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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Glutamats ir galvenais ziditaju CNS neiromediators. Nervu $tnu signalu parnesé
uztveres un atminas veidoSanas procesos svariga loma ir vienam no glutamata receptoriem —
N-metil-D-aspartata (NMDA) receptoram. Receptora parlieku stimulacija ir iesaistita neironu
nave, kas iesp&jama gan hipoksijas apstaklos, gan neirodegenerativu traucéjumu gadijuma, ka
Alcheimera un Hantingtona slimibas. NMDA receptors ir organizéts ka jonu kanals, kuru
aktivé endogenais ligands glutamats koagonista — glicina klatbutn€, kur§ nepiecieSams jonu
kanala aktivitatei. Tap&c glicina saistiSanas vieta (GlyB) ir uzskatama par svarigu
farmakologisko mérki un ir atklati vairaki augstas afinitates GlyB antagonisti. NMDA
receptora glicina saistiSanas vietas liganda farmokoforais modelis ieklauj polaru skabes
funkciju, kas ir svarigs elements mijiedarbibai ar receptora arginina molekulas bazisko
guanidina fragmentu. Tacu S$adas polaras grupas samazina savienojumu sp&ju Skersot
hematoencefalisko barjeru. Ta bija galvena probléma méeginot izstradat CNS terapeitiskos
lidzeklus, kas darbotos ka NMDA receptora GlyB antagonisti. Péd€jos 10 gados lielaka
uzmaniba pievérsta periférajiem NMDA receptoriem. Glutamata receptoru regulacijai ir
svariga loma sapju procesos, kas saistiti ar perifero nervu iekaisumu. Periféras darbibas GlyB
antagonistu izstradaSana vartu novest pie jauna tipa preperatiem neiropatisko sapju

arsté$anai.

Pétijuma mérkis un uzdevumi

Promocijas darba meérkis ir izstradat jaunus NMDA receptora GlyB antagonistus.
Viens no iesp&jamiem dizaina virzieniem ir netipiska GlyB antagonista - 1,1-
dioksobenzotiadiazina RPR-104632 struktiras modificéSana, aizstajot tradicionalajam
farmakoforu modelim atbilstoSo 4-NH grupu ar nepolaru sp2 un Sp3 CH, iegiistot potencialus
NMDA receptora antagonistus: 1,1-diokso-2H-1,2-benzotiazin-3-karbonskabi un 1,1-diokso-
3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabi. Promocijas darba mérka sasniegSanai izvirziti
sekojosi uzdevumi:

1) lzstradat 1,1-diokso-2H-1,2-benzotiazin-3-karbonskabju un to 3,4-dihidroanalogu
sintézes papémienus un izanaliz€t struktiras-aktivitates sakaribas iegtto
savienojumu rinda.

2) lzstradat 1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju

enantioselektivas sintézes metodi.



3) Nemot véra to, ka visplasak pétitie un vieglak iegtistamie ir 4-hidroksi-1,1-diokso-
2H-1,2-benzotiazini, svarigs uzdevums ir noskaidrot vai ir iesp&jams izstradat
mingto benzotiazinu 4-hidroksi grupas elimin€$anas un/vai reducéSanas metodes
1,1-diokso-2H-1,2-benzotiazin-3-karbonskabju  un  to  3,4-dihidroanalogu

iegiiSanai.

Zinatniska novitate un galvenie rezultati

GlyB antagonistu sp® CH koncepcijas efektivitate jaunu NMDA receptoru ligandu
iegtSanai bija paradita naftalinkarbonskabju rinda. Tomér §im struktiram raksturiga zema
selektivitate un augstai aktivitatei nepiecieSama v€l viena polara skabes grupa. Sulfonamida
fragmenta iecklauSana aromatiskaja struktiira lauj risinat minétas problémas. Diemzgl tikali
viena no 1,1-diokso-2H-1,2-benzotiazin-3-karbonskabém uzradija neliclu GlyB afinitati.
Savukart otra koncepcija, kas balstijas uz sp’> CH izmanto$anu, bija veiksmiga un vairakas
sintezétas 1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabes uzradija véra nemamu
afinitati. Tas, ka tradicionalajos GlyB antagonistu farmakoforu modelos postuléto tidenraza
saites donoru varétu aizstat ar sp3 CH, ir parsteidzo$a novitate. ST pieeja paver iespgju daudz
plaSakam potenciali selektivu NMDA receptora ligandu dizainam. Darba nodemonstréta GlyB
ligandu ligandu enantiodiskriming$ana 3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju rinda
— (S)-konfiguracijas savienojuma saistiba ar receptoru bija 10 reizes spécigaka ka (R)-

izomeéram.

Darba struktiira un apjoms

Promocijas darbs ir uzrakstits latvieSu valoda, satur literatiras apskatu, rezultatu
izverte§jumu, eksperimentalo dalu un pielikumus. Literatiiras apskata apkopota pedejos 10
gados publicéta informacija par GlyB antagonistiem, jo $aja laika paradijas idejas par to
periféero pielietojumu. Tapat apkopota informacija par 1,1-diokso-2H-1,2-benzotiazin-3-
karbonskabju un to 3,4-dihidroanalogu sintézi. Rezultatu izvertéjuma ir aprakstita 1,1-diokso-
2H-1,2-benzotiazin-3-karbonskabju un to 3,4-dihidroanalogu sintéze un salidzinata to
aktivitate. Izstradata 1,1,-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju asimetriska
sintéze, salidzinata enantioméru aktivitate. Izveérteta 1,1-diokso-2H-1,2-benzotiazin-3-
karbonskabju un to 3,4-dihidroanalogu iegtisana - izmantojot 4-hidroksi-1,1-diokso-2H-1,2-
benzotiazinu reduc€Sanas iesp&jas. Eksperimentalaja dala doti sintézu apraksti un

savienojumu spektroskopiskais raksturojums.



Darba aprobacija un publikacijas
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PROMOCIJAS DARBA GALVENIE REZULTATI

Literatiira aprakstiti daudzi un strukturali atSkirigi NMDA receptora glicina saistiSanas
vietas antagonisti. Vienu no Siem augstas afinitates ligandiem parstav savienojums RPR-
104632. Sulfonamida grupas nozime strukttra 1 augstas afinitates nodrosinasanai lidz Sim vél
nav noskaidrota. Ar1 spekulacijas, ka §1 grupa veic NMDA antagonistu dihlorkinurénskabes
farmakoforu modelim atbilsto$a tidenraza saites akceptora lomu, nav apstiprinatas. Turklat,
ievadot savienojuma 1 struktiira sulfonamida grupas vieta karboksamida grupu, kas darbotos
ka udepraza saites akceptors, iegitie savienojumi 4a un 4b neuzradija nekadu aktivitati
[*H]glicina izspieSanas testa pat 100 uM koncentracija. Lidzigu GlyB afinitates zudumu
noveéroja ari savienojumu 3a un 3b gadijuma, kad karboksilgrupa bija aizstata ar oksogrupu.
Lai gan visas tris modifikacijas pamatotas ar kadu no zinamiem farmakoforu modeliem,

ieklaujot NH grupu ka tdenraza saites donoru Iidzigi savienojumam 1, tom@r tas visas ir

neaktivas.
Br X
Cl
0. -0 ¢l 0. -0
S S

Cl H COOH clI )\COOH Cl %

1 2 3a X=H 4aR=0; X=H

RPR-104632 3b X= Br 4b R=H, COOH; X=Br

K, 4.9 nM
(-)Ki=4 nM

(+)K,=1880 nM
1. att. RPR-104632 struktiira un modela savienojumi

Miisu interesi piesaistija tas, ka savienojumam 2, kura neaizvietotais analogs uzrada
aktivitati radioliganda [*H]DCKA izspieSanas testa, ir plakana struktiira gan att€lotaja 4H
tautomera, gan 2H tautoméra forma. Aizvietojot benzotiadiazina 2 4-NH ar CH grupu,
iegiistam savienojumu 5 ar sulfonamida un karboksi funkcijam ka struktiira 1. Benzotiazinam
5 tapat ka savienojumam 2 raksturiga plakana simetriska struktira. Jaatzimé, ka
modelsavienojuma 5 pamatstruktira dod iesp&ju variét aizvietotajus pie N atoma struktiiras-
aktivitates izpétei. Otra modifikacija, kas likas loti atraktiva, bija benzotiazina 5 plakanas

struktiiras izjauk8ana, piesatinot C3-C4 saiti. Sada vienkar$a transformacija Jautu iegit hirala



benzotiadiazina 1 karbaanalogus, kuri potenciali varétu saglabat ta GlyB aktivitati. Modelim 5
atbilstogas sp> CH koncepcijas efektivitate jaunu NMDA receptoru ligandu ieg@i§anai jau ir
pieradita naftalinkarbonskabju rinda. Tas, ka visos tradicionalajos GlyB antagonistu
farmakoforu modelos postuléto tidenraza saites donoru (4-NH struktiira 1) varétu aizstat ar sp3

CH, butu parsteidzosa novitate.

R R
0. .0 < .
3g” O\S:O
cl \ cl N
= OH OH
O (@)
5 6

2. att. Benzotiazin-3-karbonskabes

1. 1,1-Diokso-2H-1,2-benzotiazin-3-karbonskabju sintéze
Misu mérka savienojumus, benzotiazinus 5, iesp&jamos NMDA receptora glicina

saistiSanas vietas antagonistus, ieguvam péc literatiira aprakstitas metodes.

Cl
0:_-0
O‘\Sfo R-NH, sg*2 CrO,, HglO4
o e N (AcO)0
> MeCN
CH,CI, ClI € Cl
7 8 R=Me 65% 10 R=Me
9 R=t-Bu 79% 11 R=t-Bu 88%

3. att. Benzizotiazolu 10 un 11 sintéze

Sintézi sakam no komerciali pieejama benzolsulfonilhlorida 7 un ta reakcya ar
metilamu ieguvam benzolsulfonilamidu 8. Tacu benzolsulfonamida 8 oksidativaja
ciklizacija ar CrOz un HslOg veidojas benzizotiazola 10 un benzizotiazola 12 maisijums ar
kop&jo iznakumu 10%. Sads rezultats liecina par N-Me grupas vieglu oksidésanos. Tapec
sintez&jam terc-butilsulfonamidu 9, kuru paklavam oksidativai ciklizacijai un benzizotiazolu
11 izdaltjam ar augstu iznakumu.

Nakamais solis ir savienojuma 11 cikla atvérSana. Veicot benzizotiazina 11 cikla
atvérSanu péc literatiira aprakstitas metodes ar LiAlH4, sulfonamidu 13 ieguvam tikai ar 15%

iznakumu. Nomainot LiAlH4 pret NaBH,, vélama produkta 13 iznakums sasniedza 75%.



Q.o | LIAIH,, THF, 15%
S-N < Il NaBH,, THF/H,0 75%
cl
0

4, att. 1,1,3-Triokso-2H-benzizotiazola 11 reducésana

Savienojuma 13 alkilésana ar etilbromacetatu, ka bazi izmantojot NaH, vélamais
produkts 14 veidojas ar loti zemu iznakumu. No reakcijas maisijuma tika atgtta izejviela 13.
Optimizgjot reakcijas apstaklus, ka bazi izmantojam K,COs;. Tacu ka galveno produktu
izdalijam savienojumu 15. No iegiita rezultata izriet secinajums, ka apjomiga terc-butilgrupa
rada steriskus trauc€jumus N-alkiléSanai. Tapéc ta tika noskelta ar TFA un iegutos

benzizotiazolus aizsargajam ar p-metoksibenzilgrupu.

o cl
o Br\/U\O/\ \‘S’/O
K,CO, TBAB ‘N%
Dioksans/H,0 C!
A

15

5. att. AlkiléSana K,CO3 un TBAB klatbutné

5-Hlor- un 5,6-dihlorbenzotiazinu 28 sintézei nepiecieSamas izejvielas - N-t-
butilsulfonamidus 18a un 18b - ieguvam 2 stadijas (sulfohlorésana un reakcija ar t-BuNH)
no attiecigajiem toluola atvasinajumiem 16a un 16b. Oksidativaja ciklizacija izmantojam
benzolsulfonamidus 17a un 17b, kurus cikliz&jam par 1,1,3-triokso-2H-benzizotiazoliem 18a

un 18b. Savukart p&c t-butilgrupas noskelsanas ieguvam savienojumus 12, 19a un 19b.

R' R' 0 O HglOg CrO; g
R R? S (CH;CO),0
— N —_—
5 B H MeCN
R R® 0°C-it.

16a R1=R2=H,R3=C| 17a R=R2=H,R3=C| 71% 18a R=R2=H,R3=C| 78% 12 R!=R3=Cl,R?>=H 98%
16b R1=H,R2=R3=C| 17b R!=H,R2=R3=Cl| 69% 18b R!=H,R?=R3=C| 83% 19a R!=R?=H,R3=C| 88%
19b R1=H,R2=R3=C| 89%

6. att. 1,1,3-Triokso-2H-benzizotiazolu sintéze

1,1,3-Triokso-2H-benzoizotiazolus 12, 19a un 19b alkilgjot ar benzilhloridiem
ieguvam savienojumus 20. Tos reducgjot ar NaBH,, notiek cikla atvérSanas un veidojas

benzolsulfonamidi 21.
10



R
2 O, o NaH

R \S‘/” RA-C] . NaBH,
e —— - >
, NH “pmF THF/H,0
R 80 °C

o)

12 R!=R3=Cl,R2=H 20a R!=R3=Cl,R2=H,R4=3-CIBn 92% 2la R'=R3=Cl,R?=H,R*=3-CIBn 99%
19a R!=R2=H,R3=C|  20b R!=R3=Cl,R?=H,R*=PMB 88% 21b R!=R°=C|,R?=H R*=PMB  94%
19b RI=H,R2=R3=C| 20c R!=R?=H,R3=CI,R*=PMB 75% 21c R!'=R?=H,R%=CI,R*=PMB  95%
20d Rl=H,R2=R3=CI,R4=PMB 66% 21c R'=H,R?=R3=Cl,R*=PMB  98%

7. att. Benzolsulfonamidu 21 sintéze

Alkilgjot iegiitos savienojumus 21 ar etilbromacetatu, ieguvam benzol-
sulfonamidetikskabes etilesterus 22. Sulfonamidus 22 var izmantot ka izejvielas benzotiazinu
5 un 3,4-dihidrobenzotiazinu 6 sintéze. Lai iegltu savienojumus 24, benzilspirtus 22a un 22b
oksidgjam ar MnO, par aldehidiem 23. Tie, savukart, viegli ciklizgjas bazes klatiené un

veidoja benzotiazinus 24.

(o]
NaH, 8~ Ao~
THF,50°C
OH O
21a RI=R3=Cl,R?=H,R*=3-CIBn 22a R!=R3=Cl,R?=H,R*=3-CIBn
21b R1=R3=C|,R?=H,R*=PMB 22b RI=R3=C|,R?=H,R‘=PMB
21c R!=R?=H,R3=C|,R*=PMB 22c R!=R?=H,R3=CL,R*=PMB  64%
21c R!=H,R?=R3=C|,R*=PMB 22d RI=H,R?=R3=CI,R*=PMB  50%
1
R
R% O:570 g NaH
[ N
0 S(ov THF
O O
23a R1=R3=Cl,R?=H,R*=3-CIBn 55% 24a R1=R3=C|,R?=H,R*=3-CIBn  96%
23b RI=R3=C|,R2=H,R‘=PMB  82% 24b R1=R3=C|,R2=H,R‘=PMB  95%

8. att. Benzotiazinu 24 sintéze

Benzotiazina 24b PMB aizsarggrupas noskelsana ar TFA dod savienojumu 25, kuru
var izmantot paral€lajai sint€zei, ievadot struktiiras 2. pozicija nepiecieSamos aizvietotajus.
Alkilgjot savienojumu 25 ar 3-brombenzilbromidu ieguvam attiecigo benzotiazin-3-

karbonskabes etilesteri 26.

11



24b 25 26 R=3-BrBn
9. att. Benzotiazin-3-karbonskabes ctilestera 26 iegtiSana

Noslédzosa stadija mérka savienojumu sintéz€ ir klasiska esteru 24a, 24b un 26
hidrolize ar NaOH vai LiOH THF/H,O maistjuma, kuras rezultata ieglist benzotiazin-3-
karbonskabes 27.

1) NaOH vai LiOH-H,O

THF/H,O _
2) konc. HCI cl
O
24a R'=3-CIBn 27a R!=3-CIBn 89%
24b R=PMB 27b R=PMB 53%
26 R!=3-BrBn 27c R=3-BrBn 95%

10. att. Benzotiazin-3-karbonskabju esteru hidrolize

2. 1,1-Diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju sintéze
Dihidrobenzotiazin-3-karbonskabju  metilesteru 29 iegiiSanai  nepiecieSamos
benzilbromidus 28 pagatavojam benzilspirtu 22 reakcija ar PBrs. ledarbojoties uz

savienojumiem 28 ar NaH, tos cikliz&jam par attiecigajiem benzotiaziniem 29.

OH O

22 R=R3=Cl,R?=H 28a RI=R3=CI,R?=H 79% 29a R!=R®=CI,R2=H 23%
22¢c R!=R2=H,R3=ClI 28b R=R2=H,R3=C| 68% 29b R=R2=H,R3=C| 79%
22d R!=H,R2=R3=Cl 28c R!=H,R2=R3=C| 98% 29c¢ R!=H,R2=R3=C| 36%
1
R 1) LIOHH,0 R' R*
0:.-0 i 2 - .
R S< g?gl vai NaOH RZ O\S:O)
R, THF/H,0 N
= O~ DMF O._~ 2)konc. HCI 3 OH

R

30b R1=R2=H,R3=CI| 79%
30c R!=H,R2=R3=Cl 77%
11. att. 3,4-Dihidrobenzotiazin-3-karbonskabju 32 iegiisana

32
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Noskelot benzotiazinu PMB grupu, ieguvam savienojumus 30, kurus izmantojam
paralélaja sint€z€ ar aril- un heteroarilmetilhalogenidiem. Savukart no benzotiazin-3-
karbonskabes etilesteriem 31 baziskas hidrolizes reakcija ieguvam nepiecieSamas 3,4-
dihidrobenzotiazin-3-karbonskabes 32. Alkilé$anas un hidrolizes stadiju rezultati atspoguloti
1. tabula. Benzotiazinu alkiléSanas reakcijas iznakumi svarstas no zemiem lidz augstiem (6-
96%) un ir atkarigi no reakcijas laika un attieciga alkilétaja reagétsp&jas. Esteru konversija

hidrolize bija kvantitativa un produktu iznakums samazinajas attiriSanas procesa.

1. tabula

Benzotiazinu 31 N-alkiléSanas un esteru 32 hidrolizes reakciju iznakumi

Rl R? R R NF. Iznakums NF. Iznakums
alkilésana, % hidrolize, %
Cl H Cl 4-MeOPh 3la - 32a 21
H H Cl 4-MeOPh 31b - 32b 62
H H Cl 3-MeOPh 3la 62 32¢c 46
H H Cl 4-CIPh 31b 42 32d 50
H H Cl 3-CIPh 31c 82 32e 80
H H Cl 2-Py 31f 6 32h 42
H H Cl 3-Py 319 34 32i 42
H H Cl 4-(2-MeTh) 31h 16 32j 79
H H Cl CO,t-Bu 31i 74 32k 75
H H Cl Bn 31j 33 321 52
H H Cl 4-MeOBn 31k 50 32m 89
H H Cl 4-FBn 31n 39 32p 92
H H Cl 2-FBn 310 29 32q 55
H H Cl 3-MeOPhCO 31r 42 32s 58
H H Cl 2-MeOPhCO 31s 70 32t 71
H H Cl 3-FPhCO 31t 77 32v 72
H Cl Cl 3-CIPh 31w 96 32X 38

3. Enantioselektiva 1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju
sinteze
Viens no NMDA receptora antagonista RPR104632 enantiomériem uzradija gandriz
500 reizes augstaku afinitati neka ta antipods. Kad izradijas, ka misu attistita GlyB

antagonistu dizaina sp> CH koncepcija darbojas 3,4-dihidro-2H-1,2-benzotiazin-3-
13



karbonskabju klas€, kluva nepiecieSams izstradat So savienojumu enantioselektivas sintézes
metodi. Izanaliz€jot iesp&jamos mérka savienojumu sintézes panémienus ar hirala centra
veidoSanas stereokontroles iesp&jam, nonacam pie secinajuma, ka vispieme&rotakais variants ir
atbilstoSu N-acetilfenilalanina esteru enantioselektiva iegliSana no attiecigajiem 2,3-

dehidroanalogiem asimetriskas katalitiskas hidrogenésanas cela.

solr IcoNy

- O-p-N

OO OH Toluols, 80 °C g g ) \
(R) 33a (R) 34a 92% (ee>99%)
(S) 33b (S)34b 82% (ee>99%)

12. att. BINOL atvasinajumu 34 sintéze

Sintézi sakam no jodbenzola 35 péc Jeffery apstakliem un tika iegiits savienojums 37
ar Z konfiguraciju. So savienojumu Rh katalizéta hidrogenésana, izmantojot BINOL
atvasingjuma ligandus 34, ieguvam R un S fenilalanina atvasinajumus 38 ar augstu
enantioméro parakumu. Savukart, vajadzigos BINOL ligandus 34 pagatavojam no komerciali
pieejamiem R un S 1,1-bi-2-naftoliem 33. Fenilalanina atvasinajumus 38 sulfohloré$anas

reakcija parvértam par sulfonilhloridiem 39a un 39b.

Q o)
& Pd(OAC),, TBACI T rncomer,
/@\ NaHCO, HN R vai S ligands 34, H,
)\r ~ DMF70°C 0L CH,Cl, 5atm
o
35 37 67%
O
O (O]
1 CISO,H sg=Cl o
HN socl, N J\
_— _
cl O 0°C-rt cl
\
(S) 38a 92% (ee 97%) (S)39a R=H 47%
(R) 38b 92% (ee 96%) (R)39b R=H 47%

13. att. Heck reakcija un Rh asimetriska hidrogeng&sana

Nakamais solis ir ieglito sulfonilhloridu 39 ciklizacija par benzotiaziniem 40. Lai

izverttu iesp&jamas racemizacijas noversanas iespéjas, veicam vairakus eksperimentus.
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I NaH, THF, 50 °C

o Il LIHMDS, THF, -78 °C o)
O:%cl o Il DBU, CH,Cl,, -10 °C O\‘s’:ok
JK IV NaH, DMF N
KN V DIEA, CH,CI o)
cl N0 VI Et,N, DMAP, CH,Cl,

I (S)40a 44% (ee 75%)
(S) 39a (R) 40b 32% (ee 77%)
(R) 39b Il (S)40a 57% (ee 59%)

(R) 40b 48% (ee 61%)
Il (R) 40b 28% (ee 9%)
V (S)40a 11% (ee 76%)
VI (R)40b 8% (ee 73%)
14. att. Benzolsulfonilhloridu 39 ciklizacija

Vispirms ciklizacijas reakcijai ka bazi izmantojam NaH un benzotiazinus 40a un 40b
izdalfjam ar vidgjiem iznakumiem. Sis metodes trikums ir sulfonilhloridu 39 zema $kidiba
THF, tapéc THF vieta izmantojam DMF. Diemz€l S$ajos apstaklos rodas loti daudz
blakusproduktu, ko noveérojam p& PSH. Nomainot NaH pret LiHMDS, vélamos
benzotiazinus 40a un 40b ieguvam ar augstaku iznakumu. Tac¢u, LIHMDS izraisa produktu
dalgju racemizaciju. Racemizaciju izraisa ari DBU. Izmantojot DIEA, v€lamo produktu
ieguvam tikai ar 11% iznakumu. Aprakstita analogiska ciklizacijas reakcija DMAP klatbiitné.
Diemz&él DMAP pievienoSana nepaaugstinaja benzotiazina 40b iznakumu (8%, ee 73%),
savukart, pagarinot reakcijas laiku no 5 1idz 90 h, produkta iznakums paaugstinas lidz 28%,

bet notiek dal&ja racemizésanas (ee 47%).

O
O\\S//Ok O\\Séo v@\
"N HCI “NH NaH er Br

O > 0]

P
>

Cl >~ MeOH CI >~ DMF
@) O
(S) 40a (ee 75%) (S) 41a 75% (ee 81%)
(R) 40b (ee 77%) (R) 41b 86% (ee 65%)
0._.0 A HCI, dioksans/H,O

-R B HClI, dioksans/H,0O, 50 °C
C LiOH, THF/H,O

P
e

(S) 42a R=3-BrBn 73% (ee 63%) B (S) 43a R=3-BrBn 83% (ee 39%)
(R) 42b R=3-BrBn 37% (ee 57%) C (R) 43b R=3-BrBn 70% (ee 19%)
15. att. 3,4-Dihidrobenzotiazinu 43 iegiisana

P&c benzotiazina ciklizacijas seko acetilgrupas noskelSana, kuru veicam ar konc. HCI.

Saja reakcija notiek dal€ja racemizeéSanas, ko paradija savienojuma 41b enantioméras tiribas
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samazinasanas (ee 65%). Tacu ee var paaugstinat mazgajot izdalito produktu ar €teri, kas layj
ieglt S izoméru 41a ar ee 81%. Art alkiléSanas stadija, ka bazi izmantojot NaH, novérojam
savienojumu 42 ee pazeminasanos. P&dgja stadija mérka savienojumu 43 sintézg€ ir metilesteru
hidrolize. Istabas temperatira skaba vidé metilestera 42a hidrolizi realizét neizdodas.
Savukart, paaugstinata temperatiira (50 °C) notiek racemizéanas. Ari baziska hidrolize izraisa
racemiz&sanos Un benzotiazinu 43b ieguvam ar ee 19%.

Sakara ar izteiktu benzotiazin-3-karbonskabju 43 racemiz€Sanos metilesteru 42
apgrutinatas hidrolizes rezultata, nolémam sintezét benzotiazin-3-karbonskabes etilesterus 49,
kuri varétu hidrolizéties atrak, tada veida samazinot racemizacijas iesp&ju. Sint€zi sakam no
3-hlorjodbenzola (35) un etilakrilata 44 un Heck reakcija ieguvam savienojumu 45, no kura
talak enantioselektiva hidrogené$ana veidojas fenilalanina atvasinajums 46. Etilestera 46
sulfohloréana péc jau izstradatas metodes deva attiecigo karbonskabi 47 ar 40% iznakumu.
Estergrups hidrolizi novérojam ari tad, ja sulfohloréSanu veicam bez tionilhlorida. No ta var
secinat, ka estergrupas hidrolize notiek apstradajot reakcijas maisijumu ar tdeni. Lidz ar to
bija nepiecieSams mainit benzotiazin-3-kabonskabes 49 sintézes taktiku. Savukart, etilestera
viegla hidrolize liecinaja par to, ka metilestera nomaina pret etilesteri patieSam varétu palidzet

atrisinat enantioselektivas sint€zes problému.

O

k Pd(OAc),, TBACI k Rh(COD),BF,
O~ ~ DMF, 70°C A\ O~ CHJCl, 5am
Cl I 0 Cl 2”2
40% )
0 65%

(S) 46 (S) 47
16. att. Heck reakcija un sulfohlorésana

Nemot véra nevélamo etilestera hidrolizi sulfohloréSanas stadija, benzotiazina 49
iegiiSanai izmantojam alternativu pieeju — metilestera 40 paresterificéSanos ar vienlaicigu
acetilgrupas noSkelSanu. Sint€zi veicam etilspirta s€rskabes klatbiitné un ieguvam etilesterus

48 ar nelielu ee paaugstinasanos, kas notika kristalizacijas rezultata no EtOH.
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S
N H,SO, NH -
@] H.ClI
ol OL  EOH ~ CHCL,
0 0]
(S) 40a ee 59% (S) 48a 41% (ee 68%)
(R) 40b ee 61% (R) 48b 52% (ee 67%)
O > . O
konc. HCI °s* R
Dioksans
OH
Cl
o
(S) 49a R=3-BrBn 89% (ee 65%) (S) 43a R=3-BrBn 17% (ee 90%)
(R) 49b R=3-BrBn 75% (ee 65%) (R) 43b R=3-BrBn 25% (ee 91%)

17. att. 3,4-Dihidrobenzotiazinu 43 ieglisana

legiito savienojumu N-alkiléSanas reakcija izdalijam benzotiazinus 49 ar labiem
iznakumiem. Mg@rka savienojumu sint€zes p&dgja stadija ir etilestera hidrolize. Reakciju
veicam dioksana HCI klatbiitn€ un ieguvam benzotiazinus 43. Hidrolize notika Joti 1&ni, tacu
Sajos apstaklos saglabajas savienojumu 43 optiska tiriba (ee 65%), ko kontrolgjam ar H-SH
(hiralo Skidruma hromatografiju). Produkta iznakums samazinajas izdaliSanas procesa. Arl

Saja stadija izdodas paaugstinat ee, produktu apstradajot ar heksana/CH,Cl, Skidumu.

4. 4-Hidroksi-1,1-diokso-2H-1,2-benzotiazinu izmanto$ana 1,1-diokso-3,4-dihidro-
2H-1,2-benzotiazinu iegiiSanai
leprieks apskatitajas benzotiazin-3-karbonskabju 32 iegiiSanas metod@s tiek izmantots
gars sintézes celS. Loti vilinoSa iesp&ja minéto savienojumu iegtiSanai biitu izmantot literatiira
plasi aprakstitos un viegli pagatavojamos 4-hidroksibenzotiazinus 52a, no kuriem, ja izdotos
atrast piemérotu reduc€Sanas metodi, varétu &rti un 1&ti iegut 1,1-diokso-2H-1,2-benzotiazinus
un 1,1-diokso-3,4-dihidro-2H-1,2-benzotiazinus. Viens sekmigs $adas reduc€$anas piemers,
izmantojot NaBH, nikela borida klatbGng, ir minéts E. Paasa bakalaura darba. Tapéc tika
nolemts ripigak izpétit $is nenoliedzami interesantas reducéSanas reakcijas pielietoSanas
iesp&jas. NepiecieSsamos 4-hidroksibezotiazinus ieguvam 2 stadijas no attiecigajiem

benzizotiazoliem 19a, 19b un 50 N-alkilésana ar tai sekojosu Dieckmann tipa kondensaciju.
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O\ /O
R e Bf\)\o’\ Rl N0\ L/ R* \S:NH
S, NaH S, o NaOMe
NH ——— N —— = @]
2 DMF, 80°C .2 A R’ >
R R
OH O
50 RIR2=H 5la RIR2=H  90% 52a RIR2=H  54%
19a Rl=H,R2=C| 51b Rl=H,R2=Cl 76% 52a R=H,R2C| 82%
19b RIR2=C| 51c RR2=Cl  56% 52b RI!R2=Cl 60%

18. att. 4-Hidroksibenzotiazinu 52 iegtisana

Vispirms parbaudijam benzotiazina 52a reduc€Sanas iesp&ju ar NaBHy, pievienojot
NiCl;6H,0, tac¢u vélamo produktu 53 iegiit neizdevas. Secinajam, ka konjugéta m sistéma

benzotiazina 52a struktira ir loti stabila un to nevar izjaukt ar NixBy un NaBH,.

Os520 NaBH, Osg70
NH NiCl, 6H,0 NH
ANON Tmeon O SN
OH O e)
52a 53

19. att. 4-Hidroksibenzotiazina 52a reducé$ana

Benzotiazina 4-hidroksigrupas aktivéSana bija drosaks pan€miens, tap€c veicam
savienojuma 52a hidroksigrupas mezilésanu. Metansulfoniloksigrupa ir laba aizejosa grupa,
kas var€tu atvieglot benzotiazina reducéSanu. Tafu reduc€Sanas meginajuma ar
NaBH4/NiCl,6H,0 negaiditi notika mezilgrupas $kelSana un atguvam 4-hidroksibenzotiazinu
52a. Pien@mam, ka reakcijas norisi iesp&jams traucg tas, ka sulfonamida grupa ir NH forma
un varétu komplekséties ar reducgjoso agentu. Tapéc nolémam sulfonamida NH grupu alkil&t
ar metiljodidu. AlkiléSanu veicam EtOH/H,0 maisijuma NaOH klatbiitné. Rezultata ieguvam

2-metilbenzotiazinus 56a un 56b ar augstiem iznakumiem.

. 0:.-0 . 0:.-0
R s~ Mel R s
NH 1N NaOH N
R? N0~ HOEOH g2 N O~
OH O OH O
52a R!=R2=H 56a R!=R2=H  91%
52b R!=H,R2Cl 56b R=H,R2=Cl 70%
52¢ R=R2=C] 56c R=R2=C|

22. att. Savienojumu 52 N-alkilésana ar Mel

Tacu ar1 4-hidroksibenzotiazina 56a 4-hidroksi grupas aktivéSana ar mezilgrupu

nedeva vélamo rezultatu un reducésana neizdevas iegit savienojumu 53. Reakcijas norisi
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iesp€jams traucja benzotiazina 57 slikta Skidiba metanola. Savukart, sildot reakcijas
maisijumu, benzotiazins 57 sadalas. Lai nodrosSinatu benzotiazina pietickamu $kidibu,
reducgsanu atkartojam THF. Diemzeél THF notiek arT karbonskabes metilestera reducéSana
lidz spirtam. Reducésana Iidz spirtam tika noverota ari tad, ja ka reduc€joSo sist€tmu izmanto
CuSO4/NaBH,. Redzot, ka mezilatvasinajums 57 ir neskisto§s MeOH, bet THF ka Skidinataju
izmantot nevar, mezilgrupu nomainijam pret trifluormetansulfonilgrupu. Ta, no

savienojumiem 56 reakcija ar Tf,0O ieguvam atbilstoSos benzotiazinus 59.

. O:.-0
RY O\S:O/ R> S~
N Tf,0, piridins N
—_—
R? = 0. CH.CI, R? = O
OH O 40 O
56a R'=R2=H 59a R=R?=H  90%
56b Rl=H,R?=Cl 59b R!=H,R=Cl 85%
56¢c R!=R2=Cl 59¢ R1=R2=Cl  77%

24. att. Benzotiazinu 56 reakcija ar Tf,0

Benzotiazina 59a reakcija ar NaBH4/NiCl,6H,O galvenais trikums ir 4-
hidroksibenzotiazina 56a veidoSanas, kas apstadina reakciju. Lai to noverstu veicam
eksperimentus, mainot NaBH, un NiCl;6H,0 stehiometrijas attiecibu. Vislabako produkta
6la un 4-hidroksibenzotiazina 56a attiecibu (2:1, attiecigi) ieguvam tad, ja reduc€Sana tika
izmantots 1 ekvivalents NiCl,6H,O un 2 ekvivalenti NaBH,. Jaatzimg, ja NaBH4 izmanto
lielaka parakuma vai reakciju veic loti ilgu laiku periodu, tieck nov&rota benzotiazina 60a

estergrupas hidrolize Iidz karbonskabei vai reducésana lidz spirtam.

R o\\s,:o/ NaBH, 1 o\\sz,o/
N NiCl, 6H,0 N
2 O~ MeOH o "
R R? ~
T 0 O @)

59a R1=R2=H 60a R1=R2=H 6la R=R2=H

59b R1=H,R2=Cl 60b R1=H,R2=Cl 8% 61b R!=H,R2=Cl

59¢c R1=R2=C]| 60c R1=R2=C|I 9% 6lc R=R2=Cl

25. att. Reducé$ana ar NiyB,/NaBH4

Nemot véra to, ka mis interes€joSo benzotiazinu struktiira vajadzetu biit vismaz
vienam halogéna atomam, parbaudijam, ka nikela borids reagé ar hloru saturoSiem
benzotiaziniem 59b un 59c. So savienojumu $kidiba metanold ir ievérojami zemaka,

salidzinot ar hlora atomus nesaturoso benzotiazinu 59a. Reducgjot benzotiazinus 59b un 59c¢
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ar NixBx/NaBH, ieguvam vélamos produktus 60b un 60c ar 8% un 9% iznakumu, attiecigi.
Reakcijas maistjuma tika noverots arT neliels attieciga 4-hidroksibenzotiazina (56b vai 56c)
daudzums. No reakcijas maisijuma parsvara tika izdalitas izejvielas 59b un 59c. Lai
paaugstinatu substratu S$kidibu, izmantojam MeOH/THF maisijumu. Tacu paaugstinoties

Skidibai, palielinas attiecigo 4-hidroksibezotiazinu (56b un 56¢) veidosanas.

0:4-0 0. .0
S\N/ \S: e
Zn,HCl N
ZNREN MeOH, A N0
87%
Tf/o © ©
59a 6la

26. att. Reducés$ana ar Zn/HCl

Ka alternativu risinajumu benzotiazina 59a reducéSanai izmantojam Zn/HCl metodi
un savienojumu 61a ieguvam ar augstu iznakumu. Savukart, 6-hlor- un 6,7-dihloraizvietotu
benzotiazinu 59b un 59c¢ gadijuma novérojam attiecigo piesatinato (60b vai 60c),

nepiesatinato (61b vai 61c) un 4-hidroksibenzotiazinu (56b vai 56¢) veidosanos.

Pd(OAc),, DPPF R O°s’:o/
Et,N, HCO,H N
Dioksans, 80 °C R’ 2O~
0 O o)
59a Rl=R2=H 6la R1=R2=H  70%
50b Rl=H,R=Cl 61b Rl=H,R?=C| 85%
59¢ R=R2=Cl 6lc R1=R2=C|  73%

27. att. Benzotiazinu 59 deoksigenésana

Turpinot pétijumus, mérka savienojumu iegiSanai no 4-hidroksibenzotiaziniem,
izmantojam ari Udenraza parneses hidrogenéSanu Pd kataliz€ta reakcija. Ka ligandu
izmantojot DPPF, benzotiazinus 61 ieguvam ar augstiem iznakumiem. Reducgjot
benzotiazinu 61b ar NaBH,4 un nikela boridu ieguvam 3,4-dihidrobenzotiazinu 60b ar 41%

iznakumu. Ka blakusprodukts veidojas arT dehalogenétais atvasinajums 60a.

0:.-0 NaBH 0. .0 0. .0
~S? 4 ~ g~ NI
N~ NiCl,:6H,0 SN s SN
_—
al 2O~  MeOH cl N N
0 o 0
61b 60b 41% 60a

28. att. 3,4-Dihidrobenzotiazina 60b ieglisana
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Benzotiazinu 59 reducé$anas metodes ar NiyByx un NaBH; lielakais trukums ir 4-
hidroksibenzotiazinu veidosanas, kas nelauj novest reakciju lidz pilnigai konversijai.
Alternativs veids ka iegit 3,4-dihidrobenzotiazinus ir 4-trifluormetansulfoniloksi-2H-
benzotiazinu Pd-kataliz&ta Gdenraza parneses hidrogenéSana, kurai seko izdalito benzotiazinu
C3-C4 dubultsaites reducesana ar NixBx un NaBH,. Diemz&l hloraizvietoto savienojumu

gadijuma $1s metodes izmantosana noved pie dal€jas dehalogengsanas.
5. 1,1-Diokso-2H-1,2-benzotiazin-3-karbonskabju in vitro GlyB aktivitate
Sintez&to benzotiazin-3-karbonskabju afinitate uz NMDA receptora GlyB vietu tika
noteikta radioliganda [*HJMDL-105.519 aizvietofanas testd 2urkas smadzenu &inu
membranas.
2. tabula

3,4-Dihidro-2H-1,2-benzotiazin-3-karbonskabju GlyB afinitate
Nr. Benzotiazins Kontrole?, % ICs°, upM K&, pM

32a Jé()\:@\ 48
32b J@L/;Q\ 46
s2c Q)\:@ 3.7 2.6
32d J@L/;Q 8.9 6.2
32¢ J@(/QG 2.8 18
32x j@(/gg 55

a- radioliganda [PH]MDL-105.519 atlikums vielas 10 uM koncentracijas testa

b - koncentracija pie kuras tiek aizvietoti 50% no radioliganda [*HJMDL-105.519 daudzuma

C - saistiSanas ar NMDA receptoru lidzsvara koncentracija

Diemzel musu pirma koncepcija, kas balstijas uz benzotiadiazina 2 modific€sanu,
aizstajot cikla 4-NH grupu ar sp> CH, bija neveiksmiga. Tikai viena no 6,8-dihlor-1,1-diokso-
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2H-1,2-benzotiazin-3-karbonskabém 27a — 27¢ uzradija nelielu afinitati (27b, K; 90 uM) uz
NMDA receptora glicina saistiSanas vietu. Savukart otra koncepcija, kas balstijas uz 3,4-
dihidro-2H-1,2-benzotiazinu struktiiras attistiSanu, bija veiksmiga un jau pirmais iegiitais §is
rindas savienojums 32a uzradija véra nemamu GlyB afinitati (ICso~10 puM; sk. 2. tabulu).
Jaatzimé, ka 3,4-dihidro-1,2-benzotiazinu klasg, tapat ka vairaku uz kinurénskabes modela
dizaingtu savienojumu rinda, cikla 6-Cl atoms nodroSina ieveérojamu aktivitati. Tomér
atSkirtba no pargjiem heterocikliem misu savienojumu rinda vél viena halogéna atoma
ievadiSana cikla 8. stavokli NMDA aktivitati neuzlabo. Pie tam, 6-hlorbenzotiaziniem
raksturiga ievérojami labaka Skidiba. Tapéc péetijumus veicam ar 6-hlorbenzotiazin-3-
karbonskabem. Struktiiras-aktivitates ~ sakaribu  novértéSanai  sintez€jam = 3.4-
dihidrobenzotiazin-3-karbonskabes ar dazadiem aizvietotajiem 2. pozicija, jo optimala kreisa
— ierobezota apjoma hidrofobo mijiedarbibu puse jau bija identificéta. Papildus parbaudijam
ari 6,7-dihlorbenzotiazin-3-karbonskabes, tacu ari §1 divus halogéna atomus saturosa
savienojuma 32x skidiba un aktivitate izradijas ievérojami zemaka Iimeni. Skaidri saskatama
viena tendence, ka 2-benzilgrupas 3. stavokla aizvietotdji (gan elektronaceptorie, gan
elektrondonorie) paaugstina benzotiazinu (32c, 32e) GlyB afinitati salidzinajuma ar

benzilgredzena 4. pozicijas aizvietotajiem (32b, 32d).

3. tabula
3,4-Dihidro-2H-1,2-benzotiazin-3-karbonskabju GlyB afinitate

Nr. Benzotiazins Kontrole, %  Nr. Benzotiazins Kontrole, %

20 Q/\( 38 2 m 64

levadot 3,4-dihidrobenzotiazin-3-karbonskabju struktiira 2-benzilgrupas vieta 2-
feniletilgrupu, rindai kopuma (sk. 3. tabulu) GlyB aktivitate samazinas. Redzams, ka tikai divi
savienojumi (321 un 32q) 10 uM koncentracija aizvieto vairak ka 50% radioliganda.
Aktivitates samazinasanas, salidzinot ar 2. tabula paraditajiem savienojumiem, varétu liecinat
par to, ka §1s rindas savienojumu fenilgrupa ir parak talu no slapekla atoma un nevar optimali
ieklauties receptora ZA hidrofobaja apgabala. Izradijas, ka $ads secinajums ir maldinoss, jo

ievadot molekula papildus Gidenraza saites akceptoro grupu, ieglitie acetofenoni 32v — 32t (4.
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tabula) uzrada ieverojami augstaku aktivitati ka 3. tabula att€lotie 2-fenetilbenzotiazini.
Iespgjams, ka oksogrupa iesaistdas papildus udenraza saites veidojosa mijiedarbiba ar

receptora arginina atlikuma guanidino grupu, jo karboksilgrupa un oksogrupa ir tiesa tuvuma.

4. tabula

3,4-Dihidro-2H-1,2-benzotiazinu oksoetilatvasinajumu GlyB afinitate

Nr. Benzotiazins ICso®, ptM K, pM

32v 00 T ° 7.2 5.0

o o
32s °“s':‘;j ' 1.5 1.1
C'Q/\fo

2.1 1.7

32t Clmo ~

Nemot véra iepriek§ min€to fenona grupu saturoSo benzotiazinu augsto aktivitati,

vargja sagaidit, ka fenilgrupas aizstaSana ar heterociklu, kas var darboties ka tidenraza saites

akceptors analogiski oksogrupai, dos aktivus savienojumus.
5. tabula

3,4-Dihidro-2H-1,2-benzotiazinu GlyB afinitate

Nr. Benzotiazins Kontrole, % Nr. Benzotiazins Kontrole, %

0,0 <N g 00 \[<
Ri J@Q\:@ 68 32k ‘NTO 82

s’ N

32h ClJCUYO‘ s 80 62 v 97
cl v
0,0 ’\CW/ 0,0 i

32j J@L)Y\ N 88 63 m or 88

(o]
[e]

Izradijas, ka $adi benzotiazini (32i, 32h, 32j) ievérojami zaudg aktivitati salidzinajuma
ar 2-benzilaizvietotiem analogiem. Lai parbauditu vai benzotiazinu 2. stavokla aizvietotaja 2-
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oksogrupai ir kada funkcionala nozime bez fenilgrupas, tika testéts ari esteris 32K un
karbonskabe 62. Kaut gan esterim 32k un karbonskabei 62 skabekli saturo$a funkcionala
grupa ir taja pasa attaluma no cikla slapekla, tomér aktivitate nesaglabajas. ArT pagarinot
alkilgrupas kédi, aktivitate (dikarbonskabe 63) neuzlabojas.

Vadoties péc literatura aprakstita NMDA receptora antagonista 1 datiem, kura (-)-
izom&rs uzradija aptuveni 500 reizes augstaku aktivitati neka ta (+)-izomérs, v€lgjamies
noskaidrot, vai musu 2-(3-brombenzil)-6-hlor-1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-
karbonskabes (43) enantioméru GlyB afinitate atSkirsies tik biutiski. Izradijas, ka
benzotiazinkarbonskabes 43 enantiomérs (S)-43a ir tikai apméram 10 reizes aktivaks par (R)-

enantioméru 43b.

Br Br
0. .0 0. .0
>s? >S<
m /(i)l\l\'(
OH OH
Cl Cl H
H | H
(@)
(S) 43a (R) 43b
IC5p=1.2 uM IC5,=12.0 uM
K=0.85 uM K=8.34 uM

29. att. Benzotiazinkarbonskabes 43 enantiomé&ru GlyB afinitate

Diemzgl iegutas 3,4-dihidrobenzotiazin-3-karbonskabes 32 un 43 neuzradija mums
nepiecieSsamo afinitati uz NMDA receptora glicina saistiSanas vietu, lai tiktu veikti in vivo
funkcionalas aktivitates p&tijumi. Jasecina, ka iegiito savienojumu klas€ visperspektivakais ir

2-(2-aril-2-oksoetil)aizvietoto 3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju virziens.
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SECINAJUMI

Izstradata 1,1-diokso-2H-1,2-benzotiazin-3-karbonskabju iegiiSanas metode no 2-(4-
metoksibenzil)-1,1,3-triokso-2H-benzo[d]izotiazoliem, izmantojot izotiazola cikla
reducgjoso atverSanu, iegiita 2-hidroksimetilbenzolsulfonamida N-alkileSanu ar
etilbromacetatu un tai sekojosu hidroksimetilgrupas oksidéSanu par aldehidgrupu, kas
NaH ietekmé kondensgjas ar N-karbmetoksimetilgrupu.
2,4-Dihlor-N,6-dimetilbenzolsulfonamida oksidativas ciklizacijas reakcija ar hroma
trioksidu un perjodskabi notiek ari N-metilgrupas oksidacija un veidojas 5,7-dihlor-
1,1,3-triokso-2H-benzo[d]izotiazols.

Piemérotaka N-aizsarggrupa 6-(hidroksimetil)-2,4-dihlorbenzolsulfonamida
funkcionalizacijai un ciklizacijai ir p-metoksibenzil- nevis terc-butilgrupa, kuras
steriskais efekts nomac N-alkiléSanu.

Izstradata  3,4-dihidro-1,1-diokso-2H-1,2-benzotiazin-3-karbonskabju  metilesteru
enantioselektiva sintéze piecas stadijas, izmantojot ariljodida Heck reakciju ar 2-
acetilaminoetilakrilatu, tas produkta Rh katalizétu hidrogeng$nu, ar tai sekojosu
sulfohlorésanu, ciklizaciju NaH iedarbiba un N-acetilgrupas noskelsanu ar HCI spirta.

. NaH ir piemérotaka baze 2-acetilamino-3-(5-hlor-2-hlorsulfonilfenil)-propionskabes
metilestera enantiom@ru ciklizacijai, salidzinot ar LIHMDS un DBU, kuri izraisa
racemizaciju, un DMAP, kura deprotonéSanas sp€ja ir par vaju.
2-(3-Brombenzil)-6-hlor-1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabes
metilestera skaba hidrolize notiek tikai paaugstinata temperatiira, tacu tapat ka baziska
hidrolize izraisa racemizaciju.
4-Hidroksi-2-metil-1,1-diokso-2H-1,2-benzotiazin-3-karbonskabes metilesteris
nereagé ar NaBH4/NICl, reducgjoso sistemu, bet apstradajot ar NaBH,/CuSO,
etilspirta, reducgjas ne tikai C3-C4 dubultsaite, bet art estergrupa.
4-Metansulfoniloksi-2-metil-1,1-diokso-2H-1,2-benzotiazin-3-karbonskabes
metilestera C3-C4 dubultsaites un estergrupas reducéSana ar NaBH4/NiCl,
tetrahidrofurana ir neatkarigi konkurgjosi procesi.
4-Trifluormetansulfoniloksi-2-metil-1,1-diokso-2H-1,2-benzotiazin-3-karbonskabes
metilestera trilfuormetansulfoniloksigrupas reducéSana notiek ar augstu iznakumu, ja
Pd katalizéta udenraza parneses hidrogenéSana ka ligandu izmanto 1,1°-
bis(difenilfosfanil)ferrocénu. Metode ir izmantojama ari analogisku hloraizvietoto

benzotiazinu reduceésanai.
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10. Sintezeto 1,2-benzotiazin-3-karbonskabju GlyB afinititate noteikta NMDA receptora

radioliganda MDL-105,519 izspiesanas testa un iegiiti sekojosi rezultati:

a) 1,1-diokso-2H-1,2-benzotiazin-3-karbonskabes ir neaktivas;

b)  1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabes  uzrada  afinitati
mikromolara liment;

¢) nomainot 1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabju strukttras N-
benzilgrupu ar feniletil- vai heteroarilmetilgrupu, savienojumu aktivitate dramatiski
samazinas;

d) ievadot aizvietotas N-feniletilgrupas 2. stavokli oksogrupu, savienojumu GlyB
afinitate sasniedz mikromolaru limeni;

e) 2-(3-Brombenzil)-1,1-diokso-3,4-dihidro-2H-1,2-benzotiazin-3-karbonskabes S

enantiomérs ir 10 reizes aktivaks par ta antipodu.
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GENERAL OVERWIEV OF THE THESIS

Topicality of the theme

Glutamate is the most abundant excitory neurotransmitter in mammalian CNS and it
activates ionotropic and metabotropic glutamate receptors. N-methyl-D-aspartate (NMDA)
receptor, a subtype of ionotropic glutamate receptors, plays a major role in synaptic
transmission, perception and memory modelling processes. An excessive stimulation of
NMDA receptor, that is possible under hypoxia and neurodegenerative conditions, such as
Alzheimer’s and Huntington’s desease, leads to neuronal death. NMDA receptor is a ligand
gated ion channel, which is activated by endogenous glutamate, in the presence of co-agonist
glycine. Therefore the glycine binding site (GlyB) represents an important pharmacological
target and a number of high affinity GlyB antagonists have been identified. Generally
accepted pharmacophore modell of NMDA receptor GlyB ligand involves polar acidic
function, as a crucial element responsible for interaction with the receptor’s basic guanidine
moiety of arginine. However a high polarity of such compounds prevents them from blood-
brain barrier crossing. This was the main difficulty in the development of NMDA receptor
glycine binding site antagonists as potential CNS therapeutic agents. During the last decade
much attention has been turned to the peripheral NMDA receptors. Glutamate receptor
activation holds an important role in pain processes that are related to nerve inflammation.
Therefore the development of peripheral GlyB antagonists can lead to a new approach in the

therapy of neuropathic pain.

Aims and objectives

The main objective of this doctoral thesis is to develop a novel and less polar
compounds acting at the glycine binding site of NMDA receptor. In order to do that it was
necessary to summarize data on GlyB antagonists published over the last decade when the
idea about its peripheral use has been established. One of the possible design pathways is a
structure modification of untypical GlyB antagonist RPR-104632 by replacing 1,2,4-
benzothiadiazine 4-NH group, that fits into generally accepted pharmacophore model, by a
nonpolar sp? and sp® CH. The aim of the work is:

1) To develop synthetic methods toward 1,1-dioxo-2H-1,2-benzothiazine-3-
carboxylic acids and their 3,4-dihydro-analogues and to study the structure-activity
relationships within the series.

2) To develop an asymmetric synthesis of 1,1-dioxo-3,4-dihydro-2H-1,2-
benzothiazine-3-carboxylic acids and to compare the affinity of both enantiomers.
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3) Taking into consideration that the most studied and easily synthesized are 4-
hydroxy-1,1-dioxo-2H-1,2-benzothiazines, it is important to clarify whether it’s
possible to develop a method of elimination and/or reduction of 4-hydroxy group,
providing direct approach to 1,1-dioxo-2H-1,2-benzothiazine-3-carboxylic acids

and their 3,4-dihydro analogues.

Scientific novelty and main results

Efficacy of sp?> CH concept in the design of new ligands for glycine binding site of
NMDA receptor has already been shown in a series of naphthalenecarboxylic acids. However
such compounds displayed low selectivity and additional polar acidic group in the structure
was necessary to reach higher activity. Introduction of sulfonamide fragment in aromatic
structure helps to solve these problems. Unfortunately only one of 1,1-dioxo-2H-1,2-
benzothiazine-3-carboxylic acids displayed weak GlyB affinity. However another concept
based on use of sp® CH was successful and several 1,1-dioxo-3,4-dihydro-2H-1,2-
benzothiazine-3-carboxylic acids showed remarkable activity. This is surprising novelty that
traditionally postulated hydrogen bond donor in the traditional pharmacophore model of GlyB
antagonist may be replaced by sp® CH. This approach allows to widen the design of
potentially selective ligands for NMDA receptor. Enantiodiscrimination of GlyB ligands in a
series of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acids is shown in the thesis —

compound with (S)-configuration displayed 10 times stronger binding than (R)-isomer.

Structure and volume of main thesis

Doctoral thesis is written in latvian and contains a review, discussion of results,
experimental part and supplements. Review covers an information published during last 10
years when idea of peripheral application of NMDA receptor glycine binding site antagonists
appeared. Additionally, an information on the synthesis of 1,1-dioxo-2H-1,2-benzothiazine-3-
carboxylic acids and their 3,4-dihydro analogues is reviewed. The discussion part of thesis
describes the of synthesis of 1,1-dioxo-2H-1,2-benzothiazine-3-carboxylic acids and their 3,4-
dihydro analogues and a comparison of their activity. Asymmetric synthesis of 1,1-dioxo-3,4-
dihydro-2H-1,2-benzothiazine-3-carboxylic acids and evaluation of activity of both
enantiomers is described. Evaluation of potential application of 4-hydroxy-2H-1,2-
benzothiazine 1,1-dioxides in the synthesis of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic
acid 1,1-dioxides by reduction of 4-hydroxy group is described. Description of the synthesis
and spectroscopic characterization of synthesized compounds is given in the experimental

part.
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Publications and approbation of the thesis

Results of doctoral thesis has been presented at 2 international scientific conferences,

published in one scientific paper and one manuscript accepted for publication.
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Z. Bluke, M. Sladek, V. Kauss. Synthesis of benzo[e][1,2]thiazine-3-carboxylic acid
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Abstracts, National Conference on Recent Trends in Organic Synthesis, February 24-
26, 2011, (PP18), Tiruchirappalli, Tamilnadu, India.

Z. Bluke, V. Kauss. Asymmetric synthesis of 3,4-dihydro-2-substituted-2H-
benzothiazine-3-carboxylic acid 1,1-dioxide. In Program & Abstracts, International
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MAIN RESULTS OF THE THESIS

A considerable number of structurally diverse compounds have been reported in
scientific literature as the glycine binding site antagonists of NMDA receptor. A high affinity
ligand RPR-104632 is among them (Figure 1). The role of sulfonamide functional group in
high affinity maintenance is not clear yet. Speculation that this group mimics hydrogen bond
acceptor function characteristic for the NMDA receptor antagonist dichlorokynurenic acid
pharmacophore model has never been proved. Moreover, replacing the sulfonamide in
structure 1 with the carboxamide function, that should also work as hydrogen bond acceptor,
gives compounds 4a and 4b that are completely inactive in [*H]glycine displacement, even at
100 uM concentration. Similar loss of GlyB affinity was observed in the case of compounds
3a and 3b, where carboxylic group was replaced with the oxo group. Although all three
modifications are based on a known pharmacophore model, possesing the NH group as a

hydrogen bond donor as in compound 1, they are all inactive.

Br X X
cl cl
O‘\S/’O O\\Sco ¢ O‘\S/’O T O|
N /@ \lN N
A
cl N~ “COOH Cl N~ COOH ¢l N"o  cl N"R
H H H H
1 2 3a X=H 4aR=0:; X=H
RPR-104632 3b X=Br  4b R= H, COOH:; X= Br
K. 4.9 nM
()K= 4 nM

(+)K;=1880 nM
Figure 1. Structure of RPR-104632 and model compounds

Our interest was attracted by the fact that compound 2, whose unsubstituted analog
showed activity in [PH]DCKA radioligand displacement assay, has a planar structure in both
4H and 2H tautomeric forms. By replacement of 4-NH in benzothiazine 2 with CH group we
can obtain structure 5 with the sulfonamide and carboxy functions as in compound 1.
Benzothiazine 5 has a planar symmetrical structure similar to compound 2. The structure 5
gives an opportunity to vary substituents on the nitrogen atom to explore structure-activity
relationship. Another attractive modification is disarrangement of benzothiazine 5 planar
structure by saturation of C3-C4 bond. This simple transformation would give a chiral
benzothiazine 1 carbanalogs, that should potentailly be able to maintain GlyB activity. The
efficiency of the sp> CH concept, that is in agreement with the model 5, in the design of new
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NMDA receptor ligands has already been shown in a series of naphthalenecarboxylic acids.
The fact that postulated hydrogen bond donor (4-NH in the structure 1) in all traditional GlyB
antagonist pharmacophore models could be replaced by sp® CH would be a surprising novelty.

R R
O._.0 .
s7y oS
cl
%OH CI{I}YOH
0 0
5 6

Figure 2. Benzothiazine-3-carboxylic acids

1. Synthesis of 2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides
Our target compounds, 2H-1,2-benzothiazine 1,1-dioxides 5, potential NMDA

receptor glycine binding site antagonists, has been prepared using a described method.

cl . o
O\\S,/O R-NH, 5*° R CrOg, HglOq
~Cl N (ACO)ZO
Et,N H ———2 %
cl CH,Cl, ClI MeCN ¢

7 8 R=Me 65% 10 R=Me
9 R=t-Bu 79% 11 R=t-Bu 88%

Figure 3. Preparation of benzo[d]isothiazol-3(2H)-one 1,1-dioxides 10 and 11

We started the synthesis from a commercially available benzenesulfonyl chloride 7. It
gave N,6-dimethylbenzolsulfonylamide 8 in the reaction with methylamine. However further
on oxidative cyclization of amide 8 with CrO3; and HslOg resulted in a mixture of 2-methyl-
1,1,3-trioxo-2H-benzo[d]isothiazole (10) and 1,1,3-trioxo-2H-benzo[d]isothiazole (12) in
10% total yield. This result suggested that N-Me group was readily oxidized. To escape
unwanted side reaction we prepared tert-butylsulfonamide 9, which was subjected to

oxidative cyclization and 1,1,3-trioxo-2H-benzo[d]isothiazole 11 formed in 88% vyield.

cl
Qo | LIAIH,, THF, 15%

S-N < Il NaBH,, THF/H,0 75% _
cl
0
11

Figure 4. 2-tert-Butil-5,7-dichloro-benzo[d]isothiazol-3(2H)-one 1,1-dioxide 11 reduction
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The next step was isothiazol-3(2H)-one 1,1-dioxide ring opening. Performing
benzisothiazole 11 ring opening reaction by a literature method with LiAIH,,
benzenesulfonamide 13 formed in only 15% vyield. The problem was solved by changing
LiAIH, with NaBH,4 and the desired product 13 was obtained in 75% vyield.

N-Alkylation of compound 13 with ethyl bromoacetate using NaH as a base gave the
necessary amide 14 in only 10% vyield. Starting compound 13 was recovered from the reaction
mixture. In order to optimize the reaction conditions we used K,COj3 as a base. However in
these conditions compound 15 formed as a major reaction product. This result leads to a
conclusion that bulky tert-butyl group causes sterical hindrance thus preventing N-alkylation.
Therefore it was necessary to remove the N-tert-butyl group by TFA procedure and to protect
the resulting benzisothiazoles with p-methoxybenzyl group.

Cl o Cl 0.0
O\\S/:OJ< er Mo~ J< \\
N K,CO, TBAB %
~cl

Dioxane/H,O
OH A OH
13 14 15

Figure 5. Alkylation in the presence of K,CO3; and TBAB

Cl

N-tert-Butylsulfonamides 18a un 18b necessary for the synthesis of 5-chloro- and 5,6-
dichloro-2H-1,2-benzothiazine 28 were prepared in two steps (sulfochloration and reaction
with tert-BuNH,) from the corresponding toluene derivatives 16a and 16b. The oxidative
cyclization of benzenesulfonamides 17a and 17b gave the corresponding benzisothiazol-
3(2H)-one 1,1-dioxides 18a and 18b. Further on the removal of N-tert-butyl group provided
compounds 12, 19a and 19b.

R 0, O HslOg CrO, R
(CH3CO)20
——>
MeCN
0°C-r.t.
16a R1=R?=H,R3=Cl 17a R1=R?=H,R3=C| 71% 18aRI=R?=H,R3=Cl 78% 12 R!=R%=Cl,R?%=H 98%

16b R1=H,R?=R3=C| 17b R!=H,R?2=R3=C| 69% 18b R1=H,R?=R3=C| 83% 19a R'=R?=H,R=C| 88%
19b R1=H,R2=R3=C| 89%

Figure 6. Preparation of benzo[d]isothiazol-3(2H)-one 1,1-dioxides

N-Alkylation of benzisothiazoles 12, 19a and 19b with benzyl chlorides gave
compounds 20. Isothiazole ring opening to prepare benzenesulfonamides 21 was performed
using reduction procedure with NaBH,.
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R2 o\\s’/o l,?\l4ag| NaBH,
D - 4 >
—_—
, NH “pmF THF/H,0
R 80 °C

O

12 R!=R3=CI|,R?=H 20a R!=R3=CI,R?=H,R4=3-CIBn 92% 2la R!=R3=C|,R?=H,R%=3-CIBn 99%
19a R!=R?=H,R3=Cl 20b R!=R3=Cl,R2=H,R4=PMB 88% 21b R!=R3=Cl,R?=H,R*=PMB  94%
19b R!=H,R2=R3=C| 20c R!=R2=H,R3=CI,R4=PMB 75% 2lc R!=R2=H,R3=CI,R*=PMB  95%
20d R!'=H,R2=R3=CI,R*=PMB 66% 21c R!=H,R?=R3=CIl,R*=PMB  98%

Figure 7. Preparation of benzenesulfonamides 21

Alkylation of compounds 21 with ethyl bromoacetate resulted in ethyl sulfonamido-
acetates 22. The obtained benzenesulfonamides 22 can be used as a starting materials for the
synthesis of benzothiazines 5 and 3,4-dihydrobenzothiazines 6. In order to prepare
benzothiazines 24, benzyl alcohols 22a and 22b were oxidized with MnO, to the
corresponding aldehydes 23. They were further converted to benzothiazines 24 by an

intramolecular cyclization reaction.

(¢]

NaH, B~ Ao~
THF, 50 °C
OH O
21a R!=R3=C|,R2=H,R*=3-CIBn 99% 22a R!=R3=Cl,R?=H,R*=3-CIBn
21b R!=R3=CI,R?=H,R4=PMB  94% 22h R=R3=Cl,R2=H,R4=PMB
21c R!=R2=H,R3=CI,R=PMB  95% 22¢ R!=R2=H,R3=CIR=PMB  64%
21c R!=H,R?=R3=CIR‘=PMB  98% 22d R=H,R2=R3=CI,R4=PMB  50%

23a R!=R3=Cl,R?=H,R*=3-CIBn 55% 24a R'=R3=C|,R?=H,R*=3-CIBn 96%
23b R1=R3=C|,R?=H,R*=PMB  82% 24b R'=R3=CI,R?=H,R*=PMB 95%

Figure 8. Preparation of ethyl 2H-1,2-benzothiazine-3-carboxylate 1,1-dioxides 24

Removal of PMB protection in benzothiazine 24b with TFA gives compound 25,
which can be used as a building block for parallel synthesis, introducing different substituents
into the N-2 position of the core structure. Thus, N-alkylation of compound 25 with 3-

bromobenzyl bromide gave corresponding derivative of ethyl benzothiazine-3-carboxylate 26.
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24b 25 26 R=3-BrBn
Figure 9. Preparation of ethyl 2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide 26

The final step in the synthesis of target compounds is an ester group hydrolysis of
ethyl esters 24a, 24b and 26 with NaOH or LiOH in THF/H,O mixture, resulting in formation

of benzothiazine-3-carboxylic acids 27.

1) NaOH or LiOH-H,0

THF/H,O _
2) conc. HCI cl
(0]
24a R1=3-CIBn 27a R=3-CIBn 89%
24b R:=PMB 27b R=PMB 53%
26 R!=3-BrBn 27¢ R1=3-BrBn 95%

Figure 10. Hydrolisis of ethyl benzothiazine-3-carboxylate 1,1-dioxides

2. Synthesis of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides
Aryl bromides 28, necessary for the synthesis of dihydrobenzothiazines 29, were

prepared by transformation of aryl alcohols 22 with PBrs.

OH O

22b R!=R3=Cl,R2=H 28a R1=R3=CI,R2=H 79% 29a R1=R3=Cl,R?=H 23%
22¢ R=R2?=H,R3=Cl 28b R1=R2=H,R3=Cl 68% 20b R1=R2=H,R3=Cl 79%
22d R!=H,R2=R3=Cl| 28c Rl=H,R2=R3=C| 98% 29c R!=H,R2=R3=C| 36%

R' R' R* 1) LIOHH,0

O\ //O N . 2

R? °s? N?gl R O\S:O) or NaOH

_RCl_ N THF/H,0

R® O~ DMF R? O._~ 2) conc. HCI

o o)
30b R!=R2=H,R3=Cl| 79% 31

30c R!=H,R?=R3=Cl 77%
Figure 11. Preparation of 3,4-dihydrobenzothiazine-3-carboxylic acid 1,1-dioxides 32

Cyclization of aryl bromides 28 to the corresponding benzothiazines 29 occured in the
presence of catalytic amount of sodium hydride. Cleavage of PMB group was done by TFA
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and gave compounds 30, which could be used in parallel synthesis for alkylation with

arylmethyl un heteroarylmethyl halides. The necessary 3,4-dihydro-2H-1,2-benzothiazine-3-

carboxylic acid 1,1-dioxides 32 were, in turn, prepared from esters 31 under basic hydrolysis

conditions. The results of final steps are outlined in Table 1. Yields of benzothiazine N-

alkylation reaction range from very poor to excellent (6-96%) and depend on the reaction time

and the reactivity of corresponding alkylating agent. The conversion of esters in hydrolysis

step was quantitative. The product yields diminished mainly during the purification process.

Table 1
Yields of benzothiazine 31 N-alkylation and the ester hydrolysis
- R? R3 R NI Al.kylation H}fdrolysis
yield, % yield, %
Cl H Cl 4-MeOPh 3la - 32a 21
H H Cl 4-MeOPh 31b - 32b 62
H H Cl 3-MeOPh 3la 62 32c 46
H H Cl 4-CIPh 31b 42 32d 50
H H Cl 3-CIPh 31c 82 32¢ 80
H H Cl 2-Py 31f 6 32h 42
H H Cl 3-Py 31g 34 32i 42
H H Cl 4-(2-MeTh) 31h 16 32j 79
H H Cl COqtert-Bu 31i 74 32k 75
H H Cl Bn 31j 33 32I 52
H H Cl 4-MeOBn 31k 50 32m 89
H H Cl 4-FBn 31n 39 32p 92
H H Cl 2-FBn 310 29 32q 55
H H Cl  3-MeOPhCO 31r 42 32s 58
H H Cl  2-MeOPhCO 31s 70 32t 71
H H Cl 3-FPhCO 31t 77 32v 72
H Cl Cl 3-ClIPh 31w 96 32x 38

3. Enantioselective synthesis of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid

1,1-dioxides

One of the NMDA receptor antagonist RPR104632 enantiomers showed almost 500

times higher affinity over its antipode. As long as we found out that our GlyB anatagonist sp®

CH design concept works within the class of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic
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acids, it became necessary to obtain both enantiomers of chiral benzothiazine-3-carboxylic
acid. After going through the potential synthesis methods of the target compounds with an
option of control of the chiral stereocenter formation, we came to a conlcusion that the most
appropriate way is the well known enantioselective synthesis of phenylalanine derivatives

from the corresponding 2,3-dehydroanalogues by an asymmetric catalytic hydrogenation.

HMPA OO
NH,CI O‘P—N/
Ve
OH Toluene, 80 °C OO O \

(R) 33a (R)34a 92% (ee>99%)
(S) 33b (S) 34b 82% (ee>99%)
Figure 12. Preparation of BINOL derivatives 34

We started the synthesis from iodobenzene 35. Under Jeffery conditions it was

transformed into compound 37 with Z configuration.

O O
K Pd(OAc),, TBACI U Rn(COD)BF,
/@\ NaHCO, HN R or S ligand 35, H,
)w( ~ DMF.70°C N0 CHCL,5atm
@)
35 37 67%
@)
CISO,H O. sg=Cl
HN SOCI HNJ&
0°C rt cl
o \
(S) 38a 92% (ee 97%) (S)39a R=H 47%
(R) 38b 92% (ee 96%) (R)39b R=H 47%

Figure 13. Heck reaction and Rh assymetric hydrogenation

Arylacrylate 37 under Rh catalized hydrogenation conditions in the presence of
BINOL-derived ligands 34 gave (R) and (S) phenylalanine derivatives 38 with high
enantiomeric excess. BINOL ligands 34 were prepared from commercially available (R) and
(S) 1,1-bi-2-naphtols 33 using published procedures. Phenylalanine derivatives 38 were
transformed to benzenesulfonyl chlorides 39a and 39b in sulfochloration reaction. The next
step the is cyclization of sulfonyl chloride 39 to benzothiazines 40. In order to evaluate the

possibility of preventing potential racemization we tested different reaction conditions.
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I NaH, THF, 50 °C

0. SE)U o Il LIHMDS, THF, -78 °C 0..0%
JK Il DBU, CH,Cl,, -10 °C Sy
HN IV NaH, DMF o
cl Yo V DIEA, CH,CI, Cl o
g N VI EtN, DMAP, CH,Cl, o)
T | (S)40a 44% (ee 75%)
(S) 39a (R) 40b 32% (ee 77%)
(R) 39b Il (S)40a 57% (ee 59%)

(R) 40b 48% (ee 61%)
Il (R) 40b 28% (ee 9%)
V (S)40a 11% (ee 76%)
VI (R) 40b 8% (ee 73%)
Figure 14. Benzenesulfonylchloride 39 cyclization

At first, we used NaH as a base in the cyclization reaction. In this case the yields of
benzothiazines 40a and 40b were moderate. Serious drawback of this method was low
solubility of sulfonyl chloride 39 in THF. Replacement of THF with DMF dramatically
increased the number of byproducts of the reaction. By using LiIHMDS instead of NaH, the
desired benzothiazines 40a and 40b formed in higher yields. Though LiIHMDS induced
partial racemization of the product, DBU induced quite extensive racemization. Using DIEA,
the cyclized product was obtained in only 11% yield. Similar cyclization has been described
in the presence of DMAP. Unfortunately, in our case DMAP addition did not increase the
yield of benzothiazine 40b (8%, ee 73%). Increasing the reaction time from 5 to 90 h raised

the yield of product up to 28%, however still partial racemization occured (ee 47%).

O
o S “, O O > “, o
~s? > S?
S\N HCl NH NaH BerB, _
SN O\ DMF -
Cl MeOH Cl
O @]
(S) 40a (ee 75%) (S) 41a 75% (ee 81%)
(R) 40b (ee 77%) (R) 41b 86% (ee 65%)
0 o A HCI, dioxane/H,0 0. .0
°STR B HCI, dioxane/H,0, 50 °C SR
\N/ ’ 2~ N
. o CLOH, THF/H,0 %OH
~ > (I
Cl
o) @]
(S) 42a R=3-BrBn 73% (ee 63%) B (S) 43a R=3-BrBn 83% (ee 39%)
(R) 42b R=3-BrBn 37% (ee 57%) C (R) 43b R=3-BrBn 70% (ee 19%)

Figure 15. 3,4-Dihydrobenzothiazine 43 synthesis

Benzothiazine cyclization is followed by N-acetyl group removal, that was performed
with conc. HCI. Partial racemization occurs in this reaction — enantiomeric purity of

compound 41b decreases (ee 65%). However ee can be increased by simple washing of
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isolated product with diethyl ether, that allows to obtain (S) isomer 41a with ee 81%. Also in
the N-alkylation step, using NaH as a base, we observed ee decrease of compound 42. The
final step in the synthesis of target compound 43 is the hydrolysis. The hydrolysis of ester 42a
at room temperature under acidic conditions does not proceed. However by increasing the
temperature (50 °C) an extensive racemization occurs. Basic conditions also induce
racemization and the desired benzothiazine 43b is obtained with 19% ee.

As long as considerable racemization of benzothiazine-3-carboxylic acid 43 occured
in the process of methyl ester 42 hydrolysis, we decided to prepare ethyl benzothiazin-3-
carboxylates 49, which potentially could be hydrolized faster, thus diminishing possibility of
racemization. We started the synthesis from 3-chloroiodobenzene (35) and ethyl 2-
acetylaminoacrylate (44), which were transformed in Heck reaction to ethyl 2-acetylamino-3-
(3-chlorophenyl)acrylate (45), followed by an enantioselective hydrogenation giving
phenylalanine derivative 46. Sulfochlorination of ethyl ester 46 by already developed method
gave corresponding carboxylic acid 47 in 40% yield. However we observed the hydrolysis of
ester group even when sulfochlorination reaction was performed without thionyl chloride.
This means that hydrolysis occurs during the reaction workup with water. Therefore it was
necessary to change the approach to ethyl 3,4-dihydro-1,2-benzothiazine-3-carboxylate 49.
Though, easy hydrolysis of ethyl ester proved that changing from the methyl ester to ethyl
ester might help to resolve the problem of enantioselective synthesis.

O O

k Pd(OAc),, TBACI ) Rh(COD),BF,
_A_0O__ DMF,70°C O~ CHCL, 5am
Cl | 0 Cl 22
40% 65%
O O ’
- 44 45
o)
o) O
T SIS
HN CISO,H H J{
O~ 0°C-1t "
cl 62% OH
e} O
(S) 46 (S) 47

Figure 16. Heck reaction and sulfochloration

Taking into account undesired hydrolysis of ethyl ester during the sulfochlorination
step, we turned on an alternative approach to the ethyl benzothiazine-3-carboxylate 49 —
transesterification of methyl ester 40 with simultaneous cleavage of acetyl group. The
synthesis performed in ethanol in the presence of sulfuric acid gave the expected ethyl esters

48. Crystallization of esters 48 from EtOH resulted in significant increase of ee.
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Os S
Ss _HSO, _ NH -
" Eon  cl O~ CH,Cl

(0]
(S) 40a ee 59% (S) 48a 41% (ee 68%)
(R) 40b ee 61% (R) 48b 52% (ee 67%)
0. .0
,: conc HCI °s?7 R
—_— D|oxane N
OH
Cl
(@]
(S) 49a R=3-BrBn 89% (ee 65%) (S) 43a R=3-BrBn 17% (ee 90%)
(R) 49b R=3-BrBn 75% (ee 65%) (R) 43b R=3-BrBn 25% (ee 91%)

Figure 17. Synthesis of 3,4-dihydrobenzo[e][1,2]thiazine 1,1-dioxides 43

Next, benzothiazines 49 were isolated in good yield after N-alkylation of obtained
compounds 48. The final step in the synthesis of target compound is the hydrolysis of ethyl
ester group. Performing the reaction in dioxane in the presence of HCI gave benzothiazines
43. Hydrolysis was very slow however optical purity of compound 43 maintained at the
previuos level (controlled by chiral HPLC). The yield of product decreased during the
separation. In this case ee of the target compounds was increased by the treatment of product

with hexane/CH,Cl, solution.

4. Application of 4-hydroxy-2H-1,2-benzothiazine 1,1-dioxides in the synthesis of
3,4-dihydro-2H-1,2-benzothiazine 1,1-dioxides
All previosly described syntheses of benzothiazine-3-carboxylic acids 32 are quite
lengthy and involve many steps. This prompted us to evaluate a possibility to use widely
described and easily preparable 4-hydroxy-2H-1,2-benzothiazines 52a. By using an
appropriate reduction method these compounds could potentially be transformed into 2H-1,2-
benzothiazine 1,1-dioxides and 3,4-dihydro-2H-1,2-benzothiazine 1,1-dioxides. An example
of this kind of successful reduction, using NaBH, in the presence of nickel boride, has been
referred in E. Paas bachelor thesis. Therefore we decided to explore the applicability of this
interesting reduction to our case. The requested 4-hydroxybenzothiazines were synthesized in
two steps from the corresponding benzoisothiazoles 19a, 19b and 50 by N-alkylation reaction

followed by Dieckmann condensation.
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O\ /O
R il //O BI’\)LO’\ Rl (\)\//O \ / Rl \S/NH
] NaH S, O NaOMe
NH N —_— _ o
2 DMF, 80°C .2 A R’ >
R R
o OH O
50 RR2=H 5la RR2=H  90% 52a RIR=H  54%
19a R1=H,R2=C| 51b R=H,R2=Cl| 76% 52a Rl=H,R2C| 82%
19b RIR2=C] 51c R!R2=C|  56% 52b R!R?=C| 60%

Figure 18. 4-Hydroxybenzothiazine 52 synthesis

First we checked the possibility of benzothiazine 52a reduction with NaBHy, in the
presence of NiCl,6H,0, however the desired product 53 was not detected. We came to a
conclusion that conjugated © system of benzothiazine 52a is stabilized therefore difficult to
break with NixBxand NaBH,.

O‘\sfo NaBH, O‘\S”O
INH NiCl,6H,0 “NH
o X
Z O~ Tmeon N
OH O
52a 53 ©

Figure 19. 4-Hydroxybenzothiazine 52a reduction

Activation of benzothiazine 4-hydroxy group seemed to be much more promising
method to facilitate the reduction, therefore we mesylated the hydroxy group of benzothiazine
52a. Methanesulfonyl group is good leaving group and this can facilitate benzothiazine
reduction. Unexpectedly, during the reduction of benzothiazine with NaBH4/NiCl,6H,0

system the mesyl group has been cleaved and we recovered 4-hydroxybenzothiazine 52a.

1 0:.-0 1 0:.-0
R s? Mel R S
NH 1N NaOH N

=2 N O~ H,0 EOH g2 2N O

OH O OH O
52a R!=R2=H 56a R1=R2=H  91%
52b  R!=H,R2Cl 56b R=H,R2=Cl 70%
52¢ R!=R2=Cl| 56¢c R!=R2=Cl

Figure 22. N-Alkylation of compounds 52 with Mel

We assumed that the progress of reaction is obstructed due to the fact that the NH in
sulfonamide group is complexed with the reducing agent. To exclude this possibility we
decided to alkylate sulfonamide NH with iodomethane. Alkylation was performed in

EtOH/H,0 mixture in the presence of NaOH. As a result we obtained 2-methylbenzothiazines
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56a and 56b in high yields. Activation of compound 56a with mesyl group appeared
ineffective and we could not obtain compound 53. We assumed that the reason of such result
was low solubility of benzothiazine 57 in methanol. Unfortunately, warming of the reaction
mixture lead to decomposition of mesylate 57. To ensure that benzothiazine is dissolved in
the reaction media, we repeated the reaction in THF. Unfortunately, methyl ester of
carboxylic acid was reduced to alcohol in THF. Reduction of ester group was observed even
when CuSOs/NaBH, was used as a reductive system. As long as mesyl derivative was
insoluble in MeOH, and THF could not be used as a solvent too, we changed mesyl group to
triflyl group. Thus 4-hydroxybenzothiazines 56 formed the corresponding 4-

trifluoromethanesulfonyloxy-benzothiazines 59 in the reaction with Tf,0.

7, O\ //O
R S:O/ R >SSl -
N Tf,0, pyridine N
—_—
R’ = N CH,CI, R? = I AN
OH O +0 O
56a R=R2=H 59a R=R2=H  90%
56b R!=H,R?=Cl 59b R!=H,R=Cl 85%
56¢ R=R2=Cl 59¢ R=R2=Cl 77%

Figure 24. Benzo[e][1,2]thiazine 56 reaction with Tf,0

The main drawback of benzothiazine 59a reduction with NaBH4/NiCl,6H,0 is the
cleavage of triflyloxy group and formation of 4-hydroxybenzothiazine 56a, that stops the
reaction. To prevent this we made several experiments varying NaBH, and NiCl,6H,0
stoichiometry. The best product 61a to 4-hydroxybenzothiazine 56a ratio (2:1, respectively)
was observed in the experiment with 1 equivalent of NiCl,6H,0 and 2 equivalents of NaBH,.
It is important to note that when NaBH, is used in a large excess, or the reaction time is
significantly extended, the hydrolysis of benzothiazine 60a ester group to carboxylic acid or
reduction to alcohol is observed. Taking into consideration that the structures of our interest -
benzothiazines should contain at least one halogen atom, we checked how nickel boride reacts
with chlorine containing compounds 59b and 59c. Solubility of these compounds in methanol
is considerably lower, comparing to benzothiazine 59a, which does not have halogens in
phenyl ring. Reduction of triflates 59b and 59¢ with NixBy/NaBH, gave the desired products
60b and 60c in 8% and 9% yield, respectively. We observed a small amount of the
corresponding 4-hydroxybenzothiazine (56b or 56¢) in the reaction mixture. The major
compounds isolated from the reaction mixture were starting triflates 59b and 59c. In order to

increase the solubility of substrate we used MeOH/THF mixture. However with the increase
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of dissolved fraction of triflate its cleavage grows giving 4-hydroxybenzothiazine (56b and
56¢).

1 0:;.-0 NaBH 0. .0 0. .0
R S77 4 1 N 1 N
N NiCL6H,0 1 SN R SN
2 = O @) +
R ~ MeOH R? ~ R? % O
-ﬁ/o o O (0]
59a R1=R2=H 60a R1=R2=H 6la R!=R2=H
59b R1=H,R2=Cl 60b R!=H,R2=C| 8% 61b R=H,R2=Cl
59¢ R1=R2=C| 60c R1=R2=C| 9% 61c R!=R2=Cl

Figure 25. Reduction with NixBx/NaBH,

As an alternative for triflate 59a reduction we used Zn/HCI method and compound
61a was obtained in 87% yield. However in the case of 6-chloro- and 6,7-dichloro-substituted
benzothiazines 59b and 59c we observed the formation of a mixture of corresponding
saturated (60b or 60c), unsaturated (61b or 61c) and 4-hydroxybenzothiazines (56b or 56c).

Sl g~
N Zn, HC N
ZVISN MeOH, A AN O
87%
Tf/o © o
59a 6la

Figure 26. Reduction with Zn/HCI

In continuation of the study toward the target compound synthesis from 4-
hydroxybenzothiazines we tried Pd-catalyzed hydrogen transfer hydrogenation reaction.

Using DPPF as a ligand (Figure 27), we obtained expected benzothiazines 61 in high yields.

R SN Pd(OAc),, DPPF  R? O\\S’;g/
Et.N. HCO,H
R 2N O N -, N_0O
Dioxane, 80 °C R | ~
o © 0
50a R1=R2=H 6la R1=R2=H  70%
50b Rl=H.R=Cl 61b Rl=H.R2=Cl 85%
50¢ R1=R2=C| 61c R1=R?=C|  73%

Figure 27. Benzothiazine 59 deoxygenation
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Reduction of compound 61b with NaBH; and nickel boride gave 3,4-
dihydrobenzothiazine 60b in 41% yield. Dehalogenated derivative 60a formed as a byproduct
of the reaction.

0._.0 NaBH 0:_.0 0._.0
S\ 4 Se” NP
N~ NiCl,:6H,0 SN s SN
— £
cl = O MeOH cl O O
o) 0 o)
61b 60b 41% 60a

Figure 28. 3,4-Dihydrobenzothiazine 60b synthesis

The main drawback of benzothiazine 59 reduction with NixBx and NaBH, is the
formation of 4-hydroxybenzothiazine, thus not allowing the reaction to proceed to full
conversion. An alternative route toward 3,4-dihydrobenzothiazines is Pd-catalyzed hydrogen
transfer hydrogenation of corresponding triflates, that is followed by the reduction of C3-C4
double bond of isolated benzothiazine with NixBx and NaBH,4. Unfortunately, in the case of
chlorosubstituted compounds application of this method leads to partial dehalogenation.

5. GIlyB in vitro activity of 1,1-dioxo-2H-1,2-benzothiazine-3-carboxylic acids

Affinity of the synthesized benzothiazine-3-carboxylic acids for the glycine binding
site of NMDA receptor was determined by radioligand [?H]MDL-105.519 displacement in rat
brain cell membrane preparations. Unfortunately, our first conception of benzothidiazine 2
modification, replacing ring 4-NH with sp? CH, was unsuccessful. Only one of the 6,8-
dichloro-1,1-dioxo-2H-1,2-benzothiazine-3-carboxylic acids 27a — 27c showed moderate
GlyB affinity (27b, K; 90 uM). The next concept, based on the development of 3,4-dihydro-
2H-1,2-benzothiazine structure instead of respective 3,4-dihydro-2H-1,2,4-benzothiadiazines
appeared to be more successful and already the first prepared compound from the class 32a
showed considerable GlyB affinity (ICso~10 uM; Table 2). It is important to note that within
the 3,4-dihydrobenzothiazine series, as well as in the majority of the compound series
designed based on kynurenic acid model, 6-Cl atom ensures notable activity. However in
contrast to the other heterocycles, introduction of another halogen atom into the 8th position
of the bicycle in our series did not improve the NMDA activity. Additionally, 6-
chlorobenzothiazines possess better solubility. This prompted us to continue the study mainly
with 6-chlorbenzothiazine-3-carboxylic acids. In order to evaluate structure-activity
relationships we synthesized compounds with different substituents in the 2nd position of

benzothiazine since the optimal left — limited volume hydrophobic interaction — side has
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already been identified. In addition we tested also 6,7-dichlorobenzothiazine-3-carboxylic

acid, however solubility and activity of this two halogen atom containing structure 32x proved

to be considerably lower. There is a clear tendency that substituents in the 3rd position of the

2-benzyl group (both electron acceptor and electron donating) raise benzothiazine (32c, 32e)

GlyB affinity in comparison to benzyl ring 4th position substituents (32b, 32d).

Table 2
GlyB affinity of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides
Nr. Benzothiazine Control®, % I1Cs®, pM K, pM
Clo, .0
°s!
32a mc ? 48
OH
20 S0 46
OH
0.0
_S.
32¢ lJ@L);Q 3.7 26
OH
32d J@L)Y c 8.9 6.2
0.0
.S.
32e i J@();Q 2.8 18
cl o\\s,:c’)\‘
32x ]@b\;@ 55

a — residual [PH]MDL-105.519 radioligand in the 10 uM concentration test
b — koncentration when 50% of the [*H]MDL-105.519 radioligand is displaced

¢ — binding to NMDA receptor at equilibrium concentration

Table 3
GlyB affinity of 3,4-dihydrobenzothiazine-3-carboxylic acid 1,1-dioxides
Nr. Benzo]thiazine Control, %  Nr. Benzothiazine Control, %
32l . m 38 32p m 64
o oS 0\\5.,0
~ T 71 32q m ~ : 40
Cl
o
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Inserting 2-phenethyl group instead of 2-benzyl group into the thiazine structure
causes substantial drop of the GlyB activity (Table 3). Only two compounds in this series (32l
and 32q) at 10 uM concentration displaced more than 50% of the radioligand. Decrease of the
activity comparing to the compounds shown in Table 2 suggests that in this series phenyl
group stands too far from the nitrogen atom and can not properly incorporate into the
receptors hydrophobic site. However such speculation may turn wrong because of surprising
increase of activity after insertion of hydrogen bond acceptor into the ethyl group
(acetophenons 32v — 32t, Table 4). It is possible that oxo group is involved in the additional
hydrogen bond forming interaction with the guanidino group of receptor’s arginine residue,
since both carboxy group and oxo group are in the close proximity.

Table 4
GlyB affinity of 3,4-dihydro-2H-1,2-benzothiazine oxoethylderivatives
NF. Benzothiazine ICs%, ptM K;,° pM

32v o0 T T 7.2 5.0
CI/(:L/\(O

o o
32s °“s':‘;j ' 1.5 1.1
C|/@/Kfo

o]
32t /CL/i o. 2.1 1.7
(o]
Cl

Taking into consideration high activity of the phenone group containing
benzothiazines, one could expect that phenyl group replacement by a heterocycle, that can act
as a hydrogen bond acceptor similar to oxo group, would give active compounds. However it
turned out that these benzothiazines (32i, 32h, 32j; Table 5) substantially lost binding activity
in comparison to 2-benzyl substituted analogues.

In order to check whether 2-oxo group of benzothiazine 2nd position substituent has
any functional importance without the phenyl group, we tested ester 32k and carboxylic acid
62. Although oxygen containing functional group is in the same distance from the ring
nitrogen in both ester 32k and carboxylic acid 62, nonetheless the activity is not maintained.
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Elongation of the alkyl linker (dicarboxylic acid 63) also did not result in any activity

improvement.
Table 5
GlyB affinity of 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides
Nr. Benzothiazine Control, % Nr. Benzothiazine Control, %
0.;0 =N o, ,,gj’oj<
32i @b\;@ 68 32K m 82

OH

2h w 80 62 ) @bi 97

o, .0 s o) o
i SO 88 63 IS 88
OH OH

Based on the literature data about NMDA receptor antagonist 1, that (-)-isomer is
about 500 times more potent than (+)-isomer, we expected that GlyB affinity of enatiomers of
our 2-(3-bromobenzyl)-6-chloro-3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-
dioxides (43) will differ in a similar way. It turned out that (S)-enantiomer of

benzothiazinecarboxylic acid (43a) was only 10 times more active than (R)-enantiomer 43b.

Br Br
O. .0 O. .0
°Ss? >S<
N N
H OH
Cl © Cl :
H
o}
(S) 43a (R) 43b
ICsy=1.2 uM IC,=12.0 uM
K=0.85 uM K=8.34 uM

Figure 29. GlyB affinity of benzothiazinecarboxylic acid 43 enantiomers

Unfortunately, the NMDA receptor glycine binding site affinity of 3,4-
dihydrobenzothiazine-3-carboxylic acids 32 and 43 appeared not sufficient to perform in vivo
functional activity screening. Based on the results obtained one may conclude that the most
attractive structures for further investigation would be 2-(2-aryl-2-oxoethyl)substituted 3,4-
dihydro-2H-1,2-benzothiazine-3-carboxylic acids.
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CONCLUSIONS

. A method for the synthesis of 2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides
from 2-(4-methoxybenzyl)-benzo[d]isothiazol-3(2H)-one 1,1-dioxides has been
developed, using reductive isothiazole ring opening, N-alkylation of obtained 2-
hydroxymethylbenzenesulfonamide with ethyl bromoacetate, followed by the
oxidation of hydroxymethyl group to an aldehyde group, which condenses with N-
carbomethoxymethyl group in the presence of NaH.

During oxidative cyclization of 2,4-dichloro-N,6-dimethylbenzenesulfonamide with
chromium trioxide and periodic acid the N-methyl group oxidation occurs forming
5,7-dichlorobenzo[d]isothiazol-3(2H)-one 1,1-dioxide.

. The most appropriate N-protecting group for the functionalization and cyclization of
6-(hydroxymethyl)-2,4-dichlorobenzenesulfonamide is p-methoxybenzyl group, while
tert-butyl group is not applicable due to the steric effect that hinders N-alkylation.

. A five step enantioselective synthesis of 3,4-dihydro-2H-1,2-benzothiazine-3-
carboxylic acid 1,1-dioxides has been developed, using aryl iodide Heck reaction with
ethyl  2-acetylaminoacrylate, followed by Rh catalyzed hydrogenation,
chlorosulfonation, cyclization in the presence of NaH, and cleavage of N-acetyl with
HCI in alcohol.

NaH is an appropriate base for the cyclization of methyl 2-acetylamino-3-(5-chloro-2-
chlorosulfonylphenyl)-propionate enantiomers, compared to LIHMDS and DBU,
which induce racemization, and DMAP showing too weak deprotonating ability.

. An acidic hydrolysis of methyl 2-(3-bromobenzyl)-6-chloro-3,4-dihydro-2H-1,2-
benzothiazine-3-carboxylate 1,1-dioxide occurs only at elevated temperature, however
it induces racemization in analogy to basic hydrolysis.

Methyl 4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide does not
react with NaBH4/NiCl; reducing complex, however its treatment with NaBH,/CuSQO,
in ethyl alcohol leads to both reduction of C3-C4 double bond and the ester group.

. Reduction of C3-C4 double bond and the ester group of methyl 4-
methanesulfonyloxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide with
NaBH./NICl; in tetrahydrofuran are independent and competitive processes.

. Reduction of trifluoromethanesulfonyloxy group in methyl 4-trifluoromethane-
sulfonyloxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide occurs with
high yield if 1,1°-bis(diphenylphosphino)ferrocene is used as a ligand in Pd catalyzed
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hydrogen transfer hydrogenation. Method can be applied for the reduction of
analogous chlorosubstituted benzothiazines.

GlyB affinity of the obtained 1,2-benzothiazine-3-carboxylic acids was determined in
the NMDA receptor radioligand MDL-105,519 displacement assay with the following
results:

a) 2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides are inactive;

b) 3,4-dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxides show micromolar
affinity;

c) replacement of N-benzyl group with phenethyl- or heteroarylmethyl group in 3,4-
dihydro-2H-1,2-benzothiazine-3-carboxylic acid 1,1-dioxide structure results in
dramatic loss of activity;

d) introduction of an oxo group into the 2nd position of the N-phenethyl substituent
affords compounds with micromolar GlyB affinity;

e) (S)-Enantiomer of  2-(3-bromobenzyl)-3,4-dihydro-2H-1,2-benzothiazine-3-
carboxylic acid 1,1-dioxide is 10 times more active than its antipode.

48



