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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Témas aktualitate

Farmaceitiska riipnieciba no kimiskas riipniecibas nozarém rada visvairak razosanas
atkritumu uz produkta masas vienibu. Tad€| stingrakas prasibas preparatu razoSana, to
skaita centieni ieviest ekonomiskakus un videi draudzigakus razoSanas procesus, sekmé
nepiecieamibu attistit jaunas sintézes metodes.' Liels progress sintézes metoZu attistiba ir
panakts, balstoties uz parejas metalu katalizi. Tomér, liela dala no §tm reakcijam nav
izmantojamas industrialajos procesos, jo tas ir saistitas ar augstam katalizatoru izmaksam,
toksisku atkritumu veidoSanos, ka arl ar grutibam sasniegt pielaujamo metala saturu
galaprodukta.

Nukleofila aliliska aizvieto$ana ir &rta C-heteroatoms saites veido$anas metode. ST
transformacija, Tpasi tas stereoselektivas versijas, pamata balstas uz vélino parejas metalu
katalizi,”> ta¢u misdienigie centieni ir izveidot ekonomiskaku un videi draudzigaku
alternativu, izmantojot Luisa un Brensteda skabju katalizi. Sinté€zes metodes C-
heteroatoms saites veidoSanai, kas balstitas uz aizejosas grupas elektrofilu aktivéSanu, tiek
attistitas jau no modernas organiskas kimijas pirmsakumiem. Tomer, salidzinot ar parejas
metalu  kataliz€tam  transformacijam  vai  bazes veicinatam  nukleofilajam
aizvietoSanas/pievienoSanas reakcijam, Sis reakcijas veids ir mazak izpétits. Pedgja laika
aizvien biezak paradas jaunas metodologijas, kas balstitas uz $o pieeju. Ipasa uzmaniba
tieck pieversta speciali izstradatiem substratiem, jauna tipa elektrofiliem, maigakiem
reakcijas apstakliem un efektivakai stereocentra kontrolei. Skabes katalizetas
iekSmolekularas aliliskas aizvietoSanas reakcijas ar N-nukleofiliem veiksmigi par
substratiem ir izmantoti alilspirti, karboksilati® un trihloracetimidati*. Turklat, nesen
literattira tika atspogulots ari pirmais veiksmigais piemérs asimetriskajai aliliskas
aizvietosanas reakcijai, veidojot C-O saiti, kura tika izmantoti hirali Brensteda skabju

katalizatori’.

' M. Butters, D. Catterick, A. Craig, A. Curzons, D. Dale, A. Gillmore, S.P. Green, . Marziano, J.-P.
Sherlock, W. White. Chem. Rev. 2006, 106, 3002-3027.

* a) B. M. Trost, D. L. Van Vranken, Chem. Rev. 1996, 96, 395-422; b) B. M. Trost, M. L. Crawley,
Chem. Rev. 2003, 103,2921-2944.

3 a) U. Jana, S. Maiti, S. Biswas, Tetrahedron Lett. 2008, 49, 858-862; b) A. Guérinot, A. Serra-
Muns, C. Gnamm, C. Bensoussan, S. Reymond, J. Cossy, Org. Lett. 2010, 12, 1808-1811; ¢) H.
Qin, N. Yamagiwa, S. Matsunaga, M. Shibasaki, Angew. Chem. Int. Ed. 2007, 46, 409—413.

4 a) C. Ramstadius, O. Hekmat, L. Eriksson, H. Stalbrand, I. Cumpstey, Tetrahedron Asymm. 2009,
20, 795-807; b) J. T. Link, M. Gallant, S. J. Danishefsky, J. Am. Chem. Soc. 1993, 115, 3182-3183;
¢) J. T. Link, S. Raghavan, S. J. Danishefsky, J. Am. Chem. Soc. 1995, 117, 552-553.

> M. Rueping, U. Uria, M.-Y. Lin, L. Atodiresei, J. Am. Chem. Soc. 2011, 133,3732-3735.



Pétijjuma meérkis un uzdevumi

Promocijas darba merkis ir attistit jaunas metodes C-heteroatoms saites veidosanai,
kas balstitas uz aizejosas grupas elektrofilu aktivéSanu aliliskas aizvietoSanas reakcijas.
Izstradatas metodes nodroSinas vienkarsaku, atraku, ekonomiskaku un videi draudzigaku
pieeju dazadiem dabas produktiem un farmaceitiski vertigiem savienojumiem, izvairoties
no velino parejas metalu izmantosanas.

Miusu pétijumiem, C-heteroatoms saites veidoSanai nukleofilas aliliskas
aizvietosanas reakcija, izvelejamies trihloracetimidata funkciju, kas kalpo ka laba aizejosa

grupa, kad tiek elektrofili aktivéta ar skabes katalizatoru (skat. 1. att.).

Katalizators
Nu hAG (LS) <Nu:,/\
QJO (o)
C|3c?0
AG = HN e
~LS

1. att. Trihloracetimidata nukleofila aliliska aizvietoSana

Darba mérka stenoSanai izvirziti sekojosi uzdevumi:

1) Izpétit iekSmolekularu trihloracetimidata aliliskas aizvietoSanas reakciju ar otru
trihloracetimidata funkciju ka N-nukleofilu. Sada pieeja lautu izstradat jaunu metodi
nepiesatinatu aminospirtu un aminoskabju iegiSanai;

2) Izpetit iekSmolekularu trihloracetimidata aliliskas aizvietoSanas reakciju ar N-
tozilkarbamatu ka nukleofilu. Saja gadijuma N-tozilkarbamata funkcija ka ambidents
nukleofils lautu iegtt N-toziliminokarbonatus vai N-toziloksazolidinonus, kas biitu &rti

prekursori nepiesatinatu diolu vai aminospirtu iegiiSanai.
Zinatniska novitate un galvenie rezultati

Peétijuma rezultata izstradata jauna metode nepiesatinatu aminospirtu un
aminoskabju, ka ar1 C-kvaternaro vinilglicinolu iegtiSanai. Demonstréta jauna pieeja 2-
trihlormetil-4-viniloksazolina iegtiSanai, ka art paraditas viniloksazolina cikla uzskelSanas
iespejas ar dazadiem nukleofiliem. Izstradata metode N-toziliminokarbonatu iegtiSanai un

demonstréts to sintétiskais pielietojums.
Darba struktiira un apjoms

Promocijas darbs sagatavots ka tematiski vienotu zinatnisko publikaciju kopa par C-

heteroatoms saites veidoSanu Luisa skabes katalizéta trihloracetimidata funkcijas
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nukleofila aizvietoSanas reakcija. Tas satur 4 publikacijas recenzeétos zinatniskajos
izdevumos, kas ieklauti starptautiskajas datubazé€s un 1 publikacijas manuskriptu.

Publikacijas un manuskripts uzrakstiti anglu valoda, to kop€jais apjoms ir 34 Ipp.
Darba aprobacija un publikacijas

Promocijas darba rezultati izklastiti un apspriesti S publikacijas:

1. Grigorjeva, L.; Jirgensons, A. Lewis acid catalyzed intramolecular allylic substitution
of bis(trichloroacetimidates): A versatile approach to racemic unsaturated amino
acids. Eur. J. Org. Chem., 2011, 13, 2421-2425.

2. Klimovica, K.; Grigorjeva, L.; Maleckis, A.; Popelis, J.; Jirgensons, A. C-Quaternary
vinylglycinols by metal-catalyzed cyclization of allylic bistrichloroacetimidates.
Synlett, 2011, 19, 2849-2851.

3. Grigorjeva, L.; Jirgensons, A. Synthesis of cyclic N-tosyliminocarbonates by Lewis
acid catalyzed allylic substitution of trichloroacetimidates. Eur. J. Org. Chem., 2012,
27,5307-5316.

4. Grigorjeva, L.; Maleckis, A.; Klimovica, K.; Skvorcova, M.; Ivdra, N.; Leitis, G.;
Jirgensons, A. Novel synthesis of 2-trichloromethyl-4-vinyloxazoline and its
derivatization by ring cleavage reactions. Chem. Heterocycl. Compd., 2012,
48 (6), 919-924.

5. Grigorjeva, L.; Kinens, A.; Jirgensons, A. Stereoselective synthesis of unsaturated
syn- and anti-1,2-aminoalcohol derivatives by cyclization of allylic bis-
trichloroacetimidates; Selectivity dependence on a substrate configuration.

Sagatavosanas stadija.

Darba rezultati prezentéti sekojosas konferences:

1. Grigorjeva, L.; Jirgensons, A. Lewis acid catalyzed intramolecular allylation of
trichloroacetimidates: A versatile approach to unsaturated - and y~amino alcohols.
In Program & Abstracts, International Conference on Organic Synthesis, Balticum
Organicum Syntheticum (BOS-2010), June 27-30, 2010: Riga, Latvia. PO48, 2010,
107.

2. Klimovica, K.; Grigorjeva, L.; Maleckis, A.; Jirgensons A. Novel method for the
synthesis of C-quaternary vinylglycinols. In Posters, 17" European Symposium of
Organic Chemistry (ESOC-17), July 10-15, 2011: Crete, Greece. P.1, 2011.

3. Grigorjeva, L.; Jirgensons A. Diastereoselectivity in Lewis acid catalysed cyclization
of disubstituted bistrichloroacetimidates. In Posters, 17" European Symposium of
Organic Chemistry (ESOC-17), July 10-15, 2011: Crete, Greece. P.1, 2011.



4. Grigorjeva L. Synthesis of 1,2-diols by Lewis acid-catalyzed intramolecular allylic
substitution of trichloroacetimidates. (7" Paul Walden Symposium on Organic
Chemistry) Latvian J. Chem. 2012, 51(1), 58.

5. Grigorjeva L. C-Heteroatom bond formation by acid catalysed allylic substitution of
trichloroacetimidate. In Materials of the 8th Paul Walden Symposium on Organic
Chemistry, May 13-14, 2013: Riga, Latvia. 2013, 76.

6. Grigorjeva L.; Jirgensons A. Novel stereoselective route to syn- and anti-amino
alcohols. In Program and Abstract Book, XVth International Conference
Heterocycles in Bio-organic Chemistry, May 27-30, 2013: Riga, Latvia. PO 028,
2013, 85.

7. Grigorjeva L.; Jirgensons A. Cyclization of allylic bis-trichloroacetimidates to cis-
and trans-oxazolines depending on E/Z configuration of a substrate. In Posters, 14"
Tetrahedron Symposium, June 25-28, 2013: Vienna, Austria. P2.38., 2013.



PROMOCIJAS DARBA GALVENIE REZULTATI

1. Trihloracetimidata grupa ka N-nukleofils

Luisa skabes katalizétas iekSmolekularas aliliskas aizvietoSanas pétijjumiem par
modelsubstratiem izvél€jamies bis-trihloracetimidatus, kuri ir &rti ieglistami no
attiecigajiem dioliem. Saja gadijuma, viena imidata funkcija kalpo ka aizejosa grupa, kad
tick aktiveta ar skabes katalizatoru, savukart otra — ka N-nukleofils.

1.1. Nepiesatinatu - un f~aminoskabju iegiiSana

Oksazolini 3 un oksazini 4 ir erti aminospirtu un aminoskabju prekursori. Tas
motiv€ja mis izpetit to ieglSanu bis-trihloracetimidatu 2 cikliz€Sanas reakcija.
Ciklizacijas substratus bis-trihloracetimidatus E,Z-2 var iegit 3 stadijas no komerciali
pieejamiem aldehidiem 1. Izmantojot katalitisku daudzumu Luisa skabes katalizatora
(FeCls, AICl;, BF;-OEt, vai TMSOTY), izdevas sasniegt regioselektivu bis-imidatu E,Z-2
ciklizéSanu par oksazoliniem 3 vai oksaziniem 4 ar loti labu iznakumu (88-99%) 1sa
reakcijas laika (1-20 min). Citi iesp€amie ciklizacijas produkti netika novéroti. Bis-
imidatu E,Z-2 ciklizaciju katalizé ar1 Brensteda skabe (TsOH-H,0), tacu reakcijas laiks ir
ieveérojami ilgaks (4.5 — 16 h) (skat. 2. att.).

NH o
o ac J< _ Katb(é I?/I ,T?_l %) R~ 6
| 3stadias O *R0 1min-16h N<< Kat: FeCl;
R™H —  ~ R )—CCla CCls AlCI,
: ez2 N 3= misor
| T4 n=2 TsOHH,0
_ L% _
\NQ

H
Cl,e—~” — Coa!
3 { — ﬁ,ﬁ %CC|3
0 (2%0 R—/®
n HN
R )—CCly

HN 3* (n=1
]

- E,Z-2¢

nPentv/Y\o i PrJY\O BnOWO iPr/ 3
N=(

N= N= N=
CCly CCly CCly CCls
3a 3b 3c 4a
No E-2: 90-98% No E-2: 84-98% No E-2: 91-94% No E-2: 93-99%
No Z-2: 88-96% No Z-2: 92-94% No Z-2: 89-95% No Z-2: 89-98%

2. att. Skabes katalizeta bis-imidatu £,Z-2 ickSmolekulara ciklizéSana

Selektivu produktu 3 vai 4 veidoSanos var izskaidrot ar Syl tipa mehanismu, kas

ietver stabilaka — alilkarbkatjona 3* vai 4* veidoSanos, tam seko imidata N-nukleofila
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uzbrukums. Sy1 mehanismu apstiprina ari oksazolina 3b zemais enantiomé&rais parakums
hiralitates parneses eksperimentos ar enantiobagatinatu substratu £,Z-2b (R=i-Pr).
Novérojam, ka substrati, kuri imidata grupas disociacijas rezultata var veidot loti
stabilu karbkatjonu, cikliz&jas bez Luisa skabes inici€Sanas. Proti, aril-aizvietotaju saturosi
substrati £,Z-2, bija nestabili to sintézes apstaklos un veidoja ievérojamu cikliz€Sanas
produktu — oksazolina 3 vai oksazina 4 daudzumu. Palielinot reakcijas laiku, izdevas iegiit
produktus 3,4 ar vid€jiem iznakumiem (55-69%) (skat. 3. att.). Aril-aizvietotaju saturosu
bis-imidatu E,Z-2 ciklizéSanos bez skabes katalizatora klatbutnes var skaidrot ar

arilgrupas karbkatjonu stabiliz&josSo efektu.

NH :
C|3C‘< __ DCM,it. R _— n
@)

Cl3CCN, kat. DBU

= DCM, 0°C 15-20h
Ho— froH —2200C e ——= V\,\Yi\%
R R )—CCls =
HN

E,Z-5 E,z-2

i "% Anthrv/\(\o PhMo

N= N<< Nx

CCly CCly CCl3
3d 3e 4b
No E-diola: 58% No E-diola: 69% No E-diola; 55%
No Z-imidata: 90-9%4% No Z-diola: 68% No Z-diola: 57%

kat. FeCls; AICI5;
BF3 OEty; TMSOTf

3. att. Nekatalizéta bis-imidatu E,Z-2 iekSmolekulara ciklizéSana

Lai demonstrétu metodes pielietojumu, iegiitie cikliz€Sanas produkti 3 un 4 tika

transforméti par attiecigajiem a- un f-aminoskabju atvasindjumiem 8 un 9 (skat. 4. att.).

1. 6M aq.HCI OH 1. Dzonsa O._OMe
R~ n =
EtOH, var. oksidéSana
V\NVQO RoAWn ————— " R_~ n
2. BOCQO 2. CH2N2
CC|3 aq.NaHQO3 HNBoc Etzo, THF HNBoc
2 (n=;) EtOAc, i.t. 6 (n=0) g (n=0)
n= = =
(n=2) 71-81% 7(n=1) 53-67% (n=1)
(divas stadijas) (divas stadijas)
(0] (0] (0] O
nPentv/\)J\OMe /Prv/\)J\OMe BnOW/\)J\OMe Ph J\)J\OMe
HNBoc HNBoc HNBoc HNBoc
8a (54%) 8b (53%) 8c (75%) 8d (54%)
MeO._ _O MeO._ _O
iPr_~ Ph__~
HNBoc HNBoc
9a (63%) 9b (67%)

4. att. Nepiesatinatu a- un f-aminoskabju atvasinajumu 8 un 9 iegiiSana
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Hidroliz€jot oksazolinus 3 un oksazinus 4 skaba vide, ar tai sekojoSu N-Boc-
aizsargasanu, ar loti labu iznakumu (71-81% divas stadijas) tika ieguti attiecigie
nepiesatinatie aminospirti 6,7. Pe&c Dzonsa oksidéSanas un tai sekojoSas apstrades ar
CH;N, tika iegiiti attiecigie «,f-aminoskabju metilesteri 8 un 9, lai atvieglotu produktu

attiriSanu un raksturoSanu.

1.2. C-Kvaternaro vinilglicinolu iegiiSana

Lai iegiitu viniloksazolinus 11, kas ir &rti prekursori C-kvaternaro vinilglicinolu
iegliSanai, izmantojam no 2-aizvietotiem but-2-&n-1,4-dioliem atvasinatus bis-imidatus
E.Z-10. Lidzigi ka ieprieks, arT Saja gadijuma, disoci€jot ar Luisa skabi kompleks€tam
imidatam veidojas stabilakais - tres€jais alilkarbkatjons 11%*, kura iekSmolekularaja

reakcija ar otru imidatu regioselektivi ieguvam oksazolinu 11 (skat. 5. att.).

R
R R
- Kat. (1-20 mol%) )
Oﬂo DCM, i.t., 1-30 min @_\ /\iAo Kat: FeCl,
ClC— )—CCls - N R ACl3
NH HN / Q( BFz OEt,
CCly CClz  TMSOTY
E,Z-10 11* 1
MeO
Me Ph Bn
/\|A NAO 7 7 /\JA
N= N= N/ N N=
CCly CCls CCl, CCl, CCly
1Ma 11b 11c 11d 11e

No E-10: 76-92% No E-10: 89-98% ~10: 89-93° 10 40-75° 10 70-92°
No 210 64.94% No Z10- 81075 No E-10: 89-93% No E-10: 40-75% No E-10: 70-92%

5. att. Luisa skabes katalizéta bis-imidatu £,Z-10 iekSmolekulara ciklizéSana

C-kvaternarie viniloksazolini 11 tika iegiti ar vidgjiem lidz augstiem iznakumiem
(40-98%), atkariba no reakcija izmantota substrata. Lai demonstrétu metodes sintétisko
pielietojumu, dazi oksazolini 11 tika transforméti par N-Boc aizsargatiem vinilglicinoliem
12. Sim nolikam izmantojam cikla uzskelSanu skaba vide, ar tai sekojosu N-Boc

aizsargasanu (skat. 6. att.).

MeO
R 1. 6Mag.HCl R OH OH OH
.6Maq. Ph

/\‘AO EtOH, it Me o

N — % % 7
&a 2. Boc,O HNBoc HNBoc HNBoc HNBoc

3 ag.NaHCO3

1 THF, it. 12 12a,70% 12b,79%  12c, 66%

6.att. N-Boc aizsargatu C-kvaternaro vinilglicinolu iegiSana

11



1.3. Stereoselektiva sin- un anti-aminospirtu iegiSana

Balstoties uz iepriek$ veiktajiem pétijumiem, paredz€jam, ka bis-imidata 13a
ciklize$anas reakcija varétu iegiit sin- un anti-aminospirtus. Saja gadijuma, diaizvietotu
bis-imidatu sin,anti-FE,Z-13a cikliz€Sanas reakcija var veidoties abi diasteroméri — cis- un
trans-oksazolini  14a. Veicam eksperimentu s€riju, lai izpétitu reakcijas
diastereoselektivitati atkariba no: a) sin- un anti-imidata funkciju novietojuma substrata;
b) substrata dubultsaites konfiguracijas; c¢) reakcija izmantotas Luisa skabes; d) Skidinataja
(skat. 7., 8. att.).

GCla AICI, katalizéta reakcija
S DCM
07 NH nPent nPent  MeCN . ’::013
1~ nPent KatlS =N THE sin-E-13a
nPent ~% % gkidinatajs % Toluols
: _Skidinatajs _
HN < O N=¢ EL,0
T A cel DCM j
CCly cisltrans|idz pat 30:1 3 " CNI No
[=] -
sin, anti-E-13a cis-14a THE anti-E-13a
Toluols
EL,0)
Kat: FeCl, AICl;, BF3 OFt,, TMSOT 100 80 60 40 20 0 20 40 60 80 100
Ql-gTdinE‘néjs: DCM, MeCN, Toluols, THF, Et,O Trans, % Unis "Trans Cis, %

7. att. Luisa skabes kataliz€ta bis-imidatu syn,anti-E-13a iekSmolekulara ciklizeésana

Nosakaidrojam, ka labaka diastereoselektivitate sin- un anti-E-bis-imidata 13a
gadijuma tiek sasniegta, izmantojot AlCl; ka Luisa skabi un toluolu vai DCM ka reakcijas
skidinataju. Sajos eksperimentos novérojam, ka bis-imidati sin,anti-E-13a dod cis-
oksazoliu 14a ka cikliz€Sanas reakcijas galveno diastereoméru. Jaatzime, ka ciklizéSanas
reakcijas selektivitate ir liela mera atkariga arT1 no substrata konfiguracijas — labako
diastereoselektivitati izdevas sasniegt, izmantojot bis-imidatu anti-E-13a un multi-

koordingjosas Luisa skabes (AICl;, FeCls) (skat. 7. att., diagramma att€loti reprezentativi

piemeri).
CcCl CCl . .
A\ 3 3 nPent nPent TMSOTf katalizéta reakcija
NN o NH  KatLs = N oMy,
S gkidinatdjs @] e i
PentUnPent _ Ny THF| @nti-Z-13a
— 90-99% cci,  Toluols
anti-Z-13a cisitrans lidz pat 1:98 Et,0
trans-14a 100 80 60 40 20 0 20 40 60 80 100
Trans, % “cis "Trans Cis, %

Kat: FeCls, AICI;, BF5 OEt,, TMSOTf
Skidinatajs: DCM, MeCN, Toluols, THF, Et,0

&. att. Luisa skabes katalizéta bis-imidata anti-Z-13a ickSmolekulara ciklizé$ana
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Ta, ka sin-Z-diolu neizdevas transformét par bis-imidatu sin-Z-13a, iesp€&jams,
sterisku apsvérumu dél, tad reakcijas diastereoselektivitates petijumiem tika izmantots bis-
imidats anti-Z-13a.  Izmantojot substratu anti-Z-13a, tika pétita reakcijas
diastereoselektivitate atkariba no izmantotas Luisa skabes un Skidinataja. Eksperimentu
serija, labakos rezultatus izdevas sasniegt, ka katalizatoru izmantojot mono-koordingjosas
Luisa skabes (BF;-OEt,, TMSOTY) un THF, toluolu vai &teri ka skidinataju. Noverojam,
ka bis-imidata anti-Z-13a gadijuma, visos pétitajos apstaklos trans-oksazolins 14a
veidojas ka domingjosais reakcijas produkts. Lidz ar to, var secinat, ka substrata
dubultsaites konfiguracija nosaka reakcijas pamatdiastereoméru (skat. 8. att., diagramma
atteloti reprezentativi piemeri).

Lai noskaidrotu, vai iesp&jams panakt regioselektivu bis-imidatu 13 ciklizé€Sanu par
oksazolmmiem 14 vai 15, izv€l§jamies dazadus aizvietotajus saturoSus bis-imidatus
sin,anti-E,Z-13 (skat. 9. att.). Novérojam, ka substratu sin-,anti-E-,Z-13b (R =i-Pr) un
sin-,anti-E-,Z-13¢ (R =Bn) gadijuma, ciklizéSanas reakcijas nebija regioselektivas. To
varétu skaidrot ar neselektivu karbkatjona veidoSanos d€l abu aizvietotaju lidzigajam
elektroniskajam pasibam bis-imidata, pienemot, ka reakcija notiek péc Syl mehanisma.
Labu reakcijas regioselektivitati ar oksazolina 14d ka pamatprodukta veidosanos izdevas
sasniegt BnOCH,-aizvietota bis-imidata 13d gadijuma. Augsti regioselektivu oksazolina
15 veidosanos noverojam tikai fenil-aizvietotaja gadijuma. Otra regioizoméra veidoSanas
netika detekteta, ko var skaidrot ar selektivu karbkatjona veidoSanos d&l fenilgrupas

stabiliz€josa efekta.

CCly
O” "NH Kat.LS  nPent R R nPent
nPeM(RM %Mo . %Ho Kat: AICl;, TMSOTY
HN <O N N¢ Skidinatajs: DCM, Toluols,
CClg CCl3 CCly THF, Et,0
sin, anti-E,Z-13 cis,trans-14 cis,trans-15
nPent B nPent iPr nPent B Ph
\%Hn m MO : MPent
Nx O N o N ©O N (0]
X X X X
CCl, CCly CCl3 CCl,
14b 14c 14d 15a
92-98% 91-96% 90-98% No diola: 70-76%
14/15 lidz pat 3:1 14/15 idz pat 2.5:1 14/15 Iidz pat 17:1 14/15 1:>99

9. att. Regioselektivitate Luisa skabes katalizéta bis-imidata 13 ickSmolekulara ciklizéSana

Regioselektiva diaizvietotu bis-imidatu anti-E-13 iekSmolekulara ciklizéSana tika
veikta ar dazadus aizvietotajus (n-Pent, Bn, i-Pr, Ph) saturoSiem substratiem (skat. 10.
att.). Ciklizésanas reakcijas vairuma gadijumu notika bis-imidata 13 sintézes apstaklos,

bez Luisa skabes katalizatora. Lai padaritu So transformaciju atraku, izmantojam viena
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reaktora (one-pot) procediiru, neizdalot bis-imidatu 13 no reakcijas vides. Gandriz visos

gadijumos noveérojam augstu reakcijas diastereoselektivitati (3.3:1 Iidz pat >99:1), ka

pamatprodukts veidojas cis-oksazolins 15.

HO Cl,CCN, kat. DBU O/iclle Pg'_\/lz,(ijth Ph\é\/(R
P 7 : R __DCM, 0°C Ph)v/\/R vai kat. LS T %
o HN 0 \((30I3
anti-E-16 43 SO cisds
Ph nPent Ph Bn Ph ipr Ph -
s s S A
N < o N O NQ(O de o
CCl, CCls CCl; ccl,
oeten cis-15b cis-15¢ cis-15d

No anti-E-16: 70-76%
(cisltrans lidz pat >99:7)

No anti-E-16: 92-94%
(cisltrans Nidz pat 6:7)

No anti-E-13: 93-96%
(cisltrans idz pat 6:1)

No anti-E-16: 90-92%
(cisltrans idz pat 3.3:1)

10. att. Regioselektiva bis-imidata anti-E-13 iekSmolekulara ciklizéSana

Lidzigi, cikliz€Ssanas reakcijas veicam, izmantojot substratu anti-Z-13 (skat. 11. att.).

Oksazolins trans-15 gandriz visos gadijumos veidojas ka vienigais reakcijas regioizomeérs

un diastereomers. [zn€mums bis-imidatu anti-Z-13 cikliz€Sanas eksperimentu s€rijai bija

p-MeOC4H;-aizvietotaju saturoSais diols anti-Z-16e, kurs, ka sagaidams, regioselektivi

veidoja oksazolinu trans-14e. To var skaidrot ar p-MeOCgH,-grupas spéju labak stabilizet

karbkatjonu neka fenilgrupa.

CCl; CCl it. Ph
CI;CCN, kat. DBU 3 er DOM. Lt v/»/.\rR
OHHO DCM, 0°C HN"\ o vai kat. LS I o
Ph=\_ thR X
_ CCl3
anti-Z-16
anti-z13 | trans-15
Ph nPent Ph Bn  Ph iPr
N YO N §(O N YO
CCls CCly CCly CCly CCls
trans-15a trans-15b trans-15¢ trans-15d trans-14e
70% 9 80% 92% 89%

93%
(trans/cis >99:1) (trans/cis >99:1)

(trans/cis 33:1)

(trans/cis >99:1)

(trans/cis >99:1)

11. att. Regioselektiva bis-imidata anti-Z-13 iekSmolekulara ciklizéSana
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Lai demonstrétu metodes pielietojumu sin- un anti-aminospirtu iegiiSanai,
izmantojam cikla uzSkelSanu skaba vide, ar tai sekojoSu N-Boc aizsargasanu. Attiecigi,
cis-oksazolini 15 tika parvérsti par N-Boc aizsargatiem anti-aminospirtiem 17a-d,
savukart trans-oksazolini 15 par attiecigajiem N-Boc aizsargatiem sin-aminospirtiem 17a-
¢ (skat. 12. att.).

Ph R 1. 6M aq.HClI OH
\4\4 EtOH, var. Ph v/\‘/z\
R
(0]
Ny 2. Boc,0 HNBoc
CCl, aq.NaHCO4
EtOAc, i.t.
cis,trans-15 sin, anti-17
Pho_~ pent PhNPh Ph._~ o
HNBoc HNBoc HNBoc
sin17a sin-17b sin17c
87% 90% 83%
OH OH OH OH
th/\‘AnPent th/YPh th/\‘AiPr th/\‘ﬁBn
HNBoc HNBoc HNBoc HNBoc
anti-17a anti-17b anti-17c anti-17d
80% 87% 88% 89%

12. att. Sin- un anti-aminospirtu iegiSana no oksazoliniem

Bis-imidatu 13 ciklizéSanas reakcijas regio- un diastercoselektivitates izskaidrosanu
balstijam, pienemot ka reakcija notiek péc Syl tipa mehanisma. Attiecigi, disocigjot ar
Luisa skabi komplekseta imidata grupai, veidojas stabilakais karbkatjons, kurs cikliz€jas
otra imidata ka N-nukleofila uzbrukuma rezultatd. Par Syl tipa mehanismu liecina
regioselektiva oksazolina 15 veidoSanas arilaizvietota bis-imidata 13 ciklizé$anas reakcija,
ko var skaidrot ar stabilaka karbkatjona veidoSanos.

Klasiska Syl mehanisma energijas diagramma var novérot divus parejas stavoklus:
pirmais — aizejosas grupas disociacija, savukart otrais — izveidota karbkatjona reakcija ar
nukleofilu (skat 13. att.).

TS*
X1 Ts*

AG mazaks ka
saisu rotacijas
barjeras

Energija

Imidats

Reakcijas koordinata

13. att. Diaizvietotu bis-imidatu 13 ciklizé$anas reakcijas energijas profils
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Saskana ar DFT aprékiniem, bis-imidata 13 cikliz€Sanas reakcija otra parejas
stavokla AG—0, jeb ciklizé$anas reakcijas energijas Iikné otro parejas stavokli praktiski
nevar noverot. Tas nozimé, ka AG reakcijai ar nukleofilu ir mazaka ka saiSu rotacijas
barjeras. Saskana ar So informaciju, reakcijas diastereoselektivitati nosaka izveidota
karbkatjona A konformacija, kur§ paklaujas ciklizé€Sanai péc energgetiski izdevigakas saites
rotacijas (skat. 14. att.).

By
g o cel
R : o s
\;/\/\R CI3C>: J
e N7 ™0
Cl,C_O . NH
E-sin-13 i \
p\ll/ Sin eni X Q |oti atri R
AN~ ——= R~ oy > X R
1A NH T R R/\
PR A E-cis-14
0~ >cal
R 73 |
B R
Clc._0
\rl\ll/ E-anti-13 CI3C\(O CI3C\KQ
- - = or \
Ho LA 2N, HN—LA
" ) X" HN )C\Cb’
o O CCl,
ClsC—~( ek yani = 4/+_>j@ Joti atri N7 S0
HN —_—
/N»LA H (0] /\)_/,///
H A = R
Z-anti-13 R E-trans-14

14. att. Bis-imidatu E-,Z-13 cikliz€Sanas reakcijas iesp&jamais mehanisms

1.4. 2-Trihlormetil-4-viniloksazolina iegiiSana un ta cikla uzSkelSanas reakcijas

2-Trihlormetilviniloksazolins 19 ir multifunkcionals btuivbloks dazadu savienojumu
iegiisanai, lidz ar to, ir nepiecieSama &rta metode ta iegliSanai. Literatira zinama
viniloksazolina 19 iegtSana paladija(Il) katalizéta bis-imidata E,Z-20 iekSmolekulara
ciklizeéSana. Diemzel Luisa skabes (FeCl; vai AICl;) katalizéta bis-imidata E,Z-20
ciklizéSana nebija produktiva, jo novérojam blakusproduktu veidoSanos, ka ari reakcija
bija relativi 1€na, salidzinot ar aizvietotu bis-imidata 20 analogu cikliz€Sanu. Iesp€&jamais
iemesls — ar Luisa skabi kompleksétas imidata funkcijas 1€na disociacija, veidojot
alilkarbkatjona intermediatu. Balstoties uz ieprieks iegiitajiem rezultatiem, paredz&jam, ka
efektivi viniloksazolinu 19 var iegiit bis-trihloracetimidata 18 ciklize$anas reakcija. Saja
gadijuma realizetos atraka komplekseéta imidata funkcijas disociacija no otréja oglekla
atoma, veidojot alilkarbkatjona inetermediatu, [idz ar to, tiktu samazinata iesp&jamo

blakusreakciju norise. Tik tie$am, but-3-én-1,2-diola bis-imidata 18 cikliz€Sana, Luisa
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skabes (FeCls;, AICl;, BF;-OEt, un TMSOTY) katalizatora klatieng, notika 1sa reakcijas

laika un ar izcilu iznakumu (93-96%) deva oksazolinu 19 (skat. 15. att.).

O O

DCM, i.t. 1-10 min Cccal

18 19 E,Z-20
Kat: FeCls, AICl3
BF3OEt2,TMSOTf

= NH
HN% NH Kat (10mol%) 2 Y 0 CkC —
) /\N(% kat. Pd(l) J<O_/_‘a€_o

15. att. 2-Trihlormetil-4-viniloksazolina iegiiSana

Lai paplaSinatu viniloksazolina 19 sintétisko pielietojumu, pétijam ta cikla
uzskelSanas reakcijas. Ka atspogulots ieprieks, stipras skabes iedarbiba oksazolina 19
cikls uzskelas, veidojot vinilglicinolu 21, savukart dal€jas hidrolizes rezultata (TsOH
piridind) ieguvam N-trihloracetilglicinolu 22. Veicot oksazolina 19 cikla nukleofilu

uzSkelSanu, ar labu iznakumu ieguvam alilamina atvasinajumus 23-25 (skat. 16. att.).

OAc OH
= AcO-ACOH 6M ag.HCI
< 80°C EtOH. i.t. =
HN._O 5 (EtOH. it
70AJ 70% NHZ*HC|
ccl
23”73 o 21
— N\ —_—]
OH
Cl  HCLEt CCl, TsOH'H,0
_ " 19 Py, H,0, 80°C =
70% 91% HN__O
HN._O HBr, R
h AcOH it., 22 CCly
24 CCl; 95%
N, Br SR

NaN; KSR
N DMF, it., A) DMF, it =
~73% 0 g 0
HN%O HN\? aR=Ac 8% N

26 25 27

16. att. 2-Trihlormetil-4-viniloksazolina cikla uzskelSanas reakcijas

Paradijam, ka bromometilalilamins 25 var tikt izmantots ka alkil§josais agents
reakcijas ar labiem nukleofiliem, pieméram, azidjonu, tioacetatu vai feniltiolatu, laujot

iegiit azidu 26 un tiola atvasinajumus 27a,b.
2. N-Tozilkarbamata grupa ka O-nukleofils

Zinams, ka velino parejas metalu katalizétas aliliskas aizvietoSanas reakcijas C-
heteroatoms saites veidoSanai ir realiz€tas ar dazadiem nukleofiliem. Lidz ar to, lai
paplasSinatu petjjumu par Luisa skabes katalizétu nukleofilu trihloracetimidata funkcijas
aizvietoSanu, reakcija ka nukleofilu izmantojam N-tozilkarbamatu. Interesanti, ka Saja

gadijuma ir iesp&ja veidoties tris produktiem: N-toziliminokarbonatam 29, ja N-
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tozilkarbamata grupa reagé ka O-nukleofils; oksazolidinonam 30, ja N-tozilkarbamats
reagé ka N-nukleofils; ka arT oksazolinam 31, gadijuma, ja reakcija ka nukleofils reage

imidata funkcija, bet N-tozilkarbamats ir aizejosa grupa (skat. 17. att.).

NHTs NTs o} CCl,
/& )k )k )\ Efekfivas LS:
o o Kat. LS 0" "o + 0" NTs 4 O °N , T'g/lFSOgle
R'-A_~. _O._NH R 5 OEt;
RM 7 RZRﬁ; RZI%_K; L«:( (CuOTf) CgHg
CCly R! Cu(OTf),

E z-28 29 30 31 B(CeFs)3

17. att. Iesp&jamie produkti N-tozilkarbamata £-,Z-28 ciklizéSana

Noveérojam, ka reakcija ka vienigais produkts veidojas N-toziliminokarbonats 29.
Sadu kemoselektivitati var skaidrot ar to, ka Luisa skabe koordingjas pie baziskakas —
imidata funkcijas, veidojot alilkarbkatjonu, kur§ reagé ar cietako O-nukleofilu. Tomeér,
Sylmehanisms, kur§ ieklauj skidinataja atdalito jonu pari nav vienigais iesp€jamais cel§ —
bez papildus pétijjumiem nevar izslégt, ka reakcija notiek pec Sj2° mehanisma
(skat. 18. att.).

NHTs
OAO
H...)__‘;\::é\\\
NHT: R! H
O” ™0 LS
R)\/%‘/OW?NH . I
CCl3 Sn2' NHTs NTe
E,Z-28 \ PN Iy
L 1S o O
H.\-H“‘§ -Cl3CC(=0)NH, H,,,H\\\§
R! H = ’
[CI?’CC(:NH)O*LS]Q 29

18. att. [esp&jamie N-toziliminokarbonata 29 veidoSanas mehanismi

Luisa skabes katalizéta monoaizvietota N-tozilkarbamata FE,Z-28 ciklizéSana
realizgjas ar augstu diastereoselektivitati (I1dz pat 80:1), ka pamatdiasteromeru laujot iegiit
toziliminokarbonatu trans-29. Lai gan toziliminokarbonats frans-29 tika iegits ka
galvenais reakcijas diastereom@rs no abiem substrata izomériem E,Z-28, tozilkarbamatu
E-28 ciklizésanas reakcija notika atrak, turklat, vairuma gadijumu, ar augstaku
diastereoselektivitati. Labakos rezultatus toziliminokarbonatu trans-29 iegtSanai—
reakcijas iznakumu un selektivitati izdevas sasniegt TMSOTf vai BF;-OFEt, katalizéta
reakcija (skat. 19. att.). Klasiska Syl mehanisma gadijuma varétu sagaidit konstantu cis-
/trans-produktu 29 attiecibu, neatkarigi no reakcija izmantotas Luisa skabes un substrata
dubultsaites konfiguracijas. Atskirigo cis/trans- produktu 29 attiecibu labak izskaidrotu
Sp2° mehanisms. Nevar izslegt, ka reakcija realiz€jas gan péc Syl, gan S;2’mehanisma,
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turklat pareja starp mehanismiem notiek atkariba no reakcija izmantota substrata un Luisa

skabes.
? NT NT:
L Kat. (10 mol%) S s
O~ “NHTs pcm, it J Kat. TMSOTf
w O. _NH_25-80h Q9 O + O O BF 3 OFt;
R hd (CUOTF)-CgHe
CCl, R — R Y= Cu(OTf),
B(CqF
EZ-28 trans-29 cis-29 (CeFs)s
NTs NTs J\ES NTs NTs
OAO O O O O O)ko o)ko
nPént = iPr = Bh  — N\ g = Ph g
Ph
trans-29a trans-29b trans-29c trans-29d trans-29e

No E-28:72-82%  No E-28: 75-90%
(cisltrans Iidz 34:1) (cis/trans idz 35:7)

No Z-28: 51-87% No Z-28: 70-85%
(cisltrans ldz 5:1)  (cis/trans idz 80:1)

No E-28: 63-74%  No E-28: 69-75%  No E-28: 82-85%
(cisltrans idz 25:1) (cis/trans idz 11:1) (cis/trans lidz 45:1)

19. att. Diastereoselektiva N-tozilkarbamata E,7Z-28 ciklizeSana

Noskaidrojam, ka Luisa skabes katalizétu tozilkarbamata FE-28 cikliz€Sanu par
toziliminokarbonatiem 29 efektivi var realiz€t arT ar substratiem, kas atvasinati no
tre§gjiem spirtiem. Saja gadfjuma ar labiem iznakumiem (73-93%) ieguvam attiecigos
toziliminokarbonatus 29 (skat. 20. att.).

)OL Kat. 80 mol%) NTs Kat. TMSOTf
DCM, i.t. BF 5 Ot
0" NHTs 10 min - 18 h 0" "o s=s
R A ONH ————— R
R2 T R2 =
CCls
E-28 29
)NIS NTs )l\il’s NTs
o0 o o)ko o o vo
MeH: o o .
Me
N o)
OC
20f 29g 29h 29i
73-93% 80-88% 83% 74-90%

20. att. N-tozilkarbamata E-,Z-28 ickSmolekulara ciklizeéSana

Lai demonstrétu iegiito N-toziliminokarbonatu 29 sintétisko pielietojumu, tie tika

hidrolizeti baziskos apstaklos lidz dioliem 32. Tadgjadi, N-tozilkarbamatu 28 cikliz€Sana,
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ar tai sekojosu trans-N-toziliminokarbonata 29 uzSkelSanu baziska vide papildina sin-1,2-

diolu iegtiSanas metozu klastu (skat. 21. att.).

NTs
A: 1M aq.NaOH, MeOH OH
0" O  B:KyCO3 MeOH/MH,0 Ro/,)
Rzl)—/’/ o R; X

Ry — OH
29 32
Boc
N
nPent OH Bn OH OH OH OH OH OH OH
32a 32b 32c 32d 32e

Metode A: 71% Metode A: 87% Metode A: 88% Metode B: 89% Metode A: 86%

21. att. N-toziliminokarbonatu 29 hidrolize baziska vide lidz dioliem 32

Savukart, izmantojot TMSOTTf ka skabes avotu, skabas hidrolizes apstaklos ar
labiem iznakumiem ieguvam attiecigos karbonatus 33. Demonstréjam, ka karbonatus 33
var iegiit arT viena reaktora procediira, neizdalot N-toziliminokarbonatus 29 no reakcijas
vides (skat. 22. att.).

NTs
o )ko kat. TMSOTf
H,0, DCM
R2|-~>—‘,,///_ A \ O
R1 - )k
2 (o}
0 R, _
)LNHT " N
(0] s
1) kat. TMSOTf, DCM 33
RM/O\I//NH 2) H,0, i, /
CClz B
-28
(0] i (0]
O)ko O O OAO
nPént = iPr = ﬁ:
33a 33b 33c
Metode A: 67% Metode B: 70% Metode A: 73%

22. att. N-Toziliminokarbonatu 29 hidrolize skaba vidé lidz karbonatiem 33

N-Toziliminokarbonati 29 ir efektivi substrati halogénjona veicinatai pargrup€Sanai
par oksazolidinoniem 30. Izmantojot So metodi, regioselektivi pargrup&jam trans-N-
toziliminokarbonatus frans-29 par attiecigajiem frans-vinil-N-toziloksazolidinoniem
trans-30 (skat. 23. att.).
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Ts  A:Lil, DCE, var. (@]
)J\ B: TBAB, DCE, var. )L
O "o C:Lil, DMF, var. O  "NTs
R S
R! S R, =
29 30
hi hi hi hi
O 'NTs O 'NTs O 'NTs O 'NTs
nPent = iPr = Bn  — @K:
30a 30b 30c 30d
Metode B: 73% Metode A: 63% Metode B: 74% Metode C: 85%

23. att. N-Toziliminokarbonatu 29 pargrupésana par oksazolidinoniem 30

Zinams, ka oksazolidinoni ir &rti prekursori aminospirtu iegiiSanai, tadéjadi, Luisa
skabes katalizeéta N-tozilkarbamatu 28 ciklizéSana, ar tai sekojoSu halogénjona veicinatu

pargrupéSanu par oksazolidinoniem 30 lauj iegtit vinilaminospirtu atvasinajumus.
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SECINAJUMI

1. Alilisko bis-imidatu ciklizacija, kas balstas uz iekSmolekularu Luisa skabes
komplekséta trihloracetimidata alilisku aizvietoSanu ar otru imidata funkciju ka N-

nukleofilu, ir &rta metode nepiesatinatu aminospirtu un aminoskabju iegiisanai.

2. Alilisko bis-imidatu ciklizacija visticamak notiek péc Syl tipa mehanisma. Par to
liecina augsta ciklizacijas regioselektivitate, aizvietojot to imidata funkciju, kuras
elimin€Sanas rezultata veidojas stabilakais karbkatjons. Bez tam, enantiobagatinata bis-

imidata cikliz€Sanas reakcija hiralitates parnese nenotiek.

3. Alilisko bis-imidatu ciklizacija ir efektiva metode regioselektivai racémisku C-

kvaternaro vinilglicinolu iegiiSanai.

4. Diaizvietotu alilisko bis-imidatu ciklizaciju var izmantot stereoselektivai sin- un
anti-aminospirtu iegtiSanai. Noskaidrots, ka substrata dubultsaites konfiguracija nosaka
ciklizacijas pamatdiastereoméru. Stereoselektivitati papildus iesp€jams paaugstinat
izvéloties piemérotu Luisa skabi un $kidinataju. Reakcija ir augsti regioselektiva, ja
aizvietotajs ir karbkatjonu stabilizéjosa grupa (R = Ph, p-MeOC¢H,).

5. No but-3-en-1,2-diola atvasinata bis-imidata ciklizacija ir €rta pieeja 2-
trihlormetil-4-viniloksazolina iegiiSanai. Viniloksazolina cikla uzSkelSana iesp€ama ar
dazadiem nukleofiliem, tas paplaSina ciklizacijas produkta — viniloksazolina izmantoSanas

iespéjas.

6. lekSmolekulara Luisa vai Brensteda skabes katalizeéta aliliska imidata
aizvietoSanas reakcija N-Tozilkarbamats darbojas ka O-nukleofils, veidojot cikliskus N-

toziliminokarbonatus.

7. No otrgjiem spirtiem atvasinatu N-tozilkarbamatu ciklizéSana, neatkarigi no
substrata dubultsaites konfiguracijas, pamata veidojas trans-N-toziliminokarbonati, ko var

skaidrot gan ar Sy1, gan Sy2’ reakcijas mehanismu.

8. N-Toziliminokarbonatus var sekmigi izmantot nepiesatinatu diolu, karbonatu un

oksazolidinonu iegtiSanai.
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GENERAL OVERVIEW OF THE THESIS

Introduction

Pharmaceutical industry has very negative impact on environmental pollution by
generating the biggest amount of waste per mass unit of the product of all chemical
industries. Stringent requirements for manufacturing of pharmaceuticals drive the
development of synthetic methodology to achieve more economic and eco-friendly
processes.® Great progress has been achieved based on transition metal catalysis in last
decades, however many of these reactions are unattractive for chemical industry due to
toxic waste production, high price of catalyst and difficulties to achieve residual metal
content in the final product.

Nucleophilic allylic substitution is a widely used approach for C-heteroatom bond
formation. This reaction type mostly relies on late transition metal catalysis.” However, in
order to develop more economic and eco-friendly methods, Lewis and Brensted acid
catalysts have emerged as an alternative to late transition metal catalysed allylic
substitution reactions.

Methodology based on electrophilic activation of a leaving group leading to C-
heteroatom bond formation has been developed since advent of modern synthetic
chemistry. Nevertheless, this reaction type has remained less explored compared to base
promoted nucleophilic substitution/addition reactions as well as late transitions metal
catalysed transformations. Notably, last decade has seen considerable increase of novel
methodology based on this approach. More pronounced attention is paid to specially
designed substrates, novel types of electrophiles, milder reaction conditions and more
efficient  stereochemistry control.  Allylic alcohols and carboxylates,® and
trichloroacetimidates’ have been used as substrates to achieve acid catalysed intramolecular
allylic substitution with N-nucleophiles. In addition, first successful asymmetric allylic
substitution with C-O bond formation using chiral Brensted acid catalysts has been recently

reported.'’

M. Butters, D. Catterick, A. Craig, A. Curzons, D. Dale, A. Gillmore, S.P. Green, I. Marziano, J.-P.
Sherlock, W. White. Chem. Rev. 2006, 106, 3002-3027.

7 a) B. M. Trost, D. L. Van Vranken, Chem. Rev. 1996, 96, 395-422; b) B. M. Trost, M. L. Crawley,
Chem. Rev. 2003, 103,2921-2944.

8 For leading references see: a) U. Jana, S. Maiti, S. Biswas, Tetrahedron Lett. 2008, 49, 858-862; b)
A. Guérinot, A. Serra-Muns, C. Gnamm, C. Bensoussan, S. Reymond, J. Cossy, Org. Lett. 2010, 12,
1808—1811; ¢) H. Qin, N. Yamagiwa, S. Matsunaga, M. Shibasaki, Angew. Chem. Int. Ed. 2007, 46,
409-413.

? a) C. Ramstadius, O. Hekmat, L. Eriksson, H. Stalbrand, I. Cumpstey, Tetrahedron Asymm. 2009,
20, 795-807; b) J. T. Link, M. Gallant, S. J. Danishefsky, J. Am. Chem. Soc. 1993, 115, 3182-3183;
¢) J. T. Link, S. Raghavan, S. J. Danishefsky, J. Am. Chem. Soc. 1995, 117, 552-553.

M. Rueping, U. Uria, M.-Y. Lin, L. Atodiresei, J. Am. Chem. Soc. 2011, 133,3732-3735.
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Aims and objectives

The aim of the thesis is to develop novel methodology for C-heteroatom bond
formation based on electrophilic activation of a leaving group in nucleophilic allylic
substitution reactions. Such an approach could offer late transition metal-free, more
economic and eco-friendly transformations, shorter routes to substructures found in
natural products and pharmaceutically relevant compounds.

In our research devoted to C-heteroatom bond formation via nucleophilic allylic
substitution, we aimed to explore trichloroacetimidate functionality as a good leaving

group after electrophilic activation with an acid catalyst (Fig.1.).

Catalyst
Nu fyLG (LA) Nuj/\
QJQ ( (o)
Cl,c__O
L6 = mn R

Fig.1. Nucleophilic allylic substitution of trichloroacetimidate

In order to achieve the aim the following tasks were set:

1) To explore the intramolecular allylic substitution of trichloroacetimidate with
other trichloroacetimidate as a N-nucleophile. This would lead to development of a novel
methodology for the synthesis of unsaturated amino alcohols and amino acids;

2) To explore the intramolecular allylic substitution of trichloroacetimidate with N-
tosylcarbamate as a nucleophile. Ambident character of this nucleophile could lead either
to N-tosyliminocarbonates or N-tosyloxazolidinones that are precursors of unsaturated

diols and amino alcohols, respectively.

Scientific novelty and main results

A novel method for the synthesis of unsaturated amino alcohols and amino acids, as
well as C-quaternary vinylglycinols has been developed. A convenient approach to 2-
trichloromethyl-4-vinyloxazoline and its ring cleavage reactions with various nucleophiles
have been demonstrated. Novel approach for the synthesis of N-tosyliminocarbonates has

been established their synthetic application was demonstrated.
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Structure of the thesis

The thesis is presented as a set of thematically unified scientific publications on C-
heteroatom bond formation in Lewis acid catalysed nucleophilic allylic substitution of
trichloroacetimidate group. It consists of 4 publications in peer-reviewed journals that are
included in international scientific databases and 1 manuscript. The publications and

manuscript are written in English and constitute a total of 34 pages.

Publications and approbation of the thesis

Results of the thesis are discussed in 5 publications:

1. Grigorjeva, L.; Jirgensons, A. Lewis acid catalyzed intramolecular allylic substitution
of bis(trichloroacetimidates): A versatile approach to racemic unsaturated amino
acids. Eur. J. Org. Chem., 2011, 13, 2421-2425.

2. Klimovica, K.; Grigorjeva, L.; Maleckis, A.; Popelis, J.; Jirgensons, A. C-Quaternary
vinylglycinols by metal-catalyzed cyclization of allylic bistrichloroacetimidates.
Synlett, 2011, 19, 2849-2851.

3. Grigorjeva, L.; Jirgensons, A. Synthesis of cyclic N-tosyliminocarbonates by Lewis
acid catalyzed allylic substitution of trichloroacetimidates. Eur. J. Org. Chem., 2012,
27,5307-5316.

4. Grigorjeva, L.; Maleckis, A.; Klimovica, K.; Skvorcova, M.; Ivdra, N.; Leitis, G.;
Jirgensons, A. Novel synthesis of 2-trichloromethyl-4-vinyloxazoline and its
derivatization by ring cleavage reactions. Chem. Heterocycl. Compd., 2012,
48 (6), 919-924.

5. Grigorjeva, L., Kinens, A., Jirgensons, A. Stereoselective synthesis of unsaturated
syn- and anti-1,2-aminoalcohol derivatives by cyclization of allylic bis-
trichloroacetimidates; Selectivity dependence on a substrate configuration.

Manuscript in preparation.

Results of the thesis are presented at the following conferences:

1. Grigorjeva, L.; Jirgensons, A. Lewis acid catalyzed intramolecular allylation of
trichloroacetimidates: A versatile approach to unsaturated - and y~amino alcohols.
In Program & Abstracts, International Conference on Organic Synthesis, Balticum
Organicum Syntheticum (BOS-2010), June 27-30, 2010: Riga, Latvia. PO48, 2010,
107.

2. Klimovica, K.; Grigorjeva, L.; Maleckis, A.; Jirgensons A. Novel method for the
synthesis of C-quaternary vinylglycinols. In Posters, 17" European Symposium of
Organic Chemistry (ESOC-17), July 10-15, 2011: Crete, Greece. P.1, 2011.
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3. Grigorjeva, L.; Jirgensons A. Diastereoselectivity in Lewis acid catalysed cyclization
of disubstituted bistrichloroacetimidates. In Posters, 17" European Symposium of
Organic Chemistry (ESOC-17), July 10-15, 2011: Crete, Greece. P.1, 2011.

4. Grigorjeva L.; Synthesis of 1,2-diols by Lewis acid-catalyzed intramolecular allylic
substitution of trichloroacetimidates. (7" Paul Walden Symposium on Organic
Chemistry) Latvian J. Chem. 2012, 51(1), 58.

5. Grigorjeva L. C-Heteroatom bond formation by acid catalysed allylic substitution of
trichloroacetimidate. In Materials of the 8th Paul Walden Symposium on Organic
Chemistry, May 13-14, 2013: Riga, Latvia. 2013, 76.

6. Grigorjeva L.; Jirgensons A. Novel stereoselective route to syn- and anti-amino
alcohols. In Program and Abstract Book, XV" International Conference:
Heterocycles in Bio-organic Chemistry, May 27-30, 2013: Riga, Latvia. PO 028,
2013, 85.

7. Grigorjeva L.; Jirgensons A. Cyclization of allylic bis-trichloroacetimidates to cis-
and trans-oxazolines depending on E/Z configuration of a substrate. In Posters, 14™
Tetrahedron Symposium, June 25-28, 2013: Vienna, Austria. P2.38, 2013.
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MAIN RESULTS OF THE THESIS

1. Trichloroacetimidate group as a N-nucleophile

Bis-trichloroacetimidates, derived from corresponding diols, were selected as model
substrates for the investigation of Lewis acid catalysed intramolecular allylic substitution
reaction. In this case, one of the imidate groups serves as N-nucleophile to form C-N bond

and another imidate group serves as a leaving group after activation by acid catalyst.

1.1. Synthesis of unsaturated a- and f~amino acids

Oxazolines 3 and oxazines 4 are versatile precursors of amino alcohols and amino
acids that motivated us to explore their synthesis via cyclization of bis-
trichloroacetimidates 2, which can be obtained in three steps from commercially available
aldehydes 1. These bis-imidates E,Z-2 were exposed to catalytic amounts of Lewis acids
(FeCls, AICl;, BF;*Et,0O and Me;SiOTY) that promoted regioselective cyclization of bis-
imidates E,Z-2 providing vinyloxazolines 3 and vinyloxazine 4 in good to excellent yields
(88-99%) in a very short reaction time (1-20 min). In addition, no other potential
cyclization products were detected. Bronsted acid (TsOH-H,O) also catalyzed the
cyclization of imidates E,Z-2, although the reaction time was considerably longer (4.5 —
16 h) (Fig.2.).

NH 0
o e = Chim e I
I 3steps 0 R0 1min-16h _ N=( Cat: FeCly
R™H R )—CCl3 oCls AICI5
1 ezz 3=y ot
4 (=2 TsOH-H,0
- i
NZH
che—~/ _— Jr-—-(-()ﬁo%cu
Oﬂ_ﬁo R—® 7
R )—CCls
: gz2r ™ AU

nPent V/Y\O iPrV/Y\O Bn OWO iPr MO
N<< N << N<< N s(

CC|3 CC|3 CCI3 CC|3
3a 3b 3c 4a
From E-2: 90-98% From E-2: 84-98% From E-2: 91-94% From E-2: 93-99%
From Z-2: 88-96% From Z-2: 92-94% From Z-2: 89-95% From Z-2: 89-98%

Fig.2. Acid catalysed intramolecular cyclization of bis-imidates E,Z-2

Selective formation of cyclic imidates 3 and 4 could be explained by Syl-type

mechanism that involves formation of the most stable secondary allylic carbenium ion 3*
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or 4%, which is intramoleculary trapped by imidate of primary alcohol. Syl mechanism
could explain the lack of chirality transfer in the cyclization of enantiomerically enriched
bis-imidate £,Z-2b (R=i-Pr).

In the case of aryl substituted bis-imidates E,Z-2, formation of secondary carbenium
ion is relieved because of additional stabilization by adjacent aryl group that may account
for cyclization to imidates 3 and 4 without assistance of Lewis acid. The exception to the
general scheme (Fig. were aryl substituted bis-imidates E,Z-2 which turned out to be
unstable and gave considerable amount of cyclization products 3 and 4 at the conditions of

their preparation. These compounds were isolated in medium yield after prolonged stirring
(Fig.3.).

Cl3CCN, cat. DBU

NH
DCM,rt. R
= pom,0°c _ |CiCX = 1.5-20h C
Ho— fumon — 20 o« tro —= V\gi*o
R

R HN%CCls %Ccng

E,Z-5 E,Z-2 3 (n=1)
4 (n=2)
Ph. -~ Anthr.__~
CCl3 CCl3 CCl,
3d 3e 4b
From E-5: 58% From E-5: 69% From E-5; 55%
From Z-2: 90-94% From Z-5: 68% From Z-5: 57%
cat. FeCl3; AlCl3;

BFy OEty; TMSOTf

Fig.3. Non-catalysed intramolecular cyclization of bis-imidates £,Z-2

Oxazolines 3 and oxazines 4 can be readily transformed to protected a-amino acids

8 and f-amino acids 9, respectively (Fig.4.).

1. 6M aq.HCI OH 1. Jones O~_OMe
R~ n
EtOH, reflux oxidation
V\,EQO RWJ n RA_n
2. BOCZO 2. CH2N2
CC|3 aq.NaHCO3 HNBoc Et20, THF HNBoc
3 (n=1) EtOAc, r.t. 6 (n=0) 8 (n=0)
4 (n=2) 71-81% 7 (n=1) 53-67% 9 (n=1)
(in 2 steps) (in 2 steps)
(0] (0] (0] O
nPentv/\)J\OMe lprv/\)J\OMe BnOW/\)J\OMe Ph%\)J\OMe
HNBoc HNBoc HNBoc HNBoc
8a (54%) 8b (53%) 8c (75%) 8d (54%)
MeO.__O MeO.___ O
iPr_= Ph__~
HNBoc HNBoc
9a (63%) 9b (67%)

Fig.4. Synthesis of unsaturated o- and f-amino acid derivatives
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Hydrolysis of cyclic imidates 3 and 4 followed by N-Boc protection gave
unsaturated amino alcohol derivatives 6 and 7. Jones oxidation of amino alcohol
derivatives 6, 7 provided amino acids that were transformed to their methyl esters 8 and 9

in order to facilitate the purification and characterization.

1.2. Synthesis of C-quaternary vinylglycinols

In order to obtain oxazolines 11 as a precursors of C-quaternary vinylglycinols, we
used bis-imidates E,Z-10 derived from 2-substituted but-2-ene-1,4-diols as substrates. In
this case, dissociation of Lewis acid complexed imidate group leads to formation of the
most stable tertiary allylic carbenium ion 11* which is trapped in an intramolecular

fashion by the second imidate group as a N-nucleophile, to give oxazoline 11 (Fig.5.).

R
R R
- Cat. (1-20 mol%) >
Oﬂo DCM, rt, 1-30min | <&/ 7\ /\iAO Cat: FeCly
Cle— )—CCly - o |—= N<( AlCly
NH HN 0o BF3 OEt,
CCl, CCl;  TMsOTY
EZ-10 1* 11
MeO
Me Ph Bn

AN PN P _
0 0 0 0
N< N< N< N< N=
CCl CCl, CCls CCl, CCl,

11a 11b 11c 11d 11e

From E-10: 76-92%  From E-10: 89-98% _10: 89-03°, _10- 40-75° 10- 70-92%
From 7.10- 64-94°/2 FromZ—10:81—97°/2 From E-10: 89-93% From E-10: 40-75% From E-10: 70-92%

Fig.5. Lewis acid catalysed intramolecular cyclization of bis-imidates £,Z-10

Cyclization of bis-imidates E,Z-10 was highly regioselective and C-quaternary
vinyloxazolines 11 were obtained in medium to high yields depending on a substrate used
for the reaction. To demonstrate the synthetic utility of the cyclization reactions, several
4-substituted 4-vinyloxazolines 11 were transformed to N-Boc protected vinylglycinols 12

in a one-pot two-step procedure that involved hydrolysis and subsequent protection
(Fig.6).

MeO
R
1. 6M aqg.HCI R OH
/\‘AO EOH, it MeDH PhOH OH
NQ( - 7 z 7
2. Boc,0 HNBoc HNBoc HNB
1 THF, rt. 12 12a, 70% 12b, 79% 12c, 66%

Fig.6. Synthesis of N-Boc protected C-quaternary vinylglycinols
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1.3. Stereoselective synthesis of syn- and anti-amino alcohols

Based on our previous research, we expected that cyclization of bis-imidates 13
would give cis- and/or trans-oxazolines 14a that are precursors of syn- and anti-amino
alcohols. We set a series of experiments in order to explore reaction diastereoselectivity
depending on: a) syn- and anti-situation of the imidate groups; b) configuration of the

substrate double bond; c¢) Lewis acid used; d) reaction solvent (Fig.7., Fig.8.).

CCl, AICI,; catalysed reaction
> DCM
0" "NH nPent nPent From
1 nPent Cat. LA N _< M?SE syn-E-13a
nPent \/\{ solvent > Toluone
HN=<,-O N=¢ EL0
B 85-98% .
1 o a0 ccl DCM|
CCly cis/trans up to 30:1 3 MeCN From
: ; e anti-E-13a
syn, anti-E-13a cis-14a THF
Toluene
e
Cat: FeCl;, AICI,, BF5 OEt;, TMSOTY 100 80 60 40 20 0 20 40 60 80 100
Solvent: DCM, MeCN, Toluene, THF, Et,O Trans, % UCis "Trans Cis, %

Fig.7. Lewis acid catalysed intramolecular cyclization of bis-imidates syn,anti-E-13a

The best diastereoselectivity for intramolecular cyclization of syn- and anti-E-bis-
imidate 13a was achieved using AICl; as Lewis acid in toluene or DCM as a reaction
solvent. In these experiments, it was observed that bis-imidates syn,anti-E-13a tend to
give cis-oxazoline 14a as a major reaction diastereomer. It should be noted that
diastereoselectivity was dependent on configuration of the substrate — the best
diastereoselectivity was achieved using bis-imidate anti-E-13a and multi-coordinating
Lewis acids (AICls, FeCl;) (Fig.7., chart shows representative examples).

CC|3 C'Crlg J"]'Pen‘t

nPent _
g _ p— : TMSOTTf catalysed reaction
HN \O o =NH Calt.Lﬁ;‘ ’ \I-—--\O DCM From
), solven ! MeCN 4
Pem‘<:/—nPent N“:/ THE anti-Z-1a
‘ 90-99% CCly Toluen
anti-Z-13a cis/trans up to 1:98 Et,0
trans-14a 100 80 60 40 20 0 20 40 60 80 100
Trans, % "ris "Trans Cis, %

Cat: FeCly, AICl;, BFy OEty, TMSOTH
Solvent: DCM, MeCN, Toluene, THF, Et,0

Fig.8. Lewis acid catalysed intramolecular cyclization of bis-imidate anti-E-13a

As syn-Z-diol failed to give bis-imidate syn-Z-13a probably due to steric reasons,
only bis-imidate anti-Z-13a was used for the reaction diastereoselectivity studies. It was

observed that in the cyclization of bis-imidate anti-Z-13a trans-oxazoline 14a formed as a
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major reaction product in all conditions studied. The best results were achieved using
mono-coordinating Lewis acids (BF;-OEt,, TMSOTY) in THF, toluene or diethyl ether as a
solvent. Accordingly, it can be concluded that the configuration of substrate double bond
is the major factor that determines the diastereoselectivity of the reaction (Fig.8., chart
shows representative examples).

Cyclization of bis-imidates syn,anti-E,Z-13 containing different substituents
(R' #£R?) were explored in order to determine whether it could be possible to achieve
regioselective cyclization of bis-imidate 13 to oxazoline 14 or 15 (Fig.9.). In the case of
substrates syn-,anti-E-,Z-13b (R =i-Pr) and syn-,anti-E-,Z-13¢ (R = Bn) relatively low
regioselectivity was observed. It could be explained by non-selective formation of
carbenium ion due to similar electronic properties of substituents, assuming that the
reaction proceeds via Syl mechanism. Good reaction regioselectivity was achieved in the
case of BnOCH,-substituted bis-imidate 13d giving oxazoline 14d as a major regioisomer.
Highly regioselective formation of oxazoline 15 was observed in the case of phenyl
substituent. Formation of the other regioisomer 14 was not detected which could be

explained by selective formation of carbenium ion due to stabilization by phenyl group.

CCly
0" "NH Cat LA  nPent R R nPent
nPeM(R solvent %Ho . %MO Cat: AICl;, TMSOT
HN-_©O Ny NY Solvent: DCM, Toluene,
CCly CCl3 CClg THF, Et,0
syn, anti-E,Z-13 cis,trans-14 cis,trans-15
nPent Bn nPent iPr nPent OBn Ph nPent
N © N © N © N ©
N e S N
CCl, CCly CCls CCl,
14b 14c 14d 15a
92-98% 91-96% 90-98% From diol: 70-76%
14/15 up to 3:1 14/15 up to 2.5:1 14/15 up to 17:1 14115 1:>99

Fig.9. Regioselectivity in Lewis acid catalysed cyclization of bis-imidates 13

Regioselective cyclization of disubstituted bis-imidates anti-E-13 was performed
with substrates containing various substituents (n-Pent, Bn, i-Pr, Ph) (Fig.10.). In most of
the cases the cyclization occurred during the synthesis of bis-imidate 13 without Lewis
acid catalyst. In order to make this transformation faster, one step procedure was used
without isolation of bis-imidate 13. Formation of cis-oxazoline 15 as the major reaction

diastereomer was observed in almost all experiments (3.3:1 up to >99:1)
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ccl; |
DCM,rt. Ph R
PH = R DCM, 0°C o _ R or cat. LA o
OH HN O CCly
anti-E-16 13 CCb cis-15
Ph nPent Ph Bn Ph iPr Ph Ph
X Ny Mg N
CCly CCls CCly CCly
cis-15a cis-15b cis-15¢ cis-15d

From anti-E-16: 70-76%
(cis/trans up to >99:7)

From anti-E-16: 92-94%
(cisltrans up to 6:7)

From anti-E-13: 93-96%
(cisltrans up to 6:1)

From anti-E-16: 90-92%
(cisltrans up to 3.3:1)

Fig.10. Regioselective intramolecular cyclization of bis-imidate anti-E-13

Similarly, cyclization reactions were performed using substrate with opposite double

bond configuration anti-Z-13 (Fig.11.). Almost in all cases frans-oxazoline 15 was formed
as the only reaction regioisomer and diastereomer. The exception was p-MeOC¢H,-

substituted diol anti-Z-16e which gave oxazoline trans-14e. This could be explained by

better ability of p-MeOC4H, group to stabilize carbenium ion compared to phenyl group.

CCl; CCl t  Ph
CI;CCN, cat. DBU ° 3| DeMrt v/\/.\rR
NH| L
OHHO DCM, 0°C HN 0 O orcat. LA o)
P\ Pn—_ R S
_ CCl,
anti-Z-16
anti-Z-13 ] trans-15
\/\/\n Pent P \/¥5n Ph\/\/i\i Pr
N © O
N Ny
cc|3 CCls CCls CCls CCls
trans-15a trans-15b trans-15¢ trans-15d trans-14e
70% 93% 80% 92% 89%
(trans/cis >99:1)  (trans/cis >99:1)  (trans/cis 33:1)

(trans/cis >99:1) (trans/cis >99:1)

Fig.11. Regioselective cyclization of bis-imidate anti-Z-13

In order to demonstrate the utility of cyclization reactions for the synthesis of syn-
and anti-amino alcohols, we used one-pot two-step procedure that involved ring cleavage

in acidic media and subsequent N-Boc protection. Several cis-oxazolines 15 were
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transformed to N-Boc protected anti-amino alcohols 17a-d, while trans-oxazolines 15

were transformed to corresponding N-Boc protected syn-amino alcohols 17a-¢ (Fig.12.).

Ph R 1. 6M aq.HCl OH
\m EtOH, reflux Ph \/YZ\
R
(0]
N 2. Boc,0 HNBoc
CCl, aq.NaHCO4
EtOAc, r.t.
cistrans-15 syn, anti-17
OH OH OH
th/\‘/v\npent Ph/w‘/LPh PhW‘\'Pr
HNBoc HNBoc HNBoc
syn17a syn-17b syn17c
87% 90% 83%
OH OH OH OH
Ph._~ nPent th/YPh th/\‘AiPr th/\‘ﬂBn
HNBoc HNBoc HNBoc HNBoc
anti-17a anti-17b anti-17¢ anti-17d
80% 87% 88% 89%

Fig.12. Synthesis of syn- and anti-amino alcohols from oxazolines

For the explanation of reaction regio- and diastereoselectivity in the cyclization of
bis-imidates 13, Syl type mechanism involving carbenium ion formation was considered.
According to this, coordination of Lewis acid leads to carbenium ion formation which
undergoes cyclization to give oxazoline. Most stable carbenium ion should form which is
in agreement with experimentally observed results — regioselective formation of oxazoline
15 from aryl substituted bis-imidate 13.

In Syl mechanism, reaction proceeds via two transition states: dissociation of a

leaving group and carbenium ion reaction with nucleophile (Fig.13.).

Ts*
(loz2 of X7} Tg*
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Fig.13.Energy profile for the cyclization reaction of disubstituted bis-imidates 13

Calculated energy profile for the cyclization of bis-imidate 13 indicated that for the

transition state of carbenium ion cyclization AG—0 i.e. cyclization is practically a
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downhill process from carbenium ion A with no detectible transition state. Bond rotation
barriers leading to cyclization transition state appeared to be higher in energy compared to
AG for cyclization transition state itself. According to this, stereoselectivity of cyclization
is determined by conformation of intermediate carbenium ion A which undergoes

cyclization after energetically preferred bond rotations.
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Fig.14. Proposed reaction mechanism for the cyclization of bis-imidates £,Z-13

1.4. Synthesis of 2-trichloromethyl-4-vinyloxazoline and it’s derivatization by ring

cleavage reactions

2-Trichloromethyl-4-vinyloxazoline 19 is an attractive multifunctional building
block with a high derivatization potential that determines the need for efficient synthetic
route to such compound. The synthesis of vinyloxazoline 19 by palladium(Il) catalyzed
intramolecular cyclization of bis-trichloroacetimidate £,Z-20 . Unfortunately, Lewis acid
(FeCl; or AICly) catalysed cyclization of bis-trichloroacetimidate E,Z-20 to vinyloxazoline
19 was problematic due to formation of byproducts. In addition, we observed the
relatively slow formation of product 19 from bis-trichloroacetimidate £-20 if compared
with its substituted-analogs. A reason for that could be a considerably slower dissociation
of Lewis acid complexed imidate in compound E-20 to give carbenium ion. We
anticipated that synthesis of the vinyloxazoline 19 could be achieved via intramolecular
cyclization of bis-trichloroacetimidate 18, since the more facile dissociation of the

complexed-secondary imidate group in compound 18 would lead to the fast formation of
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allylic cation intermediate and thus side reactions would be diminished. Indeed, bis-
trichloroacetimidate 18 derived from commercially available but-3-ene-1,2-diol,
underwent rapid cyclization in presence of Lewis acid catalysts. The reaction provided the

desired vinyloxazoline 19 in excellent yields with all the catalysts studied (FeCls, AICl;,
BF;-OEt, un TMSOTY) (Fig.15.).

= NH
=
HN;Q—\O NH Cat. (10 mol%) /\N(\\\<O cath(II) C|3C‘<O—/:-7_Le_o

Cl,C ccl; DCM, .t 1;10 min ocly >/-—CC|3
18 93-96% 19 E.z20 HN
Cat: FeCls, AlCl5
BF ;- OEt,, TMSOTF

Fig.15. Synthesis of 2-trihlormethyl-4-vinyloxazoline

To expand the utility of vinyloxazoline 19, its ring cleavage
reactions were investigated. As reported previously, hydrolysis of vinyloxazoline 19 under
strongly acidic conditions led to vinylglycinol 21. Partial hydrolysis of vinyloxazoline 19
(TsOH in pyridine) gave N-trichloroacetyl glycinol 22. Nucleophilic ring cleavage of
vinyloxazoline 19 provided allyl amine derivatives 23-25 (Fig.16.).
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Fig.16. Ring cleavage reactions of 2-trthlormethyl-4-vinyloxazoline

We demonstrated that bromomethylallyl amine 25 could be used
as an alkylating agent in reactions with strong nucleophiles, such as azide ion, thioacetate,
and phenylthiolate, to give azide 26 and thiol derivatives 27a,b.
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2. N-Tosylcarbamate group as a O-nucleophile

Allylic substitutions to form C—heteroatom bonds were achieved with a range of
nucleophiles by using late transition metal catalysts. To extend the scope of Lewis acid
catalyzed nucleophilic trichloroacetimidate substitution, we selected N-tosylcarbamate
group as a nucleophile. In principle, cyclization of N-tosylcarbamate E,Z-28 could result
in the formation of three potential reaction products: N-tosyliminocarbonates 29, if N-
tosylcarbamate group react as a O-nucleophile; oxazolidinones 30, if N-tosylcarbamate
group react as a N-nucleophile; and also oxazolines 31, by elimination of the N-

tosylcarbamate group (Fig.17.)

NHTs NTs O CCls Effective LA:
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3 B(CeFs)s
EZ28 29 30 31

Fig.17. Potential products in the cyclization of N-tosylcarbamates E,Z-28

In the cyclization of N-tosylcarbamate FE,Z-28, we observed chemoselective
formation of tosyliminocarbonate 29. Chemoselectivity of cyclization reaction could be
explained by the complexation of Lewis acid to the most basic imidate functionality. That
leads to an allyl carbenium ion formation which prefers to react with the harder O-
nucleophile. Nevertheless, without detailed mechanistic studies, one should not exclude a

Sp2’ type reaction for the formation of tosyliminocarbonates 29 (Fig.18.).
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Fig.18. Hypothetical mechanisms for the formation of N-tosyliminocarbonates 29

High diastereoselectivity (up to 80:1) was achieved in Lewis acid catalysed
cyclization of mono-substituted N-tosylcarbamates E,Z-28, resulting in iminocarbonate
trans-29 as a major reaction diastereomer from both — E- and Z-tosylcarbamates E,Z-28.
Although substrates with E-configured double bond £-28 reacted in shorter reaction time,
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with higher diastereoselectivity in some cases. The best results — reaction yield and
selectivity for the synthesis of tosyliminocarbonates trans-29 — were achieved using
TMSOTT or BF5-OEt, as the catalyst (Fig.19.). The varying trans/cis- product ratio could
be explained by Sy2’ type mechanism. It is actually possible that both Syl and Sy2’
mechanisms are operational. The switch between these mechanistic pathways could
elucidate the different tranms/cis ratios for compounds 29 depending on the reaction

catalyst and the configuration of a substrate 28.
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Fig.19. Diastereoselective cyclization of N-tosylcarbamates E,Z-28
It was demostrated, that N-tosylcarbamates £-28 derived from tertiary alcohols were

also suitable for Lewis acid catalysed cyclization of N-tosylcarbamates £-28. In this case
tosyliminocarbonates 29 were obtained in good yields (73-93%) (Fig.20.).
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Fig.20. Intramolecular cyclization of N-tosylcarbamates E,Z-28
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To demonstrate the utility of N-tosyliminocarbonates, the cyclization products 29
were hydrolyzed under basic reaction conditions to the corresponding diols 32. Thus, the
cyclization of N-tosylcarbamates 28 followed by hydrolysis of frans-iminocarbonates

trans-29, represents a new method for the synthesis of syn-1,2-diols (Fig.21).
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Fig.21. Hydrolysis of N-tosyliminocarbonates 29 to diols 32

By using TMSOTT as an acid source, acidic hydrolysis conditions were applied to
transform tosyliminocarbonates 29 to cyclic carbonates 33. It is shown, that N-
tosylcarbamates 29 could be transformed into carbonates 33 in a one-pot procedure. First,
the cyclization of tosylcarbamate E-28 was performed with TMSOTT as a catalyst, and
then water was added to achieve the hydrolysis without isolation of the iminocarbonate 29
intermediate (Fig.22.).
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Fig.22. Hydrolysis of N-tosyliminocarbonates 29 to carbonates 33



N-Tosyliminocarbonates 29 are valuable substrates for halide ion promoted
rearrangement to oxazolidinones 30. To demonstrate this, iminocarbonates trans-29 were

regioselectively rearranged into vinyl N-tosyloxazolidinones trans-30 (Fig.23.).
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Fig.23. Rearrangement of N-tosyliminocarbonates 29 to oxazolidinones 30

Oxazolidinones can easily be transformed into amino alcohols. Thus, the cyclization
of tosylcarbamates 29 followed by halide ion promoted rearrangement to oxazolidinones

30 provides straightforward access to valuable vinyl amino alcohol derivatives.

39



CONCLUSIONS

1. Cyclization of allylic bis-imidates which is based on allylic substitution of Lewis
acid-complexed imidate with other imidate group as a N-nucleophile is a convenient

method for the synthesis of unsaturated amino alcohols and amino acids.

2. Cyclization of allylic bis-imidates most likely proceeds according to Syl
mechanism. Proof of this is a highly regioselective cyclization by substitution of the
imidate function abstraction of which results in the most stable carbenium. In addition,
practically no chirality transfer in the cyclization of enantioenriched bis-imidate was

observed.

3. Cyclization of allylic bis-imidates is an efficient method for the regioselective

synthesis of racemic C-quaternary vinylglycinols.

4. Cyclization of disubstituted bis-imidates can be applied for the stereoselective
synthesis of syn- and anti-amino alcohols. Configuration of the substrate double bond
determines the major diastereomer formed in the cyclization reaction. Stereoselectivity
can be increased by appropriate selection of Lewis acid catalyst and reaction solvent.
Reaction is highly regioselective in the case of carbenium ion stabilizing substituents
(R = Ph, p-MeOC¢H,).

5. Cyclization of bis-imidate derived from but-3-ene-1,2-diol is a convenient method
to prepare 2-trichloromethyl-4-vinyloxazoline. Ring cleavage of vinyloxazoline can be
achieved with various nucleophiles, thus demonstrating the synthetic application of

vinyloxazoline.

6. Lewis or Brensted acid catalysed intramolecular allylic substitution of imidate

with N-tosylcarbamate as O-nucleophile leads to cyclic N-tosyliminocarbonates.

7. In the cyclization of N-tosylcarbamates derived from secondary alcohols,
independently on the configuration of a substrate double bond, trans-N-
tosyliminocarbonates form as major isomers, which can be explained by either Syl or

Sa2’ reaction mechanism.

8. N-Tosyliminocarbonates can be successfully transformed to unsaturated diols,

carbonates and oxazolidinones.
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