 ml). trimetilsililcianida (4 ml) un
etikskanes (2,3 ml) un maisa istabas temperatiira. Péc 1 min, 10 min, 1 b, 3 h, 25 h un 31
h no reakcijas maisfjuma negem paraugus (0,05 ml) gazu hromatografiskajai analizel.

Pirms analizes paraugu at3kaida ar ddeni, pievieno 20% NaOH lidz baziskai videi un
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rcakcijas produktus ekstrah€ ar &teri (0,5 ml). Reakcyja iegito amidu 50-ax vai 50-¢q

attieciba dota 8. tabula (3. nodala).
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psizg Hasscl analysis. According o Ze data, the lipopiilic pamt of cyclonexylam

werte Syzthesized
recestor ohezcyciidipe (PCP) binding site. Pure diastarsomers with defined ceafguration of amino groud .-a.r Ld 2-eg were obraized. The
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NMDA receptor / PCP/ cydonexylamines / Hansch analysis

1. Introduction

The artagonism of the NMDA receptor has a potential
fora wice range for therageutic applications in the case of
CNS disorders associated with pathological glutameis
releasc from presynaptic neurores (1], Non-competdtive
NMDA receptor antagonisis arz xnown to bind at a
chencyvelidine (PCP jigure I) birding >1tc {ocazed nsice
the NMDA receptor caton channel [1, 25 A nurmber of
stucturznily diverse compounds 2ave besn shown o act at
the PCP binding site including stouctural anaiogues of
PCP, dizocilpinz (MX-801) (figure 1), kstamine, dex-
LO':::L.‘“O"‘""z, ewc. [3]. Kowever, it h;.s been recognized
that the kigh ':r.i'y NMDA cecegtor ion channe! diock-
ess have undesirable psvehotomimede side eect s while

mocerats af::r-vcv agen ts are climicallv toleratad {1, 3]. It
bas beza shown tat 1-amino-3,5-substinvied adamantane
cemivatives 1 (figure 1) exkibit a moderaiz affinity for the

AMDA receztor (4] Maorsover, two represestatives of

N

ths c’ass iA:. 1- a.;m:‘.oac::'::r'xc (armaniacinz) and
t-amino-3 tadamaniane (memanune) are
already used clind a.i’._v for the reatment of Paskinson’s

disease and dementia [iL

* Correspendence and rezrinis: xalvings@asitanerlv

Eowever, the number of ‘-»::_k: oadamanianss Dossess-
11g 2 considerable afSepity for the NMDA teczpror is
L:m;cc thecefore oniy scant informsation on the structure-

aFBaity relagonships is availablz {or such comgounds
[3]. Tris procpted s to Cesign and sy:m‘:esxz:
l-aminoadamantane 1 stecrural z“*‘:)q:cs 13.3-
subsututed cyclofexylamizes 2 (j‘g.lre 1. :
vazzton of the sudsdments {rom vaog:a 0 arcovi
groups wouid allow the esiimarion of the cegendencs of

~ tha

the size of lpoghiic glotule on Be dinding 2=nity.

Chemistry

Tne svothesis of 13,52l "cvc‘o exylamines 2 ”'g-

ure 2) was performed sia —g with Z-cvclonexzn-l-on
3a-g summanzed in :eble [ Compounds 3a—d are corm-
merciaily avatiabie. Thae rest of the 2-cyclonzxen-l-onzs
were preparsd according {0 the isranire frocecurs
$ shown 11 figure 3.
2-Cvclonexen-l-ones 3 were then convented o cyelo-
bcxonncs da—d a;'d f—m (.(.01.:"[) by 1~-curJL_931:

dc-.wr
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Figure 1. Ciemical structure of PCP, MK-801, 3,3-substinuted amino adamantanes 1 and 1.3.5-subsiituted cycichexyiamines 2.

6eq

Figure 2, Tz¢ general scheme for the svathesis of 1.3.3-substrured cvclohexylamines 2. Conditons: 1) R*.CuMzX: i) RSMgX; ili)
A HN5, TiCL B: TMSN,, BF;*ELO; tv) LisdH,; v) ECL

Figure 3. The precammion of cyclokexen-2-ones 3. Condizons: i) S0H, TOH: i) LiAlH, then 10% H.SO,; iil) RMzl then 5%

H.30,.



Table L. Alkylsudsizuted Z-cyclohexza-1-oaes 3.

Tabie OL Alkylsuosttuiad cvelohexanols 3.

Compound R R* R} Yieid? (%) Cozpound R} R? R* R* R3 Yieic? (%)
3a H H H - Sx-cx, Za-eq H H H Mz Me 38
3b H H Me - Sh-zx, Sh-eq H H H e Me  G3
3c H Me Me - Sc-ax. Jc-eg = H H Br Me 9z
3d Me Me Me - 3d H H Me Me Me T8
Je Me Me H 70 Se-23 Me o H Me  Me 15
3f Me Me E: 40 Sf-ax Me H Me Me  Me 8s
3g Me Me P: 40 Sg-=x Me H Et M2 Me G2
Sh-ax Me H Pr Me Me 88
* commercially available if omired. di-ax Me Me H X4 Me &
Sj-ax Me Me H Pr Me 88
3k Me M: Me Me Me 93
. . R . S Me Me Me M= Er 92
stumcuprates yielded rrainly isomers 4g and 4k (> 95%, Im Me Me Me Ms P- 83
GC) with 3- and 5-methyl groups in cis configurarion as 3a Me Me E: Ex Me 87
2 zesult of preferred anu-pacallel adcition to 3-subsdruted o Me Me Pr 3 Me 90
cyclohexzsnones (6]. This was corfirmed by analysis of sp H H H H Me -

the 'H-NMR spectma of final amines 2g and h (ses
velow).

Ketones 4 were reated with alkylmagnesium halices
providing cyclohexanols 3a-m (raple III). Notewory,
3-monosubstituted cyclohiexanones 4a—e afforded the mix-

res of bodh isomers Sa—c-ax and Sa—c-eq, wkers
3,3.5-misudstituted cycichexanones 4f-j gave cvclonex-
anols 3f-j-ax as the soie procuct (-ax and -zg indicates
the axial or equatorial posidon of zetercatom finctional-
ity in the rrost favouraple conformation of diasierzomer
(figure 4)). Such a stereochemical outcome was in agreez-
meat with the published exampies of nucleophiiic acdi-
gons 10 3-methyl- and 3,3 5-terumethylcyciohexanones
[7). The isormegic mixtures of alcohols Sa— were used for
he aext swi2p, as either isomer vields the same rario of
procucts (8], Samples of puse isomess Sa—c-ax and

Table O. Algylsubstruiad cvcichexanones 4.

Compeund R! R* R? R* Yi=id? (%)
da H H H Me -

1b H H H Et 3

R¥ H H H Pr 79

4d H H Me Me 78

de Me H H(Mez)  Me/H)  86°

I Me H Me Me 37

4g Me H Et Me 73

4h M= H P Me 82

3 Me M H E: bES

4 Me M= |34 er 7L

4k M= Me M= Me

4 Me M: E: Et 8<

dm Me Me o Pr 75
cormmerzially avadiadie f omited. ®orepared by oxicziex of

1
3.3-dimetayicyclohexancl {fgure 3).

* comrmrercially availlasie i omined,

Ja—c-eq weme optained by flash chromatogrephy for
characierization purposes only.

1, cis-3, cis-3-Trmethyvlcveclohexarol Se-eq was pre-
pared Dy a different route (fgure 5). Trus, pxicdadon of a
commmerciallv available isomeric mixtuge of 3.3-

imethyicycionexanol 9 resulied in a muxturs of ¢is- and
rrens-dimethyicyvelonexanones 4e, seraration of which
has besn described [91. However, we fouad it more
convenient to separate mmethyleyclonexanol with the
desired cis geomery of 3,3-methyl groups Se-¢q from a
ixture of 1someric alcohols by fash chromatogapny
after the Crignard reaczon of keiones de.

The azidaton of cvclehexanois Sa—a in the presexce of
a Lewis acid wrmed out 10 be the metiod of chotes 10
introduce the amino functionality. The coaversion 1o
azides 6a-p (raple [V) was performed either Dy using
hvcrazoic acid and dtznicm teimachioride {method A) (8]
or oy applying trimethyisilvi azide as a hycdrazoic acid
equivaient in combination with boton iifuonide etherate
meathod B) [10]. Tae latar methed 2avoids the wse of
coisonous and exzlosive zvdrazoic acid. Isormeric azices
6a—c-ax,-eq and Ge—j-ax, -zg were successfiily separated
by Bash chromatography on sifica gel. The reducton of
aziczs 6a—p to the cormesponding cycionzxylamines 2a-p
(tedie V) provicded pure diastareomers 2a—¢ and e—j-ax
and 2a—¢ 2nd e-j-¢¢. The conformatoral analysis of
cyclohexylamine salts 2a-p (figure 4) was mace Dy 2
semigquanttative asssssment of conformational energies
using A and U values {11]. For amine isomers 2a—e-ax,
2e-a2x ard 2f-j-ax Gie conformation wilh the amino goup

in the axial positon was found 1o be ensrzzvcally
favoured by 3.4 kcal/moi, 8.8 xcal/moi and 3.1 keal’mol,
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Figure 4. Conformatoral analysis of 1,3,5-supstitered syclogexanols 3. cyclogexylazides 6 and cycichexylamirss 2.

respecdvely. For diastercomers 2a—-eq, Ze-eq and 2f-j-eq
the conformadon with the amino g-oup ir the equatcdal
posiion was found to be ernergetically favoured by
3.9 kcal/mol, 9.2 kcal/mol and 3.6 kcal/mol. respectvely.
Such an energy difference corrastonds to more thaz 99%
of the populaton of the favoured conformer Thus,
diasiereomess 2a—c and 2e—j can be regarded as confor-
matonally biased structures with a defined positon of the
amino group. In the case of symmet-ical cyclonexy-
lamines 2d and 2p the energy difference was only
0.2-0.2 kcal/mol irn favour of the conformmer with the
eguatorial amino group. This means that an eg-zreino
conformer is only slightly preferred. The same could also
te tue for amines 2k—o, however, the cut-off value of
both chair confommers is exceeded in these cases. There-
fore. 2 populaton of non-chair conformations could also
be expected in those cases. Tmis, however, can be
esidmated ornly on e basis of more extznsive conforma-
tonal studies.

The configuration of the amino group in diastersomerss
of 1.3-disubstiuted cyclohexylamires 2a— and 1.3,5-
trimethvicyvclobexylamine 2e could not be delermined

ureguivocally by 'H-NMR sgeccm cdue to thz small
OH o)
2 B
i . M=
—— —_
Me® "M MaT “Me Me
9 +

Figure 3. The svnthesis

of 1.3,3-rimethvicvclohexanol Je-24. Condidons:

difference of the chemical shifts. To solve this probiem
BC.NMR stecza of the dlastzreorers 2a-ax and 2a-¢g
were recorded. The signal assignment was made by
correlation with already interprezed specta of 13-
dimethylevclohexanols 3a-ax and fa-eq [12). As for
cvclonexanols, the l-methy!l group in amine 2a-g9 was
shifzed upfield by 5.8 prm compared to that in iIs
counterpan 2a-ax due 10 the shigiding d-effect. Notewor-
thy, ammire 2a-ax had about 0.2 min shorer reenton dme
than 2a-2g in CC analysis. This is a kaown propgerty of
conformatonally biased cyciotexanols wiich siems from
the smaller tendeacy of the axial subszmuent to form
hydrogea boods [13). For cvciohexylamine 2a homo-
logues 2b and 2c as well as for 2e, the tsomers with
shorter retenton times were assigged 1o be 2b and c-ax
and 2e-ax.

In the case of 1.3,3,5-tetzsubsinuted cyclohexylamizes
2e—j, "H-NMR was used to determire the configuration
of subsdmuzars. Axial 3-Me group protors in comrounds
2e, f, i and j-ax were shified downfield for -0.25 ppm
comparzd to the corresponding isorets 2e, £, i and j-24.
Such az efect was atrit to e more pronouncesd

o-cormpression effect of the sleconegative axiz! amno

vra A
<18

Me Oor 021
i I Me [
- - -
Me N
Se-ax 10

§) H.50,, CrOy: if) MeM

Ua



Table IV, Alkylsubsticuted cyclohexyl azides 6.

Table V. Alkylsubstittted cyclotexylamine zydroczlorides 22,

Compound R!' R* R¥ R* R*® Procedure Yieid (%) Compourd R! R? R? R* R* Yield (%)
6a-ax H H H Me Me B 24 2a-ax H H H Me Me 63
6a-eq 12 2a-2q 48
6b-ax H H Et Me A 26 2b-cx H H H Et Me €6
6b-¢g 4 2b-eq 43
6c-ax H H H Pr Me A 24 2c-ax H H H Pr Me 80
6c-eq 11, 2c-¢q 8!
6d H H Me Me Me A 63 2d H H Me Me Me 73
Ge-ax Me H H Me Me B 43 2e-ax Me H H Me Me 74
Ge-eq 19 2e-2g 55
6f-ax Me H Me Me Me A 42 2f-ax Me H Me Me Me 74
6f-eq 12 2f-eq 57
6g-ax Me H Et Me Me A 47 2g-ax Me H Er Me Me 68
6g-¢q 12 2g-eq &0
6h-ax Me H Pr Me Me A EEY 2h-ax Me H Pr Me Me 57
6h-2g 9 2h-2q 36
6i-ax Me Me H Et Me B 45 2-ax Me Me " Er Me 69
6i-¢q 12 2i-eq 44
6j-ax Me Me H Pr Me A 54 2j-ax Me Me H Pr Me 83
6j-eq - 7 2j-eq 44
6k Me Me Me Me Me A 67 2k Me Me Me Me Me 32
61 Me Me Me Me E: A 39 21 Me Me Me Me Et 74
6m Me Me Me Me Pr A 63 2m Me Me Me Me Pr 88
6n Me Me Et E: Me A 66 2n Me Me Et Et Me 78
6o Me Me Pr Pr Me A 61 20 Me Me Pr Pr Me 72
ép H H H H Me A 27 2p H H H H Me 69

group of 2e, f, 2i and j-ax compared to the axial 1-methyl
group of isomers 2e, f, i and j-eg (for similar effects in
cyclohexanols sec ref. [14, 15]). The o<compression
effect of the axial amino group was not observed for the
3-methyl groups of cormpounds 2g and h-ax. This con-
firmed cis copfiguration of 3- and 3-methy! groups (both
equatorial) in cyclohexylamines 2g and h. 1-Methyl
group signals in amines 2e-j-ax were shifted upfield by
0.03-0.16 ppm compared to the signals in isomers
2e—j-eq. This again could be explained by the deshielding
o-compression effect of the axial 3-substiment on the
axial 1-methyl group in isomers 2e~j-e4. It is necessary to
note that isomers 2e—j-ax had shorter reteniion tmes
corgpared to 2e—j-eg in GC analysis with a difference of
~0.5 min.

3. Pharmacology

The NMDA recsptor PCP binding site affinities of
cyclobexylamines 2 were determined by radioligand
([*H]MX-801) dispiacement studies on rat conical mem-
brane preparations and are lisied in rable VI. A full
description of the affinity determination procedure and

*R* = H if omined

Table VL Xi, log(1/Ki). and log(P) vaices for alkylsubsttuted
cyclonexylamine hvdrochlorides 2.

Compound Ki (uM) log (1/Ki) log (P) Cormpound XiI (uM)

2a-eq 65.29 -1.82 2.43 2a-ax 52.6
2b-¢q 45.10 -1.69 2.96 2b-ax 49.28
2¢c-¢q 49.18 -1.69 349 2c-zx 70.93
2d 32.20 —-1.37 2.97

2e-eg 19.21 -1.28 2.92 Ze-ax 30.0
2f-eq 4.66 -0.67 3.46 2f.ax 7.74
2g-eq 15.14 -1.18 3.99 2g-ax 13.32
2h-eq 57.76 -1.76 <52 2h-ex 22402
2i.2q 2.88 -0.46 3.99 2i-ax 35.18
2j-eq 13.40 -1.13 4.52 2i-ax 12.01
2k 1.47 -0.17 4.00

21 228 -0.36 4.53

2m 8.09 -091 5.06

2n 3.16 -0.50 3.06

2o 16.43 ~1.22 6.13

2p 14433 -2.16 194




W
S
w
bt
wn

2.5

'S
w
wn
wn
o
o>
Qi
w

log(Ki)
Q
uy

A PR e T T R e ]

log(®)

Figore 6. Eansch analysis of cyelohexylamines 2a=¢. e~j-e¢g and 2d. k~p. Squarss indicate the compounds for which the linear

reladonship i0g(1/K;) = alog (P) + ¢ takes piace.

more exiensive swudies on the biological actvity of

Cyclopexyiamines 2 were reporzed separately [16].

4. Results and discussion

QSAR arzlysis has already beez camried out for a
aumper of the NMDA receptor PCP site hgands (3].
These stucies reveaied thar this binding site is 2 size-
resticted pocket and both aromaric and amino grouds are
necessary for the high afnirv binding [3, 17). The
irmporiance of hydroprobic effect 1a pinding of ligands
has also besa reporied (18],

In the prarmmacophore mode! ceveloped by molecular
modelling, two hydrophobic regions were recogrized [3].
One of them requires an aromatic ring for high afSnity
binding ard correszonds to the phenyl ring of the PCP
molecule or the aromatic ring of MK-80i. The other,
common lizopnilic size resiricted area, correspends o the
cyclonexyl ring of PCP or second aromatic ring of
MXK-301.

Cycloriexylamine 2 homoiogues differ in their lizoohi-
Zclty and sizdc recuirements. Harsch analysis [19] was
therefore chosen for SAR evaluaiion of cyclokexvl amines
with an eguaorial amiino group (in the lowes: energy
conformation) 2a— and e-j-eg and 2d and 2k—p. as they
might be regarded as amijoadamantare 1 stmecmral
anaiogues. Zguation (1) expresses afinity as a funcson of
log P (describing a hydrophobic effect) and 2 siedc
descriptor S. The stength of reinforced fonic binding

betwesn the receplor acave cente and protonated amino
group was assumed to pe zqual for these comoouncs. Log
P vaues (teble VI) for thus homologue serfes wers caicu-
lazed from fragmenwl comstanits (20] using software
ACD/Log P 1.0.

log (1/Ki) = a log (P) + b log (8) + c (1)

Figure 6 shows that for cyclonexylacires 2a, b and
e—g-2q and 2d, k and p, am@rity expressed as log (1/KY) is
a linear funcdon of Upophilicity (log P). Txzis indicate
rhat steric factor (S) is negligible in these cases, 1.2. these
compourds it progesly in tce PCP tinding site. In tke
case of more bulky compounds such as 2¢ and h—j-¢g and
210, the steric factor becomes more i=poriant reswitng
in an obvious declire from lnearty. A zearly perfect
linear relatonship observed for cyclotexylamines 2d, k
and p aiong with 22, b and e-g-zg was somewaat
surprising, because only slight prafersnce {or the confor-
mation with an eguatorial amino group was expected for
them. The possibie reason could Be that 2 conformer with
an axial amino group also binds with the receoror, Very
similar affinities of confocmatonally bixsed cvclofexy-
lamine {somers 2-ax and 2-¢g impiies that (tapie VI).

Cyclenexylamines 2a— and e—j-2g ancd 2d and k-p
were superimposed with one of the most potent PCP site
ligands (+)-MK-801 (figure 7a). Notaply, the amires 2a,
b and e—g-eg and 2d. k and p showed 2 ferfcet At in e
recepior siie (detzrmined by Hansch asalysis) and also 2
pcr';'é:: Al iato the cavity betwsen aromatic rings of
MX-30!. Moreover, amines 2¢ and h—j-¢g and 2l-o with



Figure 7. Schematic representation of sugerimpositioa of 1.5,5 sudstnuted cyclobexylamires 2 with (+)MX-801 (deusd bords).

the axial 1,3-substteents larger than methyl or equarorial
3,3-substtuents larger than ethyl group markedly excesd
MX-801 dirmensions and, comsequently display a rela-
tively lower affinity for the NMDA receptor.

Aminoadamantanes 1 have been suggested to occupy
the region corresponding to the cyclenexyl ring of PCPor
one of the aromanc ring of MK-80! (3]. Their mocerate
affirity has beea explained by their large stetic bulk not
sufficienty tolerated in this region. The present invesd-
~gation based on more rich informadon about SAR gives
evidence that aminocyclohexanes 2, ard heacs ami-
noacarmanranes 1 do not discriminaze berween hydropho-
bic regions of PCP binding site dut rather recognize this
site as a whole lipophilic pocket. The mediwm affrity of
stericaily tolerated cyclohexylamines 2 and aminoada-
martares 1 15 opviously due to the lack of an aromartc
system as a pharmacophore element necessary for high
affinity binding.

Thae similar binding of cylohexylamines with an axial
amino group 2-ax and diastereomers wirh an eguatorial
amino group 2-eq can be explaired in several ways. The
surerimrositon of aminocyclohexanes 2-ax wits MX-
801 taking the nitrogen atom as a common poiat also
gz2ve a good At of the 3,3-subsumted cyclonexy!l gloouls
with MX-801 (figure 7b). The lipophilic part of 2-ax
marked]y exceeds the MXK-301 dimensions when axial
substruenis are larger than methyl and equatorial sub-
stituents are larger than etiyl, i.2. the steric requiraments
of 2-ax binding are similar 10 2-eq (figure 7a).

It carnot be exclided that the axial zmino group in
2-ax may bind to another ionic site point of the PCP
bicding site. When cyclohexylamine 2-ax is suzerim-
posed with MX-301 the same wav as 2-¢g, the axial
amino group of 2-ax is situated next 10 MK-801 S-methyl
subsdtuent (figure 7¢). Rzcant SAR studies have revealed
that addiconal site point might be located in the proxim-
ity of MK-801 S-methyl group (i8]

In summary, we have developed a new class of the
medium ainity NMDA recegtor ion chaans] blockarss
bused on a cyclohexylamine structure azd esiablished

their sgucmure-affinity reladonships which could promote
a raonal design of the new PCP binding size ligands.

5. Experimental protocols
S.1. Chemistry

Meiting points were determined on a Galienkamp
apparams and are uccorrected. Mictoanalvses were per-
formed on a Karlo Erba Instumentss EA1108 and the
results wiers within = 0.4% of the calcuiated values.
NMR spectra were recorded on @ Brucker WH 90 and
Brucker WM 360 specrormezess. Coiumn caromatogra-
phy was performed on Kieselge! 65-100 pm. TLC analy-
ses were performed on Kieselgel 60 F... plates (Mezck).
Eivent: hexane/ecthyl acetate, visualization agent iodire
vapours. Purity of the final products were determined by
GC anatysis QVIN-OV-1 (Fused Silica), 25 ;1 x 0.53 mm,
de = 1.0, 50-270 °C (10° C/min)) and were found to be
more than 95%.

3.1.1. Cyclohexencnes 3

3.1.1.1. 3,3-Dimethyl-5-propyl-2-cyclonexen-1-one 3g
A soluton of 3-ethoxy-3.3-dimethyl-2-cyclohexen-1-
one 8 [21](3.0¢ g, 30 mmal) in ether was adced cropwise
1o 2 stirred solution of propyvimagnesium fodicde pregarsd
from 50 mg of magnesium ard 90 mrrol of 1-iodcpropare
in 60 mL of ether. After being stirred for 1 h at ambient
temperature the reaction mixmurs was treaisd with 5%
H,SO, solution. The organic phase was separated, washed
with brine, dried over MgSQ, ard zvagperated © give 2
crude oil which was separatsd on a silica gel coiumn,
elutnz with a hexare/ethyl aczate mixiure. Cyclorex-
nore (3g) was obtained as a colousless oil (2.0 2, 70%).
'H-NMR (CDCly, T™MS) & 0.92 GH. . J =7 Ez); 1.05
(6H. s): 1.3=1.753 (CH, m): 2.16 (2. v/ = 7 Hz) 2.17
2H. d, J= 1.5 Hz): 2.21 (2H, s) azé 5.87 pom (1H. . J
= 1.3 Hz).
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Table VII. *H-NMR specwa of cyciotexancres 4.

Compotnd *H-NMR (CDCly, TMS) 3. pp

4o 0.79 (ZH. t, 7 Hz), 096 (3=, 5 ) 1.06 (3H.d. 7 Bz), .27 2", m): 1.5-2.4{5d, =)

4h 0.36 (3H, = 6 Hz): 0.98 (3 .53 101 (3. d. 5 Hz), 1.03~1.35 (¢H, m);1.35-2.05 (sH. =); 2.1 (TH, 5): 234 ((H. =)
4i 0.38 (3H.53; 0.90 GH, & 7 Bx); 1.06 (3E. s); 1.15-1.45 (2H, m): 213 (ZH, §); 1.25-2.23 SE. =)

3j 0.37 (6E, ,..) 115 (ZH. s,: A5=-1A3 ($H, m); 2,13 (BH. s); 1.43-2.45 SH. m)

4} 0.78 (6H.* T Hzj: 1.04 (6d. s); 1.37 (2H. q. 7 Hz): 1.2 "’ (ZH. s} 2.16 (¢H. 3)

4m 0.87 (6H.r )103(6H s): 1.23 (8K, =m); 1.33 (2H. :)‘..16\-4" s)

Cyclohexznones 3a~3d were purchased form Aldnrch.
Cyclonexznones 3e and 3f were pr.oa.rcd as desczioed (3,

22).

3.1.2. Genreral proczdure for cvclonexanones 4

Annivdrous copper (I) chloridz (7.5 mmol) was added
to a cooied solncon of aiXvimagresivm lodice
(15-18 mmol) in ether. The mixzure was sErr=d inan
‘rert atmoesppere for Smin and a soluton of
2-cyclorexene-l-orne 3 (10 mmol) in ether was added
cropwise Xeeping the temperacire seiow -5 °C. After the
additon of ketone was compleled, the reaction mixmire
was strred for 1 h and carefuily neutralised with sam-
razed aqueous NH.Cl soludon. Traditonal workup for
Grigrard reacuors gave crude marerial that was separated
on a silica gel column, elunirg with a peroleum ether
ethyl acerate mixmure. The cycichexanones 4 were 0b-
tained as ous. The yields are listed in table {I. The
TH-NMR spectral data for all zew cyclohexanones 4g—dj,
1 and m are given in table V]I

J-Methyicyclohexanore 4a and 3,3,3,5-
tecam :h/lcvclohcmnorm 4k were avai‘la"*le from Ald-
fich. Known cyclohexanones were srepared according 1o
the general procsdure: 3-ethvi- and
3-01‘00\/"(:\'(:701"6"3."0!‘&5 4b and 4¢ 23, 24, 3 3-dimathyl-
3.5-dirmeth v1- and 3,3 3-mim=thyicyclonexanores +d—af
25-271].

3.1.3. General procedurejar cyclokexanols 5

An etheral solution of alcyimagzesium iodide (3—
equivalents) was added dropwise to a -oolca :OIhCOD of
cyclonexanone 2 in etrer. The mixture was surred for ! i
al ambienl temyerarlce and caremliy deszoyed with
sarurated  aqueous ammoninm  chloride. Tradidoral
workup for Crigrard reactons foliowed dy chromatogra-
phy on a silica gel columa eluing witz pexoleum
ether/ethyl acetate provided cycionexadois 3. The yields
are listed in table III. Tre *H-NMR spec=al data for all
new cyclohexarols 3b, 3¢, Sg-3i, Sn azc Jo are given o
table VIII.

Methyleyelohexancl 3p was purchased from Aldrich.

nown cyclohexanols were preparsd zccording o the
genera] procadure: 1,3-dimethvicvelonexarols 3a {12
1.3.3-tmimerhyl- and 1.3,3- vimethyvleylotexanois 5d and
Se-ex (28, 29); 1,53 5-teramethy!ls and 1,3,3.35-
pentamethyleyclonexanols 3f-ax, Sk [13]

3.1.4. General procedures for cvelonexyl azides 6

Procedure A:

Tze alcohol 5 was mixed with 1.7-2 N hydrazoie 2cid
(10—13 2guivaients) soleton in “'O"O'u,:'m. and cooled in
an ice bath. A soludon of TiCl, (1.2 equvalears) in
caloroform was adced dropwise wihile the temperzhure
was meintaired below 5 °C. The mixmure was sied at
roo= temperanire for 24 b znd passed cown 2 celumn of

Table VIII. 'E-NMR spectm of zvelobexanois 3.

Corround "H-NMR (CDCiy, T™S) 8. ¢

5b-ax 0.8+ CH. w7 #2207 GH. S): .88 H, m)

3b-eg 0.87 GH. . 7 Kzx): 1.2 (3H, s): .85 (12H, =

Sc-ax 0.36 7.4, 7 Hz) LIS (3R, s): 1.6 (1¢H, o)

3c-2g 0.86 GH. .7 d:2: 1,19 (GH. s): 1.85 (I4H, =

3g-2x 0.30 (3H. SH. L, T Hz)

Shezx 0.8 (6H. = 1

Si-az .87 (6.

3j-ax 0.88 {66, m) ,3): 0.

3m C.8G (3H. :'n) ’_ (614 3); 09‘ T{ITH m)

a 0.78 (6. w 7 Hz2): 0.39 (3K, s): :_:9 (6¥, 53 0.95-1.3 (7H. m); 1.3-2.03 {+H. ™)
0.85 (6H. t. .3 Hz}: 0.8S (3K, 5% 118 (SH. s): 0.6-1.3 (I1E, m): 1.3-2.05 {=H. m)

W
=]




Table IX. 'H-NMR specta of cyclonexy! azides 6.

Compotrd 'H-NMR (CDCi,, TMS) 8. pem

6a-ax 0.39 (3KE. d. 6.5 Hz): 1.31 (3E.s); 0.95-2.0 (. m)

6a-eg 0.92 (3H. &. 6.2 Hz); 1.28 (GH. s5): 1.0-2.0 (5H. m)

$b-ax 0.83 (3H. t 7 Hz): 1.29 (3H. s); 0.93-2.0 (1id. m)

6b-2g 0.88 (3H, L 6.5 Hz); 1.27 (3H. 2): 1.0-2.0 (11H, m)

bc-ax 0.88 (3H. v 6.3 Hz); 1.29 (3H. s); 1.C-2.0 (13H. m)

bc-eq 0.88 (3H, L 6.5 Hz»; 1.27 (3H. s): 1.0-2.0 (I3E. m)

6d 0.90 (3&. sn 1.08 (3H, 5); 1.27 (3E. 5); 1.0-195 (8H. m)

6e-ax 0.87 (6L d. § Hz), 1.29 (3H. 5): 0.90-2! (8H. m)

be-cq 0.90 (6H. & 6 Hz); 1.27 (3H. 3); 1.0~1.9 (8H. m)

6f-ax 0.86 (3H. d, 6 Hz); 0.89 (3K, s); 1.09 (3H. s) 1.27 (3H, s): 0.95-1.9 (7H. m)
6f-eq 0.92 (3H. d. 6 Hz); 0.94 (ZH. 5); 0.97 (3H, s); 1.36 (3H. 5); 0.95-2.0 (7TH, m)
6g-ax 0.8] (6B. s and m); 0.836 (3K. &, 6 Hz): 1.27 (3H, s} 0.93-1.95 (9H. m)
6g-¢q 0.831 (3H. = 7 Hz): 0.87 (3H., s). 0.9! (3H, d. 6 Hz); 1.34 (3H., 3); 0.95-2.27 (SH. m)
6h-ax 0.81 (3H. s); 0.8< (3H, d. 6 Hz); 0.87 3H. m) 1.27 (3H, s); 1.0~2.0 (11H. =)
6h-eq 0.88 (6H. s and =); 0.91 (3H. &, 6 Hz); 1.32 (ZH, s) 1.0~1.95 (114, m)
6i-ax 091 (3H. =7 Hz); 092 (3H. s): 1.12 (3E. s); 1.31 (2H. s); 1.0-1.9 (OH. m)
6i-eq 0.92 (3H. w7 Hx); 0.97 azd 0.99 (o2l 6, 3); 1.37 (3L s): 1.0-1.9 (8H, m)
§j-ax 0.90 (6H, s 2ad m); 1,10 (3H. 3); 1.28 (3H. 5); 0.95-19 (11H. m)

8j-<q 0.89 (3H. 1, 7 Hz); 0.95 (3H, s); 0.98 (3H, <); 1.37 (3H. 3); 1.0-1.5 (11H. m)
6k 0.89 (6H, s); 1.18 (6K, s): 1.2 (3. 3); 0.95-1.9 (6H, m)

61 0.89 (6H.s); 0.96 (3H, t, 7 Hz); 1.19 (6K, s); 1.0-1.9 (8H, m)

6m 0.39 (6F.3): 0.93 GH., m): !.18 (6H. s); 1.0-1.8 (1CH, m)

6o 0.78 (6K, L 7 Hz): 0.90 (3. s); 1.18 (3H, s); 1.31 (3H. s); 0.95-1.95 (10H. m)
6o 0.89 (9H. s ané wm); L.17 (3H, s): 1.27 (3E, s) 0.35-1.93 (1<H. m)

alumina, eluting with chloroform. Evagoration of sclveat
provided azides 6 wiich were purified (in the case of
diastercormers also sepazated) by flash chromatogmapny
on siica gel, eluting with light petoieum ether.

Procecure B:

Boron tmifluoride etherate (12 mmol) was addec crop-
wise 10 a strred soiuton of cyclonexancel 3 (10 mmol)
and wimethyisilyl azide (12 zmol) in benzene (20 mL).
After being sumred for 241 at room temperarure the
mixture was poursd imto water (S0 mL). The organic
phase was separated aud washed with sarurated agueous
NzHCO5 (20mL) and brine (20 mL). The solution was
dried over MgSQ,, filtered and concentrated. The crude
product was purified (in the case of diastersomess also
sepamated) by flash chromatography or silica gel, eluting
with ight peroleum ether.

Thz vields of cvclonexy!? azides 6 are listed in tabie IV,
The 'H-NMR specrral dara for cyclorexyi azides 6a—6o
are given in tadple IX. [-Methyleyclonexy! azide 6p is a
krown compourd (8].

5.1.5. General procedure for oyelonex/lamines 2
A solution of cyvclonexyl azide 6 in ether was adcad
aropwise to a stirred suspeasion of lithium alemizem

hydride (4 equivaieats) in ether, which was cooied in an
ice bath. The reaction mixture was sured at room
temperanre for 5 h. Residual lithium alumizium hydnide
was carefully desooved with water, the agueouvs layer
separated and was extzacted twice with ether, The com-
bined ethereal phases wers washed with orine, dried over
NaOF, filtered and evaporated. The procuct obrained was
treated with HCl without subseguent characizrizaton.
The amine hydrochloride was prepared 2ither Dy passing
of HCl gas through the armine solution in hexane or by
acdditon of a | N HC! soluton in ether tc the amine
solution. In both cases the soivent was removed after HCI
additon, the residuc treated with hexansz or acetoniirile
and the crystalline product filtered off 10 give 2 with
excellent punity. The yields of cyclofexylamizes 2 are
listed in table V. The 'H-NMR spectral data for cyclo-
hexylamines 2a-20 are  given @ radle X
I-Methyleyclotexylamine 2p is 2 known compound [301

Ackpowledgements

Wz wisk 10 thazk Dr J. Peopelis for recording NMR

speca.
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Table X. 'H-NMR specza of cyclohexylamines 2%,

Compourd M. (°O) YH-NMR (CDCH;, T™MS) 3. com

2a-ax > 250 (subl.) 0.83¢ (3H. ¢. 6.5 Hz): 0.7-1.0 2H. m); 1.2-1.33 ( H.m) 145 (3H, s); 1.6~2.1 (6E. m): 8.3 (3. br s)

2a-eq 200-202 09! GH, & 54 Hz2% 0.835-1.0 ({H, m): ! 7 (3 L8) 1is-1. 75 (brt. m): 1.9<¢ 2H, =) 8.3 GH. brg)

2b-ax > 230 (subl) 0.88 (3H. = 7.5 Hz2): 0.7-1.0 CH. m); l 1- (A, 7): 1.26 BH. ) 1.6=1.9 ($H. =) 2.0-1.15 (2H,
m): 8.35 (3H, br s)

2b-¢q 179-181 0.87 GH. ¢ 7 Ez); 1.2 (GH. 5). O. 3~" 0 11E m): 8.3 (3H. br s)

2c-ax > 230 (subl) 0.87 GH. .73 H52), C.7-1.0 (2H. m): 1.05-1.4 (3H. m: .35 (3H. 5): 1.35=-1.7 (1H. =): [.75-1.95 (FH

m): 2.0-2.1 (24, m); 8.3 (3H. brs)

2¢c-eq 181182 ©0.85 GH. . 7.1 E=2): 0.80.9 (1H. m): 1.47 GE. s);1.15-1.3 (UE, o) 1.6-1.8 CH. m); 1.9-2.0 (2K,
m); 8.3 (3K, brs)

2d 230-231 0.96 (3H. 3); 1.06 (GH, s): 1.i15~1.40 (24, m); 1.50 (3K, s) 1.5-1.85 (6H, m); 8.25 (CH, brs)

2e-ax > 280 0.4-0.6 (1H, m); 0.90 (6H. d. 8.5 Hz}: 0.8-1.1 (CH. m): 1.42 (ZH, s 1.6-2.15 (SH. m): 8.5 (GH, br s)

2e-¢9 237-238 0.450.75 (1H, =) 0.50 (6H. ¢, 5§ Hz): 1.47 (3H. 5); 1.2-1.7 (6H. =); 1.9< (2H. ¢, 11.5); 8.3 (GK. br
s)

2f.ax > 240 0.72 (1H. . 2.5 Hz); 0.90 acc 0.9 (toeal éH.d.é"{zar'ds)."S‘ PO (IH, =) 16 (1H d, 14
Hz): l.”_a" (:r" $); 1.45 (BH. s); 1.=—1.35 (1H. m); 1.33-2.0 (_H :) 200 rI z); 8.2 (3H. brs)

2f-eq > 24D 0.66, 1.0 arcd 1.0« (zotal 9H. ¢, 6 Hz. s 2nd 3); 0.9— LA m): 137 (1K, 4 12 Bz L4e (14, 4 12
ez 1.61 (GH. s): 1.6=1.95 (CE, =); 2.02 (:H. 4. 12 F.Z) 3.35 (3:’. or s)

2g-ax 250-253 0.67 (1H.% 13 H2); 0.84 (3E. ¢); 0.853-3.95 (., 6eD); 1.07 (1 H. 4. 1535 Hz): 1.48 (3H. 5); 1.3-1.8 (4H.
3) 1.8=Z.0 3 =) 8.15 (GH. ors)

2g-¢q 228-231 0.85 (RE. . 7.5 H2): 0.88 (3K.5): 0.91 GH, d. 6.5 #z); 0.8-0.95 (1H, =); 1.55 (3. s); 1.15-1.80 (6H,
) 1.5-2.0 (CH, =) 8.3 (3H. br s)

2h-ax 167-168 0.6 QE. L 13 H23:0.86 (CH.5): 0.89 (ZE. ¢ 6 Hz): 0.83-1.0 0 H, m): 1.0O ZK. = 7 Hz); LIS (IH,
¢, 13.5 Hz); 1.51 (GE. s): L1IS-1.73 (5E. m); 1.3% (EH\ 2): 1.95 (U, & 1S538z 2l il 4L sl
Hz); 8.2 (3E, or s)

2h-¢q 237-238 0.8-0.95 (I0H. =) 1.34 (GH. s5); 1.1-1.8 (8E. m); 1.97 (ZH, d. 13 Hz): 8.3 (GH. =r3)

2-ax 283-257 ."’ (tH.4 15 H.Z) 091 (JH 7.5 Hx; 092 (38, 53 0.8-0.95 (14, m); 1.25 GH. sk L.1-1.5 (3H,

2 1.46 (3H. s) 151 (LH. & 1.) Hz2): 1.85-2.0 CH. m): 203 ((H. &, 15 Ez2 83 GE. or s)

2i-eg 216-218 0.58 (GH. ¢ 7.5 Ez); 0.8-0.95 (1H. m); 0.96 (3H. s.): 0.98 (3H. s); 1.2-1.35 (3H, =): 1.36 (CK, s);
1.+-1.56 (ZH. m) [.83 (1H.d. 13 Hz): 2.01 (1H. 4. 12 Ez}: 8.3 (GH. br s)

2j~ax 218221 0.72 (14, = 13 Hz); 0.89 (GE.w 7 Hz2); 0.52 (GH, s); 0.35-0.9 {14, m): 1.23 (GH. 3); 1.43 (CH, s):
1.0-2.1 (9H. =): 8.2 (3H. >r3)

2i-eq 20C-203 0.86 (3H. . 7 Hz): 0.8~0.95 (1H. m): 0.95 (3H, s); 0.98 ZH, 5): 1.33 (RH. s}; L.1-1.7 (8H. m): 1.85
(*H.d. 13 82): 1.99 (1H. d. !2 Hz), 83 (GH, ors)

2k 235-257 1.02 (6H. s) 2and 1.07 (6H. 5); 1.26 (24, br s): 1.62 (ZH. s} 1.71 (<H, br s);

i 213-218 1.02 (ZH.s) L. C (3H,s): L.LOO GH. © 7.5 Hz); L0 QH. 5r9): L 313 1.78 (otal <, Sorz &, 14 Hz):
1.97 (2H, ¢, 7 Hz): 8.3 (3K, br s)

2m > 280 0.93 (3%, . 7 Hz}; 1.01 (6H. s): 1.02 (68, s); .29 (2H. 37s): 1.35-2.0 (<H. =) 1.70 (+£. m); 8.2 GH.
br3)

2z 99-:02 0.75-0.85 ’E'—" D102 (SH, s): 105 (GE, s); 119 (1K, 2. 14 Hzj: 1.25-1.30 (SH. =): 1.60 (3H. s).
1.67 zrnd L. (;c'..l SE, bott d, 14 Hz); 8.25 (GH. brs)

20 167-169 0.83-0.86 '6:— =) 103 (GH. 5): 1.05 GH. s): LiS—1.45 (LOH. my: 1.57 (3K, & 145 2} 1.61 SH.

sH1.77 (2K, d. 1+ &2z 8.2 (CH. or3)

= 1, rrens-3-Dimethylcvclonexylamine hydzechionide 2a-ax SC-NMR (CDC,, 50 MHz} §: 21.75 (C- 5). 22.02 (3- CH3,' 27.69 (C-3): 28.67
(i-CH,): 34.72 (C2): 36.63 (C-6): 45.50{C-2:; 6“0 (C-1): 1. eis-3- d1::‘~ dvieycl orﬂry]a.n::" sverect: 'oride serzitvdais 2a-eq: BCNVR
(CDCi,, 50 MHz) & 22.9-23.05 (C-5, 3- C“, CH,): 29.71 (C-3): 3+.68 (C-+): 36.37 (C-6); 25.45 (C-2Y: 56.81 (C-1): l-metzyvl.
trers-3-ethyleyclohexyviamine bydreciloride -b--- [-zethvl. eisd -c’ Syicwel o"cwl_ru::: ivdrccl.;or"c'e 2bweg; l-zmethyl, trons-3-
propyvlcyclonexylamine nyDC"‘CﬂuQ 2e-ax l-metnyl, cis-3-propvicyclohexyiamine rvc:ocmo"dc 2c-¢z; 1,3.3-wwzedtylove! C)Hc(y!:‘.t‘.l:lc

hvdoc“;on 2d; l m'.rs-’ trons-S-imethvicveichex Jla__:” avcoc"_lora: le-ax; !, cis-3, zis-5- Lr'"l:'_“yl’vc ofex ylal‘:‘.i:‘.t: aydrochiorice
hyd-ats le- eg: 1.3.3, trans-3- istamelivicyclohexyiaming aydrocaloride 2f.ax; 13,3, efs-3-tetramersyicycloraxviamine :1\.4"‘::" oride
scw"vd:’-:c 2f-eq: cis-3-e¢tyl-l.  ans-3, trans-3-mpeiSyleyclonexylaming  hydooenlende 2g-cx; rrcr.s-'3~c:hyl—l. cz:-_. cis-3-

'ncr.‘:vlcyc ohexylamine kydrockiorids 2g- eg; cis-3-zragyl-1, tans-3, wans-S-inmethylcyclonexylamine hydroch viorides 2h-zx: rren
proovl 1. cis-3, cis-3-rimetnyicycionex <lamine fvdraciionds 2h ~2g; 1.3.2- ltrans-S-ethyicycionexyiamine hyd:oc\‘or‘..c 2axt
V.3 3-tdmethyl-civ-S-ethvleye! 0"“(VI._I"._“c nvéscerionide semitvdmle 2i-eg; 1.3,3- :L“yf r,ru-:—crouv'cvc ofexylaTin =
Jj-axt L 3.2-rmethyicis-S. :rrooﬂc:c onexylaming ke z¢"c-‘ o'-d. 2j-2q7
335, -tetmamea v[c velohexyiagine Dy C.O" ndor ‘ -
timethvlcyclonexylumine hydmre 2'1 5.3-Digrocy.-
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(571 ABSTRACT

Czrtain l-aminocalkylcyclohexanes ars svstemicallv-acuve
uncompetitive NMDA receptor antagonists haviag rapic
blocking/unblocking Kinetics and stroog volrage-
dependency a0d are thersfore useful in the alleviation of
conditions resulting from dismrbances of ghuamatergic
tansrmission giving them a wide range of uvdliry in the
reatment of CNS disorders involving the same. as wel as in
non-NMDA indications. due 1o their Umsmunomodulatory.
antimalarial. apti-Boma virus. and acti-Hepatitis C activites
and utdities. Pharmacautcal compositions thereol and a
method-of-treating conditioas which are alleviaied by the
cmplovment of an NM DA recegtor antagonist. as wzll as the
aforementioncd non-NMDA indications. and a method for
the preparation of the active |-aminoalkylcyclohzxzne com-
pounds mvolved.

22 Claims, 2 Drawing Sheets
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1.LAMINO-ALKYLCYCLOHEXANE NMDA
RECEPTOR ANTACONISTS

The present application is a continuation-in-par< of our
prior-filed copending application Ser. No. 08/885.943 fled
Jun. 30. 1997. now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

1-Amino-alkylcyclohexanz compounds which are
systemically-active as NMDA receplor antagonists. pharma-
ceutical compositions comprising the same. method of
preparation thereof. and method of weating CNS disorders
which involve disturbances of glutamatergic Tansmission
therewith,

2. Prior Ant

Antagonism of glutamate receptors of the N-methyl-D-
aspartate (NMDA) type has a potentially wide range of
therapeatic applications [19]. Functicnal inhibiuon of
NMIDA receptors can be achieved through acuons at differ-
enl recogniton sites such as the prmary wansmilter site.
strychaine-ipsensitiveglycine site (glycioeg). polyamine
site. and phencyclidine site located inside the cation channel.
The NMDA recepror chanael blockzrs act in an vncommpeti-
tve “use-dependent”™ manger. meaping that they usuvally
only block the channel in the open state. This use-
dependence has been iaterpreted by many to mean that
stronger activation of the receptor should lead to a greater
degres of antagonism. Such a mode of acrion has further
been 1aken to tmply that this class of antagopist may be
particularly useful when overactuvaton of NMDA receptors
can be expectad. such as in epdepsy. ischacmia. and Tavma.
However. initial clinical experience with the selective. high
affiniry. suosngly use-dependent uncompettive NMDA
recepltor antagonist (+)-S-methyl-10.11-dihydro-5SH-
dibenzocyclohepten-5.10-imine maleate ((+)»-MK-801) has
bezn disappointing. Namely. therapeutic eficacy in epilepsy
was poor while some psychotropic side cfects were appar-
ent at therapeude doses. These observatons. wgether with
the fact that pheacyclidine abusers expericace similar psy-
chotopic symptoms. has led to the conclusior that uncora-
peulve antagonism of NMDA reccptors may bot be a
promuising therapeutic approach.

However. the vse of more elaborate ¢lecoopnysiological
methods indicates that there is no equality berwezn differcnt
uncompetitive antagonists since facrors such as the spezd of
receptor blockade (on-of kinctics) and the voltage-
dependence of this efect may detzrmine the pharmacody-
namic featres in Vvivo. t.e.. therapeutic safery as weil.
Paradoxically. agents with low to moderate. rather than high,
affinity may be desirable. Such findings wiggered a recon-
sideradon of the concspt of uncompetitive antagonism of
NMDA receptors in drug development (19, 22). Al present.
roany such 2gents are at diferent stages of development.
e.2.. carvedilol. ADCL ES 2428, remacemide. feibamate.,
and budipine. On the other hand. uncompetitive NMDA
recsptor antagonists. such as amantadine and memantine—
whuch felfill the above criteria—have bezn used clinically
for severa] years in the Ueaunent of Parkinson's disease and
demectia respectively, and do indesd rarely produce side
cffects at the therapeutic doses vsed in their respeciive
indicaticas.

In view of thc abovc meationed cvidencs. we have
developed a series of nove! uncompatitive NMDA, recspror
antagonists based on the l-aminoalkylcrclohexane stuc-
fure. The preseat study was devoted to cemparz the NMDA
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receptor antagonistic properties of these
I-aminoalkylcyclohexane derivatives in recsptor-binding
assavs. patch clamp experiments. excitoroxicity in viro.
threz convuision modefs. and rwo modeis of motor impair-
ment. The substirutions of these l-aminocalkylcvelohexanes
are deuailed in Table 6.

THE PRESENT DNVENTION

It has now been found 1that certain
I-aminocalkylcyclohexanes have proncuancsd 2nd unpredict-
abie NMDA receptor antagomistic acuviry. Owing to the
aforermentioned property. the substaaces are suited for the
treatment of a wide range of CNS disorders which iovolve
disturbances of the glutarpalergic transmission. preferably in
the form of a pharmaceutical composition thereol wherein
they are present together with one or more
pharmaceutically-acceptable diluents. carriers. or excipi-
ens.

OBJECTS OF THE IDNVENTION

It is an object of the present inventiop to provide povel
pharmaceutical compounds which are
1-aminoalkylcyclonexane NMDA receplor antagonisis and
pharmaceautical compositicas thereof. It is a further object of
the invention to provide a novel method of treating.
climinating. alleviaung. palliating. or ameliorating undesir-
able CNS disorders which involve disturbances of
glutamatergic transmission by the employment of such a
compound of the invesntion or @ pharmaczutical composition
containing the same. An additional object of the invention is
the provision of a procsss for producing the said
1-aminoalkyleyclohexane actve principles. Yet additional
objects will become apparear hereinafter, and sul! further
objects will be apparent to one skilled in the art.

SUMMARY OF THE INVENTION

What we therefore believe to be comprised by our inven-

tton may be summuarized inter alia in the following words:

A l-aminoalkyicvclonexane compound selected Tom the
group consisung of those of the formul

RS R*

R1

wherein R* is —CH.),—CRR’),—N\R*R®
wherein a+m=0. 1. or 2
wherein R} through R are independenty selecied from
the group consisting of hydrogea and lower-alkyl
(1—6C). at least R'. R*. and R? being lower-alkyl. and
wherein RY and R® are independendy selected from
hvdrogen and lower-alkyl (1-5C) or together represent
jower-alkylene —(CH,),— wherein x is 2 to 5.
inclusive. and ¢nantomers. optical isomess, hydrates.
an¢ pharmaceutically-acezprable salts therzof:
sucn a compound wherein R* through R* are methyl
such a compound wherein R' is cthvl:
such a compound wherein R* is cthyl:
such a compound whersin R® is 2thyl:
1 compound wherein R* is cthyl:
a compound wherein R® is ethyl:

such
such
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such a compound wherein R*® js propyl:
such a compound wherein R® or R” is methyl:
such a compound wherein R® or R” is ethyl: and
such a compound wherein the compound is selected
from the group coasisting of
t-amino-1 3 .S-trimethyicyclohexane.
J-amuno- | (trans)3(rans)S-mimethylcvclohexane.
1-amino- l(cis)y3(cis)3-trimethyleyelohexane,
{-amino-13 3 S-tetramethyleyclohexane.
I-amino-13 3 535-pentamethylcyclohexane.
[-amino-13 .5 5-tetramethyl-3—<thylcyclohexane.
l-amino-15.3-trimethyl-3 3-diethyleyclohexane.
l-amino-1.5 S-trimethy!-cis-3~ethylcyclohexane.
l-amino-{1S.58)cis-3-ethyl-1.5.5-
wimethylcyclohexane.
l-amigo- 1.5 5-trimethyi-trans-3-cthylcyclohexane.
l-amino-(1R.5S)trans-3-ethyl-1.3.5-
taimethylcyclohexane.
{-amino-1-ethyl-3 3.5.5-teramethyleyelohexane.
1-amino-1-propyl-33.3.5-teramethylcyclohexane.
N-methyl-l-amigo-1.3.3.5.5-
pentamethyicyclohexans. N-ethyl-1-amino-133.
3.5-pentamethylicyclohexane. and N-(1.333.3-
pentamethylcyclohexyl) pyrrolidine, and hydrates
and pharmnacsutically-acceptable salts of any of
the foregoing.

Moreover. 2 method-of-treating a living anirmal for alle-
viadon of a condition which is alleviated by a0 NMDA
receptor antagoaist. or for its immunomodulatory.
antmalariai. anu-Bomma vires. or anti-Hepadts C effect
comprising the step of adrinistering to the said Living
anirmal an amount of a l-amipoalkylcyclohexane compound
selected from the group coasisting of those of the formula

RS R+

whersip R* is —CH.), —{CR*R”)_~—~NR*R?®

wherein a+m=0. 1. or 2

wherzin R* through R” are independently selected from
the group cobsisting of hydrogen and lower-alkyl
(1-8C). wherein R*® and R® arz independenly selected
from hydrogen and lower-alkyl (1-5C) or together
reprasent fower-alkylene —(CH,),— wherain x is 2 to
5. inclusive. and optical isomers. ecaantiomess.
hydrates. and pharmacautically-accesptable salts
thereof. which is effective Yor the said purpose:
such a method wherein R! through R* are methyl:
such a method wherein R’ is ethvl:
such a method whercin R is ethyl:
such a method wherzin R is ethyl;
such 3 method wherein R* is ethyl:

such a method wherela R® is ethyl:

such a method wherein R is propyl:

such a method wherein R or R is medhvl:

such a method wherein R® or R7 is sthyl: and

such a method wherein the compourd is selected from
the group conmsistiog of
l-amiro-13 5-trimethylcyctohexane.
{-amine- 1(@ans)3(trans) S-wimethyleyclohexane.
l-amins-1{cis).3(cis} S-imethyleyclohexans.
l-amino-13 3.5-tetramethvicvelohexane.
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l-amino-1 335 5-pentamethyleyclchexane.
l-amino-1 3 35-teramethy{-3-cthylcyclohexane.
l-amino-1 5.S5-timethyl-3 3-diethylcyclohexane.
l-amino- 1.5 5-trimethyl-cis-3-¢thylcyciohexane.
l-amino-(1S.58)cis-3-ethy!l-1.5.5-
trimethylcvciohexane,
l-amino-1.5.5-utmethyl-rans-3-ethvlcyclohexane.
l-amino-(!R.5S)trans-3-ethyt-1.5.5-
trimethyleyclohexane.
1-amino- l-ethyl-3 35 S-tetramethvicyclohexane.
1-amino- | -propyl-3 3.5 S-teramethyleyclohexane.
N-methyl-1-amino-1.3.3.5.5-
pentamethyleyciohexane,
N-ethyl-{-amino-1.3.3.5.5-
pentarzethyleyciohexane, and
N-(13.3.5.5-peatamethylcyclohexyl) pyrrolidine.
and hydrates and pharmaceutically-acceptable
salts of any of the foregoing: and

such a method wherein the compound is admiaistered in
the form of a pharmaczutical composition thereof compris-
ing the compound in combination with oa¢ or more
pharmaceutically-acceptable diluents. excipieats. of cari-
ers.

Further. an NMDA-reczptor antagonist pharmac=utical
composition comprising an efective NMDA-receptor
antagoaisuc amount. or an cffective immunomodulatory.
aatimalarial. anti-Borna virus. or apti- Hepauts C amount, of
a l-amipoalkvicyclohexane compound sclected from the
group consisting of those of the formula

RS R”"

wherein R* is —(CH.),—(CR*R”), —NR'R®
wherein n+m=0. 1. or 2
wherein R' through R” are independenily selectad from
the group consisieg of hydrogen and lower-alkyl
(1-6C). ar least R'. R*. and R® being lower-alkvl. and
wherein R* and R® are independendy selected from
hydrogen and lower-alky! (1~6C) or together represent
lower-alkyleac —CH.),— wherein x is 2 to 5.
inclusive. and optical isomers. enantiomers. hydrates.
and pharmaceutically-accepable salts thereof. in com-
binaton with one or more pharmmacsutically-accepuable
diluents. excipients. or carriers:
such a pharmaceutical composition wherein R! through
R? are methyl:
such a oharmaceutical composition wherein R is 2thyl:
such 1 prarmaceutical composition wharsin R is cthyl:
such 2 pharmaceutical composition wherein R is ethyl:
such 3 pharmaceutical composition wherein R is ethyk:
such 2 pharmacentical composjiion wherein R*is ethyl:
such a pharmaczutical composition wherein R? is pro-
pvh: .
such 2 pharmaceutical corpposition wherein R® or R7 is
methvl:
such 1 pharmaceutcal composition wherein R® or R” is
ethvl;
such 2 pharmacsutcal compositon wherein the com-
pound is sciccled from ifie group consistinyg of
l-amino- | 3 S-trtmethylcyciohexzpe.
{-amuino- I{mrans) 3(rans) S-trimethylovelohexane.
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l-amino-1(cis).3cis).S-trimethylcyclohexane.
l-amino- 1 3 3.5-tctramethylcveiohexane.
I-amino-13 3.5.5-pentamethylcyclohexanc.
{-amino-1.3.3 5-tecramethyl-3-ethyicyciohexane,
l-armino- 135 3-uimethyl-33-diethyleyclohexane.
l-amino-1.35.5-uimethyl-cis-3-ethyleyclohexane.
l-amino-{1S5.58)¢cis-3-ethyl-1.5.5-

tremethylcyclohexane.
l-amino-1.5 . S-uimethy}-rans-3-cthylcyclohexane.
l-amino-({1R.5S)trans.3-ethyl-1.5.5-
uimethylcyclohexane.
l-amino-l-ethyl-33.5.5-teramethyicyclohexane.
l-amino-1-propyl-33.5 S-texamethylecyclohexane.
N-methyl-1l-aminpo-1.3.3.5.5-
pentamethyleyclohexane.
N.ethyl-1-amino-1.3.3.5.5-
pentamethylcyclohexane. aad

6

N-(1.3.3.5.5-pentamethyleyclohexyl) pvrrolidine.
and hydrates ond pharmacautically-acczplabie
salts of any of the foregoing.

DETAILED DESCRIPTION OF THE
INVENTION

Tne following details and dezailed Examgples ar= given by
way of lustration ooly. and are pot to be consgued as
limiting.

METHODS

Chemisry

0—S0,CH,




-conunuved

RS

Preparadon of 3-propyl-33-dimethyl-2-cyclohexcne-1-coe
(1-7)

A soludor of 3-ethoxy-5.5-dimethyl-2-cyclohexene-1-
one [1] (5.04 g. 30 mmol) in ether was added dropwise to a
stirred solution of propylmagnesinvm iodide prepared from
90 g of magnesivim and %0 rarpoi of l-icdopropanc in 60
ml of c¢ther. After being surred for 1 h at ambient
temperanie, the reaction mixwre was treated with 5%
H.SO, solutoa. The orgaaic phase was separated washed
with saline. dried over MgSO, ard evaporated 1o give a
crude oil which was separated on a silica gel column. elutiag
with hexage-ethy! acstate mixture. Cyclohexcnone (1-7)
was obuined as a colouress ol (2.0 g, 70%). 'H NMR
(CDCl,. TMS) 8:0.92 (3H.1.J=7 Hz): 1.03 (6H.5): 1.3-1.75
(CH. my: 2.16 (2H. t. J=7 Hz): 2.17 (2H. d. J=L.5 Hz): 2.2
(ZH. s) aed 5.87 ppm (LH.t. J=1.5 Hz).

Such kpowp cyclohexepores | were used (o prepare
compounds 2:

1-1 (R'*=R*=R?=H) [commerc. available].

1-2 (R'=Me)* [commerc. available].

1-3 (R*=R>=Me) [commerc. available].

14 (R'=R*=Me) (2].

1-5 (R'=R*=R>=Me) (commerc. availabic].

1-6 (R'=R*=Me. R*<Et) [3].

“R™=H. if omitted

Other starting materials | are prepared in the sarme or
simiar manpner.

General proc=dure for preparation of cvclohexanones 2.

Anhydrous copper (1) chiorde (7.5 mmoij was added to
2 cocled solution of alkylmagnesivm iodide (15-18 romol)
in cthern The muxmre was stired in 2o iner atmosphere for

R3 (CHy)(CRORMINR"R®*HCI

35

35

50
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S minutes and a solution of 2-cyclohexene-1-oae 1 (10
mumol) in ether was added dropwise keeping the temperarure
below —5° C. After the addition of ketone was completed.
the reaction mixture was stirred for 1 hour and carefully
peutralized with sawurated aquecus NH,Cl sclution. Tradi-
tonal workup for Grignard reactions gave crude matesial
which was separated on a silica ge! colurnn. zlutag with 2
petrolevm  ether—<thyl acetate mixture, The cyclohex-
anones 2 were obtained as oils.

Yields and 'H NMR speczal data of compounds 2 are
givea in Table L.

Soch known cyclohexanones 2 were used 10 prepare
compounds 3.

2.1 (R*=Me)= [commerc. available].

2.2 (R*=Er) [4).

23 (R'=Pr) [3).

21 (R?=R*=Me) [6].

2.3 (R’=Me, R*=Ey) (7).

2.6 (R*=Me. R*=Pr) (8].

2.7 (R'=R*=Me¢) {9).

2-8 (R™=R’=R"=Me) [10].

2.9 (R*=R>=Me. R*=Ep) {11].

2-13 (R*sR*=R’=R’=Me) [comrrere. available;.

2-14 (R!'=R¥=R’=Mec. R'=Ey) {10}.

2-15 (R'=R?*=R’>=Mec. R*=Pr) (10].

*Rn=H. if omitted

Other intcrmediate
same of a similar manner. Cyclohexanoaes 2 wers used (o
prepare compounds 3¢

crclohazenones 2 are preparad in the
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General Procedure for preparation of atkylcyclohexanols 3.

An etheral solution of alkylmagnesivm iodide (3-4
equivalents) was added dropwisc to a cooled sofution of
cyclohexanone 2 in ether. The mixture was stirred for | hour
al ambient temperature and carefully destroyed with satu-
rated aqueous ammonium chloride. Traditional workup for
(rignard ceactions gave muxeures of drastercomeric aleohols
3. which were separated on a silica gel column cluting with
pewolevm ether—ethyl acetate.

Yields and 'H NMR spectral data of compounds 3 are to
given in Table 2.

Such known cyclohexanols 3 were used 10 prepare com-
pounds 4:

3-1 (R*)R*“}=R>=Me¢)* [9]. i.e.. R® or R* and R® are Me.

3-8 [R’=R*=Me. R*=Me) [12].

3-3 (R’=R’=Me. R'=E!) [13).

3-7 (R'=R*=R%=Me) {14].

3-3 (R'=R*=R*=R*=Me; (10].

3-13 (R'=R*=R’=R‘=R*=Me} (10].

3-14 (R'=R*=R*=R*=Me. R*=Et) (15].

*R"=H. if omined

Other intermediate cyclohexenols 3 arc prepared in the
same of a similar maaner.

General procedure for preparation of l-alkyl-t-
azijdocyclohexanes 4.

The aleoho! 3 was mixed with 1.7-2 N hvdrazoic¢ acid
(10—13 equivalents) sotution in chioroform. and cooled in an
ice bath. A solution of TiCl, (1.2 equivalents) in chloroform
was added dropwisé while temperamre was maintained
bejow 52 C. The mixmre was stured at room temperawure for
24 hours and passed down a column of alumipa. eluting with
chloroform. Evaporation of solvent provided diastereomeric
azides 4 which were purified by 8ash chromatography on
silica gel. eluting with light peoleum ether.

Yields and '"H NMR spectral data of compounds 4 are
given in Table 3. .

Other interrmediate 1-alkyl-l-azidocvclohexanes 4 are
prepared (n the same or a similar manner.

Preparation of l-nitromethyl-3.5.5.5-
tetramethylcycloh=xene {6).

A solutioa of 33.535-tetramethylcvelohexanone (2-13)
(1.34 g. 10 mmol) and ethylenediamine (60 mg) ir
niromethane (45 m!) was refluxed in argoan atrmosphere for
2S5 h. Excess of airomethane was then removed in vacuo
and the residue was purified by flash chromatography on
silica gel. cluting with hexane—ethyl acewate (6:1). 1.2 o
{61%) of 6 was obtained zs ao oil.

"H NMR (CDCl,. TMS) § 0.96 and 1.03 (total 12H. both
s. cyciohexane 3.5-CH,): 1.34 (2H. 5. +-CH.): 1.82 (2H. br
s. 6—CH.): +.80 (2H.s. CH.NO.) and 5.64 ppra (1H. br s.
C=C—H).

Preparation of cthy!
texamethyleveiohexylideneacetate (7).

To 2 stirred solution of wicthyl phosphonoacewte (49.32
g. 0.22 mol) in dry THF (180 mi) onder argon NaH (8.8 g.
0.22 mol. 60% suspension in mineral oil) was added in small
portions while cooling with ice water. Stiring Was contin-
ved for | h at room temperature, then a solution of 3.3.5.
S-teramethylevclohexanone (2-13) (30.85 g. 0.2 mol) was
added over [0 min xnd the resulting mixmurs was re3uxed for
22 h. It was then poured onto icz (400 g). the product was
extracied with zther (4150 ml) and the solution drisd over
MgSO,. After concentration in vacuo an oily residue was
distilled at 145° C. (11 mm) to give 36.8 g (86%) of 6 as an
Al

'H NMR (CDCI,. TMS) § 0.96 and 0.98 (total 12H. both
s. evclohexane 3.5-CH,): 1.27 (3H. L. CH,-ethyl): 1.33 (2H.
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m. cyclohexane +CH.): 1.95 and 2.65 (towral 4H. both s.
cyclohexane 2.6-CH.): 4.14 (2H. q. CH.-ethyl) and 5.69
ppro (1H. s. =C—H).
Preparadon of ecthyl 33.5.5-tetramethylcyclohexylaceiate
(8).

Ethvl 3.3.5.5-tecamethylcyciohexvlideneacatate (7) (4.48
2.20 mmol) in ethano! (100 ml) was hydrogenated over L 0%
PwC (0.22 g. 5 wt. %) at 10 aam for 18 h. Filwation through
Celite™ and evaporation aforded 4.28 g (95%) of 8 as an
oil.

'H NMR (CDCl,. TMS) 8 0.89 and 1.02 (otal 12H. both
s. cyclohexane 3.5-CH,): 1.26 (3H. t. J=7 Hz. CH,-cthy!):
0.6-1.55 (7H. m- ring protons): 2.13 (2H. m. 2-CHy): and
4.12 ppm (2H. q. J=7 Hz. CH.-ctavi).

Preparation of 2-methyl-(3.53.3.5-tetramerhyleyclonexyl)-
propaa-2-ol (9).

A solution of cthyl 335 5-tetramethylcyclonexylaczstate
(8) (2.26 g. 10 mmol) {a ether (20 ml) was added dropwise
o a 2 M methybmagnesium jodide solution in ether {20 ml)
over 15 min. while cooling with ice water. The mixture was
refluxed for 2 h. cooled and quenched with saturated aque-
ous NH,Cl. After traditional workup the product was puri-
fied on silica gel column. cluting with a mixwure of hexane-
ethyl acetate (20:1) to give 1.7 g (80%) of 9 as an oil.

'H N'MR (CDCl,. TMS) § 0.86 and 1.00 (total 12H. both
s. cyclohexane 3.3-CH,): 1.23 (6H. s. @-CH,): 1.36(ZH. d.
J=5 Hz. —CR.—): 0.6-2.04 ppm (8H. m. ring protons and
OH).

Preparation of 2-methyl-(3.3.5-teramethylcyclohexyl)-
nropyl-2-azide (10).

Boron mifluocride etherate (0.77 g. 0.89 ml. 5.+4 mmol)
was added dropwise to a stirred solution of 2-methy{-{3.3.
S.5-teramethyleyclohexyl)-propan-2-ol (9) (0.96 g. 4.53
rmmol) and mimethylsily! azide (0.63 g.0.72 ml. 5.4 mmol)
in benzene (10 ml). Alter being strred for 24 h ar room
temperature the mixmre was poured into water (20 mml). The
organic phase was separated and washed with samurated
aqueous NaHCO, (10 ml) and saline (10 ml). The solution
was dried over MgSO,. filtered and concantrated. The cude
product was purified on silica ge! columa, zluting with
hexane to give 0.56 g (52%) of 10 as an oil. '"H NMR
(CDCL,. TMS) 8: 0.87 and 1.0} (total 12H. both s. cyclo-
hexane 3.5-CH,): 1.27 (8H. s &«-CH,): 1.36 (2H. d.']J=5 Hz.
—CH.—): 0.6-1.85 ppm (TH. m. ring protocs).
Prepazation of 2+33.3.5-teramethylcyclohexyl)-ethanol
(11).

A solution of ethyl 333 5-texamethylevelohexylacstate
8 (1.8 g. 8.0 mmol) in ether (30 ml) was added dropwise to
a stiured suspension of lithium alurcinum hydridz (0.9 3.
25.0 mmol) in ether (30 ml). which was cocled in an ice
bath. The reaction mixture was reduxed for 3 4. cocled and
residval lithium aluminem hydnde was descoyzd with
water. The aqueous fayer was separated and twict exracied
with ether. The combined zther phases wers washed with
saline. dried over MgSO,. filtered and evaporatzd. The crude
product was purtiicd by flash chromatography on sifica gel.
cluting with hexane—<ethyl acetate mixruce ($:1) o give 1.2
2(79%) of 11 as an oil. *H NMR (CDCl,. TMS) &: 0.85 and
1.00 (total 12H. both 3. cyclohexane 3 S-CH,): 1 44 (2H. q.
J=7 Hz. 2-CH,): 0.55-1.95 (8H. m. ring protons and OH)
and 3.70 ppm (2H. t. I=7 Hz. CH.O).

Prearation of 2-(3.3.35.3-tetramethylcyclohexyly-ethyl
methagesuifonate(12).

A solutcn of mcthanesvlfonyl chloride (1.03 g. 0.7 ml.
0.0 mmol) in Jr banzzac (20
solution of 2-(33 3 3-texamethvlcyclohexylethanol (11)
(1.1 g.6.0 mmol) and tiethylamioe (1.2 g. 1.7 ml. [Z mmol)

i) was addsd e 2 stimed

ALl O



-~

11

in benzene (40 mi). while cooling in an ice bath. The
reaction mixture was stured al room temperare for 3 he
then filtered through a short silica gel column. cluting with
benzene. Evaporation of solvent gave 1.48 g (945 ) of 12 as
an oil. 'H NMR (CDCl,. T™S) 3: 0.88 and 0.98 (total 12H.
both s. cyclchexane 3.5-CH,): 1.62 (2H. q. 1=7 Hz. 2-CH.):
0.65~-2.0 (7H. m. ring protons) 3.0 (3H. 5. CH,—S0,) and
4.29 ppm (2H. t. )J=7 Hz. CH.O).

Preparanon of 2-(33 35 5-tewramethylcyclohexyl)-sthylazide
(13).

The mixewre of sodium azide (2.27 g. 34.2 mmol). 2-(3.
33.5-tetrammethylcyclohexyt)-cthyl methanesuifonate-(12)
(1.46 g, 3.57 mmol) and dimethyl suvlfoxide (20 mly was
stirred at roorn temperacure for 48 h. diluted with water (50
ml) and extracted with ether (3*30 ml). The organic phase
was washed with saline (30 mi). dried over MgSO;. filtered
and evaporated. The cude product was purified by flash
chiromatography on silica gel. eluting with hexaae to give
0.93 g (80%) of (13) as an oil. *H NMR (CDCl,. T™MS) &
0.87 and 0.99 (rotal 12H. both s. cyclohexane 3.5-CH,): 1.47
(2H. q. J=7 Hz. 2-CH.): 0.55-1.% (7H. m. rirg protons) and
3.31 ppm (2H. 1. J=7 Hz. CH.N,).

Preparation of N-formyl-1.3.3.5.5-
peatamethylcyclobexanamine (1<-1).

To a vigorously stirred solution of 1.3.3.5.5-
pentamethyicyclohexanot (3-13) (2.7 g. 15.6 mmol) and
oimethylsily) cyanide (2.36 g. 23.8 mmol) in acetic acid (2.5
ml) under argon 98%% sulfuric acid (4.66 g. +7.6 mmol) was
added, keeping tempermre below —35° C. The miXxture was
stirred ac room temperatere for 22 h. then it was poured oato
ice (100 g). nevralised with 50% NaOH sofution to pH -7
and exmacted with ether (330 rol). The combiped ether
phases were washed with saline (50 ml). then dried over
MgSO, and evaporated. A slightly yellow crystalline residue
was treated with small amount of acztonitrile and filtered off
to give 2.5 g (80%) of 141 as a whitc caystals. mp.
104-106° C. 'H NMR (CDCl,. TMS) &8: 0.51 aad 0.93 (total
6H. both 5. 3.5-CH,,.): 1.08 (2H. m. 2.6-CH_,): 1.13 and
1.15 (ol 6H. both s. 35-CH,_,): 1.25 (2H. m. 4-CH.):
1.32 and 1.38 (1otal 3H. both s. }-CH,): 1.70 and 2.12 (1o1al
2H.both d. 14.7 Hz. 2.6-CH_,): 5.30 aad 5.50 (total 1H. both
br 5. NH): 8.05 2nd 8.30 ppm{iotal 1H. both d, 2.0 and 12.7
Hz. resp.. HCO).

Preparation of N-acztyl-1.3.3.5.5-
peatamethy{ycvcionhexanamiae (1+-2).

To a vigorously stirred solution of [.3.3.5.5-
peatamethyleyelohexanol (3-13) (3.0 g. 17.65 mmol) in
ac=topitrile (20 mi) fuming HNO, (6§ mi) was added
dropwise. keeping temperamure below 43° C. The resulting
mixrure was stirred at =50° C. for 6 h. thea it was cooled
pourcd inte water (30 m!) and peurralised with aqueous
NH,. Aqueous phase was exmracted with ether (3°30 ml).
The combined ether phases were washed with saline (30 mi).
thea dried over MgSO . filtered and evaporated. The aude
product was crystallised from cold acaronitrile to give 2.23
g (60%) of [4-2 as a white crystals. m.p. 110° C. 'H NMR
(CDC1,.TMS) 3: 0.90 and 1.12 {total 12H. both 5. 3.5-CH,):
1.33 (3H.s. \-CH,): 1.88 (3H.s. CH,C=0: 0.75-2.25 (6H.
m. ring protons) and 33 ppm {1H. br s. NH).
Przparation of N-methoxvcarbonyl-N.1.3.3.5-
hexamethyleyelohexanamine {13).

Methyt cloroformare (0.97 g. 0.8 ml. 10.3 mamol) was
added in one porion to a suspension of N.(33.5.5-
hexarnethyleyclohexaaamine hydrochloride (5-20) (1.13 g.
S.13 mmol) and Na.CO, (i.63 g. i5.4 mmol) in THF (30
ml). The esuliing mixmure was siirved al foom remperature
for 6 h. and then it was diluted with watzr (0 ml) aad
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exmacted with ¢ther (3°30 ml). The combioed orgaaic
phases were washed with 10% K.SO,. salize. dried over
MeSO,. filtered and evaporaied. The crude product was
purified by flash chromatography. eluting with hexane—
cthyl acetate muxnirz (6:1) 1o give 0.90 2 (78%) orf (1S) as
an oil. 'H NMR (CDCl,. TMS) §: 0.93 and 1.07 (towd] 12HK.
both s. 3.5-CH,): 1.23 (3H. 5. 1-CH,): L.O=L4 (4H. m.
4-CH.and 2.6-CH_): 2.56 (2H.d. J=14 Hz. 2.6-CH_,): 2.87
(3H.s. CH,N) and 3.64 ppm (6H. 5. CH,0).

Preparatdon of cthyl (335.5-teramethyleyclohexylldene)
cyanoacesiate (16).

The mixeare of 33.535-tetramethylcyelohexanone (2-13)
(2.64 g. 17 mmol). ethyl cyseoacztate (1.93. 17 mmol).
acetic acid (0.2 mi) and ammonivm acstate (0.2 2) in
benzene (6.4 ml) was refluxed with a Dean-Stark 2paratus
for 10 h. To this beszzne (30 ml) aad saline (30 mi) was
added. organic laver separated. dried over N2.SO,. filtered
and evaporated. The crude product was purtricd by fash
chromatography. cludag with hexane o give 2.0 g (30%) of
(16) as an oil. 'H NMR (CDCl;. T™MS) §: 1.00 {éH. s,
3.5-CH,_): 1.05 (6H. s. 35-CH,_ > 1.34 (3H. 1. =7 Hz.
ethy]-CH;): 1.42 (ZH! 5. 4CH.): 2.46 aad 2.79 (total +H.
both s. 2.6-CH,) arnd 4.29 ppm (2H. q. J=7 Hz. CH.O).
Preparation of ethyl (133.5.5-pentamethyicyciohexyl)
cyanoacewte (17).

Aanhydrous copper (T) chioride (0.8 g. 8 mmol} was added
to a cooled solution of alkylmagnesium iodide (prepared
from magacsium (048 g. 19.2 mmol) and iodomethane
(2.84 g. 20 munoi)}ia ether (12 ml). The mixtusre was surred
in an inert agmosphere for 5§ min apd a solution of ethyt
(33 33-tetramethylcyclohexylidene)cyanoacatate (16) (2 g.
8 mmol) in ether (10 ml). was added dropwise keeping the
temperature below —15° C. After the addition of Xetone was
completed. the reaction muixture was stired for 3 h and
carefully peumralised with samrated aqueous NH,Cl solu-
tion. Traditional workup for Grigpard reacions gave crude
material which was separated on a silica gel column. cluting
with a petroleum cther—ethy! acstate mixture (20:1) 1o give
1.0 g (479%) of 17 as an oil. "H NMR (CDC!,. TMS) 5: 0.98
(9H.s.3.5-CH,,, and }-CH,): L.O6 (6H. 5. 35-CH, )1 1.31
(3H. 1. J=7 Hz. ethyl-CH,): 1.2-1.5 {6H. m. ring protoas):
3.41 (1H. 5. @-CH) 2nd $.25 ppm (ZH. q. J=7 Hz. CR.O).
Preparation of  l-cyanomethyl-1.3.53.5.5-
peatamethyleycionexane (13).

The mixture of ethyl (133.5.3-pentamethyicyclonexyl)
cvanoacctate (17) (1 g. 3.7 mrpol). LiC) (0.03 gy and water
(0.15 ml) in DMSO (2.5 ml) was heated a¢ 150-160° C. for
4 h. Solution was poured into water (70 ml) and exwacied
with ether (420 ml). Ether was washed with saline (2°30
m!). dried over Na,SO,. fitered and evaporated. Crude
producel was purtied on siica gef column. <luting with 2
petroleum ether—<thyl acsuare mixmure (20:1) to wive 0.60 3
(94%) of 18 as an oll. 'H NMR (CDCl,. TMS) &: 0.98 (OH
$.35-CH,, and 1-CH,): 102 (6H. 5. 3.5-CH ) L.21 (3H
s.ring protwns): L.31(3H.s.ring protons) 3ad 2.5 1 ppm (2H
s. CH,CN). IR (neat) v =2241 em*.

General procedure for preparation of alkylevelehes2namine
hydrochionides $-1-3-23.

A solution of 4. 10 or 13-15. 18 in 2ther was added
dropwise 1o 3 stirred suspension of [thivm aluminum
hydride (4 equivaleats) in cther, which was cealed i3 an ics
bath. The reactdon mixture wis stirred at roont kemperature
{n the casc of 4. 10. 13 or refuxad ia the case of 14, 15, 18
tll complete coaversion of starting materai (TLC coarol).
Recidueal Githium alymipnm hvdride was daswoy=d with
water. the aqueous fayer scparated 2ad twice sxTacted with
ether, The combinad cther prasss wzre washad with salioe.
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dried over NaOH. filtered and cvaporated. The amine
obtained was treated with HC! withouc characterization. The
amine hyc¢rochloride was prepared cither by passing of HCI
gas through the amine solution in hexane or by addition of
a | N HC! solution in ether (o the amine soluuon. In both
cases the solvent was removed after HCl addition. the
residue treated with hexane or aceonttrite and the crystailine
product filtered off to give 5-1-5-25 with excelient purity.
The physical properties and yiclds of compounds 5-1-5-
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'H NMR spectral daia of compound 5-26 arc given in
Table 5.

Amine 5-27 was prepared according to the known pro-
cedure [16].

Amine 3-28 [17] was prepared according to the general
procedore from corresponding azide (18]. All physical prop-
crues were in good agreement with data descibed (17].

The purity of all compounds prepared was checked by GC
(MN-OV-1. 25 m=0.53 m. d=1.0 wm. 50-270° C. (10°

25 are given in Table 4. :
'H NMR specetral data of compounds 5-1-5-25 are given 1o C/min).
io Table 5. _ _ ACID ADDITION SALTS -
Additonal ]-aminoalkylcyclohexanes and thewr hydro-
chlordes are prepared in the same or a similar maaner. The As acids suitable for the forrpation of acid addition saits
hydrochlerides can be converied 1o the free base or other 1 according to conventiopal procedure. there may be men-
acid addjuon salts as disclosed under “ACTD ADDITION tioned from the mineral scries the following acids:
SALTS". hvdrochloric. hydrobromic. methanesulfonic. isothionic.
Preparation of 3.3.5.5-terramethylevelohexylmethylamine sulfurie. phosphoric. and sulfamic acids acd. from the
hydrochloride (5-26). organic series: acetc. propionic. malecic, fumarice. tartaric,
A solution of l-mitromethyl-3.3.5.5- ., citric. oxalic. and benzoic acids. to pame a few. Preferred
regamethyleyclonexene (6) (1.1 g. 3.3 mmmol) in 2 mixmre acids are hydrochlorte. citric. and maleic. Other
of ethanol (140 mi) and chioroform (2.§ ml) was hydroge- pharmacevtically-accepuable acid addidoa salts may be
nated over 10% Pd/C (280 mg) at 5 atm for 20 h, filtered and prepared. if desired. and one acid addition salt may be
evaporaled. The aqude product was treated with ether. fil- converted inlo apother by neutralizing one salt. for example.
tered and washed with ether 10 give 0.57 g (50%) of amine , the hydrochloride. resulting in the free basc. and then
3-26. ceacidifying with a different selected mineral or organic
The physical properties and vield of compcuad 5-26 are acid. to prepare apother pharmmacsutically-acczptable acid
given in Table 4. addition salt. as is conventional in the art
TABLE |

Cvcichexanones 2

Yield
Compd R' R R} R* (%) 'H.NMR/CDCl, TMS)5 ppm
2-10 Me Mec Pr 8$1.5 0.86 i3H. L 6 Hz). 098 (SH- s 1.01 (3H. d § Kz 1.05-1.35 (3H, m): 1. 55-2.05 (¢H. mu 2.0} (2H. sk
M 0 H my
241 Me  Me Er 54 0.8 (3H. 5 090 (3H. . 7 Hx): 1.06 (QH. ). L.IS5=1.45 (OH. m); 203 (2H. s) 1.45-2.45 iSH. o
2.12 Mc  Mec Pr 74 0.87 (6H. mi LIS (GH. ) 1.15=1.45 (AR m). 213 (2HL 3): [.$5-245 (SH. m)
2-16 Me Me Et E¢ 83.3 078 [6H.t 7 H3y 1.0 (6H. 5): 137 (2H. ¢ 7 Hz) 152 /ZH. s): 215 (3H. 5)
2-17 Me  Me Pr Pr 7 0.87 (6H. m. .03 (6H. 5): 1.25 (8HL m): 1.53 (M «): 2.16 (2H. 5)
TABLE 2
1-Alkvicveiohexanels 3
Yied
Cempd R’ R? R’ R* R* (%) 'H - NMR (CDCl,, T™S) & ppm
321 E: Mec 0.33 (OH. L 7 H=j 117 (3K s)31.0-1.85 (12K m)
32b Er Me 93 0.87 (3H. L 7 Hr)i 1.2 (BH. s31.0-185 (1IH. m)
332 Pr Mc 0.86 (3H. 27 Mz 1 18 (3H. sil.0-1.9 (13H. m)y
3.3b Pr Mc 9% 03673H. L 7 Hzpii [.19 (3H. sn1.0-1.35 (IIH. =)
3.62 Me Pr Mc 0.23 (3H. £): 0.86 (3H. m): 1.19 (3H. s)1.0-1.85 (13H. m)
3-8b Pr Me  Me 83 0236 (3H.L 6.5 Hzp 1.0 (3H. 5) 107 (3H. 5): 0.95-1.95 (13H. an
39 Me El Me Me ¢ Q.80 :3H ;081 (3H. w7 Hz) 036 (3HL & 6.5 Hry 11T (3H. 630 0.%-2.0 {10H.
m)
310 Me Pr Me Me 88 0.8176H. m) 0.86 (IH. & & 5 Hz): 1.17 (3H. 5% 0.9-2.0 (LIH. m)
3-11 Me Mc Ei Me B 0.87 (6H. m): 1.8 (GH. s) .18 (3H. 5). 055~1.95 (10H. m,
311 Mc Me Pr Me 88 0.33 (6H. my. 1.09 (3H. s): 118 (3H. 5): 08-1.95 (12H. m)
3-15 Me Me Me Me Pr 85 0.89 (9K m). 1.21 (6H. 5): 0.95-1.T (11H. m)
e Me Mc Me(EY) Zr(Mer Mc 89 0.81 (3H o7 Hz): 0.89. 1.17 and 1.21 (total 124 all 542 Q.9=1.35 (SH. mi i35~
2.0 (4H. m)
317 Me Me Me (Pr) Pr(Me) Me 83 0.343H m): 0.88 and 1.19 (total { IH. deth 5); 0.9-i.35 [T, @ox 13520 ($H.
=)
313 Me Me €t Er Me 87 (078 (6H 7 Mz):0.89 (3. s) 1.19 (6H. 5): 095-1.3 CH. m) { 1 3-2.05 (<H. m)
319 Me Mc Pr Pr Me 90 036 (6H. £ 6.5): 2388 (3H. 53 1138 (6HL s): 9.8=1.3 (LIHL m): 13-208 /4H. =
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TABLE 2
L-Alkvi-T-az:docveiobexancs 4
Cotnp- Yeeld
ound R R* R? R  R* (%) 'H.NMR (CDCI,. TMS) 3 ppm
~la Me Me 31 089 (3H. d 6.5 Hx): 1.3] {3H. 5): 0.95-2.0 (9H. m)
L1b Me Me 6 052 (3H d.65 Hx): 1.23 (3M. 5): 1.0-2.0 (SH- m)
+2r E: Me 26 0.83 (3H. v 7 Hz): 1.29 (3H.s); 09520 (1I1H. m)
425 £t Me 4 08B (JH c 6.5 H2i 1.27 (3H. s): L.0-2.0 (11H. m)
< 3a Pr Me 24 088 (3H. L 635 Hzji 1.29 (2K, 5); 1.0-2.0 (13H. =)
+3b Pr Me 1l 038 (3H L 6.5 Hzi 1.27 (3H % £.0-20 (13H m)
K Me Mc Me 65 0.90 (JH. s): 1.08 (3H. ) 1.27 (3H. 5). 1.O-1.95 (8H. m)
X Me B Bt Me) Me & 082 and 1.0 (toral 3H. 51: 0.87 (3H. v 7 Hzyx 1.28 a0d 1.29
(1o2al K. 5): 0.5~20 (10H. m1
+4 Me (Pry Pr(Me) Me 66 0383 aod 107 (1oxal 3H s): 0.87 and 0.90 (toral JH L 6.5 Hz): 1.29 (3H. s
1.0-195 (12H. m)
7 Me () H(Me) HiMe) Me(H) Me 31 087 (6H.d. 6 Hz): 1.27 and 1.29 (total JH 35): 095215 (8K, m)
+8a Me Mc Me Me 42 0.86 (IH. 4 6 Hz). 0.39 (3H. s); 1.09 (3H. s 1.7 (3H. 5): 0.95~19 (TH. m)
+8b Me Mc Me Me 12 092(3H 4 6 Hz). 0.54 (3H s): 0.97 (JH. s): 136 (3H. 5). 0.95-20 (TH. m)
L5 Me E¢ Me Me 47 081 (6H. s an my: 0.86 (3H & § Hx): 1.27 [3H. 5); 0.551.95 (9H, m)
+9%b Me Me & Me 12 0.8 (3H. o 7 Hz): 087 (3H.s7. 0.91 (3H & 6 H1) 1.34 (3H. s1 0.95<9H. m)
+-0Da Me P Me Me 4 D81 (3H. 5); 0.84 (3H d 5 Hz): 0.87 (53H. m): 1.27 (3H. s): 1.0-20 ([1H. o)
+10b Me Me Pr Me 6 0.88 (6H. 5 and m;: 0.91 (3H. d, 6 Mz): 1.23 (3H. s): 1.O-1.95 (IIH. =,
<1l1a Me Me E Me 45 091 (GH. ¢ 7 Hz 092 (3H. s%: 112 (3H. ) .31 BH. 5. 1.0 -19 (BSH. o,
+11b Me Me Er Me 12 032(3H 1t 7 Hz): 097 and 0.99 (ol 6K sy 137 [IH s): 1.0-1.9 (9H. o
+12a Me Me Pr Me 54 OSUGEH. s and mY: .10 (3H. s): 1.28 (3H 4).095-19 (IIH. =)
+12b Mc Me Pr Me 7 0385(3H v 7 Hz) 0.95 (3H. 5. 0.58 (3H s 1.37 GH. )1 1.O0-1 9 (11H. m.
<13 Me Mc Mc Me Me 67 O0.89 (6H. s): 118 (6H- 5). 1.29 (3H. s). 0.55-1.9 (6H. m)
)4 Me Me Me Me Er 39 0.39(6Hs): (.56 (GH. € 7 Hz2), 1.19 (6H sk 1.0-L9 (SH. m)
=15 Me Me Me Me Pr &5 089 (6H 5): 0.93 (3H. m). 1.18 (6H. 5) 1.0-1.8 ([OH. m)
+1i6 Me Me Me (Bf) E:¢Mey Me 77 082 (3H m) 085, 1.14 md 1.18 (rotal SH ), 1.26 and 1.29
(tetal 3H. s): 095-1.9 (8H. m)
“17 Me Mc Me (Pry Pr™Me) Me 71 0.36: 0.88 (1ol 3H. L 6.5 Hzi. 0.90. [.IT: 1.19 (tocal SH. s): 1.28: 1.32 (ol SHY:
05519 (ICH m)
18 Me Me Et | Mc 66 078 (6H. 1 7 Hz). 0.90 (3H. s) 2.18 (3H. sk 1.31 (3H. $): 0.95-1.95 (10H. m)
19 Me Me Pr Pr Me 61 089 (5H. s and m): L.17 (il s); 1.27 (3H. 5): 0.95-1.95 (13H )
35
0
TABLE ¢
Amino-cveiohexane derivatves §
Elemental analvsy
Mrz Casculared (%) Found (%oh LR, Yield
Y Comp Feormula MW Cc H N c H N (*Cy (%6)
628 Sla CH,,N HCI 16372 S87 105 86 587 1035 8.8 >250 a3
631 S1b CH,;N HC) 163.72 3587 105 86 587 105 8.5 X0-C2 48
529 S-2a CoH,oN HCI 7775 603 108 79 &8 108 79 >25D 66
630 $Ib CoH N HCI 1777 603 108 79 &3 108 79 176131 43
827 S35 C oMy, N .HC! 19178 626 110 33 626 111 713 >250 20
623 3-3b CoH:, N.HCI 19178 616 1: 73 626 111 73 181-182 g1
621 5= CH, N HC] 7775 68 163 719 &8 108 79 230-231 73
630 5-5 CoHy(N.HC) 19178 415 {1 73 626 1Ll 7 168—170 71
617 5.6 C, H,,N HCl 20581 &2 113 68 682 113 68  1C6-LIC8 63
615 57 CoH N HC] 17778 €03 108 79 &8 0.8 7. 280182 0
7 5-8a C oH+ N .HCI 191.78 626 110 73 826 11l T3 >0 74
622 50 C Hyy N HCL D531 &2 113 63 &2 113 63 250-383 68
&4 9% C, H.yNHC? 2581 632 113 &R &4 (13 538 228-131 )
618 S-1la  €,;Hs,N.HCI 2984 656 MY 63 &35 115 64 167-168 7
619 51Cb  C,,Hy N HC 21934 656 119 64 656 115 68 237-238 36
633 S-l)a C, H.3yN HCt 053t 442 113 63 642 113 68 255257 63
632 5-11b C, Hyy N HC 0531 682 113 63 681 113 68 216-213 -~
835 5123 C,;Hx,N HCl 21984 &6 119 64 656 NS o4 215221 83
634 5[ C:HsN HCO 21984 456 1Y 61 A35.6 115 64 200-203 ol
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TABLE 4-continued

Amino—<velohexane Jenvanves $

Elemental_analvsis

Mrz Calcuiated (% Found 1%, mp. Yield
Y Comp Formula MW, C H N C H N C) (%)
579 5-13 C,, Ry, N HCE 20581 632 113 68 631 113 68 B5-237 2
GO 514 C,;H:N.HCiLH,0 3786 605 106 59 &6 106 59 25118 74
601 5-15 C,,R-N.HCi 25387 668 11T 80 &8 117 40 >280 83
615 (6 C 3R N.HCI 31934 656 119 84 656 115 64 1621163 65
613 5-i7 C;HysN.HCLO.SH2 2418+« 643 120 5.8 638 120 56 106-107 M
623 518 C3HyN.HCLH,0 25189 620 108 56 620 108 S8 95-102 78
626 5-19 CsHy, X.HCI 26193 833 120 53 688 110 33 167-165 72
&40 520 C,,Hi N HCL 21984 6856 119 6.3 6586 11T &3 249-25) 85
439 52t C;HnN HCI 2332 6638 11 60 &6 113 55  257-259 82
&2 522 C,3HAN.HCLH,0 251.82 620 10 56 620 120 S >1210 98
645 5-23 C, HpNHC 24785 678 122 57 676 1M3 S8 X507 35
643 524 CyHy N .HCL 21984 656 119 63 654 119 62 >250 83
662 5-25 C HNHCLOSH.O 24284 643 120 53 &9 119 57 >2150 64
580 5% C, HyNHCI 20581 &I 113 68 &1 114 b9 >230 50
557 5O C,oHy,N.HC! IB175 626 118 T3 6213 118 T2 >280(dec) 70
i 528 CT7HISN HCL 1437 561 108 94 S535 110 92 283285 69
TABLE 3

Specmal dana of Amino-cvelehexane denvalives §

Compd. "H . NMR (CDCl, T™MS) 5 spm

$-1a 069 3H. d. 8 Hzy: 0.9-1.4 (3H. m): 144 (IH 5): 1523 (6H. my: 8.3 (3H. Yr 5)

S-ib 090 (JH. d. § Hzy 146 (3H. s): 1.0=23 OH. m): 8.3 (3H. br s)

S-2a 0.87 (3H. L 7 Hay 135 i3H. 5y 1.0-23 (11H. &) §35 (3K br s)

82 087 (3H. 1. 7 Hzy. §.46 (3H. 51 1.0-2.2 [1I1H. m}). 8.3 (3H. br s}

5-3a 0.86 (3H. 1. 6.5 Hx)y. 09514 (IH. =) [.35 (3H. s): 1.5~22 /6H. m): 83 (3H. br s)

5235 085 (3H. . 1 Hzy 147 GH ). 095-2.2 (13H. m): 8.3 GH br o)

54 096 (3H. <), 1.0S (3. 537 1 SO (3H. s): 1.1-1.95 (BH. mY): 8.25 (5H. br «)

55 0.82 (3H. w | Hz): 0.50 and 1.04 (1ota] 3H. Beth s): 1.48 and 1.50 (oal 3H. both s [.1-2.0 (10H. my: 8.25 (3H. or s)
-6 0.86 (JH. m): 0.94 and 1.07 (toral IH. both 5): 1.49 and 152 (total M. both 8): 1.1-20 (1 2H. my 8.25 (3K, br s)

s-7 050 (6H. d. 6 Hzy |44 and 1.30 (toua) 3K both s): 0.95-2.4 (§H. m). .25 (JH. br s)

$-3a 050 and 0.9) (1ol SH. d s5 1.23 (IH. 532 1.24 (3H. ) 09523 GH. =) 8.2 (3H, br s)

5-%a 0.33 (s) and 0.81 (m. soral SHY 131 (3H. s): 1.0-22 (SH. mYX: 8.15 (3H. or 5)

$-5o 0.7-1.0 (m) and 0.8% (s toeal SHY: 155 /3H. ) 1.05-2.2 (9H. mY: (3H. br 5)

5102 0.1-0.95 tm and 0.38 /5. toral SHY; 15! (IH. 3): 9.95-2.3 [11R. m); 3.2 (3H. br 5)

5-10b 0.7-10 i) and 090 (s oral 9H): 1.54 (FH. 51 1.05-21 (1K m): 82 (3H. br )

5-11a 0.8 1.0 (m) and 091 (s :oral &) L.22 (3H. s\ 1.+ (3H. s)c 1.0-2.3 (SH. m): 8.2 (3H. &r 5)

$-11b 0.38 (m) anc 0.96 is total OH): [ SO (3H. s): L0215 (9H. m): 8.2 GH. br 5)

$5-12a 091 (6H my. 1.22 (3H. 53 145 (3H. 53 1.0-2.3 (Y H. m): 8.2 (3H. br sy

5.12b 0.99 (mu. 257 (s roral SH). 1S3 (SH. 3): 1.O=2.2 [ 1JH. my 8.2 (3H. brs)

S-13 1.02 and .07 (toral 1 XH. 512 1.26 (2H. @) 1.62 (3H. sk [.71 (dH. m)

S-re 1.03 and 107 (tova) 1M, s 109 (3HL L T Hz) 129 (2HL sy 159 and 1.31 (total 4H. di 14 H21 1.56 i2H. . 7 Hzy 8,15 (3H. brs)
5158 093 (JH. . 1 H2y: 1.01 and 1.08 (reral 12H. s) 129 (ZHC ) (33520 (4H, my. 1.70 (4H. m): 8.2 (3H. br 5y

S5-16 0.33 (3H. @ 1.00. .07 and 1.07 (1oral 9H. s): 1.2~1.5 (4H. m): 1.59 acd 1.863 (rotal JH. Soth s): 1.70 (sH. 1y 3.25 (3K br g)
17 0.37 (3H. m’ 1.0-1.1 (SH. m): 1.1-1.4 16K =) 1.60 and 1.64 [oeal 3H. both sY, 1.70 (41 m): 8.25 (3H. br 51

S1R 078 i6H. L T Hzw 104 16H. s 1.21 (2H. m) 130 74H. mi 1.39 (3H. s); 1.6-1.8 (4H. m). .25 (2H. br 35)

5-19 0.87 |6H. my: ) O (8H. s). L.1-1S5 (10H. my; 1.60 (3H. s% [ 5~1.95 (AH, m. 3.2 {JK. br sy

5.0 100 and LIL coral 2N, st 109 (2ML it 157 (3H. sk §.72/4H. Jda 14 Hz): 2.56 (3H. ¢ 6 Hz i 9.2 oo (2R, v 50
s 053 and |11 fonal 1IH. $Y 229 (2H, min S8 1 SH. L 7T Hzy 161 (3HL sy [.82 {4H. o) 3.0 (2H. min 9.1 ppm i1H. br 51
5.22 1.03 ans L.[2 0t (2HL 500 132 (2H. my 1,45 (OH s). [.64 and 1 97 (roral +HL d. 14 Hz) 299 ¢6H. 4 S H2)

5-23 0.85 (6H. 53. 1.0T (6H. 5). 0.60-1.95 (TH. m). 1.8 (6H. s} 1.8 (2H. A § Hz} 035 (JH. or s)

$-24 0.67 16H, 55: 0.98 (6H. 5:: 0.6~1.85 (OH. @) .02 (IH. m¥ 330 (3H. brs)

$-25 0.96 (6H. s). 1.02 (6H. sy, 1O (3H. s). [.18 (6H. 53 ).73 (2H. mi: 3.03 (2H. m}: 8.28 (3H. brs)

L6 097 f1ZH, & )0 [0=2.2 (TH. m) 2.30 (IH. m): 3.35 ppma (3K br 3).

5- 097 (6H, s). 1.08 i6H. ) 112 (1M, 4 137 Hey 12213 (SH. my; 192 (2H. d 12,3 Mo 3.4 (1H, eny: 830 0i3H. br «)

5-28 147 (3H. 5) 1.2~2.2 (1CH, m) 83 (3H br s)
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TABLE 6

Busx Souwerure of the amuno- and aminoalcyleyeloberanes.

RS

R
>

- R! R
R o s
Ri
. 7/
R’ = ——(CH.);—(CR*R*},—N.
N $
R
n+m=0. 1.2
R'-R? = lower alievl
M~z
Y Compd R R? R’ R* R? "
625 S-la H H H Me Me NH,
631 5-1b H H Me H Me NH,
529 5.2 H H H Ex Me NH.,
630 52 H H Ex H Me NH,
627 $-3a H H H Pr Me NH,
28 53 H M Pr H Me NH,
62) S H H Me Me Me NH,
420 5.5 H H Me Er) E: (Me) Me NH,
6:7 5-6 H H Me (Pr) Pr(Mc) Me NH,
618 5.1 Me H HMe) Me(H) Me NH,
M (Me)

&3 $3a Me Mc Me H Me NH.
&7 S58a Me  Me H Me Me NH,
622 593 Me H Et Me Me NH,
624 5-5b H Me Me E: Me NH,
658 5-10a Ma H P- Mec Me NH,
&§19  5.10b H Me Mec Pr Me NH,
632  S-1la M=  Me H Er Me NH,
832  S11b Me Me Et H Me NH,
635 S22 Me Me H P Me NH,
633 51 Mz Mc Pr H Me NH,
579 5-13 Me Mc Me Me Me NH,
&00 35-13 Mz Me Me Me Et NH,
601 5-15 Me  Me Me Me Pr NH,
é1$ 5-16 Me  Me Me (ED Ex (Mc) Me NH,
&13 $5-17 Me Me Me (Pr) Pr(Me) Mec NH.
633 518 Me Me Et E Me NH,
8286 5-15 Me Me Pr Pr Me NH,
630 5-X Me Mc Mc Me M NHMe
639 5-1¢ Me Me Me Me Me NHZt

2 s5.22 Me Me Me Me Me NMe )y,
645 523 Mz Me  Mc Me H CH.CMe NH,
63t S Me Mc Me Me H  CH,CH.NH,
462 5.5 Me Me Me Me Me  CH,CH,NH;
580 526 Me Me  Me Me H CH,NH,
557 5.7 Me Me Me Me H, NH,
641 5.8 H H H H Me NH,
705 nm Me Me Me Me Me N-pyrrolidine

PHARMACEUTICAL COMPOSITIONS

The acuve ingredients of the invention. logether with one
or more conventoeal adjuvants, carriers. or djjuents, may be
placed into the form of pharrmaceutical compeositions and
unit dosages thereof. and in such form may be =mployed as
solids. such as coated or vwncoated tablets or filled capsules.
or {iquids. such as solutions. suspensions. emuisioas. ctixirs.
or capsules filled with the same. all for oral use: in the form
of suppositorics or capsules for rectal administration o¢ in
the form of sterile injectable solutions for parenteral
(including inravenous or subcutancous) use. Such pharma-
csutical compositions and uait dosage forms thereof raay
corapsise conventional or new ingredients in conventonal or
special proportiops. with or without additional acive com-
pounas or pnociples. apd such unit dosage forms may
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councain any suitable effective amount of the acuve ingredi-
ent cornraensurate with the intepded daily dosage ranse to
be empioyed. Tablets containing twenty (20) to one hundred
(100) milligrams of active ingredient or. more broadly. ten
(10) to two hundred fifey (250) milligrams per tabiet. are
accordingly sujtable represeatative unit dosage forms.

METHOD OF TREATING

Due 10 their high degree of activity and their low toxiciry.
together presenting 1 most favorable therapeutic index. the
acuve pricciples of the invention may be administerad 1o a
subject. ¢.g.. a living animal (including a human) dody. in
need thereof. for the reatmeat. alleviation. or amelioration.
palliation. or zlimination of an indication or condition which
is suscepuble thereto. or cepresentatively of aa iadicadon or
condition set forth elsewhere in this application. praierably
concurrently, simultaneously. or together with onre or more
pharmaceuti- cally-acceptable excipients. carriers, or
dilueats. especially and preferably in the form of a pharma-
ceutjeal composition thereof. whether by cral, recial. or
pareatal (including intravenous and subcucancous) or in
some cases even lopical route. in an efective amount
Swvitable dosage ranges are 1-1000 milligrams datly, pre!-

rably 10-300 milligrams daily. apd sspecially 50-500
milligrams daily. depeading as usual vpoan the exact mode of
administration. form in which administersd. the indication
toward which the administration is directed. the subject
involved and the body weight of the subject iavolved. and
the preference and experience of the physician or veterinar-
1an in charge.

EXAMPLES OF REPRESENTATIVE
PHARMACEUTICAL COMPOSITIONS

With the aid of commonly used solveats. auxiliary agents
and carriers, the reaction predvcts can be processzd into
tablets. coated tablets. capsules. dreip solutioas.
suppositories, injection and infusion preparadouns. and the
like angd can be therapeutically applied by the oral. recaal.
parenteral. and additicoal routes. Represeatative pharma-
ceutical cornpositons follow.

(a) Tablets suitable for oral administration which contain
the active ingredient may be prepared by conventional
tableting techniques.

(b) For suppositories. any usual suppository bases may be
emploved for incorporation thereinto by usual procadere of
the acuve ingredient. such as a polyethyleacglycol which is
a solid ac poemd room femperature but which melts at or
about body temperanre.

(¢) For paremtal (incJuding intravencus and subcutaceous)
stertle soludons. the acdve ingredient together with conven-
vonal ingredients in usual amounts are employed. such as
for example sodium chloride and double-distilled water g.5..
according to conventional proczdure. such as fumaton.
ascptic filling ioto ampoules ot IV-drip bot=s. and auto-
claving for sterility.

Other suilabie pharmaceutical compositicas will be
immediately apparz=nt to oae skilled in the art

The following examples are againgivea by way of illus-
wation orly and are not to be construed 2s limjidny.
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EXAMPLE |
Tablet Formalation A suitable formulation for a " "
taplet contajning 10 milligrams of active ingredient ';;ﬁn RS :g g
is as follows: 3 Sierile waler 10 nmyaks mi |
Mg EXAMPLE 5
. . 10 .. .
C:c"‘:ehmm' ; ég Liquid Orai Formulation
i . e . . . - .
- Micrecrysmalline “ A suitable formulatioa for | Lter of a liquid mixture
Celluiose q
Talcum 4 containing 2 milligrams of active ipgredient in one miililiter
Magpesium srearate 1 of the mixture is as follows:
Cotlowdal silicon 1 15
dioxide
G.
EXAMPLE 2 S Active lngredient 2
20 Saccharose 0
. Giecose 300
Tablet Formulation Sorouol 10
. N . .. Orange faver 10
_ Another suitable forroulation for 2 tablet containing 100 SMJ. veliow,
mg is as follows: Purified waler 16 make 2 teal
b of 1000 Tu.
Mg,
EXAMPLE 6
Achive Ingredient 100 30
. . E - . -
;‘fl‘:?mﬁ?’ch ; fg Liquid Oral Forrulation
Filru coated and colored . . . D
T;:;Lm mamgi:u ‘ol consists of Another suitable formulation for 1 liter of a liquid mixture
containing 20 milligrams of active ingredient in one mulli-
Lactose 100 liter of the muxture is as follows:
Micrecryst. Cellulose 20 35
Grlatin 10
Polyvinvipvrrolidone. 10
crosslinked -
Taleumn 10 -
Magnesium steasate 2
Collowdal silicen dioxide 3 @ Actve Ingrecieat »
Color pigmnenis 5 Tragac !
Giyeczol 0
Saccharose 400
Methylparaben 0s
Prepvlparaben 0Cs
EXAMPLE 3 Black curmacr-davor 10
45 Soluole Red color 002
. Purificd water 1o make 1 otal
Capsule Forrnulation of 1000 .
A suitable focmuladon for a capsule containing 50 milli-
grams of acive ingredient is as follows:
50 EXAMPLE 7
Liquid Oral Formulation
Mg
acire Lngrodent © Another suitable formulatioa for 1 Liter of a liquid mixiure
Comm starey 20 ss containing 2 mulligrams of active ingradieat (o one milliliter
Dibasic ealcwa phosphate 50 of the rixeure is as follows:
Talczn 2
Collo:dal silicen drox:de 2
Gilea it 2 gelana capsele.
o G.
Active Ingrodieni 2
EXAMPLE 4 Swcekarose <0
Bitter crange pee! uncame o)
N . . Swect orange pecl uncnre 15
Soiutoa for Injecdon Pended water o make 1 1ol
83 of L0 =,

A suitabie formaulation for an injectable solution coptain-
Ing one percant of active ingredient s as follows:
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EXAMPLE §°
Acrosol Formulation

180 g accosol solution contain:

G.
Acuve lngrediert 10
Oleic acid 5
Echanol 31
Punfied Water 9
Termradvoroethaoe 15

15 ml of the solution are filled into aluminum aerosol cans,
capped with a dosing valve. purged with 3.0 bar.

EXAMPLE 6
TDS Formulatica

100 g solution contain:

G.
Actve Ingredieat 1co
Etbamol 73
Propyleceglycol 73
Dimezhylsulfoxides 50
Hycroxyetwicelluicse a4
Purified water 19.6

1.8 ml of the solution are placed on 2 fleece covered by aa
adhesive backing foil. The system is closed by a protective
liner which will be removed before use

EXAMPLE 10

Nanoparticle Formulaticn

10 g of polyburtylcyanoacrylate nanoparucizs contain:

G.
Active Ingredient 1.0
Poloxamer 0.(
Buryteyapcacsylare 8.5
Mzantol 0.1
Sodiumeilonda 00S

Polybutylcyanoacrylate nanoparticles are prepared by emul-
sioa polymearsiation in a water/0.1 N HCl/ethapol mixture as
poly merisation medium. The nanopartcles in the suspensioa
¥e finally lyophiilzed und vacuum

PHARMACOLOGY —SUMMARY

The active priaciples of the present inventoa. and phar-
maccuticl compositions thereof and method of treatng
thecewith. are characterized by upique advantigeous and
vnpredictable propertics. rendering the “subject reanter as a
whole™. as claimed hercin. unobvious. The compounds and
pharmaczutical compositions thereof have exhibited. in
standard accepted rcliable test procedurcs. the following
valuable propestics and chaagiemnstics:

They are systemicallv-active. upcompetitive NMDA
receptor antagonists with rapid blocking/unblocking kinezics
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and strong voltage dependency and ace accordingly of utilicy
in the meaumeol. climination. palliation. alleviation. and
amelioration of responsive conditions. by application or
adminiscation to the living animal host for the reament of
a wide range of CNS disorders which involve disturbances
of gtutamatergic Tansmission.

PHARMACOLOGY

In vivo
Recepror Binding Studies

Male Sprague-Dawley rats (200-256 g) were decapitated
and their brains were removed rapidly. The coriex was
dissected and homogenized in 20 volumes of ice-cold 0.32
M sucrose using a glass-Teflon homogenizer. The homoge-
nate was centrifuged at 1000 =g for 10 minutes. The pellet
was discarded and the supernatant ceatrifuged at 20.000 xg
for 20 minutes. The resulting pellet was re-suspended in 20
volumes of distilled water and centrifuged for 20 minutes at
8000 xg. Thea the supernatant and the bufy coat were
cenuifuged three tmes (48.000 xg for 20 minutes) in the
presence of 30 mM Tris-HCL pH 8.0. AU ceamifugation
steps were carried out at 4° C. Aftr resuspension in §
volumes of 50 reM Tris-HC). pH 8.0 the mernbrape suspen-
sion was frozea rapidly at —80° C. Onb the day of assay the
membranes were thawed-and washed four times by resus-
pension in 50 mM Tris-HCL. pH 8.0 and ceatrifugation at
48.000 xg for 20 miautes. The final peller was suspeaded ia
assay butfer. The arscunt of protein in the final membrane
preparation was determined according to the method of
Lowry with some modifications. The firal protein concza-
tation uvsed for our studies was betwesn 25C-500 ug/mtb

Membranes wese re-suspended and tacubated in 50 mM
Tris-HCL. pH 3.0. Incubations were stared by adding [*H}-
(+)-MK-801 (23.9 CUrorool. 5 aM) to vials with glveine (10
uM).glutamate (10 uM). and 0.1-0.25 mg prowein (rocd
volume 0.5 ml) and various concenuaticas of the ageaws
tested (10 concentrations in duplicates). The incubatons
were coatipued at room temperawure for 120 mingtes, equi-
Librium always being achicved upder the coaditions used
Non-specific binding was defiped by the adciton of unla-
beled MK-801 (10 pM). Incubatons were terminated vsing
a Millipore filter system. The samples were nesed thres
times with 2.5 ml ics cold assay buffer over glass fiber filters
obtained from Schleicher & Schuell under a constapt
vacuum. Fumadon was performed as rapidly as possibie.
Following separation and rinse. the filters were placed into
scintillaton liquid (5 mi: Uluma Gold) and radio acuvity
retained on the fiters was determined with a cooveational
Liguid scintliation covater (Hewlen Packard, Liquid Scin-
tilation Analyser),
Paich Clamp

Hippocampi wers obtained from rat embrvos (E2Z0 to
E21) and wer= then transferred to calcium asd maggesium
frez Hank's buffered salt solution (Gitco) on ice. Czlls were
mechanically dissociated in 0.05% DNAz2se/0.3% ovomu-
coid (Sigra) following an § minute pre-incubaion with
0.66% wypsin/0.1% DNAase (Sigma). The dissociated cells
were then cenuifuged at 18 g for 10 miautes. re-suspeaded
in minitpum esscaual medium (Gibeco) and plated at 2
deasity of 150.000 cclls em™ onto poly-L-lysise (Sigra)-
precoated plastic petr dishes (Falcon). The cells were nour-
ished with NaHCO./HEPES-bufzrcd minimum essental
mediam supplemented with 3% fewul calf serym aod 3%
horse scrum (Gibeo) and incubated 2 37° C. with 3% CO.
at 935% humidity. The medium was exchaaged compiztely
following inhibition of further glial mitosis with cytosiac-
P-D-arabinoivranosice (20 uM Sigmna)y afto abosi 7 &ays o
vitro. Thereafter the medium was exchagged partially twice
weekly.
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Patch clamp recordings were made from these aevrones
with polished glass elecrodes (6 m&2) in the whole cell
mode at room temperature (20-22° C.) with the aid of an
EPC-7 amplifier (List). Test substances were applied by
switching channels of a custom-made fast superfusion sys-
tem with a common ocutflow (10-20 ms exchange times).
The contents of the inmracellular solution were as follows
(mM): CsCl (120). TEACI (20). EGTA (10). MgCl{1).
CaCl.-(0.2). glucose (10). ATP(2). cAMP (0.25): pH was
adjusted to 7.3 with CsOH or HC!. The extraczllular solu-
tons had the following basic composition (mM): NaCl
1130). KCl (3). CaCl, (0.2). glucose (10). HEPES (10).
sucrose (4.3). tetrodotoxin (TTX 37107*). Glycine (1 uM)
was present in all solutions: a conceneration sufficient to
cause around 8§0—-85% activation of glyeine g ree=ptors. Only
resulrs from stable cells were accepted for inclusion in the
final analysis. i.e.. following recovery of responses to
NMDA by at least 75% of their deprsssion by the antago-
nists tested. :

Excitotoxicity

Conical neurones were obtained from cerebral cortices of
{7/18 day old fetal rats (Wistar). in general following the
dissociation procedure described by ([23]. After shont
wyvpsinization and gente trireration with fire-polished Pas-
teur pipettes, the cell suspension was washed by centrifu-
gation. Cells were suspended in serum-Tee Neurobasal
medivm with B27 suppiement (GIBCO) before plating onto
poly-L-lysine (Sigma: 0.2 mg/ml. 20 k. 4° C.) and lamigin
(Sigma: 2 pg/ml. 1 h. 37° C.y-coated 96-well plates (Faleorn.
Primaria) at a deasity of 5x10* cells/well. Cortical neurones
were maintained at 37° C. in humidified 10% CO./90% air.
One day after plating. 5 uM cytosine--D-arabinofrranoside
(Sigma) was added 16 cach well for inhibition of glial cell
proliferation. The medium was changed first after 4 days in
vizo and then every 4 days by replacing - : of the medium
with astrocyte-conditioned medivm Cortical peurones
berween day 12 and 14 in culture were used for the experi-
meats.

New-born rat asgocytes wers tsolated non-cazyrootically
according to the methad of [23]. Briedy. both hemispheres
were dissected from 2-day-old rats. passed through an 80 um
2auze. and titurated with Pasteur pipettes. Cell suspensioa
was made in Dulbecco’s modified essential medium
{DMEM. Gibco) supplemented with 10% feta]l calf serum
(FCS. Hyclone). 2 mM glutamine (Gibco) and S0 ug/ml
gentamycin and transferred into unmreated. plastic culture
flasks (Corning: 75 em™). Two days after plating the flasks
wecre shaken for L0 muautes on a rotary plaform (150
U/rain) to remove microglial ¢ells. The culrures were grown
1o confluency within {4 days. and the culiture medium was
changed wice weekly. Thereafter. the glial monolayers were
extzasively washed with serum-free Neurcbasal mediem
(Gibco) to remove the serum Flasks were then shakes
several times to remove oligodeadrocytes and neurones. To
obuain conditioned medium from primary asgocyies. the
cultures were incubated with fresh Neurobasal medium
supplemented with B27 andglvtamine. Every 2-3 days the
conditigned medium was collecied and replaced by fresh
medijurn vp to 4 times.

Exposure to EAA was performed in ssrum-frez Neu-
robasal medium cortaining 100 uM glutamate and the drug
to be tesied. After 20 h of incubation. the eytotoxic efect
was morphojogically cxamined under a phase conwast
mictoscope and biochermically quantifizd by measuring szl
viability with the MTT test (Promega). This calorimetric
assay measures the recduection of a terrazolivrm component
T fato an iasoluble femuzaa product by the mitochon-
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dria of living cells. After incubation of the certical neurones
with the dye solution tor approxupately 1—4 heers. a solu-
bilization solution was added 1o lyse the cells and solubitize
the colored product (incubation overnight at 37° C.. 10%
CO.. 907 RH). These sampies werc then read using an Elis2
plate reader (Thermomax. MWG Biotech) at a wavelength
ot 570 am. The amount of color produced was directly
proportional to the oumber of viable cells.
In vivo
Anticonvulsive activiry

NMR female mice (18-28 g) housed 5 per cage were vsed
for the maximal elecroshock (MES) and motor irnpairment
tests. All animals were kept with water and food ad Libitum
under a 12 hour light-dark cycle (light oo ar 6 a.m.) and at
a conaolled temperamre (2030.5° C.). All ¢ experiments
were performed berween 10 am. and S p.m. Tested agents
were injected 30 min. ip. befors the induclon of convul-
sions if not stated otherwise (sez below). All compounds
were dissolved 1o 0.9% saline.

The MES test was performed together with tests for
myorelaxan( action (raction reflex) and motor ccordination
(rotarod). For the traction redex test mice were placed with
their forepaws on a horizontal rod and were required to place
all 4 paws on the wire within 10 seconds. To test ataxia
{motor coordination) mics were placed on roiared (5 om)
and were required to remain oo the rod for | mirute. Orly
mic= not achieving the criteria in all three repetitions of cach
lest were considered 1o exhibit myorelaxation or ataxia
respectively, These tests were followed by MES (100 Hz.
0.5 second shock duration. 30 mA shock intensity. 0.9 ms
impulse duration. Ugo Basile) applied through cormez! elec-
trodes. The presences of toei¢ coavulsioas was scered (tonic
extension of hind paws with minimum angle to the body of
90°). The aim was to obtain ED,s for all paramerers scored
(anticonvulsive activity and motor side eFects) with use of
the Litchield Wilcoxon test for quantal dose responses.
Division of the EDg, for side eFects (ataxia or
myoretaxation) by the ED,, for antagonism of elecmoshock
convulsions was vsed as a therapeuuc index (TT).
Statistical Analysis

[Csos in patch clamp. sxcitotoxicity. and birding stedies
were calculated according to the four paramszs:ier logistic
equation using the Grafit computer program (Erithacas
Software. England). Ki value for binding studics were then
determined according to Cheng and Prusoff. Binding values
preseated are means=SEM of 3-3 determinations (cach
pestormed in duplicate). 47 doses of antagonists were
tested in cach of the in ¢ vivo tests (5~ aaumals per dose)
to allow calculation of graded EDy4s according to prooit
analysis (Litchiizld and Wijcoxon) with correctuon for 0% to
100% effects. EDgs are presented with 95% confideacs
limits (Cl). Pearson product moment correiation analysis
(Sigma Stat. Jandel Scientiic) was used to compare in vizo
potencizs and in Vivo anticonvulsant activicy.

RESULTS

Binding

All cyclohexanes displaczd (*HJ-(+)-MX-8G1 binding 1o
rat cortical membranes with [Cyqs of betwezna £ and 150 uM
whilst Ki values as assessed with the Cheng-Prussof equa-
tion weee 2 fold lower (sez Table 7).
Patch Clamp

Steady -state inward currzat cesponses of culturad Sjppoc-
ampal neurones to NMDA (200 uM with glvcinz 1 uM
at—70 mV) were annagonized by the tesizd cyclohesanes
with 1C s of 1.3-99 uM (Table 7). P=ak and stcady-state
currents werz affected to a similar degree making @ unlikely
that thelr 2aFzcts were mediated at the giveing site. Scong
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support for the uncompetitive aature of this antagonism was
provided by the clear use- and voltage-depepdency of their
blockade. The weaker antagonists showed faster kinetics
and stronger voltage-dependeacy.

28

also agood correlation berween pocencies in artagonizing
NMDa-induced inward cumrents and protection against
NMDA-ipduczd toxicity in viro with anticonvulsive activ-
ity in vivo (corr. coeffs.>0.36. p<0.01).

TABLE 7
(*H] MK 801 Powch Clamp Glur. Tox. MES EDy,

Mz ¥ IC, (uM) (WMY SEM IC,0 (aM)  SEM [C, (uM) SD @pg cL.
357 17.6 0.9 185 27 6.7 10 439 35.6-54.1
$79 1.9 0.1 1.3 002 00 36 2261
$80 15.9 0.8 129 04 $6 08 73 12.8-52
600 s 0.1 37 0.2 11 0.2 ns $5.0-197
601 T4 0.3 105 08 35 03 156 i04-23.4
607 8.2 0.3 138 15 101 2 29 18.3-23.7
514 13.6 13 159 s >10 ns 157349
615 5 0.1 29 0.1 3 6.1 3.4+-107
816 15.0 04 32 4.4 9.1 220 5.6-16.8
617 51.8 39 7.4 73 570 28] 428703
618 317 24 337 94 176 29 240 9.4-595
619 S 6.7 808 £ 309 3 4“6 320623
630 32.2 2t 9.0 10.4 334 L6 413 32.9-517
621 36.7 48 924 190 >100 36.9 25633

B 622 15.0 056 6.9 1.7 193 31 21.0 16.1-77.5
623 33 0.z 13 0.7 4S5 Cs 13.1 95=17.2
624 1.2 1.2 319 3.6 27 06 472 4138532
625 46.3 8.1 2449 $0.1 394 63 129.8 42.5-3955
526 1.8 15 9.6 2.0 190 33 4122 23567
627 703 33 2097 1.0 66 8.7 £33 30.5-83.7
638 35.6 44 135.5 08 73 45 7.2 33 6-159.2
6% 39.¢ 2.4 218.% 1L >300 85 38,3892
630 “3 38 >{00 >100 >30

3 £5.7 86 >100 >100 000
832 2.0 0. 6.4 0.5 109 04 1104 77-1538
633 63 0s 13.9 3.2 54 09 3.78 3.6-21.3
634 15.3 1.0 108 2.6 190 33 >3
&35 7.8 04 21.0 36 g2 L3 3159 2.53-26.8
639 33 03 7.4 1.0 57 03 s 3.8-3.0
620 3.7 0.6 146 1.2 83 0.4 8.2 $7-118
641 181§ 267 >100 >100 >50
842 10.2 16 425 65 23 33 8.0 $1-127
643 36 0s 15.5 1.7 120 09 18.55 10.3-32.2
Y 5.8 3.7 41 1.3 43 0 5298 7 8-10C3
845 3s5.1 308 0.4 36 >100 6551 43.8-58 2
Mernaatioe o7 o1t 23 03 13 07 63 5433
Agiazradine 0.1 Sa 7.0 L1} 207 a7 1830 122-27%
MX-20) 0.0036 0.0002 014 0.i0 0012 2.002 0.15 013001
Excitotoxicity <5 Effects of cyclohexane desvauves and standard uncorm-

Low uM concentrations of most cyclohexaaes were effzc-
tve peurcprotectants ia vico. with Mez 2/579 secruing 1o be
most potegt in this regard (see Table 7). With most com-
pounds full protection was obtained with 20 uM.

Ia vivo
Anticonvulsive Activiry

All cyclohexape derivadves inhibited MES-inducad con-
vulsions in mice with ED s ranging Tom 3.6 to 50 kg
1.p. (Table 7). Selected commpounds were also tested agaiast
PTZ- and NMDA-inducad coavulsions (see [20. 21] for
methods) and showed comparable poizacy to the MES test
(e.g.. Mrz /579 had EDg.s in the PTZ- and NMDA tests of
5.5 and 3.7 mg/kg respectively). Their andconvulsive
potency was inareased following iv. adminismation (e.3.
Mrz D579 EDge=2.5 mg/hp). Mrz 2579 was also active
followiag s.c. and sormecwhat less potent following p.o.
adminiswation (EDys of 4.6 and 13.7 mg/kg respecuvely).
At doses within the antconvulsive range. myorciaxation
(ractioan test) and ataxia (rotarod test) were observed with
some cvclohexares. For the majority of them. no acuic
lethalicy was seen at up to 30 me/kg.

Correlation Apalysis :

Therewas a verygood cross corrclaiion benvesn all thrze

in vigo assays (Al corr. coelfs.>0.7C. p<C.001). There oas
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petitive NMDA receptor 2otagonists oa [PHJ-(--MK-30!
binding. NMDA jpduced curreats in patch clamp
experiments. glutamate toxicity in cvlrured cortical peurores
aad MES-convulstons in vivo. Bindipg Ki valtes are means
FSEM of 3-5 experiments. IC,,s (ESEM) in patch clamp
and glutareate toxicity experments were detemined from
data from at least 3 conczomations groduciog detwezn 15
and 85% inhibition and at least 5 cels per concengation. For
MES-induced convuisions. values are ED s in mg/kg (93%
confidence limils arz showe in parenthescs)-

In addition. due at least in part to their arnine subsutuent.
the compounds of the present invention are adso cfective in
nog-NMDA indicatioas. extubiting imrpune-raodulatory
activiry. agtimalaria potcacy. anti-Boraa vicus acuviry. and
anti-Hepatitis C acuviry.

ADDITIONAL EXAMPLES AND
PHARMACOLOGICAL UPDATES

Fucther 1-aminoalkylevelchexace compounds. wherzin

the 1-amipogroup is cyciic. hat is. whersin R and R®

2 to 3. inclusive. thereby presenting the l-aminogmup
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——NR® R?® jn the form of a cyclic amine. are prepared in the
folowing mananesr:
Preparation of N-(3-CyanoproPyl)-1.3.3.5.3-
penurethyleyclohexylamine (2)

A mixture of } 33.5-pentamethylcyclahelaelvdrochloride
(1) (206 g. 10 mmol). -tromoburyroniwile (1.53 g. 10.5
mumol) and sodium carboate (3.18 g. 30 mmol) in temiliy-
drofurin (30 mi) was refuxed for 85 h. then poured into
water (100 ml) and extmracted with ether (3230 ml). The
combined organic phases were washed with beine (20 ml)
and dred over K,CO.. The solutica was filtered and evapo-
rated and the crtide product was purified by chromatography
oo silica gel ¢lutng with hexane-ether (10:1).(6:1). (4:1) to
give product 2 (! .86 . 86%) a.s an colorless oil.

PMR specoum: (CDCly. TMS) 8: 0.87 (6H. s. c-Hex
3.5-CH,): 1.06 (3H. s. c-Hex 1-CH,): 1.18 (6H. s. 3.5-H,):
0.9~1.6 (7H. m. c-Hex ring protens and NH): 1.75 (ZH. m.
—CH.—): 243 (2H. t. J=7 Hz. CH.N) and 2.56 ppm. (ZH.
t. J=7 Hz. CH.CN).

Preparation of MRZ 2/705. namely: N-(1.3.3.5.5-
Penumethyvieyclohexyly pvrrolidiae hydrochloride (3)

N-(3-Cvanopropy!)-1.3.3.5.5-
peaumethylcyclohexylamioe (2) (1.2 g. 5.1 mmol) in ztha-
nol (i20 ml) and conc, HCI (4 ml) was hydrogenated over
10% Pd/C (250 mg) at 7 bar for 40 h (after 24 h additional
portion of caualyst (260 mg) was added). The catalyst was
removed by flration through calite pad and solvear svapo-
rated. The residue was Teated with acltornigile. the solids
filtered off and the filtrate evaporated. The =ude product
was crystallized from ether to give N-(1.3.3.5.5-
peamechyleyclohexyl) pyrrolidine hydrociloride (3) (0.67
g. 49%) with m.p. 156-158° C.

PMR spectum: (DMSO-dg. TMS) 8: 0.97 (6H. 5. 3.5-
CH,): L.11 (6H. 5. 35-CH,): 0.8-1.4 (2H. cyclohexane
4-CH.) 1.4) (3H. 5. 1-CH,): 1.65 (4B. m. cyclohexane
2.6-CH,): 1.84 (4H. m. pyrrolidine 3 4-CH.;: 3.20) {4H. m.
pyrrolidine 2.3-CH~): 10.9 ppm (1H. br s. NH™). Elemental
apalysis: C,sH N*HCI0.2H.O: Found (%) C. 67.7: H.
11.37 N 5.5: Caleulated (%) C. 67.0: H. 11.6: N. 5.2

Additional 1-¢yclic amine compcunds ars prepared in the
same macaer starting from the selected aliyl-subsuruted
cyclohexylamine. usually in the form of an acid addiuoa salt
such as the hydrochloride. anod the selected
w-bromoalkylpitrile. such as 4-bromobutyroaitrile.
3-bromopropionitrile. 2-bromoacctonitrils. and
S-bromovaleronitrile. in the manner of the preceding
preparaton. first to produce the selected N-w-cyaroalkyl-
alkyleyclohexylarmine compound and then to cvcize the
N-w-cyanoalkyl-alkylcyctohexvlamine compound into the
resulting N-(alkyleyclohexyvl) cyelic amine compound.
namely. the pyrolidine. piperidire. or other cyclic aminc
compound. wherein the airogen atom and R® and R®
together form the cyclic arnine moiery. R® and R® together
representing a lower-alkyleae chaia of the formuia —CH.)
,— wherein x is 2 to S, inclusive.

Thus N-(1.33.5.5-peatamethylcyclohexyl) piperidine
hydrochiornide or other acid additon salt and numerous other
lower-alky! substuruted cyclohexanes having a [-pymolidino
or l-pipendino group or other l-cyclic amino group ace
preparzd according to the invention. depecding upon the
o-bromoaliyiniuile and the alky!-substinuted cvclohexy-
lamuae starting materials selacted for the reacuon.
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UPDATED PHARMACOLOGICAL TABLES

The following Tables 8 and 9 present updated pharmaco-
logical results with various of the compounds of the present
invenuon. The Tables show the followiag:

TABLE 8

M
10 MES EDg, n Lethaliry
MRZ ¥ mpfkz 1p- Tract TIRot mykzg 1o

557 439 (35.6-34.1) 1.0 1.4 >70

519 3.6 (2.2-6.1) 29 50 108

530 75 (12.8-64) 1.6 1.3 50

s &0 226 (10232} 06 09 )

601 156 (10.+23.43 LS 1.5 ")

607 29 08387 13 L7 0

614 35 (15.7-349% 19 1.4 >30

615 6.1 {3107 2 3z >50

616 240 (15.6-368) 1.0 1.4 >0

N 817 54.9 ($28-503) 1.1 1.2 >50

0 618 24.0 (9.6~55.3 1.2 1) >30

619 .6 320-623) 1.0 1.0 >50

620 413 (32.9-51.7) L.6 1.5 >0

621 369 (2266050 1.8 LS >0

622 210 (16,1278 11 T LT 50

633 131 99170 14 1.3 >0

s 424 472 (21.8-532) 09 1.0 100

528 198 142.5-395.6) 0.5 1.2 >0

616 4.2 [29.9-5671 1.1 1.0 >30

627 439 (30.3-637) 038 1.0 e}

618 73.2 (33.6-159 %7 0.3 16 >0

829 585 (38.3-89.2y 09 09 120

30 630 >30 ¢ e >0

631 30 ac [ >30

632 11.04 73-158) 27 31 >30

633 378 (3.6-31.3) A4 30 108

634 >30 zc ne >30

635 31.59 (21.3-268) 1.3 L3 >30

35 639 5.87 (3.8-9 0) 26 44 %)

&30 8.18 (5.7-11.8) 3 33 108

64 »%0 o oc >50

642 304 (51127 LN 53
63 18.65 (10.8-32.3 1.3 24 >s)
64y 52.98 (27.8-1008) 05 06 »35
615 63.81 (438583 0.6 06

e 662 3047 (18.0-516) 10 12 >0

850 3¢S (27.1=15y 0.7 11 >5

&1 .9 (1824286 2l 58 >30

682 75 ($.5-13.0) 7 3.6 >50

683 12.2 (63-3.5) 7 3.5 >0

705 9.55 (£3=2t1y 39 54 >50

45 Memaatine 69 (£.4-3.9) 29 s >108

Amantadice 184.0 1121-77% 05 06 >32¢

MX-301 Q.16 10.13-0.21) 1.0 1.2 >iC®
Effect of the present amino-alkylcvciohexane destvatives
and standard uncompetitive NMDA receptor antagonists on
convulsions induced by maximal elecroshock (MES). Val-
g Vesare ED,s in mg/kg (95% confidence limils are shown in
parentheses). The therapentic index (TT) was also caleulated
as the ED., for inhibitoa of traction reflex (Tract.) impalr-
ment or rotarod failure (Rol) divided by the EDgy for
MES-induced seizure-induced convuisions. Most of the
& ampinc-alkyl-cyclohexane derivatives showed no acute

toxicity. 1.e.. minimal letha) doses wers above 50 mg/ke.
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TABLE 9
MX-301 Ki Pateh Clamp Glur Tox 1C,,

MRZ (uM) SEM 1C,, (1M SEM (UMD SEM
557 19.52 298 18.50 50 6.70 2.00
575 1.7 0.13 129 0.0 216 Q.03
580 17.84 133 12,50 050 s.60 0.80
&0 2.28 021 349 047 210 0.20
40! 83.09 043 10.00 3.20 330 0.20
607 7.74 0.29 13.80 150 10.10 2.0
614 13.59 0.12 13.90 1.30 1.26 0.19 -
61$ 2.42 0.11 190 0. 39 0.15 -
618 10.42 200 33.20 2.50 $.10 2.10
617 38.03 8356 63.50 130 >7Q ac
6138 24.02 $33 5750 11.%0 17.60 2
619 57.76 B.9§ &0.90 $40 30.90 2
620 25.48 43¢ 9900 1020 38250 1.60
62! 32.20 330 92.30 190 >100 oe
422 13.32 3.9 53.20 8.20 19.30 8.0
623 3.16 031 3.10 030 4.0 0.60
&24 15.14 236 31.00 3.0 270 0.&0
625 52.61 3.8 150 4030 39.90 6.30
&£26 16.43 421 9.0 200 15.00 333
627 70.95 na 150.00 I7.00 18.80 5.50
63 49.18 435 125.50 Pyt 17.50 <$.50
629 49.28 .8 218.60 39.30 >300 oc
&30 49.10 5.09 100.00 11,00 >100 oc -
631 65.29 13.64 >100 ac >0 ne
632 2.88 0.8 6.40 0.60 11.20 0.27
433 5.18 .11 13.50 3.0 &.10 1.34
SR 13.40 <28 10.30 27 19.00 3.50
635 15.0) 1.85 21.00 4.70 8.8 143
639 4.17 032 7.30 1.00 6.33 0.16
&0 4.83 056 14.60 190 835 01
&4 1£3.33 36.75 >100 [ >100 nc
522 12.72 3.15 4250 630 %30 3.3=
643 <. 0.12 13.50 L.70 12.00 .97
62t 34 035 4.10 1.80 1.30 042
&84S €0.17 88 20.40 1.60 >100 ne
662 3.4 0.7 1.50 0.05 0.53 0.04
630 26.96 856 $3.00 55 35.6 4.1
681 19.2¢ 481 30.00 34 269 3.1
682 1.99 Q.19 3.90 058 3.1 0.20
633 434 4.30 0.70 5.08 0.38
705 7.18 L7 2840 31 ar bt

Arnntadioe 25.87 2% 80.80 10.30 36N 552

Me=antioe 2.45 0.51 2.87 0 1.40 0.10

MK301 &§.56*107° 033107 C.1+00 0.10C0 0.0130 0.0020
TABLE 9
amin vatve stan-
Efect of o-alkyl-cycohexane derjvauves and sun- MRZ 2/68Q. the l-amipo-1(trins).3(1rans).5-

dard uncompertitive NMDA receplor antagoaists on [*Hl-
(+»MX-801 binding. NMDA-induced currznts in patch
clamp =xperiments. andglutamate toxicity in cultured cord-
cal peuronzs. Binding Ki values are means =SEM of 3-§
experimests and were detemised accocding o the Cheng-
Prusoff reladorship with a Kd for MK-801 of 4.6 aM. IC s
(=SEM) in patch clargp andglutarate toxicity experiments
were detcrmined from data from at least 5 concengations
producing bereveen 15 and 85% inhibition and at least §
cells/well oer conczamration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B show values obtained for these
effects wsing MRZ 2/705.

FIG. 2 shows the values obtained for various compounds
of the inveation and rcfersnce standards in the specific
{H1-MK-301 binding test plotted 2gainst conczatration.

Further researeh with respect 1o MRZ /616, 1-aminoc-1.
3.5-wimethvicvelorexane. showed it to be a |:2 mixrure of
the isomers 1.cis-3. &s-5-rimethyl- and 1.traos-3.traps-5-
Tmcthylevelohexylamine. which 98 separaled in couven-
tonal magaer icfo the indivicual purz eaantorszric forms

55
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riracthyleyclohexane and MRZ 2/681. l-amino-1(cis)
(cis).S-trimethylcyciohexane as the hydrochloade and
hydrochloride hydrats. respecuvely.

In additien. MRZ /632 and MRZ 2633 were separatzd
in convendonal manger into their pur: enantiomeric forms.
MRZ 2/682 and MRZ 2/683. respectively 1-amino-( IR.5S)
trans-3-ethyl- 1 3 5-aimethvicyclohexage as the hydrochlo-
ride and l-amino-{1S.5S)cis-3-cthyl[-1.5.5-
trimethylcyclohexane as the hydrochioride hydrate. All of
these compounds. and iheir pure enantiorzers. MRZ /616,
MRZ 2/680, MRZ 2/631. MRZ 2/682 and MRZ 2/6335.
appear in the forzgoing Tables along with the pharmaco-
logical data relating thereto.

The analytical ezmificates far these fve (5) MRZ com-
pounds follows:
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MRZ 2616
Me NH.: = HC)
NH. " HCI
Me
Me Me
Me Me
1:2

l.cis-3.cis-3-Trmethyl- and l.rans-3.rans-5-
trimethylcyctohexylamines hydrochlorides (—12)
Molecutar formula: CoH,(N*HCI
Molecular weight: 177.7
Melling point: 280—-282° C.
PMR specturum: (CDCly. T™MS) &: 0.90 (6H. d. 5.5 Hz.
35-CH,): 1.0—13 (2H. m. +-CH.): 1.44 and 1.50 (3H. both

s. 1-CH: 1.55-24 (6H. m. 2-CH..6-CH,. 3-CH and 5-CH) ,

and 8.25 ppm (3H. br s. NH,7).

Solubility: soluble in svater. chloroform.

Elemenital analysis: Fouad (%) C. 60.7: H. 11.5: N, 7.7:
Calculated (%) C. 60.8: H. I1.3: N.2.9:

Impuriges; less than 2.5% (for fres aniipe: GC. MIN-OV-1
(Fused Silica). 25 m*0.53 mm. d=1.0u. 50-270° C. (10°
C/min)).

MRZ 2/680
NH; * HCI

Mc
Me

l.xans-3.mans-5-Trimethylcyclohexylamine
hydrochloride

Moteculac formula: CoH, N=HCl

Molecular weight: 177.7

Melting poiat: >280° C.

PMR specrrum: (CDCL. T™MS) 8: 0.89 (6H. d. J=6 Hz.
35-CH,); 0.9-23 (8H. m. ring protons): 1.+ (3H. S.
1-CH;) and 8.25 ppm (3H. br 5. NH;").

Solubility: soludble in watar. chloroform.

Elemental analysis: Fouad () C. 60.7: H. [1.7: N. 7.7;
Calculated (%) C.60.8: H. 11.3: N.7.9:

Impuorities: 2% (for free amine. GC. MN-OV-1 (Fusad
Silica). 25 m*=0.53 mm. d=1.0u. 50-270° C. (10> CJ/mia)).

MRZ 2/681

Me

NH; » HC! * H:0
Me

Me

Lcis-3.cis-3-Trimethvicvelohex ylamine
hydrochieride hydrate

Molecular formula: CoH, N*HCI*H.O
Molecslar weight: 195.7

w
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Melting point: 237-238° C.

PMR spectrum: (CDC!,. TMS) 8: 0.89 (&H. d. J=5.5 Hz.
3.3-CH,): 0.9-2.3 (§H. m. ring protons). 1.7 i3H. 5. 1-CH,)
and 8.3 ppm (3H. br s. NH,").

Solubility: soluble in water. chloroform.

Elemental analysis: Found (%) C. §53: H. 11.6: N. 7.1:
Caleuiated (%) C. 55.2: H. 113: N. 7.2;

Impurities: 1.5% (for frez amine: GC. MN-0OV-1 (Fused
Sitiea). 25 m*>0.53 mm. d=1.0u. 50-270° C. {§0° C/min)).

MRZ 2/682
NH. * ACt
Me Me
\_/-r Mc
Me

(IR. 5S) mrans-3-Ethyl-1.5.5-
wimethylcyclohexylamine hydrochlenide

Molecular formula: C,,H,;N*HC!

Molecular wveight: 205.8

Melting poiat: >230° C. (subl.)

PMR spectrum: (CDCLL. TMS) 8: 0.8-1.0 (m) and D.51 (5.
toal 6H. 5-CH,,, and CH,y=thyl): 1.22 (GH. s. $-CH,_,»
1.4 (GH. s. 1-CH,): 1.0-23 (9H. m. rng proicas and
CH.-ethyly and 8.2 ppm (3H. br 5. NH;7).

Sotubility: soluble in chloroforr. poor solubie in water.

Elermnental apalysis: Found (%) C. 84.2: H. 11.9: N. 6.6:
Calculated (%) C. 64.2: H. 11.8: N. 6.8:

Impurides: less than 1% (for frce amine: GC. MN-OV-]
(Fused Silica). 25 m*0.53 mm. d=1.0 p. §0-270° C. (10°
C/mia}).

MRZ Y685

Me )
Me Mf‘/k
\/—> / S NH, HCI* HO

Mc

(1S. 5S) cis-3-Ethyl-1 SS-trimethvicyclohexylamise
hydrochloride hydrate

Molecular formuta: C,H.,N*HC!4.0

Molecular weight: 223.8

Melling point: 243-245° C.

PMR specuvm: (CDCL,. TMS) 3: 0.82 (m) and 0.6 (s.
toal 9H. 5-CH, and CH,-ethyl): 1.50 (3H. s. ]-CH;,)x:
1.0~2.15 (9H. m. rirg protons and CH.-ethyt) and $.35 ppm
(3H. br s. NH,").

Solublility: soluble in chloroform. poor scluble in watcer.

Elemental apalysis: Found (%) C. 59.9: H. 11.8: N. 6.2:
Calculated (%) C. 55.00 H. 11.6: N. 6.3:

Impurities: less than 1% (fer free arine: GC. MN-OV-1
(Fused Silica). 25 m*0.33 mm. d,=1.0u. 50-270° C. (10°
C./maln)).

In conclusiop. from the ferageizg. i is 2pparsar U

raar that the
preseat invearon provides novel. vajuatle. acd uepeedict-
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able applications and uses of the compounds of the present
inventon. which compounds comprise the active principle
according 1o the present invention. as well as novel phar-
maceutical compositions thereof and methods of preparation
thereof and of meating therewith. all possessed of the fore-
going more specifically-enumerated characteristics and
advantages.

The high order of aciuvity of the active ageat of the
present invention and compositions thereof. as evidenced by
the tests reported. is indicative of uwtlity based oa jts
valuable activiry in human beings as well as in lower
acimals. Clinical evaluation in human beings has not been
completed. however. It will be clearly uaderstood that the

distribution and marketing of any compound or composition

falling within the scope of the present invention for use jin
human beings will of course have to be predicated upoan
prior approval bygovernmeatal ageacics. such as the U.S.
Federal Food and Drug administration. which are tespoa-
sible for and authorized to pass judgment onr such quesdons.
Conclustoas

The preseat 1-amino-alkylcyclohexanes represent 2 novel
class of systemicaily-active. uncompetidve NMDA recepcor
antagoaists with rapid blocking/unblocking kinedcs and
strong voltage-dependency. In view of their reladvely low
potency and associated rapid kdactics. they will be useful
therapeutics in a wide range of CNS disorders which involve
disturbances of glutarparergic transmission.

These compounds accordingly find application in the
treamment of the following disorders of 1 living animal body.
especially a human. 1. Acute cxcitotoxicity such as
ischaemia during stroke. wauma. hypoxia. hypoglycsmia.
and hepatic encephalopathy. 2. Chronic neurcdegenerative
diseases such as Alzheimer’s disease. vascular dementia.
Parkinson’s disecase. Huntington's disease. multiple
sclerosis. amyouophic Jateral sclerosis. AIDS-neurode-
generatioa. olivopontoczrebellar atrophy. Tourette's
syndrome. molor neurone disease. mitochondrial
dysfunction. Korsakoff syadrome. Creutzfeldt-Jakob dis-
ease. 3. Other disorders reiated to long term plastc changes
1 the ccagal necrvous systern such as chrormic pain. drug
tolerance. depeadence and addictioo (e.g.. opioids. cocaine.
benzodiazepines. and alcohol). $. Epilepsy. tardive
dyskinesia. schizophrenia. anxjery. depression. acute pain.
spasucty. 20d tinnitus. 5. In addition. as already stated. due
ac feast in part to their amioe substitvent. the compounds of
the present invention are also effective in pon-NMDA
indicatioas. exhibiting immusomodulatory activiry. antima-
laria potency. ant-Boma virus activiry. and anoti-Hepatits C
acuvity.

It 1s to be understood that the investion is not o be limited
to the exact details of operation. or (6 the exact
compositioes. methods. procidures. ¢t erbodiments shown
and described. as obvious modifications and ecutvalents will
be apparent to one skilled in the art. and the {oveption is
therefore to be limited only by the fuil scope which can be
legally accerded to the appended claims.
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We claim:
1. A l-aminocalkyleyclohexare compound selecied Tom
the group consistng of those of the forrmula

RS R™
Pl

wherein R* is —(CH.),—{CR*R"), —NR*R?

whersia a+m=0. 1. or 2

wherein R! through R’ are indeperdenty selecied from
the group consistng of hydrogen acd lowes-aliyd
(1-6C). at least R R*. and R® being lower-alicvl. and
wherein R® and R® are independently selected from the
group coaststing of hydrogen and fower-alkyt (1-6C)
or togather represcat lower-alkylene —(CH,) —
wherein X is 2 to 3. inclusive. and enanticmers. optical
isomers. hydrates. and pharmacecuucally-acceptabie
salts thereof.

2. A compound of claim 1 wheszin R theough RS are

methyl.

.

cthyvl.
22yl
vl

cthyl,

compound of claim | wherein R' |
compouad of claim 1 wherein R 1
compound of clatm 1 wherzin R™ |

| wherain R

NU bW
AP

of claim

compound

compound of claim | wherein R* s athyl,

N
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8. A compound of claim 1 wherein R® is propvl.

9. A compound of claim 1 wherein R® or R” is methyL

10. A compound of claim 1 wherein R ¢ or R” is cthyl.

11. A compound of claim | wherein the compound is
sclected from the group consisting of

1-amino-1 3 S-trimethylcyclohexane,

I-amino- 1(trans)5(wans).S-gimethylcyclohexane.

l-amino-1(c1s)3(ais)S-rimethyleyclohexane,

I-amino-1.3 3 S-teramethyicyclohexane.

I-amino-1.3 3.5 5-pentamethylcyclohexane.

I-amino-13 = 3-tewamethyl-3-ethylcyclohexane.

1-amino-1.5 5-trimethyl-3 3-dicthylcyclohexane.

1-amino-1.5 5-trimethyl-cis-3-cthyleyclohexane.

l-amino-( 18.5S)cis-3-ethyl-1.5 S-rimethylevelohexane.

l-amino-1.5 S-traimethyl-trans-3-cthyleyclohexane.

l-amjino~(IR.5S)trans-3-¢thyl-1.5.5-
trimethyleyclohexane.

l-amino-1-cthyl-33.5 5-teramethyleyclohexane.

l-amino-1-propyl-3.3.5.5-texamethylcyclohexane.

N-methyl- [ -amino- 1 3335 35-peatamethyleyclohexane,

N-¢thyl-1-amino-13 335 5-peatamethyicyclohexane. and

N-(133.5.3-pentamethylcyclonexyl) pyrrolicine, and
optical isomers. enantiones. hydrates and
pharmaceutcally-acceptabiz saits of any of the forego-
ing.

12. ,fn NMDA-receplor antagonist pharmaczutical com-
posidon comeprisiag an cfective NMDA-reczptor antago-
nistic amount. or ag cffecrive immupnomodulatory.
antimalarial. anti-Boma virus, or anti-Hepands C amouat, of
a l-aminoalkyleyclohexane cormpound selecied from the
group consistiag of those of the formula

wherein R* is —(CH.),—CR*R"),,—NR*R°

wherein p4+m=0. 1. or 2

whersin R' through R” are indepeadently selected from
the group consisting of hydrogea and lower-alkyl
(1-6C). at least R'. R*. and R? being lower-alkyl. and
wherein R® and R® are independently select=d from the
group consisting of hydrog=n and lower-alky! (1-6C)
or together represent lower-alkyleae —CH,) —
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whercin X is 2 t0 5. inclusive. 2nd optical isomers,
epapuyomers. hydrates. ard pharmaceutically-
acceptable salts thereof. in combiaation with one or
more pharmaceutically-acceptable diluznts. excipients.
or cafriers.
13. A pharmacsytical composiuon of claim 12 whersin R*
through R are methyl.
14. A pharrnacevtical composition of claim 12 wherein R!
is ethyl.
15. A pharmaceutical composition of claim 12 wherein R*
is ethyl.
16. A pharrmaczutical composition of claim
is ethyl.
17. A pharmaceutical coreposition of ciaim 12 whersia R*
is ethyl.
18. A pharmacz=vtical composition of claim 12 wherein R®
is ethyl.
19. A pharmacentical composition of claim 12 whercin R*
is prooyl.
20. A pharmaceutical compositioa of claim 12 wherein R®
or R” is methyl.
2]. A pharmaczutical composition of ¢iaim 12 wherein R®
or R is ethyL )
22, A pharmaceutical composition of clairr 12 wherein
the compound is selected from the grovp consistng of
[-aminro-13 S-trimethylcyclohexane.
1-amino-1{trans)3(rans).S-mimethylcvclohzxane.,
l-amipo-1(cis).3(cis)S-mmethylcyclohexane.
I-amino-13 3 S-tetrarmethylcyclohexane.
l-amino-13 3.5.5-pentamethylcvciohexane.
Y-arpino-135 5.5-teramethyl-3<ethylcyclonexane.
{-amniro-1.5 S-uimethyl-3 3-diethylcyclohexane.
l-amino-1 .35 S-uimethyl-cis-3-ethylcyclohzxane.
l-amino~{ S 5S)cis-3-cthyl- 1.5 S-trimethylcvclohexaae,
t-amino-15 S-rimethyl-rans-3—<thyleyclohexane.
l-amino-(1R.5S)trans-3-cthy!l-1.5.5-
trimethyleyclohexane
{-amino-1-thyl-33.5.5-teramzthylcyclohexane.,
1-arnigo-1-propyl-33 5.5-teramethylcyclonexane.
N-methyl-1-amino-1.3 3.5 5-pentamethylcyclohexane.
N-ethyi-1-amino-1 335 5-pentamethyleyelchexane. and
N-{13.3.5.5-peatamethyleyclonexy!) pyrrolidize. and
optical isomers. epantiomers. hydrates aand
pharmaczsutically-aceeptabic salts of any of the forego-

ing.

12 wherein R?
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The synthesis of 3-amino-3-methylbicyclo{3.3.1lnonanes:
Endo-selectivity in the Ritter reaction of 1,3,5,7a-

tetramethylbicyclo[3.3.1]nonan-3-ol

N[Mdd
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1.3.3,7a- and 1,3.5.78-Tetramethylbicvclof3.3.1lnonan-3-ols 3a and 3b were prepared from the corresponding kztones
2a and 2b. 7a-Methyl isomer 3a gave selectively endo-3a-V-formylaminobicvclononane 10 in the Ritier reaction with
tnimethylsilyl cyanide. 73-Methy! epimer 3b suffered water ¢limination resulting in bicyclo[3.3.1)non-2-ene 12 under
the same reaction conditions. The endo-amide structure was confirmed by X-ray anaiysis..

Introduction

The therapeutic value of V-methyl-p-aspartate (NMDA) recep-
tor antagonists for the treatment of central nervous svstem dis-
orders has been discussed for manv vears.! The high-affinity
NMDA receptor antagonists provoke undesirable side =ffects at
therapeutic concentrations. However, Memantine 1 (1-amino-

Me (aory)

X
Ve NH, Me Y

Me Me 2XY=0
1 3X=MeorOH, Y =OH or Me
X =Me or NH,, Y = Nei, er Me

3.5-dimethyladamantane) possessing moderate reczplor affin-
jty. acts as an uncompetitive NMDA receptor antagonist and
has been used for many years in the trearment of dementia.'
Thus. clinical experience with Memantine 1 has shown that it is
possible to develop NMDA receptor aniagonists which do not
activate receptors pathologically and rezain their nhysiological
activity. During the investigations of V-methyl-D-aspariate
receptor ion channel blockers, Memantine 1 structural isomers.
compounds of increased lipophilicity with shapes similar to
Memantine 1. have been sought.® Thus. it was necessary to
develop a svnthetic route toward 1,3.5.7-tetramethyvibicyclo-
(3.3.1]nonan-3-amine 4 isomers (X =CH,, Y =XNH. or vice
versi).

LUp to now the successful inrroduction of a nitrogen func-
nonality at the tertiary C-3 carbon atom ir bicvelo[3.3.1]non-
ane has not been reported. Moreover, nucleophilic additions to
the carbony! group in this system have been found to be guite
difficult. Fortunately. recent studies of organocsrium reagent
addition to bicyclo(3.3.1]nonan-3-one demorsteated the possi-
bility of developing the synthesis of the corresponding aicohals
3 trom ketones 2. Our synthetic efforts were, therefore, focussad
on the Ritter reaction of tertiary alconols 3. Herein we report
the first svnthesis of 3-methyl-3-aminobicyclo[3.3.1]nonane

erivatives and evidence that the Ritter reaction proceeds endo-
selectively.

Results and discussion

7-Methylene-1, 5-dimethylbicycloncnan-3-one 7 can  be
obtained in 1wo steps by bromimation of I.3-dimetpvi-

P Y <& TIPS S S I - ., 3
wdamaniene 8 and O susicquent Grob fragmentation of 13-

dibromo-S.7-dimethviadomantane 6* (Scheme 1). Ketone 7

B o
7\ i [ i %
Mew — Me & " Me;.!:/
B
Me Me Me
5 [} 7

Scheme | Reagenis and conditions: 1, Br,, Fe, 83.%: {{, NaOH. 79%.
served as a starting material for the preparation of both 1.5.7a-
and 1.5.7B-trimethylbicyclo(3.3.1]nonan-3-ones 2a and 2b.

Hydrogenation of unsaturated ketome 7 using a modisied
literature procedure? provided 1,5, 7a-trimethylbicyclononan-3-
one 2a (Scheme 2). 3.5-Dimethviadamanrtan-1-ol was isolated
as a by-product in this reaction. With a sample of isomeric
ketone 2b in hand we were able to estimate that the hvdrogen-
ation was highly selective. i.e less than 2% of 7B-methyl isomer
2b was detected by GC analysis. 1.5.78-Trimethylbicyclonon-
anone 2b was obtained by the known procedure involving
Mezrwein—-Pondorf-Verley reduction® of unsaturated ketone 7
and a subsequent acid catalyzed intramoiecuiar proton trans-
fer” in 7-methvlene-1,3-dimethvibicyelo[3.2.1] nonan-3pB-of 8
{Scheme 2).

Me Me
7 23 3a
; ii
Y
HO 0 M
Iig L
iv i )
Me ! —» Me Ma — > \Aewve
,7:7/ ZT
Me Me Me
A 2n 3b

9740 of both 2a and 3b: iii. Al(OPr),. 37 v, 75305 H,S0,, 734,

The next step mvolved the introduction of a methyl group at
the C-3 position of bicvelononune. Bicvelo{2 3. tjnorap-3-one
tsell has brenr shown 1o Ge absolutely inert toward albvl
magnesium and -Hithinm reagents.® while organcluanthanoid
species were found to add te the carbory! graup maore effi-
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Table 1 Conversion of isomeric bicyclononanes 2 10 tertsarv alcohols 3
by organometallic reagents

Conversion to
aleonols ()

Entry Reaction conditions 3a 3b

1 MeMgl/E1,O S0 9
2 MeLVTHF/cumene 70 40
3 MeMgl/CeCly/THF 100 100

® The conversion was determined from alcohol/ketone ratio by GC.

ciently.® 1,5,7-Trimethy!bicyclonoranones 2z and 2b displaved
Jow to moderate conversion in reactions with methylmagnesium
iodide and methvllithium, providing mixtures of the desired
zicohols and starting ketones. Using the reagent prepared from
methvlmagnesium iodide and cerium trichloride, complete
reaction was observed with both substances to give alcohols 3a
and 3b in excellent yields (Table ).

To introduce the amino group both alcohols 3a and 3b were
used in the Ritier reaction with sulfunc acid and trimethylsilyl
cyanide' as a hydrogen cyanide source (Scheme 3). Thus,

Me

Me Me
oH 7 V\NHCOH
£ H
Me I~ —_ Ma — . Me '|\
Me M& Me
Me Me
3a 9

Me 10

L i

Ya
V‘NH;Cl

o~

Me

"

Me

Scheme 3 Rezgents and conditions: 1. TMSCN, H,80,, 3224 of 9 and
55% of 10 ii, H,0", 71%.

1.3B.5,7a-tetramethylbicvelo[3.3.1)nonan-3a-0l 3a gave 1,3.5,
78-tetramethylbicyclo[3.3.1]non-2-ene 9 and V-formyl-1.3.5.7
tetramethylbicyclo[3.3.1]nonan-3-amine 10 (34% of 9 and 55%
of 10 by GC). The GC =znalysis of the reaction mixture indi-
cated that only one amide isomer was formed. The other peaks
registered with similar retention time were of negligible integral
intensity (<1%). The 'H NMR spectrum of the reaction
product 10 was somewhat complicated due to the cis—irans
isornerism of the formyl group. as could be seen from the differ-
ent spin coupling constants of the formy! group protons. How-
ever. nydrolysis of formamide 10 undoubtedly gave one amine
isomer Il according to GC analysis, and 'H and “C NMR
spectra. As the correct stereochemical assignment of the
formamido group could not be determined from simple 'H
NMR experiments due to the lack of any vicinal spin couplings.
crystals of N-formyl derivative 10 were preparad for a single
crystat X-ray analysis. This revealed two independent molecules
(¢ and b) in the asvmmerric unit cell (Fig. |). Thess molecules
differ in the orientation of the formylamine group. The torsion
angles CS-C4—N3-C2 for the moiecules g and 5 are —174.5(7)
and 59.2(8)°. respectively. The bicvelof3.3. 1nonane framework
adopts a chair-boat conformation with the formamido group in
the axial position of the chair.

There is litdle information in the literature about the stereo-

Ahaemicron oF sbn Disepe momrrinm to symloim tha o almoaris o fon e
SOETRISITY O (Al WIRET TCAIUISHN 10 SXPIAin (i 3CICCUn e tOrm-

ation of 10. Studies have deen carried oui oniv with d-subszi-
tuted cyclohexyl caticns., showing the preference for axial nitrile

352s J Cirern Suc., Perkin Trems. 1, 1599, 3327- 3530

Fig. 1 Crystal structure of N-formyl-i.3.3,7B-tetramethy Ibicyclo-
[3.3.1]nonan-3a-aminy 0.

Me .‘J'el
" .
Ve H - '7)\"' Me
' Me Me ’\-//./
Me 13 Me

attack.'"" Such a reaction course was explzined by zorsional
strain caused by the 2.6-axial hvdrogerns, analogousiy 1o the
nucleophilic addition to cyclohexanones.'"**  Altzraatively.
Ichikawa suggested that the axjal product resulied from :he
trans-antyparallel electrophilic addition of H™ and CH,CN 10
the olefinic bond."

It is known that 3e-methvlbicvclo[3.3. 1ronanone undergoes
predominately exo attack of nucieophiies.® It {s reasonable ‘o
assume thar the capture of nitrile by the carbocation should
also occur predominately from the evo face. Obviously. the
setective endo product 10 formation canrot be expiained by
steric discrimmation as the bicyclononyi cation should adopt
the same comformation as the parent bicvelononanone. [t 1s
possible that trans-antiparallel addizion as suggssted by
Ichikawa could be better rationalized as discrimination of the
carbocation faces duc tec the diffzring C-C and C-H hyper-
conjugation." The effect of hvperconjugation saouid thus over-
nde the steric factors, Tt is evident, however, that a more
detailed investigation of the Ritter reacuon sterzochamiscry
should be carried out.

7B-Methyibicyclononanol 3b, unlike s epimer 3a. gave
1.3.5.7B-tetrzamethylbicyelo(3.3. 1jnon-2-ene 12 as sole product
(93% by GC of the reaction mixture) and no formamice was
1solated under the same Rittzr reacuon sonditions iScheme 4).

)‘v'ue Ne

“ab 12

endo tace decomes inaccessibie. The ditferent reactivinies of
alcohols 3a and 3b provide addiuonal cvidenees that amide
formation from an obviously sterically unfavoarad nure arack
from the ¢udo side of the curbecaton is much more raprd than
thut from the exo side. This prenomenon reguires an 2xpian-
P IET T PR N S L UL FUTE BTt P SN b e S It T TE
QLUIUIL Wolivtl vl UL }JiUkl\,Lu UAII.‘/ Ui LI A3 UL LLUITS Sk Ideu

studies. The rasclts obhiamed for the Ritier r2acton ol bowa

bicvelenonarnals 3a and 3b show that the stereosecziviey of



amide formution does not tollow the rules ot nucleophiiic
addition to the carbonyl zroup."!

Experimental

Melting points were determined in capillary tubes on u Galien-
kamp apparatus and are uncorrected. IR spectra were recorded
on a Perkin-Elmer 380B spectrometer. Muss spectra were regis-
tered on a Hewlert Packard HP 6890 Series GC system. Micro-
analyses were performed on a Carlo Erba [nstrument EATI108.
'H and "C NMR spectra were determined on a Varan
Mercury 200BB specirometer for solutions in CDCJ, with TMS
as internal standurd. Chemical shifts are recorded as o values in
ppm. J Values are given in Hz. Reaction mixture analvses were
made and the puritv of 2} products were determined by GC
analysts [MN-OV-1 (Fused Sifica), 25 m > 0.55 mm. ;= 1.0 .
50-270°C (10°C min™Y]. Preparative chromatograchy was
carried out on Kieseleel 63-100 pm by the flash colump
method.'® TLC analvses were performed on Kieselge! 60 F,q
plates (Merck). Eluent: hexane—cthyl acetate. visualization
agenz: todire vapors. Ether refers to diethyl ether. Petroieum
ether refers to the fractions of bp 40-60 °C. Evaporation of
solvent indicates evaporation under reduced pressure using a
rotary evaporator. Tetrahvdrofuran (THF) was distilled from
sodium and bSenzophenone. Ether and acetonitrile (CH,CN)
were distiiled from calcium hvdride. Petroleum ether. methanol
ard ethyl acetate were distilled prior to use. Starting material
1.3-dimethyvladamantane 3 and all the reagents were purchased
from Aldrich.

1.3-Dibromo-3.7-dimethyladamantane 6

Iron powder (1.3 g) was acdded to bromine (65 mii cocled inan
ice bath. Neat |.3-dimethyvladamantane 3 (24.3 g0 130 mmol)
was added dropwise to tHc reacnon mixtuce during 1 h. The
mixrure was stirred for 1.3 h at room temperaturs then pours

onto ice (0.3 kg) and carbon tetrachlonde (230 ml) was Addcd
Excess bromine was reduced with sodium mezabisulfite. The
organic laver was sepzrated and the agueous phase was
extracted twice with chloroform (100 ml). The combined
organic [avers wera washed with brine. saturatad Na HCO; and
dried (CaCl,). Solveni evaporation gzave a crude preduct which
was treatzd with methano! (20 ml). Crystals were collected by
filiration and washed with metharoj to provide 6 (39.9 g: 837%0).
mp 106-107 °C1Found: C. +£.88; H. 5.55. C,:H,,Br: requires C,
41750 H. 5,630 miz 241 (100%4. [N = Br]7): 0x(200 MHZ.
CDCly) 0.92 (6H. s. \7(_H,) 1.23 (2H. s, 6H) 197(SH

4.83,9.10-H.). 2.69 (2H. s. 2-H,) 8,30 NHz, CDCl;) 28. 86
38.51.47.95. 50.67. 53.17 TABS_

Y

1,5-Dimethyl-7-methylenebicyclo[3.3.1]nonan-3-one 7"

1.5-Dibromo-3.7-dimethy]adamaniane 6 (21.6 g. 65 mmol) was
Leated in a mixture of dioxane 1200 mb) and 1 M NaOH (200
ml) in a stez] autoclave ac 180 °C tor 20 h. Water (200 ml) was
added 1o the reaction mixture and the product was 2xracted
with ether (X x 150m. The combined extrac:s wer2 washed
with brine (100ml) and dried (CaCl,). Filtration ard solvent
evaporarton gave an oily residue which was distiiled 4t reducsd
pressure (113-116 °C/(2 mmHg) 1o provide 7 (9.4 g. 79%) as an
oil (Found: C. §1.04; H. 10.06. C,,H,,O raquirzs C. 30.85: H.
VOIS iz L3R (10, M7 40,0200 MHz. CDCly) 1.0A (6H. s,
1.5-CH)  1.3012H . /132 0nd 2.0.9-H), 162 (2H d S 132
and 2.0, 9-H)L 197 i2H. m. 6.8-H, ). 1.98 (12H. m. _.--H“) {0
(2H. dd. J 134 and 20, 6.8-H, ). 2.20(2H. dd. J 5.2 and :_0.
2aH) 475 2H L /L4 _CH] 330 MHz CDCly) 30.26.
3478, 4724, 4778 * JS l (394, 142,79, 21095,

1.X270-Trimethy lbicvelo[3.3.1]nonan-3-one 2a

A <oiution of unsaturated ketone 7 (() ¥
mib) was hyvdrogenuted (1 atm)y ov

C 29 mmol) i acenc

acd (7 P:O:t'!’! mgi tor Th

Catulyst was fAltered off, water (20 ml} was added and the fil-
trate extracted with ether (30 ml). The organic phase was
washed with saturated agueous NaHCO, and dried (MzSO,).
Alter evaporation of ether the residue was purifed by column
chromatography efuting with 4% ethyl acetate 1n petroleum
ether to give 2a (0.24 g, 34%,) us an o1l (Found: C. 79.78. H.
1115, CaH,0O requires C. 79.94; H. 11185500 »i/z 180 (8%,
M) 5,200 MHz. CDClyy 0380 (3H. d. 7 74, 7-CHy). 1.05
(6H. 5. 1.3-CH;). 0.7-1.9 1SH. m. 2.4-H,,. 6.89-H). 1.9-24
(3H. m. 2.4-H_,. 7-Hy 6150 MHz. CDCI,J ‘4 TS3043033.80
43,13, 34 8, 33.96: v, (thip film)lem ™ 1709 (C=0).

Further elution with 30" ethy! acetate tn p=troleum ether
gave 3.5-dimethyladumantan-i-ol (0.24 g) identical with an
authertic sample.

)

3. t]lnonan-2g-0l 8

The mixture of unsaturated ketone 7 (lg, 3.6 mmo!} and alu-
minium tritsopropoxide (2.64 ¢, 12.9 mmol) in toluene (20 ml)
was refluxed for 17 h. Agueous NaOH (10 ml of a 10% solu-
tion) was added and the resuluing two phase mixture was strred
for 2 b at room temperarure. The organic layer was separated,
the aqueous layer axtracted with ether (2 X 20 ml). and the
combined extracts were washed with brine and dried (MgSQO,).
Evaporation of the solvent gave crude product which was puri-
fied by column chromatography eluting with 1006 ethyl acetate
and then u.i\ 20% ethyl acstate in petroleum =ther 1o give 8
(0.57 2. 374). mp 94-96°C (Fcuné: C. 7981: H. 1:.17.
C3H;,0 requires C. 7994 H. 118wy mi/z 'QO (21 M)
(200 MHz. CDCl)) 0.95 (6H. s. 5.‘-CH 3). 0.3-1.20 (4H. m,
6.3-H,, and 9-H.). 1.24 (1H. s. OH). 1.7-2.0
andESH)“lé(HdJH. .Hq
=CH, and 3-H): 5+130 MHz. CDCl;y 31.4
48.34. 48.63. 108.49. 15832,

1.3-Dimethyl-7-methylenebicyclof3.

1.3.78-Trimethy1bicvclo[3.3.1Jnonan-3-one 2b

Urnsaturated alcohol 8 (045 ¢. 2.5 mmol) was stirred for 7 hin
73% H,.SO, (13 ml) at rocm temperature. Water 130 mj) was
added and the mixture was axtracted with exanz (30 ml and 25
mi). The oreanic faver was washed with saturated NaHCO; (25
mi) and water (23mD). and dried (M eSO,). Alter evaporaron of
solvent the residue was passed through a sbort silica gel column
eluting withy 107, ethyl aczrate p:!ro]:r_;m ather Crystalline
procuct 2b (0.33g, 73%%) was obrained. mp 48 20 °C (Found: C,

$0.02: H.11.11.C 1 H:,O requires C. 7994 H. 1 A8y n/z 180
(116 M77); dy¢200 MHz. CDClyy 0.81 (3H. ¢. /5.3, 7-CH,)
(.7-1.0 (2H. m, 9-H.). 1.00 (GH. 5. 1.3-CH;). 1.2-1.5335 (1H. m

7-H). 1.4-1.6 (4H. m. 6.8-H,). 201 i2H.d. .1 13 -’. 24-H,,). 2.22
(CH. dd. J 16.3 and 2.0. 24-H, ) 030 \/IH? CDC;) 26.61.
30.96. 34,86, 47.27. 47,79, 2771, S3.06: v, Nujolyem Tt 1708
(C=0).

ma

)

Genersul procedure for synthesis of 1,5.3.7
{3.3.1Inonan-3a-ols 3a and 3b

-tetramethy Ibicyclo-

CeCly-TH,0 (4.0 mmal) was quickly powders¢ in a mortar ard
heated ;‘u acuw (» mmMHe) while raising the _“c:'ﬁu,r: gradu-
aliv 1o 140 *C. and then kc.pt at this tempeniturs for 2 h. Afrer
cooling under ag argon atmosphere, THF (17 m]) was added
and the <uspension obtained was allowed w siir overnight at
room temperaturs, The suspension was coaled o 3°C and
MeMal (4.2 mlolfa 0935 M solution ia cthen 4.0 mmol) was
added. After the mixture had besn stirred jor 1 b at 3°C.a
soluzion ar ketone 2u or 2b (2 mmoel) in THE (5 mih aes added
dropwise. Atter 13 min. saturated ag. NI1,C was added. The
agueous layer was extracted with ether (2% 20 mb and the
combined extructs were washed with hrine and dried over
MaSO, The solution was filtered and the soivent svanorated.
Tlm residue was passed through a short silica g2l column
ating with athes to give essentinily pure 3a or sh

J (len, Sog . Pevkan Trans, 11990 3827 3330 3329



1.38.5.7a-Tetramethylbicvelo[3.3.1)Jnonan-3a-01 3. Yield
974 mp 87-89 *C (Found: C.79.70: H. 12.26. C ,H,,0 reauires
C. 79.53: H. 12.32%0 iz 196 (019 M5 1SE (40 [M —~
CH,)). 7S (S, [\/I H.O)™ 1: 3,200 MHz, CDCly) 0.32 (1H.
d./12.6.9-H). 0.81(3H.d. J 3 8:-CHIO7—09(1Hm9H)
0.90 (6H. s. I., CH_). 1.13 (3H. s, 3-CH,). 1.0-1.7 (10H. m,
24.6.8-H,. 7-H and OH): 050 MHz. CDCiy 22.03. 26.01.
30.36.34.01.35.21.40.74. 44.61. 53.17. 72.33.

1.3B.3.7p-Tetramethyibicyclo(3.3. 1]nonan-3a-ol ~ 3b.  Yield
97 % mp 72-74 °C (Found: C. 79.64: H. 12.30. C},H,,0 requires
C. 79533, Ho 12.32%a mdz 196 (0. 1%, MY IS8T (i (M —
CH;]™). 178 (4. [M — H.OJ™ 104200 MHz, CDCly) 0.80 (3H,
d. J 6.6. 7-CHy). 0.86 (6H. 5. 1.3-CH;). 0.6~1.1 (+4H. m. %-H.
and 6.8-H,,). 1.06 (1H. 5. OH). .24 (3H. 5. 3-CH,). 1.3-1.6 16H.
m. 2.4-H. and 6.3-H Q) 275 11TH. m. T-H): 850 MHz. CDCly)
23.68. 24.73. 30.36. 32220 3348, 37.04. 47.77, 48.05. 31.30.
69.79.

Ritter reaction of 1,3.3.7-tetramethylbicveio[3.3.1]nonan-3a-ols
3aand 3b

To the mixture of aicoho! 3a or 3b (0.59 g. 3 mmol) and
TMSCN (0.30 ml. 6 mmol) was added acetic acid (0.5 ml} and
the mixture was cooled to 3 °C. Sulfuric 2¢5d (0.48 mb: 9 mmol)
was added dropwise (25 min). The reaction mixture was
aliowed to warm to room tempecature. stirred for 24 h and
poured into ice water (20 ml). The resulting mixtare was neu-
trujized with 20°% NaOH and extructed with ether {2 < 20 mb).
The combined extracts were dried (MgSO,) and the solvent
evaporated. The resction products were separated by column
chromatography eluune with petroieum ether to give bicy-
clonene 9 or 12, then with 30" ethyl ac2ate in peicoleum 2ther
to obtain amide 10,

1.3.5.7a-Tetramethylbicyclo[3.3.1Inon-2-ene 9. A volanie
tiquid (347 (Found: C. 8"'-1: H. 1233, C\;H,. requirzs C,
87.56: H. "4« )i mlz 178 (6%, M) 54(200 MHz, CDCly)
0.87 (3H.d. /6.8, 7-CH;). 0.52 and 0.9 (total 6H, both s. 1.3-
CH;). 1.57 i3H. br s. 3-CH;). 0.8-1.9 {9H. m. ring protons).
313 (lH brs. 2-Hy 030 MHz. CDCj;) 22.30. 23.37. 26.19,
30 2030065, 32,030 32.84. 2300, 4423, 43.09. 43.64, 121.84,
133, ‘:9

N-Formyl-1.38.5.7a-tetramethylbicyelo[3.3.1 Jnonan-3e-
amine 10. Yie]d 330 mp 108-110°C iFound: C. 7331 H.
L1240 N 623, C B NO requires C. 73.28 H. 11280 N,
6.27%): m/- 2'.’" (200 M7 0yt 200 MHz, CDCly) 0.93 and 0.94
(total 6H. both s. 1.5-CH;), 0.37-2.2 {1TH. m. ring protons and
3.7-CH;). 5.2 and 5.6 1total 1H. both br s. NH), 8.03 and 8.33
([olal tH. both . J 2.6 and 1283, CHO¥ (30 MHz, CDCIA)

21.83. 25.10. 25.68. 20.47. 31.34. 2349, 36.00. 30.42. 30.53,
44.69.49.99.32.29, 5482, 1 O&D; 160.8+.
1.3.3.7p-Terramethylbicyclo[3.23.1]non-2-ene 12. A volatile

fiquid (66" (Found: C. 87.69: H. 12.38. C,H., requirss C.
TG HL 244y iz 178 1T MUY 5,,(200 MHz, CDCly)
0.30 (3H. <. 7 7.1, 7-CH;). 0.51 and 0.9< (zotal €H. bothk s, 1.5-
CHy). 0.35-1.6 (TH. m. 8.8.9-H, und ~-H). 1.63 (3H. br s
3-CHG). 165 and 130 (toeal 2H. both d. /18, 4-H,). S.03 t1H.
brs 2-H): 830 MHz CDCI) 2221, 2282, 26.82. 29,51, 31.67,
3106, 32 [6 RE TR N -10-19 47.24.130.21, 134.58.

138,53, 7a-Tetramethylbicy clo[3.3. 1 Inonan-3e-amine
hyvdrochlarjde 11

Formamide 1000.39 2, .73 mmol) was refuxed 1a 20" zqueous
H,SO, (4.2 ml) tor 6 4. The rexction nuature wus pored onto
ice und newrralized with 2070 NuOH. The produc: was
exiracred with ether 12« 25 miy and the combined extracws
were deied over Z\' IOH and filtered. To the stiirae was added
HZih 3 mlofa 2 M yolution .o otheryand

the solvent as well

Porior Trars 1000 3327831
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as the excess of HCI were removed (o vacuwo., The residue was
treated with CH,CN and alicred 1o provide 12 as white crystals
(0.29 2. 71", mp 284+-285°C (Found: C. 67.16; H, 11.39: N,
393 C;H. N-HCl requires C, 67.36: H. 11.51: N, 6.04%0): mi~
195 (11546 M 77 61200 MHz. CDCly) 0.67 (1H. d. J 13, 9-H).
0.96 (6H. s. 1 .5-CH,). 1.03 (3H. d. J 6.5. 7-CH,). .33 {3H. s,
3-CHy. 0.8-1.9 (8H. m, 24-H,,. 6.8-H,. 7.6-H). 2.07 (2H. d.
J 143, 24-H,). 8.2 (3H. br s, NH;™): 6<(30 MHz, CDCly)
21202618, 3018, 32,15, 33.04, 4243, 43,11, 49 48 331 1.

Crystal structure determination for compound 10

C HyNO. M= 22335 wnehinic. o= 8.383(2), b=12.1042).
e=1347913) A, a=88.19(%), f=8438(3). =S:.S.l-)°. V=
14375155 A%, D_=1.032 g cm™% spacs group Pl. Z=4d,
u(Mo-Ka) = 0.064 mm™". Data wers coilectzd on a Svnt2x-P2,
diffractometer using graphitc monochromazad Mo-Ka radi-
ation at roor temperatire. Refiections collecied/unique 2122/
1980, R(int) =0.034. The structure was solved by direct
methods (SHELXSR6)™ and refined by the [ull-marrix lzast-
squares method (SHELXL93:™ Final R and R, values were
0.0847 and 0.1848 {1980 7> 26(/) reflections]. Full crvsiallo-
graphic datails, excluding structure factor tzbies. have besn
deposited at the Cambnidge Cryswliographic Data Cernire
(CCDC). CCDC reterenzce number 207/363. See hupi//
www.rse.rsc.org/suppdata/pl/1999/3327/ for crysiailograpinic
data in ctf format.
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Tablel Conversion of tsomeric bicyclononanes 2 to tertiary alcohols 3
by organometallic reagents

Conversion to
alcohols (Vi

Entry Reaction conditions 3a 3b

1 MaMel/ELO 50 9
2 MelVTHF/cumene 70 40
3 MeMegl/CeCl,THF 100 100

“ The conversion was deteemined from alcohol/ketone ratio by GC.

ciently.” 1.5.7-Trimethylbicvclononanones 2a and 2b displaved
low 10 moderate conversion in reactions with methvimagnesium
iodide and methyllithium, providing mixtures of the desired
alcohols and starting katones. Using the reagent prepared from
methylmagnesium iodide and cerium trichloride, compiete
reaction was observed with both substances to give aicohols 3a
and 3b in excellent vields (Table 1).

To introduce the amino group both alcohols 32 and 3b were
used in the Riiter reaction with sulfuric acid ard tnimethylsilyl
cyanide'® as a hydrogen cyanide source (Scheme 3). Thus.

Me

Me Me
OH 7 %NHCO
Me ! e Me—"!
~ Me |\ - ~
Me \“ Me Me
Ve Me
la 8

N
Me 1o

1
Y

Me

V\NHjcl
Me -1

>

e
=)

u

Scheme 3 Reagents and condirions: i, TMSCN, H;S0,, 33% ot 9 and
55" 0f 105 i, H;0, T,

1.3B.5,7a-tetramethylbicyclo(3.3. 1]Jnonan-3a-ol 3a gave 13,5,
78-terramethylbicyclof3.3.1]non-2-ene 9 and V-formyvl-1,3,3,7-
retramethylbicvelo(3.3. linonan-3-amine 10 (34% of 9 and 35%
of 18 by GC). The GC analysis of the reactior mixtuce ndi-
cated that orly one amide 1somer was formed. The othar peaks
reg:stered with simular retention time were of negligible integral
inteasity (<1%). The 'H NMR spectrum of the reaction
product 10 was somewhat complicatad due 10 the cis—rans
tsomerism of the formyl group. as could be seen from the differ-
ent spin coupling constants of the formyi group protons. How-
ever, hydrolysis of formamtde 10 undoubtedly gave one amine
isomer 11 according io GC analysis, and 'H and C NMR
spectra. As the correct stereochemical assignmant of the
formamido group could not be determined from simpie 'H
NMR experiments due to the lack of any victna! spin coudlings,
crystals of V-formvl derivative 10 were prapared for a single
crysial X-ray analysis This revealed two independent moiecules
(v and ) in the asymmerric unit ceil (Fig. 1). These molscules
diter in the orientation of the formylamino group. The torsion
angles C5-C4+-N3-C2 for the molecules ¢ and » are —173.5(7)
ang 39.2(8y’, respectively. The bicvelo[3.3.1Jnonane framework
adopts a chair-boat conformation with the formamido group in
the axial position of the chatr.

There is little information in the literature about thy stereo-

S R T G T o W By e o o T BV R
SISy U1 u1€ RUIRET TCACUOn 10O CXPudiny Ul »¢IeC e o~

n
tited cyvelonexyl cations. showing the preference for axial nitrile
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Fig. 1 Crystal structure of N-formyl-i.3.5.7Ctetrameth: ibeyelo-
[3.3.1]nonan-3a-amnz 10,

Me Me
"j i
y /M ﬁ\ ~ e
® | \ Me —2 |
Vg -
Me i Me

Fig. 2 Transannular hvdride transfer in 13,

attack.'™" Such a reaction course was explained by torsional
strain cavsed by the 2.6-axial hvdrogens. analogously to the
nucleophilic addition 1o cvclohexanones.™®  Alternatively.
lchikawa suggested thai the axial produci resulied fromy the
trans-anuparallel slectrophilic additien of H™ and CH;CN :o0
the olednic bond

It is known that 3u-methyvlbicyelo(3. 3. 1Jnonanone underzoes
predominatelv exo attack of nucleophiles.® It is reasornable to
assume that the capture of nitrile by the carbocation skould
also occur predominately from the exo face. Obviously. the
selective endo product 10 formation cannot be explained by
steric disecrimination as the bicyclononyl caton should adopt
the same conformation as the pareat bicyvclononanone. It 1s
possible that wany-anoparallel addition as suggesied by
Ichikawa could be better rationalized as discrimination of the
carbocation faces due to the differing C-C and C-H hyper-
conjugation.'* The effect of hyperconjugation should thus over-
ride the steric factors. It is evident, however that a mors
derailed imestigation of the Ritter reaction stereochemisiry
should be carried out.

7B-Methvibicyvelononanol 3b. unlike its epimer 3a. gave
1.3.5.7B-tetramethylbicyclo[3.3. Linon-2-2ne 12 as ol product
(932 oy GC of the reaction mixturz) and no formamide was
isolated under the same Ritter reaction cond:iions iScheme 4).

Me Ao
|
VOH (%
/ i | [
i \ !
Me7-! — Me—i_—,
; Me Me
/ 47\/
e Me
as 12
Scheme 4 Reagents and conddiviony: i, TMSUN. HL.SO,. 86",

[t has bezn shown that the 7f-meths bcycioqonan-3-v catton
b

13 undergoes rapid transanpuldr hydride tramsfer and oxisis In
the double chair conformation (Fig. 23.'* Asa result of this. the
endo face hecomes inaccessible. The dirferent reactivities of
alcohois 3a and b provide additional evidence that amide
formaiion from an obviously stericaily unfavoured nitrile atiack
from the endeo side of the carbocatien is miuch more rapid than
that from the exo side. This phenomencn requires an 2xplan-
dilon which can be provided oniy cu thie busis of more exiended
studies. The results obtained for the Ritter reaction of both

bicyclononanols 3a and 3b show that the stereoselecuviny of
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A Practical Synthesis of terr-Carbinamines via the Ritter Reaction with
Chloroacetonitrile
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Abstract: Ritter reaction of tertiary alcohols with chloroacetonitrile and subsequent
cleavage of chloroacetyl group with thiourea in resulting chloroacetamide is an
efficient procedure for synthesis of rert-carbinamines.

Key words: Ritter reaction. amines. amides. tertiary alcohols, cleavage

The reaction of nitriles or hydrogen cyanide with in situ generated carbocations giving
N-tert-alkvlamides (Ritter reaction') is one of the few methods for introduction of the
amino functionality at a tertiary carbon atom. Nevertheless the synthesis of rerr-
carbinamines via the Ritter reaction is limited to the use of the highly toxic hydrogen
cvanide (HCN) because the formyl group in resulting formamide can be easily
cleaved by either acidic or basic hydrolysis.'®® In contrast to formamides. N-rerr-
alkylacetamides undergo retro-Ritter reaction during acidic hy‘drolysis]“‘: and can be
cleaved only by drastic alkaline hydrolysis'*' or by two step procedure involving O-
alkylation of acetamide with triethyloxonium tetrafluoroborate.’

In connection with the development of a series of 1,3.5-alkylsubstituted
cyclohexylamines acting as N-methyl-D-aspartate receptor antagonists.” we searched
for a convenient approach toward terr-carbinamines avoiding the use of hazardous
hydrazoic acid or HCN. We turned our attention to chloroacetamides as precursors of

tert-alkylcarbinamines taking into account the smooth cleavage of the chloroacetyl



1-J

aroup with thiourea.” Synthesis of N-rert-alkylchloroacetamides by the Ritter reaction
with chloroacetonitrile (CICH,CN) has already been reported.' Herein we report an
extension of this reaction to the svnthesis of rerr-carbinamines.

The Ritter reaction with CICH,CN was carried out with structurally diverse tertiary
alcohols 1a-g (Scheme 1). Typically, high yields of chloroacetamides 2a-f (Table 1)
were obtained showing that amide formation with CICH,;CN is at least as efficient as

with HCN or CH;CN.®

OH HN
% NCCH,CI ’%\ thiourea /:J\\
*;, R* H,50/Ac0H R/ SR acom/ EoH RR R’

la-g 2a-g 3a-g

Scheme |

Table 1 Yields of chloroacetamides 2 and rert-carbinamines 3

RR'RCX X=NHCOCH-CI X=NH;Cr
No.. Yield (%) No.. Yield (%5)
Me, X
2
McQMC 2a. 86 3a, 89
Me Me

Me
1\-[:5\}( 2b. 84 3b. 80
Me
2¢. 05 3
@.‘( 2c. 93 3c. 83

Ph
NI:':; =X 2d. 78 3d. 84
Me
Ph
i ><x 2e. 73 3e. 74
Ph
CO.H
Phr~ + 2. 91 3161
Ph

(]
g
X}

3o, -
bt |

O
X

“[solated in the base form due to high hygroscopicity of
dihvdrochloride

In the case of |-phenyleylohexanol 1g, formation of amide 2g was not observed:

instead. 1-phenylcyvclohexene was isolated as the major product. The poor ability of



cyclohexanol 1g to form the corresponding amides in the Ritter reaction with PhCN
and HCN has been reported previously and is apparently due to the low
electrophilicity of the intermediate carbenium ion.” Noteworthy. 4-phenylpiperidin-4-
ol le reacts efficiently with CI“I;.CN,3 and this was also found to be the case with
CICH.CN.

Cleavage of the chloroacetyl group with thiourea was optimized using amide 2a as an
example. Conversion of amide 2a to amine 3a was monitored by TLC with
isotiouronium salt 47 (Figure 2) as a reference standard (prepared alternatively).
Noteworthy, the conversion was very slow when traditional reaction conditions e.g.
boiling in neat ethanol were applim:l.""‘"iJ Evidently, this could be attributed to the steric
crowding in amides derived form fert-carbinamines when compared with the less
branched secondarv and tertiary amides.” It was observed, however. that the
decomposition rate of 4 depends strongly on the concentration of acetic acid in the

reaction mixture™** (Table 2).

H\{,)’K/s \[_(NH;

R—7\R: NH Cl

R
4
Figure 1
Table 2 Optimization studies of chloroacety! group cleavage in
amide 2a
Entry E1OH/AcOH Disappearance Yield
ratio of 4 (h) of 3a (%)
| 20:1 18 81
2 10:1 i 83
3 5l 7 88

Boiling of amide 2a and thiourea in a mixture of ethanol and acetic acid (3:1) for 10 h



conditions proved to be effective also in the case of chloroacetamides 2b-f providing
rert-carbinamines 3b-f in good to excellent vields (Table 1).

In summary. it was demonstrated that the Ritter reaction with CICH-CN and
subsequent cleavage of the chloroacetyl group with thiourea is an efficient approach

toward rerr-alkylcarbinamines avoiding the use of the highly toxic hydrogen cyanide.
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Experimental

Melting points were measured in capillary tubes on a Gallenkamp apparatus and are
uncorrected. IR spectra were recorded on a Perkin-Elmer 380B spectrometer.
Microanalyses were performed on a Carlo Erba Instrument EA1108. 'Hand “C NMR
spectra were determined on a Varian Mercury 200BB spectrometer with TMS as an
internal standard. Preparative chromatography was carried out on Kieselgel 63-100
pum by flash column method.'” TLC analysis was performed on Kieselgel 60 Fasy
plates (Merck). All chemicals were purchased from Aldrich. 1-Benzyl-4-hydroxy-4-
phenylpiperidine le was obtained by a known procedure.”

Chloroacetamides 2¢.'" 2d.'* 2f" and amines 3b."* 3d."* 3e® are known. Amines 3¢
and 3f were identical with authentic samples obtained trom Aldrich.
N-Chloroacetyl-tert-alkylamines 2a-f; General procedure

To the alcohol 1 (3 mmol) and CICH-CN (10 mmol) was added acetic acid (0.8 ml)
and the mixture was cooled to 0-3 °C. Sulfuric acid (0.80 ml. 15 mmol) was added
dropwise keeping the temperature below 10°C (in the case of alcohols 1d and If the

amount of CICH>CN. acetic acid and sulfuric acid was tripled. otherwise the reaction



mixture was too thick to stir). The reaction mixture was allowed to reach room
temperature, stirred for 5 h and poured into ice water (20 ml). Further workup
procedure for individual amides was as follows.

Compounds 2a-c formed a precipitate which was filtered off. The filter cake was
washed with saturated aqueous NaHCO; (2x10 ml). H-O (3x10 ml), dried in vacuo
over NaOH, and purified by Kugelrohr short path distillation.

Compound 2d was extracted with ether (3x20 ml). The combined extracts were
washed with saturated aqueous Na,CO; and brine and dried (MgS0O.s) After solvent
evaporation, the residue was purified by column chromatography eluting with 10%
ethyl acetate in petroleum ether followed by 20% ethyl acetate in petroleum ether.

To isolate compound 2e. the aqueous solution was made strongly basic with' aqueous
20% NaOH. The resulting precipitate was collected on a filter, washed with H.O
(3%10 ml) followed by hexane (3x3 ml). and dried in vacuo over NaOH. Amide 2e is
stable in base form at room temperature for several months.

Compound 2f formed precipitate which was collected on a filter and washed with H.O
(3x10 ml), then with ethanol (5 ml) and ether (3x3 ml) and dried in vacuo over
NaOH.
N-Chloroacetyl-1,3,3,5,5-pentamethvlcyclohexanamine (2a)

Mp 86-88 °C. TLC (hexane/EtOAc, 6 : 1); R=0.38.

IR (Nujol): Vima= 3415, 3300, 1690. 1660 cm™.

'H NMR (200 MHz. CDCl;): 8 =0.91 (6H. s). 1.07 (2H. d. J = 14 Hz). 1.14 (6H. s).
1.37 (3H, s). 1.0-1.45 (2H. m), 2.16 (2H. d. J = 14 Hz), 3.94 (2H. 5). 6.4 (1H. br s).
'3C NMR (50 MHz. CDCl;) 5= 28.70, 30.62. 32.18. 37.15. 43.95, 48.59. 52.23.

33.90. 165.70.



N-Chloroacetyl-3-ethylheptane-3-amine (2b)

Mp 56-57 °C. TLC (hexane/EtOAc, 6 : 1); R=0.31.

IR (Nujol): vimax=3270, 3080, 1685, 1660 cm™.

'H NMR (200 MHz, CDCl;): §=0.81 (9H, t,J = 7 Hz), 1.73 (6H, d. ] = 7 Hz), 3.97
(2H, s), 6.0 (1H, brs).

C NMR (50 MHz, CDCl3) & = 7.44, 26.36, 42.88, 60.14, 164.50.
N-Chloroacetyladamantane-1-amine (2c¢)

Mp 121-122 °C. TLC (hexane/EtOAc, 6 : 1); R= 0.30.

IR (Nujol): Vimax= 3260, 3080, 1660 cm™.

"H NMR (200 MHz, CDCls): 8= 1.69 (6H, s). 2.03 (6H, s), 2.10 (3H. 5), 3.94 (2H. 5),
6.2 (1H, brs).

'*C NMR (50 MHz, CDCls) 8= 29.09, 36.10, 41.13, 42.81, 52.26. 67.40, 164.49.
N-Chloroacetyl-1,1-dimethyl-2-phenylethylamine (2d)
Mp 57-38 °C. TLC (hexane/EtOAc, 6 : 1); R=0.30.
IR (Nujol): Vmax=3300. 1650 cm™.

'H NMR (200 MHz, CDCls): 8= 1.38 (6H, s), 3.03 (2H. s). 3.95 (2H, s), 6.2 (1H. br
s), 7.1-7.4 (5H, m). |

'3C NMR (50 MHz, CDCl5) 8=26.72, 42.90, 41.13, 44.99, 54.40, 126.47, 128.08,
130.30, 137.15, 165.09.
N-Benzyl-4-chloroacetamido-4-phenylpiperidine (2e)
Mp >133 °C (dec.). TLC (CH;CN/H-O/AcOH, 10 :1: 0.3): R=0.33.

IR (Nujol): vimax=13280. 1665 cm™.

'"H NMR (200 MHz, CDCl3): § =2.0-2.4 (6H. m), 2.7-2.9 (2H. m). 3.55 (2H. s), 4.00

(2H.s), 6.75 (1H, 5). 7.1-7.4 (10H, m).



'C NMR (50 MHz, CDCl;) & = 35.43, 43.01, 49.39, 56.68, 63.06, 124.97, 127.0,
128.36. 129.08, 138.12, 144.82, 164.41.

N-Chloroacetyldiphenylglycine (2f)

Mp 213-214 °C (dec.). TLC (CHCl3/MeOH/H,0, 7 : 2 : 1 bottom layer); R=0.15.

IR (Nujol): Vmac= 3340, 1710, 1640 cm™.

'H NMR (200 MHz, DMSO-dg): § =4.26 (2H, s), 7.1-7.4 (10H, m).

>C NMR (50 MHz, DMSO-dg) § = 42.90, 69.91, 127.53, 127.91, 128.32, 140.43,
165.58, 171.89.

tert-Carbinamines 3a-f; General procedure

A solution of amide 2 (5 mmol) and thiourea (0.46 g, 6 mmol) in a mixture of ethanol
(10 ml) and acetic acid (2 ml) was refluxed for 10 h. The workup procedure for
individual amines was as follows.

To isolate amines 3a-e, water (50 ml) was added to the reaction mixture and the
resulting precipitate was filtered. The filtrate was made alkaline with 20% NaOH. The
product was extracted with hexane (3x30 ml). the combined extracts were washed
with brine (30 ml) and dried over NaOH. The solution of amine in hexane was filtered
through Celite pad, and 1.6 M HCI solution in ether (6 ml) was added. The solvent
and the excess of HCI were removed in vacuo. The residue was treated with ethy!
ether, filtered and dried over NaOH. Amine 3e was isolated as a free base after
evaporation of hexane.

To isolate amino acid 3f, the reaction mixture was evaporated, and water (20 ml) was
added to the residue. The resulting mixture was acidified to pH~1 and filtered. The
filtrate was neutralized to pH 6-7 with 20% aqueous NaOH. The resulting precipitate
was collected on a filter. washed with water (1ml) and dried in vacuo over NaOH.

1,3,3.5.5-Pentamcthyleyvclohexanamine hydrochloride (3a)



Mp 235 - 237°C. TLC (CH;Cl/MeOH/25% aq.NHj;, 6 : | : 1 bottom layer); R= 0.50.
'H NMR (200 MHz, CDCl5): & = 1.02 (6H, s), 1.07 (6H, s), 1.23 (1H, d, ] = 14 Hz),
1.30 (1H, d,J =14 Hz), 1.64 (3H.s). 1.66 (2H.d,J = 14 Hz), 1.76 (2H, d, ] = 14 Hz),
8.25 (3H, brs).

'3C NMR (50 MHz, CDCl;) §=28.19, 30.72, 32.41, 36.05, 48.43, 51.19, 57.53
3-Ethylheptane-3-amine hydrochloride (3b)

Mp >280 °C. TLC (CHCl;/MeOH/25% aq.NH;, 6 : 1 : 1 bottom layer); R¢= 0.64.

"H NMR (200 MHz, CDCl;): § =1.01 (9H, t, J = 7.5 Hz), 1.73 (6H. d. J = 7.5 Hz), 8.3
(3H, br s).

3C NMR (50 MHz, CDCls) & = 7.45, 28.03, 60.62.

Adamantane-1-amine hydrochloride (3¢)

Mp >300°C. (CHCl;/MeOH/25% aq.NHjs, 6 : 1 : 1 bottom layer); R=0.50.

'H NMR (200 MHz, CDCl;): = 1.68 (6H, s), 2.03 (6H, s), 2.14 (3H, s),

8.3 (3H, brs).

'3C NMR (50 MHz, CDCl;) 8= 28.87, 35.30, 40.49, 52.87.
1,1-Dimethyl-2-phenylethylamine hydrochloride (3d)

Mp 196-200°C. TLC (CHCl;/MeOH/25% aq.NH;, 6 : 1 : 1 bottom Ia_ver);- R=0.68.
'"H NMR (200 MHz, CDCls): 8= 1.46 (6H, s), 3.09 (2H, s), 7.1-7.4 (5H, m),

8.3 (3H, brs).

T77,127.24.128.44, 150.61, 134.68.

Ua
Un
<

'3C NMR (30 MHz, CDCl;) 8= 25.07, 46.2
N-Benzyl-4-amino-4-phenylpiperidine (3e)
Mp 60-61°C. TLC (CHCl3/MeOH/25% aq.NHj, 6 : 1 : 1 bottom layer); R= 0.78.

"H NMR (200 MHz, CDCl;): 8 =1.48 (2H. brs), 1.70 (2H, d. T = 13 Hz) 2.1-2.3 (2H,
m), 2.4-2.6 (2H, m), 2.70 (2H. dt. J= 14 Hz and 2 Hz), 3.56 (2H, s), 7.2-7.4 (8H. m),

7.45-7.6 (ZH. m).



BC NMR (50 MHz, CDCl;) 8 = 37.72. 49.78, 52.02, 63.14, 124.92, 126.41, 126.94,
128.14, 129.10, 138.54.

Diphenylglycine (3f)

Mp 245-247 °C (dec.) TLC (EtOAc/H2O/n-BuOH/AcOH. 1 : 1:1:1); R=0.74.
'"H NMR (200 MHz, D:0): § = 7.4-7.6 (m).

*C NMR (50 MHz, D,0) 8 = 71.83, 130.28, 131.81, 132.53, 138.30, 174.11.
N-Aminoiminomethylthioacetyl-1,3,3,5,5-pentamethylcyclohexanamine

hydrochloride (4)

A solution of amide 2a (0.245 g, | mmol) and thiourea (0.092 g, 1.2 mmol) in ethanol

(2 ml) was refluxed for 10 min. Ethanol was evaporated and the residue treated with
acetonitrile (10 ml). The formed precipitate was collected by filtration and dried in
vacuo to give 4 (0.120 g. 37%).

Mp 209 —211° C, TLC (CHCl3/MeOH/25% aq.NH3, 6 : 1 : 1 bottom layer); R=0.23.
IR (Nujol): Vmax=23200. 3070, 1660 cm™.

'H NMR (200 MHz. DMSO-ds): & = 0.86 (6H, s), 1.05 (6H, s), 1.20 (3H, s), 0.8 —
1.31 (4H, m), 2.18 (2H, d. ] = 14 Hz), 3.93 (2H. s), 7.86 (1H, s). 8.34 (4H, brs).

'C NMR (50 MHz, DMSO0-ds) 5=28.23, 29.95, 31.18, 34.62, 35.92, 46.48, 51.37,
54.64,167.42, 170.36.
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Elemental anaysis

N-Chloroacetyl-1,3,3,5,5-pentamethylcyclohexanamine (2a)

Anal. Calcd for C3H»4CINO: C, 63.53; H, 9.84; N, 5.70. Found:- C,63.28: H, 9.94;: N,
577

N-Chloroacetyl-3-ethylheptane-3-amine (2b)

Anal. Calcd for CoH,gCINO: C, 56.39; H, 9.46; N, 7.31. Found: C, 56.41; H, 9.62; N.
7.22.

N-Chloroacetyladamantane-1-amine (2¢)

Anal. Calcd for C;H3CINO: C, 63.29; H, 7.97; N, 6.15. Found: C, 62.98; H, 8.02; N,
6.01.

N-Chloroacetyl-1,1-dimethyl-2-phenylethylamine (2d)

Anal. Calcd for C»H4sCINO: C, 63.86: H, 7.14: N. 6.21. Found: C, 64.05; H, 7.19: N,
6.05.

N-Benzyl-4-chloroacetamido-4-phenylpiperidine (2¢)

Anal. Calcd for C5yH,;CIN-O: C, 70.06; H, 6.76; N, 8.17. Found: C, 69.92; H, 6.73;
N, 8.08.

N-Chloroacetyldiphenylglycine (2f)

Anal. Calced for CsH4CINO;: C, 63.27; H, 4.65; N, 4.61. Found: C, 62.90; H, 4.56;
N. 4.45.

1,3,3,5,5-Pentamethylcyclohexanamine hydrochloride (3a)

Anal. Caled for C; HsN=HCIl: C. 64.21; H, 11.76; N, 6.81. Found: C, 63.74; H.
11.82: N, 6.48.

3-Ethylheptane-3-amine hydrochloride (3b)

Anal. Calcd for C;H;gN*=HClL: C, 55.43; H, 11.96; N, 9.23. Found: C, 55.41: H, 12.02:

N, 9.05.



Adamantane-1-amine hydrochloride (3¢)

Anal. Calcd for C,oH;7;N*HCI: C, 63.99; H. 9.67; N, 7.46. Found: C, 63.62: H. 9.69;
N. 7.29.

1,1-Dimethyl-2-phenylethylamine hydrochloride (3d)

Anal. Calcd for CoHsN*HCI: C, 64.68; H, 8.68; N, 7.54. Found: C, 64.43; H, 8.67;

N-Benzyl-4-amino-4-phenylpiperidine (3e)

Anal. Calcd for CgH2Na: C, 81.16; H, 8.32; N, 10.52. Found: C, 81.15; H, 8.44; N,
10.36.

Diphenylglycine (3f)

Anal. Caled for C4H;3NO.: C, 73.99; H, 5.77: N, 6.16. Found: C, 73.67; H, 5.63; N,
5.60.

N-Aminoiminomethylthioacetyl-1,3,3,5,5-pentamethylcyclohexanamine
hydrochloride (4)

Anal. Caled for C4H27N;0S*HC1*0.5H,0: C, 50.81; H, 8.83; N, 12.70; S, 9.69.

Found: C, 50.93; H. 8.53;: N, 12.63; S, 9.66.
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