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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Témas aktualitate

Etinilglicinola atvasinajumi A ir vertigi buvbloki farmaceitiski nozimigu savienojumu un
dabasvielu totalaja sintéze." Triskaria saite §ajos savienojumos nodrogina plasas modificésanas
iesp&jas (1. att.): triskarsas saites ciklopievienosanas reakcijas veidojas dazadi heterocikli C,
reducgjot triskarso saiti, var iegiit (Z)- un (E)-D dubultsaites izomérus, iesp&jamas terminalas
triskarsas saites alkilésanas, arilésanas un alkinilésanas reakcijas, veidojot produktus E, ka ar1
reakcijas ar dazadiem O-, N- un S-nukleofiliem iesp&ams izolét savienojumus F un G.
Oksidgjot hidroksilgrupu savienojuma A, var viena stadija iegit o-etinilglicinu B (R*= H) —
2-aminobut-3-inskabes atvasinajumu, kam piemit antibakterialas ipasibas pret Streptomyces
aureus.”
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1. att. Alkinilglicinola A modificéSanas iespgjas.

Neskatoties uz etinilglicinolu A augsto izmanto$anas potencialu, literatiira ir zinams loti
ierobezots metoZu skaits etinilglicinola A un etinilglicina B atvasinajumu iegtiSanai. Zinamas
metodes pamata balstas uz Garner aldehida atvasinasanu® un terminalu alkinu pievienosanas
reakcijam pie Ellman-tipa N-sulfiniliminiem,” turklat vienkarsota pieeja C-kvaternaro
ettnilglictnolu A atvasinajumu sintézei ir karboksilgrupas reducésana etinilglicina 2. Literatiira
ir zinamas tikai dazas alternativas metodes C-kvaternara etinilglicinola A fragmenta
konstrugsanai: serinala atvasinajumu Seyferth-Gilbert homologgsana,® alkinilepoksidu
aminolize® un nitrénu iespiesanas propargiliska C—H saite.” Balstoties uz iegiito informaciju,
tika iesakti pétijumi jaunu metozu izveidei etinilglicinola A atvasinajumu sintézei, kas ietver
bis-imidatu H propargiliskas amin&$anas reakciju vai etinilglikola kobalta kompleksa | Ritter
reakciju (2. att.).
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2. att. Jaunas metodes etinilglicinolu A sintgzei.

Aminospirti ir daudzu farmaceitiski nozimigu savienojumu un dabas vielu
struktiirelementi, tapec metodes aminospirtu modificesanai ir loti pieprasitas. Ipasi pievilciga ir
aminospirtu transformés$ana, izmantojot C—H saites funkcionalizésanu, jo ta lauj iegut
kompleksus atvasinajumus salidzinoSi isa sintéz€, izmantojot katalitisku parejas metala
katalizatora daudzumu. Pikolinamida virzita benzilamidu C—H funkcionalizéSana ar alkiniem,
izmantojot kobalta katalizatoru, ir literatiira zindma,® tomér zinama metode ir ierobeZota lidz
metil- un fenil- aizvietotajiem benziliskaja pozicija, ka arT metodg ir ierobeZots izmantojamais
alkinu klasts. Miisu pétijumi veérsti uz fenilglicinola atvasinajumu J C(sz)—H saites aktivéSanu,
izmantojot 1&tu un komerciali pieejamu kobalta katalizatoru, veidojot starpproduktu K, un tam
sekojoSu  funkcionalizé€Sanu ar terminaliem un diaizvietotiem alkiniem, veidojot
1,2-dihidroizohinolina atvasinajumu L (3. att.).

Co(ll) = R
OTBS o oTBS | ———> OTBS
HN o C(sp*)-H aktivésana x N o <N o

N/‘
g KX L

3. att. Jauna metode fenilglicinola J C—H funkcionaliz&sanai.

Pétijjuma meérkis un uzdevumi

Promocijas darba meérkis ir jaunu sint€zes metoZzu izveide etinilglicinolu sint€zei un
fenilglicinolu C—H funkcionalizésanai, izmantojot kobalta katalizatoru.

Darba mérka istenosanai tika definéti sadi uzdevumi:

1) izpétit bis-imidatu iekSmolekularu propargilisku aminésanas reakciju enantiobagatinatu
ettnilglicinolu sintézei;

2) demonstrét etinilglikolu kobalta kompleksu izmanto$anu Ritter reakcija C-kvaternaro
ettnilglicinolu sintézei;

3) izstradat efektivu metodi fenilglicinolu C—H funkcionalizésanai ar diaizvietotiem un
terminalajiem alkiniem, izmantojot kobalta katalizatoru.

Zinatniska novitate un galvenie rezultati

P&tijumu rezultata izstradatas jaunas metodes etinilglicinola atvasinajumu sintézei: 1)
bis-imidatu iekSmolekulara propargiliska aizvietoSanas reakcija demonstréta racémisku un
enantiobagatinatu etinilglicinolu iegti$anai; 2) etinilglikolu kobalta kompleksu Ritter reakcija
izmantota C-kvaternaro etinilglicinolu iegiiSanai; 3) demonstréti jauni apstakli alkina-kobalta



kompleksa noskel$anai, izmantojot DDQ oksidétaju; 4) izstradata jauna un efektiva metode
pikolinamida vVirzitai, kobalta Kkatalizétai fenilglicinolu C-H funkcionalizé$anai ar
diaizvietotiem un terminalajiem alkiniem. Metode piemérota regioselektivai enantiobagatinatu
dihidroizohinolina atvasinajumu sintézei.

Darba struktiira un apjoms

Promocijas darbs sagatavots ka tematiski vienota zinatnisko publikaciju kopa par: a)
bis-imidatu iekSmolekularu propargilisku aizvieto$anas reakciju; b) etinilglikolu kobalta
kompleksu Ritter reakciju; ¢) kobalta katalizétu fenilglicinolu C-H funkcionalizé$anu.

Darba aprobacija un publikacijas

Promocijas darba galvenie rezultati apkopoti piecas zinatniskajas originalpublikacijas.
P&tijuma rezultati prezenteti sesas konferences.

Zinatniskas publikacijas

1. Sirotkina, J., Grigorjeva, L., Jirgensons, A. Synthesis of Alkynyl Glycinols via Lewis
Acid Catalyzed Propargylic Substitution of bis-Imidates. Eur. J. Org. Chem. 2015, 31,
6900-6908.

2. Bolsakova, J., Jirgensons, A. Synthesis of a-Ethynyl Glycines. Eur. J. Org. Chem.
2016, 27, 4591-4602.

3. Grammatoglou, K., Bolsakova, J., Jirgensons, A. C-Quaternary alkynyl glycinols via
the Ritter reaction of cobalt complexed alkynyl glycols. RSC Adv. 2017, 7,
27530-27537.

4. Bolsakova, J.; Jirgensons, A. The Ritter reaction for the synthesis of heterocycles.
Chem. Heterocyc. Compd. 2017, 53, 1167-1177.

5. Bolsakova, J., Lukasevics, L., Grigorjeva, L. Cobalt-catalyzed, directed C-H
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2020, 85, 4482-4499.

Darba rezultati prezenteti zinatniskajas konferences
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2015.



4. Grammatoglou, K., Bolsakova, J., Jirgensons, A. Synthesis of 4-alkynyl 2-oxazolines
via the Ritter reaction. Balticum Organicum Syntheticum (BOS 2016). Riga, Latvia, 3-6
July 2016.

5. Bolsakova, J., Grigorjeva, L. Cobalt catalyzed sp?> C—H alkenylation of phenylglycine
and phenylalanine. International Symposium on Synthesis and Catalysis. Evora,
Portugal, 3-6 September 2019.

6. Bolsakova, J., Grigorjeva, L. Cobalt catalyzed sp?> C—H alkenylation of phenylglycine
and phenylalanine. 11" Paul Walden Symposium on Organic Chemistry. Riga, Latvia,
19-20 September 2019.



PROMOCIJAS DARBA GALVENIE REZULTATI

Etinilglicinolu iegiSana bis-imidatu ciklizésanas reakcija

Promocijas darba izstradata jauna metode rac€misku un enantiobagatinatu etnilglicinola
atvasinajumu iegtiSanai, kas balstita uz Luisa skabes katalizétu bis-imidatu 1a-m ciklizéSanas
reakciju (4. att.). Ciklizésanas reakcija vienas bis-imidata grupas slapekla atoms kalpo ka
ickSmolekulars N-nukleofils, savukart otra bis-imidata grupa tiek aktivéta ar Luisa skabi un
tadgjadi kalpo ka laba aizejosa grupa. Imidatu la-m aktivéSanai ka Kkatalizatori izmantotas
Luisa skabes: TMSOTT, AlICls, BF3-Et,0, FeCls, ka rezultata iegiiti oksazolini 2a-m ar loti
labiem iznakumiem (1. tabula). Noverots, ka ciklizéSanas reakcija notiek regioselektivi, pamata
veidojot propargiliskas aizvietoSanas produktus 2a-m (4. att., cel§ a), savukart minorie
regioizoméri 2’a-m veidojas mazak par 8 %. Trimetilsililaizvietota bis-imidata 1b gadijuma
regioselektivitati izdevas ieveérojami uzlabot, aizstajot TMSOTT ar AICI; (1. tabula, 2. un 3.
ailes). Pamatregioizomeéra 2b struktira tika pieradita ar rentgenstruktiiranalizes palidzibu.

LS=<—:NH
__/—\‘ojkca3
HN\ (o)
E:.s x < CI3C>§N B
NH . Q - i
o)kcm3 s e , SNk »5;—;["“? 3
HNy_©O I - E— a-m Sosg”
\&IS A ) DCM, 4 A MS, i.t. ClC R=TMS (2b)
cel$ b 70
1a-m
‘NH %
@kccb 2'a-m < 8% :
HNy O
%f\r{
LS
4, att. Oksazolinu 2 un 2’ veido$anas no bis-imidatiem.
1. tabula
Produktu 2 iznakumi un reakcija izmantotas Luisa skabes®
Nr. p. k. R LS? Produkti 2/2°° 2, Iznakums, %
1 Me TMSOTf >50:1 2a, 71
2 TMS TMSOTf 9:1 2b, 82
3 TMS AICl; 35:1 2b, 91
4 BnOCH, AICl; 8:1 2¢, 75

?Reakcijas apstakli: Luisa skabe (10 mol %), DCM (0,1 M), molekularie sieti (4 A), i. t., 1-10 min. ® Reakcijas maisijuma
produktu 2/2° attieciba noteikta, izmantojot GH-MS.



1. tabulas turpinajums

Produktu 2 iznakumi un reakcija izmantotas Luisa skabes®

Nr. p. k. R LS Produkti 2/2”° 2, Iznakums, %
5 BnOCH,CH,  AICl; 41:1 2d, 80
6 tBu AlCl3 >50:1 2e, 84
7 Pent TMSOTf >50:1 2f, 82
8 TIPS AICls 23:1 29, 73
9 Ph TMSOTf 25:1 2h, 79
10 2-CICeHs; ~ TMSOTf >50:1 2i, 70
1 3,5-CICsHs AICls 32:1 2j, 95
12 PentC=C AICls 11:1 2k, 86
13 TIPSC=C AICls >50:1 21,69
14 CH,=CH AICls >50:1 2m, 80

? Reakcijas apstakli: Luisa skabe (10 mol %), DCM (0,1 M), molekularie sieti (4 A), i. t., 1-10 min. ° Reakcijas maisfjuma
produktu 2/2 attieciba noteikta, izmantojot GH-MS.

Lai parbauditu hiralitates parnesi bis-imidatu cikliz€éSanas reakcija, ka substrati tika
izmantoti enantiobagatinati (R)-bis-imidati 1a-j ar alkil-, trimetilsilil- un aril- aizvietotajiem pie
triskarsas saites. Standartapstaklos alkil-, trimetilsililaizvietotu (R)-bis-imidatu la-e
ciklizéSanas notika ar praktiski pilnigu absolutas konfiguracijas apgrieSanu pie hirala centra.
Produkti (S)-2a-e tika iegiiti ar enantioméro parakumu virs 90 % (2. tabula, 1.-5. aile). Pilniga
hiralitates parnese un konfiguracijas apgrieSana pie hirala centra lava secinat, ka
(R)-bis-imidatu la-e ciklizé$ana par oksazoliniem (S)-2a-e notiek péc Sy2 tipa mehanisma (5.
att.). Fenilaizvietota (R)-bis-imidata 1h (6. aile) gadijuma tika novérota racemizésana, veidojot
produktu 2h ar enantioméro parakumu 36 %. So rezultatu var skaidrot ar konkurgjosu Syl
mehanismu, ko nodrosina fenilgrupas karbkatjonu stabilizgjoSais efekts. Tika noveérots, ka
hlora atoma ievadiSana (R)-bis-imidata 2h benzola gredzena nedaudz samazinaja
racemizeSanas procesu (2. tabula, 7. —9. aile). Savukart divu hlora atomu ievadisana benzola
gredzena lava bitiski samazinat racemizé$anos un iegiit (S)-oksazolinu 2j ar 89 % ee (2. tabula,
11. aile). Sos rezultatus var skaidrot ar to, ka hlora aizvietotaju ievadiana benzola gredzena
samazina karbkatjona starpprodukta stabilitati un tadgjadi sekmé reakcijas norisi péc Sn2
mehanisma ar konfiguracijas apgrieSanu.

10
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5. att. Enantiobagatinatu (R)-bis-imidatu 1a-j ieck§molekulara aminéSana.

2. tabula
Produktu (S)-2 iznakumi un enantiomérais parakums®
Nr. p. k. R 1, (ee, %)° LS (S)-2, Iznakums, % (ee, %)°
1 Me (R)-1a, (90) (S)-2a, 80 (90)
2 TMS (R)-1b, (96) AlCl (S)-2b, 90 (96)
3 BnOCH; (R)-1c, (92) (S)-2c, 70 (92)
4 BnOCH,CH, (R)-1d, (93) (S)-2d, 75 (92)
5 tBu (R)-1e, (93) TMSOTf (S)-2e, 84 (93)
6 Ph (R)-1h, (88)  BF3-Et,0O (S)-2h, 80 (36)
7 BF;-Et,0 (S)-2i, 90 (52)
8 2-CICgH, (R)-1i, (90)  TMSOTf (S)-2i, 75 (57)
9 AICl3 (S)-2i, 89 (52)
10 BF;-Et,0 (S)-2j, 56 (86)
11 3,5-CIC¢H;  (R)-1j,(93) TMSOTf (S)-2j, 50 (89)
12 AICl3 (S)-2j, 79 (76)

®Reakcijas apstakli: Luisa skabe (10 mol %), DCM (0.1 M), molekularie sieti (4 A), i. t., I-10 min. ° Produktu enantiom@rais
parakums noteikts, izmantojot AESH (kolonna: Chiralpak IB).

Lai demonstrétu metodes izmanto$anu etinilglicinolu ieglisanai, oksazolini 2 tika
transforméti par attiecigajiem etinilglicinola atvasinajumiem 3-5 (6. att.). Hidrolizgjot
(S)-oksazolinus 2b-e,j 6 M id. HCl un MeOH maisijuma, ar labiem iznakumiem tika ieguti
(S)-enantiobagatinati etinilglicinoli 3b-e,j (3. tabula). Tika izmantota ari metode, kura
oksazolinu 2h hidroliz€ lidz aminospirtam un, neizdalot starpproduktu, aminofunkciju aizsarga
ar Boc-grupu, veidojot produktu 4. Trimetilsililaizvietota oksazolina 2b gadijuma cikla
uzskelSanai tika izmantoti vaji skabi apstakli (p-TsOH, Py:H,O, 4:1) un iegits
trihloracetamids 5 ar 79 % iznakumu.

11



1) ad. HCI (6 M), MeOH NHBoc
2) Boc,0, NaHCO; THF  HO

N
R=Ph N
Cl;C Ph
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NH xHCl o0 ey &M) >§N 4,80%
HO - O - o
A R MeOH N e
o HN” >ccl
(S)-3b-e,j (S)-2b-e,j pTsOH, Py, H,0, 80°C o 3
2b,h R=TMS
X

5, 79%
6. att. (S)-Etinilglicinolu atvasinajumu 3, 4 un 5 iegiiSana no oksazoliniem 2.
3. tabula

Enantiobagatinatu etinilglicinolu (S)-3 iznakumi

Nr. p. k. R (S)-3, Iznakums, %
1 H (5)-3b, 90
2 CH,0Bn (S)-3c, 75
3 (CH,).0Bn (5)-3d, 89
4 tBu (5)-3e, 74
5 3,5-ClyCeH3 (S)-3j, 74

Iegiito etinilglicinolu absoliita konfiguracija tika noteikta, atvasinot (S)-aminospirtus 3b,j ar
(S)- un (R)-1-fluoro-2,4-dinitrofenil-5-feniletilaminu (7. att.). Pateicoties iekSmolekularai
tidenraza saitei, diastereoméri (S,S)-6b,j un (R,S)-6b,j atrodas stabila konformacija. Benzola
gredzena anizotropijas efekta del "H KMR spektra tika novérots, ka diastereoméra (R,S)-6b,j
HOCHS,- grupas protonu signali ir novirziti stipraka lauka, salidzinot ar diastereoméru
(5,5)-6b,j protonu signaliem, turklat diastereoméra (S,S)-6b propargilpozicijas protons ir
novirzits stipraka lauka, salidzinot ar diastereoméru (R,S)-6b.

OH OH
NH (R)-FDPEA H“H’“H\{‘\\Ph HYYH \NMe
2 un B N o

HO (S)-FDPEA ZHN NHVe ®// HN nHPh

A
R R=H,3,5Cl,CeHs
) O,N NO, O,N NO,
(S)-3b,j
(S,5)-6bj (R,S)-6b,j

7. att. FDPEA diastereoméri (S,S)-6b,j un (R,S)-6b,j.

C-kvaternaro etinilglicinolu sintéze no kobalta kompleksiem Ritter reakcija

Nemot veéra C-kvaternaro etinilglicinolu plasas izmantoSanas iesp&jas kompleksu
savienojumu sinté€z€, tika veikts pétijums par jaunu metozu izveidi So aminospirtu
konstruéSanai. Sakotngji tika izmé&ginata iepriek§ izstradata metode etinilglicinola
atvasinajumu iegiisanai Luisa skabes katalizéta bis-imidatu cikliz€Sanas reakcija (8. att.), tomér
§T metode izradijas nepiemérota, jo C-kvaternaro etinilglikolu 7 reakcija ar trihloracetonitrilu
veidojas mono-imidats 8, kas reakcijas maisijuma in situ ciklizgjas par 1,3-diooksolana

atvasinajumu 9.

12
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OH OH H2N>/\ ’
DBU,CLCCN _ |n o o
HO B ——— > _
TN\ DCM.4AMS,it. AR A= pent
nPent CCl; nPent Me

7 8 9, 66%

8. att. C-kvaternara etinilglikola 7 reakcija ar trihloracetonitrilu.

Ka alternativa pieeja C-kvaternaro etinilglicinolu sintézei tika pétita 1,2-diolu Ritter
reakcija ar acetonitrilu, ko izmanto dazadu heterociklu, pieméram, oksazolinu un imidazolinu
sintézei. Galvenais nosacijums reakcijas veiksmigai realiz€Sanai ir stabiliz€ta karbkatjona
starpprodukta veidoSanas, tomér, etinilglikolu 7 paklaujot Ritter reakcijas apstakliem (MeCN,
AcOH, H,SO,), sagaidamais oksazolins 10 veidojas ar loti zemu iznakumu (<10 %) (9. att.).
Sadu reakcijas rezultatu var skaidrot ar relativi nestabila propargilkatjona veidoSanos, kura
pozitivais ladins ir delokalizéts uz sp2 un sp hibridizétiem oglekla atomiem (I-1 un I-2), turklat
karbkatjoni 1-1,2 var staties dazadas blakusreakcijas (piemé&ram, Meyer-Schuster vai Rupe
pargrupésanas reakcijas), neveidojot veélamo nitrilija starpproduktu I1I.

Me
\

OH Me Me \@ Me
Skabe L® MeCN N N me

HO _Skabe | 4o ¢ - HO\& ® HO .
" _ ~ \ c S o o
e nPent nPent “nPent Me nPent N

nPent

7 I-1 12 I 10, < 10%

9. att. C-kvaternara etinilglikola 7 Ritter reakcija.

Turpinot pétijumus, uzmaniba tika pieversta Ritter reakcijai, izmantojot etinilglikola
kobalta kompleksus 11, no kuriem atvasinatais karbkatjona starpprodukts I11 ir stabilizets ar
pozitiva ladina delokalizaciju starp rezonanses struktaram Il un IV (10. att.). Stabiliz&tais
karbkatjons 11l var reagé€t ar acetonitrilu, veidojot nitrilija jona starpproduktu V, kas
iekSmolekulara reakcija ar hidroksilgrupu veido oksazolina kobalta kompleksu 12. lzmantojot
tadas skabes ka H,SO,4 un BF3-Et,0, etinilglikola kobalta kompleksi 11 reaggja ar acetonitrilu,
veidojot oksazolinus 12a-h, k-e ar vidgjiem un labiem iznakumiem. Ar reakcijas apstakliem
bija savietojams plass substratu klasts ar aizvietotdjiem (R® = alkil-, aril-) pie terminala
triskar$as saites oglekla (4. tabula). Substrati 111,m ar hidroksimetilaizvietotaju pie kvaternara
oglekla atoma veidoja Ritter reakcijas produktus 12I,m ar 46 % un 81 % iznakumu (4. tabula,
16. un 17. ailes). ArT otr&jais spirts 11K stajas Ritter reakcija, veidojot oksazolmu 12k ar labu
iznakumu (4. tabula, 15. aile). Tika noveérot ka jaunizveidotajai metodei ir arT ierobezojumi.
Substrati 11i,j, kas satur€ja fenilaizvietotaju pie kvaternara oglekla atoma, neveidoja attiecigos
oksazolinus 12i,j, ko var skaidrot ar parak lielu karbkatjona I11 stabilitati (4. tabula, 13. un 14.
aile).
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Ho_ 2 VCV
(0c),cd-7Colco)s Ve
2 \\N’J;\ R2 N 1 2
Skabe MeCN LR AR R
e e R O
7 /. %
{ “’Co(CO); o o (OC)3C0/C°(CO)3 (OC)3Co/C°(C°)~"
11 HOM ' 12
(oc),ed-7colco),

10. att. C-kvaternara etinilglikola kobalta kompleksa 11 Ritter reakcija.

4. tabula

Produkta 12 iznakums un reakcija izmantota skabe

Nr. p. k. R R? Skabe 12, Iznakums, %

1 H,S0, 12

Me nPent 2o b 3,58
2 BF;-Et,O 12a, 78
3 H,S0, 12b, 75

Me tBu e b
4 BF;-Et,O 12b, 82
5 H,S0,

Me T™S el 12¢, 89
6 BF;-Et,O 12c, 84
7 H,S0,

Me Ph 250y i 12d, 57
8 BF;-Et,O 12d, 86
9 Me 2-CIPh 12¢, 61
10 Me 4-MeOPh 12f, 63
11 Me CH,OBnN 12g, 78
12 Me Me 12h, 74
13 Ph nPent BF3-Et,0° 12i,0
14 Ph Ph 12j,0
15 H nPent 12k, 77
16 nPent 121, 46

CH,OH

17 Ph 12m, 81

3 Reakcijas apstakli: MeCN (54 ekviv), H,SO, (9 ekviv), AcOH (8 ekviv), no 0 °C Iidz i. t., 1-10 min. ? Reakcijas apstakli:
BF,-Et,0 (10 ekviv), MeCN (0,1 M),0 °C — i. t., 5-10 min.

Lai iegiitu oksazolinu 13a, tika apskatiti vairaki reakcijas apstakli kobalta kompleksa 12a
SkelSanai (11. att.). Literatdra ir zinams, ka pirm&jie amini, reag€jot ar alkina-Co,(CO)g
kompleksiem, atbrivo alkinu. Balstoties uz Siem rezultatiem, tika izpé&titaalkina-Co,(CO)g
kompleksa 12a skelSanas reakcija, izmantojot helatgjosu diamina ligandu — etiléndiaminu.
Diemzgl, izmantojot So metodi, oksazolina 13a iznakums bija tikai 28 %. Talak tika parbauditi
oksidgjosi skelSanas apstakli, izmantojot DDQ, NMO un CAN. P&tijuma rezultata tika atklata
selektiva un efektiva metode alkina-Co,(CO)s kompleksa 12a skelSanai, ka oksidétaju

14



izmantojot DDQ (5. tabula). Hidroksimetilgrupu saturo$u kobalta kompleksu 12l,m Skel$anai
DDQ vieta tika izmantots NMO. Tas lava iegiit oksazolinus 13I,m ar vidgjiem iznakumiem (5.
tabula, 12. un 14. aile).

Me ) i Me
%N R! R DDQ vai NMO ﬁ—:N -
o . DCM, 0°C o
/7eo(co) N\
(0C);Co— 3 R2
12 13

11. att. Alkina-Co,(CO)s kompleksa 12 skelsana.

5. tabula

Iznakumi un apstakli kobalta kompleksa 12 SkelSanai

Nr. p. k. R R? Metode 13, Iznakums, %
1 DDQ? 13a, 84
2 Me nPent NM?)b 13a, 42
3 Me tBu 13b, 64
4 Me TMS 13c, 88
5 Me Ph 13d, 83
6 Me 2-CIPh . 13e, 92
7 Me 4-MeOPh bDQ 13f, 85
8 Me CH,0Bn 139, 82
9 Me Me 13h, 46
10 H nPent 13k, 78
11 DDQ? 13l, 61

CH.OH nPent b
12 NMO 13l, 65
13 CH,OH Ph DDQZ 13m, 26
14 NMO 13m, 65

4Reakcijas apstakli: DDQ (3 ekviv), DCM (0,1 M), 0 °C, no 30 min Iidz 2 h. ® Reakcijas apstakli: NMO (10 ekviv), DCM (0,1
M), 0 °C, 30 min.

Tika demonstréts, ka ieglitos oksazolinus 13 var veiksmigi parveérst par attiecigajiem
C-kvaternarajiem alkinilglicinoliem 14d,g,h,I,m, izmantojot skabes hidrolizi (12. att., 6.
tabula).

Me
YN o GdHCI @ W) NH; x HCI
P
o MeOH IS
\\ R R2
RZ
13 14

12. att. C-kvaternaro alkinilglicinolu 14d,g,h,l,m sint&ze.
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6. tabula

C-kvaternaro alkinilglicinolu 14d,g,h,l,m iznakumi

Nr. p. k. R R 14, Iznakums, %
1 Ph 14d, 96
2 Me CH,0Bn 149, 64
3 Me 14h, 62
4 nPent 141, 82
CH,0OH
5 Ph 14m, 77

Kobalta katalizéta fenilglicinola C—H funkcionalizeésana ar alkiniem

Otrs pétijuma virziens bija pikolinamida virzita fenilglicinola atvasinajuma 15a C—H saites
funkcionalizé$ana ar alkiniem benzola gredzena orto-pozicija, izmantojot kobalta katalizatoru
(13. att.). Reakcijas apstaklu optimizéSanas posma tika parbauditi dazadi kobalta katalizatori,
oksidétaji, bazes un reakcijas $kidinataji (7. tabula). Sakotngjos pétijumos tika atklats, ka
fenilglicinola 15a reakcija ar terc-butilacetilénu, izmantojot Co(OAc), katalizatoru, NaOPiv ka
bazi, AgOAc ka oksidétaju metanola, 80 °C temperatira, regioselektivi veidojas
1,2-dihidroizohinolina atvasinajums 16aa ar 5 % iznakumu (7. tabula, 1. aile). legita
regioizoméra 16aa struktira tika pieradita ar 2D-NOESY eksperimentu. P&tijjuma gaita
noskaidrots, ka, izmantojot Mn(OAc); ka oksidétaju un molekularo skabekli ka lidzoksidétaju,
produkta 16aa iznakumu iesp&jams uzlabot lidz 16 % (2.-5. aile). Reakcijas veiksmigai
istenoSanai svarigs bija ari bazes daudzums. Noskaidrots, ka optimalais bazes daudzums ir 1,2
ekvivalenti, un tas lava uzlabot produkta 16aa iznakumu lidz 28 % (6. aile). Turpinot reakcijas
apstaklu optimizé$anu, tika parbaudita reakcijas Skidinataja ietekme uz produkta 16aa
iznakumu un konstatéts, ka labakais $kidinatajs ir MeOH. Optimiz&sanas gaita tika pieradits, ka
produkta 16aa iegtiSanai izskirosa loma ir kobalta katalizatoram. Parbaudot vairakus Co(II) un
Co(l1) katalizatorus, tika atklats, ka efektivakais katalizators fenilglicinola atvasinajuma 15a
aneléSanai ar alkiniem ir Co(dpm),. Izmantojot piemekléto Kkatalitisko sist€mu
Co(dpm),/Mn(OAc)s/NaOPiv, produktu 16aa izdevas iegut ar 82 % iznakumu. Palielinot
reakcijas laiku, produkta 16aa iznakums nedaudz uzlabojas Iidz 84 %. Kontroleksperimenti
paradija, ka bez oksid&taja vai katalizatora aneléSanas produkts 16aa neveidojas.

=——1Bu (3 ekviv)

Katalizators(20 mol%) OTBS o
NaOPiv (2 ekviv) o NPic Pic =" X
oTBS Oksidétajs (2 ekviv) - |
NHPic tBu N_
MeOH, 80 °C, 16h
15a 16aa

13. att. Kobalta katalizéta fenilglicinola 15a reakcija ar terc-butilacetilénu.
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7. tabula

Reakcijas apstaklu optimizesana®

Nr. p. k. Katalizators Oksidétajs 15a/16aa 16aa, Iznakums, %°
1 Co(OAC), AgOAcC 17:1 5
2 Co(OAC), MnO, 11:1 4
3 Co(OAc),  Mn(OAc)y4H,0 19:1 5
4 Co(OAc),  Mn(OAc)s2H,0 7:1 12
5 Co(OAc),  Mn(OAc);2H,0/0, 53:1 16
6° Co(OAc),  Mn(OAc);2H,0/0, 25:1 28
7° CoCl, Mn(OAc)s2H,0/0, >10:1 -
g Co(acac), Mn(OAc);2H,0/0, 23:1 30
ghe Co(dpm), Mn(OAc)s-2H,0/0, 1:13,7 82
10 Co(dpm), Mn(OAc);-2H,0/0, 1:16,8 84

dNMR iznakums ir noteikts, izmantojot trifenilmetanu ka iek3gjo standartu. ® NaOPiv (0,12 mmol, 1,2 ekviv). ¢Co(dpm), —
bis(2,2,6,6-tetrametil-3,5-heptanedionato)kobalts (11), CAS: 13986-53-3. ¢ Laiks: 24 h.

Turpinot pétijumus, kobalta katalizéta fenilglicinola 15a reakcija ar terc-butilacetilénu
tika parbauditi pikolinamida atvasinajumi 15 ar dazadiem aizvietotajiem benzilpozicija (14,
att.). Sie pétijumi paradija, ka pikolinamids 15b ar brivu spirta funkciju optimizétos reakcijas
apstaklos neveido produktu 16ba. Savukart TBS-, PMB- un MOM- aizsargatu fenilglicinolu
atvasinagjumu 15a,c,d gadijuma produkti 16aa,ca,da veidojas regioselektivi un ar loti labiem
iznakumiem (70-83 %), turklat benzilamida atvasinajumi 15e,f arT veido produktus 16ea,fa ar
loti labiem iznakumiem, kas palielina metodes izmantoSanas iespgjas.

=——1tBu (3 ekviv)

Co(dpm), (20 mol%)
R NaOPiv (1.2 ekviv) ~__NPic
Mn(OAc)3 2H,0 (2 ekviv)
HPi t

Bu
NHPic "~ MeoH, 80 °C, 0,, 16h

15 16

Me Ph
OH oTBS OPMB OMOM
< NPic ~_NPic ~_NPic ~_NPic . NPic s NPic
tBu tBu tBu tBu tBu tBu

16ba, 0%> 16aa, 83%2 16ca, 75%° 16da, 70%*? 16ea, 82%2  16fa, 88%?

3 Izol&tais iznakums. ° Izejviela reakcijas apstaklos degradgjas.

14. att. Kobalta kataliz&ta pikolitnamidu 15 anelésanas reakcija.
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Substrata klasta pétijumos tika noskaidrots, ka benzola gredzena para-, meta- un orto-
aizvietoti fenilglicinola atvasinajumi ir piemé&roti aneléSanas reakcijai (15. att.). Japiemin, ka
meta- aizvietotu substratu 15i un 15j gadijuma veidojas tikai viens regioizomérs 16ia,ja, ko
var skaidrot ar kobalta iespiesanos telpiski mazak traucéta C—H saité. Tomér tiofénu saturosa
glicinola 15 gadijuma pamatregioizomérs 16qa veidojas maisijuma ar otru izoméru attieciba
2,5/1 (C-H funkcionalizé$ana tioféna gredzena noris ari 4. pozicija). Tika paradits, ka
fenilglicinola atvasinajumi 15 ar dazadiem aizvietotdajiem benzola gredzena, ka alkil- (15i,
15k), metoksi- (15g, 151), metoksimetil- (15m), trifluormetil- (15j), trifluormetoksi- (15n) un
halogéni (15h, 150, 15p), veido atbilstoSos produktus 16 ar labiem iznakumiem.
B-Fenilalaninola atvasinajuma 15r gadijuma attiecigais produkts 16ra veidojas ar labu
iznakumu 71 %.

=——1tBu (3 ekviv) R—/ \
R | Co(dpm), (20 mol%) X NOTBS
X kOTBS NaOPiv (1.2 ekviv) - ~__NPic
X Mn(OAc); 2H,0 (2 ekviv)
NHPic tBu
MeOH, 80 °C, O,
15 16
Me CF;3
OMe F Me MeO
OTBS oTBS oTBS OTBS OTBS OTBS
. NPic . NPic ~_ NPic . NPic X NPic X NPic
tBu tBu u
16ga, 55%° 16ha, 74%P 16ia, 78%>¢ 16ja, 65%>° 16ka, 90%>P 16la, 75%>P
MOMO CF30 F Br.
S~
. OTBS oTBS oTBS oTBS OTBS OTBS
Ny NPic X NPic ~_NPic X NPic X NPic ~__NPic
Bu tBu tBu tBu tBu tBu
16ma, 84%>° 16na, 75%*° 160a, 66%> 16pa, 70%>P 16qa, 84%°f 16ra, 71%>°

2 Izol&ti iznakumi pamtaregioizoméram. ° Laiks: 1617 h. ¢ Laiks: 20 h. ¢ Laiks: 24 h. © Laiks: 40 h. " Izoléts tiofena
regioizoméru maisijums ar attiecibu 2,5 : 1, noradita pamatregioizoméra struktira.

15. att. Fenilglicinola 15 atvasinajumu klasta p&tijumi.

Fenilglicinolu 15a anel&Sanai tika parbaudita ari virkne strukturali atSkirigu alkinu
(16. att.). Alifatiskas un aromatiskas grupas saturo$i diaizvietoti alkini reag€ja, veidojot
attiecigos produktus 16ab-af ar loti labiem iznakumiem (70-80 %). Jauzsver, ka aneléSana ar
asimetriskiem alkiniem ir liels izaicinajums metalu katalizétas reakcijas, jo ir gruti panakt véra
nemamu regioselektivitati. lzmantotajos reakcijas apstaklos 1-fenil-1-propins reaggja ar
fenilglicinola atvasinajumu 15a, veidojot tikai vienu regioizoméru 16ag ar 73 % iznakumu.
Arl terminalie alkini ar alkil-, aril- un heteroaril aizvietotajiem bija pieméroti reagenti,
veidojot produktus 16ah,j,k,m,n ar augstu regioselektivitati. Trimetilsililacetiléna reakcija ar
fenilglictnola atvasinajumu 15a tika realizéta 1 g m&roga, veidojot produktu 16an ar 80 %
iznakumu. Interesanti, ka 4-nitrofenilacetiléna gadijuma ka blakusprodukts mono C-H
alkénilésanas/ciklizé$anas produktam 16al (50 %) veidojas ari dialkeniléSanas produkts 2al’
ar 16 % iznakumu.
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R'-=—R2(1.5 - 3 ekviv)

Co(dpm), (20 mol%) OoTBS
OTBS NaOPiv (1.2 ekviv) R ~._NPic
Mn(OAc); 2H,0 (2 ekviv)

NHPic R2
MeOH, 80 °C, O,
15a 16
OTBS OTBS OTBS OTBS OTBS
AlK . NPic Ar ~ NPic Me . NPic X NPic X NPic
Alk Ar Ph Ar
b,d

Alk=Me 16ab, 70%>2b Ar=Ph 16ae, 77%> 16ag, 73%"° Ar=Ph 16ah, 73%P 16aj, 73%°
Alk=Et 16ac, 76%3° Ar=4-BrC¢H, 16af, 76%>P Ar=4-MeOC¢H,16i, 88%3Pd

Alk=nPr 16ad, 80%3P

OTBS

NPic oTBS
~ NPic
™S
16ak, 54%° NO, NO, 16am, 65%2bd 16an, 71%>°4
80%°

16al, 50%>P 16al', 16%P

31z0léti iznakumi pamtaregioizomeram. ® Laiks: 16-17 h. ¢ Laiks: 20 h. ¢Izdalits tikai viens pamatregioizomérs; ® Gram-scale
sint€ze no 1 g pikolinamida 15a.

16. att. Alkinu klasta p&tijumi.

Lai parbauditu, vai kobalta kataliz€ta aneléSana notiek ar hirala centra stereokimijas
saglabasanu, reakcija ar terminaliem un diaizvietotiem alkiniem tika izmantots
enantiobagatinats (S)-fenilglicinola atvasinajums (S)-15a (17. att.). Produktu (S)-16aa-ah
analize liecinaja, ka optimizétajos reakcijas apstaklos C—H funkcionaliz€$ana ar alkiniem
notiek ar pilnigu stereokimijas saglabasanu.

R!——R?
Co(dpm), (20 mol%)
OTBS NaOPiv (1.2 ekviv) ) OTBS
NHPic Mn(OAc)3 2H,0 (2 ekviv) . NPic
MeOH, 80 °C, O,, 16h 2
R
(S)-15a >99% ee (S)-16
OTBS oTBS oTBS OTBS
X NPic Me X NPic Ph ~_NPic X NPic
tBu Me Ph Ph
(S)-16aa (S)-16ab (S)-16ae (S)-16ah

70%, >99% ee 7%, >99% ee 70%, >99% ee 67%, >99% ee

17. att. AneléSanas reakcijas hiralitates saglabasanas petijumi.

Lai demonstrétu metodes izmantoSanas iespgjas, tika paradits ka 1,2-dihidroizohinolina
atvasinajuma 16an dubultsaiti iesp&jams reduc€t ar natriju Skidra amonjaka, iegiistot
1,2,3,4-tetrahidroizohinolina atvasinajuma 17an (S,S)-stereoizoméru ar labu iznakumu un
augstu diastereoselektivitati (18. att.).
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OTBS  Na/NH, OTBS | iAIH, (1.5 ekviv) oTBS
. __NalNH;, - LiAlH, (1.5 ekviv)
X NPic THF, -78 °C NPic THF, 0°C - i.t. NH
™S d.r. >20/1 ™S ™S
(S)-16an (5,5)-17an, 69% (S,5)-18an, 86%, > 99% ee

18. att. 1,2,3,4-tetrahidroizohinolina atvasinajuma (S,S)-18an sintéze.

Tika atrasta arT piemérota metode pikolinamida virzo$as grupas noskel$anai savienojuma
17an, izmantojot LiAlH4 Japiemin, ka produkts 18an veidojas ar loti labu iznakumu 86 %,
saglabajot sakotngjo stereoktmiju (>99 % ee).
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SECINAJUMI

Alkil- un trimetilsilil- aizvietotu etinil-bis-imidatu Luisa skabes kataliz&ta
propargiliskas aming$anas reakcija selektivi veidojas 4-etiniloksazolina regioizomers.
Enantiobagatinatu substratu ciklizésana notiek ar absoliitas konfiguracijas apgrieSanu
pie hirala centra un ar pilnigu hiralitates parnesi, kas liecina par Sy2 tipa reakcijas

mehanismu.
cl,C
Q)kcclz, Ls HN/Q\\?) CCl3 0>§N
HN_O._~ R=Alk, TMS N AN \)\
SN c0|3\/\R AN
ccl, R R
Sp2 - mehanisms 90-96% ee

Fenilaizvietotu etinil-bis-imidatu Luisa skabes katalizéta ciklizé$anas reakcija selektivi
veidojas 4-etiniloksazolina regioizomérs. Tomér fenilaizvietotu enantiobagatinatu
substratu ciklizésana notiek ar hirala centra dal&ju racemizaciju, kas liecina par jauktu
Snl un S\2 tipa reakcijas mehanismu. Elektronakceptoru hlora atomu ievietosana
bis-imidata benzola gredzena butiski novers racemizesanas procesu, ko var skaidrot ar
karbkatjona starpprodukta stabilitates samazinasanos, kas sekmé reakcijas norisi pec
Sn2 mehanisma ar konfiguracijas apgrieSanu.

NH
NH o J Cl,C
J TN\ 9 ¢ Ar=Ph 36%
o “cal, LS =N r= b ee
HN o z —_— HNYO\/\ — 0 AI'=C|CGH4 54% ee
~ — 0,
Y \/\ cel, O~ar \\ Ar=Cl,CzH; 89% ee
ccl, Ar Ar
Sy1 - mehanisms 36-89% ee

Etinilglikola kobalta kompleksi stajas Ritter reakcija ar acetonitrilu, veidojot
C-kvaternarus oksazolius. Reakcijas apstakli ir piemé&roti plasam substratu klastam,
ierobezojums ir substrati ar fenil- aizvietotaju pie kvaternara oglekla atoma (R).

Skabe e
OH R mecn AR R R'=AIKGH
HOW O\)V R2=Alk, Ar
R
(0C),C o/@o(CO)3 ( 0C)3c°/Co(CO)3

Alkina-Co,(CO)s kompleksu var viegli skelt ar DDQ, veidojot vélamos oksazolinus ar
labiem iznakumiem.

Me%N R! R? pba_ NN
o .

0010 {7co(co), N
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5. Oksazolini, kas iegiti bis-imidatu ciklizé$anas un Ritter reakcijas, skabes hidrolizes
apstaklos veido etinilglicinola atvasinajumus.

Me},N H30 NH,
— R! HO\/)\
o X
\\ R R2
R2

6. Pikolinamida virzita C—H saites O-aizsargatu fenilglicinolu funkcionalizé$ana ar alkiniem,
izmantojot kobalta katalizatoru, veidojas  1-hidroksimetil-1,2-dihidroizohinolina
atvasinajumi. Optimizéta katalitiska sistéma un reakcijas apstakli — Co(dpm),, Mn(OAC)s,
molekularais skabeklis ka lidzoksidéetajs, NaOPiv metanola, 80 °C. Reakcijas apstaklos
terminali un diaizvietoti alkini ir pieméroti substrati, turklat monoaizvietoti un asimetriski
diaizvietoti alkini veido attiecigus produktus ar izcilu regioselektivitati. Dihidroizohinolina
veidoSanas notiek ar absoltitas stereokimijas saglabasanos pie hirala centra, izmantojot
enantiobagatinatus (S)-fenilglicinola atvasinajumus.

Co(ll)
——R
OoTBS — OTBS

HN (o] N o
N~ ‘ N*& ‘
N N

7. (S,S)-Tetrahidroizohinolinu var iegit no 1,2-dihidroizohinolina atvasinajuma,
saglabajot hirala centra absolito konfiguraciju, divas stadijas — diastereoselektiva
reducésanas reakcija ar Na/NH3; un tai sekojosa pikolinamida virzoSas grupas
noskelSanas reakcija ar LiAIHa.

OTBS Na/NH, OTBS | jAln, OTBS
~__NPic - NPic —— NH
™S T™MS T™MS
> 99% ee
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GENERAL OVERVIEW OF THE THESIS

Introduction

Alkynylglycinols A have found application as important multifunctional building blocks
for the construction of complex molecules.® Triple bond in compounds A provides broad
modification possibilities (Fig. 1): a) cycloaddition reactions of triple bond to produce different
heterocycles C; b) reduction of triple bond to form (Z)- and (E)-D double bond isomers; c)
alkylation, arylation and alkynylation of terminal triple bond; and d) triple bond reactions with
different O-, N- and S-nucleophiles to give derivatives F,G. Moreover, oxidation of hydroxyl
group in compound A is straightforward approach to a-ethynylglycine B derivatives the
simplest member of which, 2-aminobut-3-ynoic acid, was shown to exhibit antimicrobial
activity against Streptomyces aureus.

3 NHR3
NHR® ' Hoc
HO\/)\.’/ : “R? \\ 1
‘ B
R? x B Ho  NHR®
G R!
3
NHR RieH R? N
Ho\/)\/\x \ / r-X. -2
R2 NHR3 Y
F HO. Cc
X=NR,, SR, OR RZ N\, X=C, Y=N, Z=N
/ A X=N, Y=N, Z=N
NHR® & R'=H \
3
HO “ RN R’ NHR
R NN HO ) Ho g
E R2 R?
A=Aryl-, Alkyl-, Alkynyl- (Z2)-D (E)-D

Fig. 1. Modification potential of alkynylglycinols A.

The literature review revealed that there is limited number of methods for the synthesis of
ethynylglycinols A and ethynylglycines B. Synthetic routes typically rely on derivatization of
Garner’s aldehyde® and Ellman-type addition reactions of terminal alkynes to N-sulfinyl
imines.* Furthermore the direct access to C-quaternary alkynyl glycinols A is limited to few
alternatives beyond the reduction of carboxyl group in glycine B. The literature search revealed
that methods known for the construction of C-quaternary alkynyl glycinols A are the
Seyferth-Gilbert homologation of a serinal derivative®, aminolysis of alkynyl epoxides®, and
the insertion of a nitrene into a propargylic C—H bond’. Thus, we focused our research to
development of new methods for the synthesis of ethynylglycinol derivatives A, which involve
propargylic amination of bis-imidates H and the Ritter reaction of ethynylglycol cobalt
complexes I (Fig. 2).
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Fig. 2. New methods for the synthesis of ethynylglycinols A.

Amino alcohol is a substructure of many pharmaceutically relevant compounds, therefore
functionalization of amino alcohols is of high importance. C—H functionalization is a very
attractive approach as it does not require pre-functionalized starting materials and
stoichiometric amount of transition metal catalyst in contrast to traditionally used methods.
C—H functionalization of benzylamides containing picolinamide directing group using cobalt
catalysts has been shown, nevertheless, the known methods lack diversity of substitution at
benzylic position®. Research was focused on picolinamide directed C—H functionalization of
phenylglycinol derivatives J with internal and terminal alkynes using cobalt catalyst for
intermediate cobaltocycle K formation, which provides dihydroisoquinoline derivatives L

(Fig. 3).
Co(ll) — R
otTBS ——————— OoTBS | —— OTBS
HN o C(sz)-H activation P N o <N o
R N7 ‘
L A

Fig. 3. New method for C—H functionalization of phenylglycinols J.

Aims and Objectives

The aim of the Thesis is to develop new synthetic methods for the synthesis of
ethynylglycinols and investigate C—H functionalization of phenylglycinols using cobalt
catalysis.

The following tasks were set:

1) to investigate intramolecular propargylic amination of bis-imidates for the synthesis of

enantioenriched ethynylglycinols;

2) toinvestigate the Ritter reaction of ethynylglycols cobalt complexes for the synthesis of

quaternary alkynylglycinols;

3) to develop efficient method for C—H functionalization of phenylglycinols using cobalt

catalyst.
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Scientific Novelty and Main Results

As the result of Thesis, several new methods for the synthesis of ethynylglycinol derivatives
were developed: 1) propargylic substitution of bis-imidates was successfully applied for the
synthesis of racemic and enantioenriched ethynylglycinols; 2) Ritter reaction of ethynylglycol
cobalt complexes was applied for the synthesis of quaternary ethynylglycinols; 3) new
conditions for the decomplexation of alkyne-cobalt complexes were established using DDQ as
an oxidant; 4) a new method for cobalt catalyzed C-H functionalization of phenylglycinol
derivatives with terminal and internal alkynes directed by picolinamide auxiliary was
demonstrated. This constitutes efficient and regioselective synthesis method of enantioenriched
dihydroisoquinoline derivatives.

Structure of the Thesis

The Thesis is a thematically linked collection of scientific publications focused on the
development of new synthesis methods of racemic and enantioenriched glycinols involving: a)
intramolecular propargylic substitution of bis-amides; b) Ritter reaction of ethynylglycinol
cobalt complexes; and c) cobalt catalyzed C—H functionalization of phenylglycinols.

Publications and Approbation of the Thesis

Main results of the Thesis were summarized in five scientific publications. Results of the
research were presented at six conferences.

Scientific publications

1. Sirotkina, J., Grigorjeva, L., Jirgensons, A. Synthesis of Alkynyl Glycinols via Lewis
Acid Catalyzed Propargylic Substitution of bis-Imidates. Eur. J. Org. Chem. 2015, 31,
6900-6908.

2. Bolsakova, J., Jirgensons, A. Synthesis of a-Ethynyl Glycines. Eur. J. Org. Chem.
2016, 27, 4591-4602.

3. Grammatoglou, K., Bolsakova, J., Jirgensons, A. C-Quaternary alkynyl glycinols via
the Ritter reaction of cobalt complexed alkynyl glycols. RSC Adv. 2017, 7,
27530-27537.

4. Bolsakova, J., Jirgensons, A. The Ritter reaction for the synthesis of heterocycles.
Chem. Heterocyc. Compd. 2017, 53, 1167-1177.

5. Bolsakova, J., Lukasevics, L., Grigorjeva, L. Cobalt-catalyzed, directed C-H
functionalization/annulation of phenylglycinol derivatives with alkynes. J. Org. Chem.
2020, 85, 4482-4499.

Results of the Thesis were presented at the following conferences

1. Sirotkina, J., Jirgensons, A. Synthesis of enantioenriched ethynyl glycinols via acids
catalyzed cyclization of bis-trichloroacetimidates. Balticum Organicum Syntheticum
(BOS 2014). Vilnius, Lithuania, 6—9 July 2014.
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. Sirotkina, J. The Ritter reaction of cobalt carbonyl complexed propargylic alcohols. 9™
Paul Walden Symposium on Organic Chemistry. Riga, Latvia, 21-22 May 2015.

. Sirotkina, J., Jirgensons, A. 4-Substituted-4-alkynyl 2-oxaolines via the Ritter
reaction. 19™ European Symposium of Organic Chemistry. Lisbon, Portugal, 12-16
July 2015.

. Grammatoglou, K., Bolsakova, J., Jirgensons, A. Synthesis of 4-alkynyl 2-oxazolines
via the Ritter reaction. Balticum Organicum Syntheticum (BOS 2016). Riga, Latvia, 3—6
July 2016.

Bolsakova, J., Grigorjeva, L. Cobalt catalyzed sp?> C—H alkenylation of phenylglycine
and phenylalanine. International Symposium on Synthesis and Catalysis. Evora,
Portugal, 3—6 September 2019.

Bolsakova, J., Grigorjeva, L. Cobalt catalyzed sp?> C—H alkenylation of phenylglycine
and phenylalanine. 11" Paul Walden Symposium on Organic Chemistry. Riga, Latvia,
19-20 September 20109.
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MAIN RESULTS OF THE THESIS

Synthesis of Alkynylglycinols by Propargylic Substitution of bis-imidates

A new approach was developed for the synthesis of racemic and enantioenriched
alkynylglycinols based on Lewis acid catalyzed intramolecular propargylic substitution of
bis-imidates la-m. In this transformation, one imidate group serves as an internal
N-nucleophile while the other is activated by Lewis acid catalyst and acts as a leaving group to
form oxazolines 2a-m. Cyclization of bis-imidates 1a-m was achieved in good yields with a
wide range of Lewis acid catalysts: TMSOTT, BF;-Et,0, AICl;, FeCl; (Table 1). Cyclization
proceeded highly regioselectively to give 4-alkynyl-oxazolines 2a-m as propargylic
substitution products (Fig. 4, pathway a) while isomeric 5-alkynyl-oxazolines 2’a-m were
formed as minor products in less than 8 %. In the case when trimethylsilyl substituted
bis-imidate 1b, the desired selectivity for propargylic substitution product 2b was improved by
replacing TMSOTT with AICI; (Table 1, entries 2 and 3). Structure of the major regioisomer 2b
was confirmed by X-ray diffraction analysis.

LA=<—:NH

/\‘ojkcm3
HN._O o
= A Cl;C N
ccCly R p= \
NH o Q - K
pathway a S o e Ao
O)kcms R ‘é’j% %
HNy_©O \ A | 2a-m So8g
Lo, S R DCM, 4 A MS, rt cl,c R=TMS (2b)
pathway b /=0 (X-ray)
1a-m NH
iy =
o~ cal R
HN. O 3 2'a-m < 8%
CCl, R
LA

Fig. 4. Oxazolines by intramolecular amination of bis-imidates 1a-m.

Table 1
Yields and Lewis Acids for Amination Reaction
Entry R LA Ratio of 2/2°® 2, Yield, %
1 Me TMSOTf >50:1 2a, 71
2 TMS TMSOTf 9:1 2b, 82
3 TMS AICl3 35:1 2b, 91

3Reaction conditions: Lewis acid catalyst (10 mol %), DCM (0.1 M), molecular sieves (4 A), r. t. , 1-10 min. ® Ratio of 2/2’
regioisomers was determined using GC-MS.
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Table 1(continued)
Yields and Lewis Acids for Propargylic Amination Reaction

Entry R LA Ratio of 2/2°® 2, Yield, %
4 BnOCH; AlICl; 8:1 2¢, 75
5  BnOCH,CH;  AICl; 41:1 2d, 80
6 tBu AlCl; >50:1 2e, 84
7 Pent TMSOTf >50:1 2f, 82
8 TIPS AlCl; 23:1 29, 73
9 Ph TMSOTf 25:1 2h, 79
10 2-CIC¢H;  TMSOTf >50:1 2i, 70
11 3,5-CICeHs AlCl; 32:1 2j, 95
12 PentC=C AlCl; 11:1 2k, 86
13 TIPSC=C AlCl; >50:1 21, 69
14 CH,=CH AlCl; >50:1 2m, 80

3Reaction conditions: Lewis acid catalyst (10 mol %), DCM (0.1 M), molecular sieves (4 A), r. t., 1-10 min. ° Ratio of 2/2°
regioisomers was determined using GC-MS.

The chirality transfer was explored in cyclization of enantioenriched (R)-bis-imidates 1a-j
containing alkyl, trimethylsilyl and aryl substituents at acetylene terminal position. Under the
standard reaction conditions, enantioenriched (R)-bis-imidates la-e containing alkyl and
trimethylsilyl substituents gave internal amination products (S)-2a-e with complete inversion of
configuration at the chiral center and enantiomeric excess up to 96 % (Table 2, entries 1-5).
These results indicate that cyclization of alkyl and trimethylsilyl substituted (R)-bis-imidates
la-e proceeds by Sy2 type mechanism (Fig. 5). In turn, cyclization of enantioenriched
(R)-bis-imidate 1h (entry 6) with phenyl substituent at acethylene terminal position proceeded
with considerable degree of racemization indicating mixed Sy1 and Sy2 type mechanisms (Fig.
5). Introduction of electron-withdrawing chlorine substituent at the benzene ring of substrate
(R)-1i partially suppressed the racemization (entries 7—9). Moreover, incorporation of two
chlorines at the benzene ring of substrate (R)-1j minimized racemization and oxazoline product
(R)-2j was obtained in 89 % ee (entry 11).

31



LA--NH

ci;Cc
0") ~ccl
R=Alk, TMS TN\ CCh .
T HNYO\/\ o 0\)\
X
CcCl, R X
NH R
OJLCCI3 Sp2 - mechanism (S)-2a-e, 90-96% ee
HN._O._~ LA
Y \/\
CCl, R
LA---NH
(R)-1a-j, 88-96% ee o cLe
o~ >ccl 3
R=Ar N 3 N
HN\\ro\/\ — 0
CCly ® R \)\
R
Sy1 - mechanism (S)-2h-j, 36-89% ee

Fig. 5. Intramolecular amination of enantioenriched (R)-bis-imidates 1a-j.

Table 2

Yields and ee of Amination Reaction of Enantioenriched (R)-bis-imidates 1a-j
Entry R (R)-1, (ee %)° LA (S)-2, Yield, % (ee %)’

1 Me (R)-1a, (90) (S)-2a, 80 (90)

2 TMS (R)-1b, (96) AlCL (S)-2b, 90 (96)

3 BnOCH, (R)-1c, (92) (S)-2c, 70 (92)

4 BnOCH,CH, (R)-1d, (93) (S)-2d, 75 (92)

5 tBu (R)-1e, (93) TMSOTf (S)-2e, 84 (93)

6 Ph (R)-1h, (88) BF;-Et,0 (S)-2h, 80 (36)

7 BF;-Et,0 (S)-2i, 90 (52)

8 2-CICgH, (R)-1i, (90) TMSOTf (S)-2i, 75 (57)

9 AICl; (S)-2i, 89 (52)

10 BF;-Et,0 (S)-2j, 56 (86)

11 3,5-CICgH; (R)-1j, (93) TMSOTf (S)-2j, 50 (89)

12 AICl; (S)-2j, 79 (76)

3 Reaction conditions: Lewis acid catalyst (10 mol %), DCM (0.1 M), molecular sieves (4 A), r. t. , 1-10 min. " ee was
determined by HPLC using chiral column Chiralpak IB.

Oxazolines 2 prepared by bis-imidate 1 cyclization reaction were successfully transformed
to ethynylglycinol derivatives 3b-e,j and 4,5 (Fig. 6). (S)-Alkynylglycinols 3b-e and 3j were
prepared from (S)-oxazolines 2b-e and 2j using strong acidic hydrolysis (Table 3). The
hydrolysis of oxazoline 2h was followed by tert-butoxycarbonyl protection without isolation of
an intermediate to give protected alkynylglycinol 4. Mild acidic hydrolysis of oxazoline 2b
with trimethylsilyl substituent at acethylene terminal position provided N-trichloroacetyl
alkynylglycinol 5.
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Fig. 6. Synthesis of ethynylglycinol derivatives 3b-e,j and 4,5.

Table 3
Yields of (S)-Ethynylglycinol Derivatives 3b-¢,j
Entry R (S)-3, Yield, %
1 H (S)-3b, 90
2 CH,0Bn (S)-3c, 75
3 (CH,),0Bn (S)-3d, 89
4 tBu (S)-3e, 74
5  3,5-Cl,0C¢Hs (S)-3j, 74

The absolute configuration of the representive ethynylglycinols (S)-3b,j was determined by
analysis of *H-NMR spectra of the diastereomers (S,5)-6b,j and (R,S)-6b,j resulting from
derivatization with (R)- and (S)-1-fluoro-2,4-dinitrophenyl-5-phenylethylamines (Fig. 7). The
conformation of FDPEA derivatives (S,S)-6b,j and (R,S)-6b,j is fixed by the hydrogen bonding.
Due to the anisotropic effect of benzene ring, HOCH,- group proton signals in derivatives
(R,S)-6b,j are shifted to stronger fields compared to diastereomer (S,S)-6b,j. Additionally,
acetylenic CH group proton signal in derivative (S,S)-6b is shifted to stronger fields compared
to the diastereomer (R,S)-6b.

(R)-FDPEA OH OH

and HY/ H_ .Ph HY/"H_ Me
NH, S)-FDPEA %Y- H W g\\\r\- H N
HO ()—> @//HN N e ®//HN NHPh
AN . R=H, 3,5-Cl,C¢H;
O,N NO O,N NO
S-3bj 2 2 2 2
S,5-6b,j R,S-6b,j

Fig. 7. FDPEA derived diastereomers (S,S)-6b,j and (R,S)-6b,j.

Synthesis of Q-Ethynylglycinols by the Ritter Reaction of Ethynylglycols

Next attention was focused on the synthesis of quaternary ethynylglycinols due to their
broad utility in the construction of complex molecules. First, an attempt to extend previously
developed method was applied for the synthesis of C-quaternary ethynylglycinols using Lewis
acids catalysed cyclization of bis-imidates. Unfortunatelly, this turned out not to be applicable
because C-quaternary ethynylglycol 7 reacted with trichloroacetonitrile to produce
monoimidate 8, followed by in situ cyclization to 1,3-dioxolane derivative 9 (Fig. 8).
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Fig. 8. Reaction of quaternary ethynylglycol 7 with trichloroacetonitrile.

As an alternative approach, the Ritter reaction of 1,2-diols with acetonitrile was explored,
which is known in literature for the synthesis of oxazolines and imidazolines. The prerequisite
for the successfull Ritter reaction is formation of stable carbocation intermediate. However,
when ethynylglycol 7 was directly subjected to the Ritter reaction conditions (MeCN, AcOH,
H.S0O,), the expected oxazoline 10 was obtained in very low yield (<10 %) (Fig. 9). Such an
outcome can be explained by the formation of relatively unstable propargylic cation I in which
the positive charge is delocalysed on sp? and sp hybridized carbon atoms (I-1 and I-2).
Moreover, the carbocation | can undergo various side reactions (e.g. Meyer-Schuster or Rupe
rearrangements) competing with the formation of nitrilium ion I1I.

Me
I
OH Me Me N Me N
. \ =N Me
HO Acid HO\/C® HO\/\ o MeCN HO . Y
M ~. ¢ X ° X
e nPent nPent “nPent Me nPent N
nPent
7 I 1-2 I 10, < 10%

Fig. 9. Ritter reaction of quaternary ethynylglycol 7.

Next, Ritter reaction of cobalt complexed ethynylglycol 11 was investigated. Ethynylglycol
11 has higher ability to stabilize carbenium ion intermediate through the resonance structures
111 and 1V (Fig. 10). Subsequently, carbenium ion 111 or 1V could react with acetonitrile to
produce nitrilium ion V intermediate, which is traped by intramolecular attack of hydroxyl
group to form oxazoline 12. In the presence of acid such as H,SO, or BF3-Et,0, cobalt
complexed ethynylglycol 11 reacted with acetonitrile to give expected oxazolines 12a-h,k-min
moderate to good yields. Wide range of substituents at the terminal alkyne position in substrate
11 were tolerated under reaction conditions (Table 4). Substrates 111,m with hydroxymethyl
substituent at the reaction center gave Ritter products 12I,m in 46 % and 81 % yields,
respectively (Table 4, entries 16 and 17). Moreover, secondary alcohol 11k could be
successfully subjected to the Ritter reaction conditions to provide oxazoline 12k in good yield
(Table 4, entry 15). Some limitations of reaction were observed: diols 11i,j containing phenyl
group at the reaction center found as poor substrates for Ritter reaction giving no expected
oxazolines 12i,j (Table 4, entries 13 and 14).
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Fig. 10. The Ritter reaction of cobalt complexed ethynylglycols 11.

Yields and Acids Promoters of the Ritter Reaction

Entry R R Acid 12, Yield, %
1 H,SO4 12a, 58
2 Me nPent BF;-Et,0" 12a, 78
3 Me BU H,SO4 b 12b, 75
4 BF;-Et,0 12b, 82
5 Me VS H,SO, b 12c, 89
6 BFs-Et,0 12c, 84
7 Ve on H,S04 b 12d, 57
8 BF;-Et,0 12d, 86
9 Me 2-CIPh 12e, 61
10 Me 4-MeOPh 12f, 63
11 Me CH,0Bn 12g, 78
12 Me Me 12h, 74
13 Ph nPent BF;-Et,0" 12i, 0
14 Ph Ph 12j, 0
15 H nPent 12k, 77
16 CH,0OH nPent 121, 46
17 CH,OH Ph 12m, 81

R2

17,

Co(CO);

Table 4

3 Reagents and conditions: MeCN (54 equiv), H,SO, (9 equiv), AcOH (8 equiv), 0°C — r.t., 1-10 min. ® Reagents and
conditions: BF;-Et,0 (10 equiv), MeCN (0.1 M),0 °C —r. t., 5-10 min.

Next several reaction conditions for the cleavage of cobalt complex 12a to obtain
uncomplexed oxazoline 13a were investigated (Fig. 11). It is described in the literature that
primary amines react with alkyne-Co,(CO)s complexes to liberate alkynes. These results led to
investigation of cleavage reaction of cobalt complex 12a with ethylenediamine. Unfortunatly
uncomplexed oxazoline 13a was obtained in low 28 % yield. Next, oxidative conditions using
DDQ, NMO and CAN as reagents were explored. The best yield of oxazoline 13a was obtained
using DDQ as oxidant (Table 5), which constitutes a new method for the decomplexation of
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alkyne-cobalt complexes. NMO was better suited as oxidant for the cleavage of cobalt
complexes 121,m containing hydroxymethyl group at the quaternary carbon center to provide
oxazoline products 13I,m (entries 12 and 14).

Me
MeﬁﬁN R' RZ  DDQorNMO
o /

ﬁcN -
JV DCM, 0°C OJ\
(OC)3Co/”/ Co(CO)s A

12 13

R2

Fig. 11. Cleavage of cobalt complexes 12.

Table 5
Yields and Conditions for Cleavage of Cobalt Complexes 12
Entry R R Oxidant 13, Yield, %
1 DDQ? 13a, 84
2 Me nPent NMS)D 13a, 42
3 Me tBu 13b, 64
4 Me TMS 13c, 88
5 Me Ph 13d, 83
6 Me 2-CIPh . 13e, 92
7 Me 4-MeOPh bDQ 13f, 85
8 Me CH,0Bn 139, 82
9 Me Me 13h, 46
10 H nPent 13k, 78
11 DDQ* 131, 61
CH,OH nPent b
12 NMO 13l, 65
13 CH,OH oh DDQZ 13m, 26
14 NMO 13m, 65

4Reagents and conditions: DDQ (3 equiv), DCM (0.1 M), 0 °C, 30 min to 2 h. ? Reagents and conditions: NMO (10 equiv),
DCM (0.1 M), 0 °C, 30 min.

In order to demonstrate the utility of oxazolines 13, selected oxazolines 13d,g,h,I,m were
transformed to amino alcohols 14 by using acidic hydrolysis (Fig. 12). The hydrolysis reaction
proceeded in good yields to produce C-quaternary ethynylglycinols 14d,g,h,I,m (Table 6).

Me

N=N o1 29HCI(E M) NH; x HCI

_—
H
o MeOH ° S
\ R1 RZ
R2
13 14

Fig. 12. Synthesis of C-quaternary ethynylglycinols 14.
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Table 6
Yields of Quaternary Ethynylglycinols 14d,g,h,Im

Entry R R* 14, Yield, %
1 Ph 14d, 96
2 Me CH,0Bn 14g, 64
3 Me 14h, 62
4  CH,OH nPent 141, 82
5  CH,OH Ph 14m, 77

C-H Functionalization of Phenylglycinols Using Cobalt Catalyst

Second part of research was devoted to picolinamide directed C—H functionalization of
phenylglycinols 15 with alkynes under cobalt catalysis (Fig. 13). During the optimization
studies, a range of cobalt catalysts, oxidants, base additives and reaction solvents were
investigated (Table 7). Initial screening revealed that the reaction between phenylglycinol
derivative 15a and 3,3-dimethyl-1-butyne in the presence of Co(OAc), catalyst, NaOPiv base
and AgOAc oxidant in MeOH at 80°C leads to the regioselective formation of
1-hydroxymethyl-1,2-dihydroisoquinoline  derivative 16aa in 5% yield (entry 1).
Regiochemistry of product 16aa was confirmed by 2D-NOESY spectra. Alternative oxidant
screening showed that product 16aa yield could be slightly improved by using of
Mn(OACc)s 2 H,O in combination with oxygen (entries 2-5). Reducing the amount of NaOPiv
enhanced the product 16aa yield to 28 % (entry 6). Screening of different solvents revealed that
MeOH is the solvent of choice. Alternative Co(ll) and Co(lll) catalysts also were examined,
these revealded that Co(dpm), catalyst is crucial for successful reaction, yielding the product
16aa in 82 % vyield as single regioisomer (entries 7-9). The prolonged reaction time 24 h only
slightly improved yield of product 16aa to 84 % (entry 10). Control experiments excluding
catalyst or oxidant showed no product 16aa formation.

=—1tBu (3 equiv) o
<j\A Catalyst (20 mol%) oTBS
NaOPiv (2.0 equiv) ~__NPic Pic = % X
OTBS Gxidant (2 equiv) = d

NHPic —_——— tBu =
MeOH, 80 °C, 16h
15a 16aa

Fig. 13. Phenylglycinol 15a reaction with terc-butylacethylene.
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Optimization of Reaction Conditions

Table 7

Entry Catalyst Oxidant 15a/16aa Yield, %°
1 Co(OAC), AgOAcC 17:1 5
2 Co(OAC), MnO, 11:1 4
3 Co(OAC), Mn(OAC),4H,0 19:1 5
4 Co(OAC), Mn(OAC)32H,0 7:1 12
5 Co(OAc),  Mn(OAc)s2H,0/0, 53:1 16
6° Co(OAc),  Mn(OAc)s2H,0/0, 25:1 28
7° CoCl, Mn(OAc);2H,0/0,  >10:1 -
g Co(acac), Mn(OACc)3 2H,0/0, 2.3:1 30
ghe Co(dpm),  Mn(OAc);-2H,0/0,  1:13.7 82
10°¢4  Co(dpm),  Mn(OAc)s2H,0/0,  1:16.8 84

® NMR vyield using triphenylmethane as an internal standard. ® NaOPiv (0.12 mmol, 1.2 equiv). ¢ Co(dpm), —
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)-cobalt(11), CAS: 13986-53-3. ¢ Time: 24h.

Next, picolinamides 15 with different substituents at the benzylic position were examined
(Fig. 14). It was found that picolinamide 15b with unprotected alcohol function decomposed
under the reaction conditions. On the oher hand, TBS-, PMB- and MOM- protected
phenylglycinol derivatives 15a,c,d gave corresponding products 16aa,ca,da as single
regioisomers in very good vyields (70-83 %). Moreover, benzylamide derivatives 15e-f also
gave products 16ea-fa in excellent yields.

<

NHPic

15

=——1Bu (3 equiv)

Co(dpm), (20 mol%) R
NaOPiv (1.2 equiv) ~_NPic
Mn(OAc); 2H,0 (2 equiv)
tBu

MeOH, 80 °C, O,, 16h
16

Me Ph
OH OTBS OPMB OMOM
X NPic X NPic X NPic X NPic . NPic X, NPic
tBu tBu tBu tBu tBu tBu

16ba, 0% 16aa, 83%°

16ca, 75%? 16da, 70%? 16ea, 82%?

% |solated yields are given. ® Decomposition of substrate.

Fig. 14. Reaction scope with respect to picolinamides 15.

16fa, 88%?

Subsequently, the scope of phenylglycinol derivatives 15 with diverse functional groups at
benzene ring was examined (Fig. 15). The annulation reactions were successful with
phenylglycinol derivatives 15 bearing para-, meta- and ortho-substituents at benzene ring. In
the case of meta-substituted substrates 15i and 15j, the less hindered C—H bonds were
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activiated to produce single regioisomers 16ia,ja, which is consistent with literature examples.
Furthermore, different electron-donating groups, such as alkyl (15i, 15k), methoxy (15g, 15I),
methoxymethyl ether (15m), as well as electron-withdrawing groups, such as trifluoromethyl
(15j), trifluoromethoxy (15n) and halogen substituents (15h, 150, 15p) at benzene ring of
substrates 15 were tolerated. B-Phenylalaninol derivative 15r was also competent substrate
and gave corresponding product 16ra in very good yield — 71 %. Moreover, glycinol 15q
containing thiophene heterocycle gave product 16ga as the main regioisomer in ratio 2.5/1 to
isomer functionalized at the 4™ position of thiophene ring.

=——1tBu (3 equiv) R—/ \
R | Co(dpm), (20 mol%) X NOTBS
X ANOTBS NaOPiv (1.2 equw)- ~_NPic
. Mn(OAc); 2H,0 (2 equiv)
NHPi tBu
MeOH, 80 °C, O,
15 16
Me CF;3
OMe F Me MeO
OTBS OTBS OTBS OTBS OTBS OTBS
. NPic X NPic =~ NPic . NPic X NPic X NPic
tBu u
16ga, 55%>° 16ha, 74%>P 16ia, 78%> 16ja, 65%>° 16ka, 90%>P 16la, 75%>P
MOMO CF30 F Br.
CNG
~oTBS oTBS oTBS OTBS oTBS oTBS
Xy NPic X NPic ~__NPic x_ NPic X NPic ~__NPic
Bu tBu tBu tBu tBu tBu
16ma, 84%>P 16na, 75%*° 160a, 66%> 16pa, 70%>P 16qa, 84%°F 16ra, 71%>°

3|solated yields are given; All products were isolated as single regioisomers. ® Time: 16—17 h. ¢ Time: 20 h. ¢ Time: 24 h. ® Time:
40 h. "Isolated as 2.5 : 1 mixture of thiophene regioisomers, major product shown.

Fig. 15. Reaction scope with respect to phenylglycinols derivatives 15.

The reaction scope with respect to alkynes (Fig. 16) was also investigated. Aliphatic and
aromatic internal alkynes reacted smoothly to give corresponding products 16ab-af in good
yields 70—80 %. Unsymmetrically substituted internal alkynes are known as challenging
reaction partners for the annulation reactions due to difficulty to achieve high regioselectivity.
Succesfully was found that 1-phenyl-1-propyne reacted smoothly to afford the corresponding
product 16ag as a single regioisomer in 73 % vyield. Also terminal alkynes with alkyl, aryl and
heteroaryl substituents reacted smoothly under reaction conditions, affording products
16ah-j,m,n in good yields as single regioisomers. Reaction of trimethylsilylacetylene with
phenylglycinol 15a was performed on 1 g scale, giving product 16an in a very good 80 %
yield. Interestingly, 4-nitrophenylacetylene afforded mono C-H alkenylation/cyclization
product 2al (50 %) together with bis-functionalized product 2al’ (16 %).
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R'-——R?(1.5 - 3 equiv)
Co(dpm), (20 mol%) OTBS
OTBS NaOPiv (1.2 equiv) R’ ~_NPic
Mn(OAc); 2H,0 (2 equiv)

NHPic R2
MeOH, 80 °C, O,
15a 16
OTBS OTBS OTBS OTBS OTBS
Alk X, NPic Ar X NPic Me . NPic . NPic X NPic
Alk Ar Ph Ar
b,d
Alk=Me 16ab, 70%2P  Ar=Ph 16ae, 77%3P 16ag, 73% Ar=Ph 16ah, 73%>P 16aj, 73%3<
AIK=Et 16ac, 76%>P Ar=4-BrC¢H, 16af, 76%> Ar=4-MeOCgH,16i, 88%>>4

Alk=nPr 16ad, 80%2P

N T™MS
\ s
16ak, 54%¢ NO, NO, 16am, 65%224 16an, 71%24
80%°
16al, 50%>P 16al', 16%>P° °

?|solated yields are given. " Time: 16-17 h. ©Time: 20 h. ®Isolated as single regioisomer. ¢ Gram-scale synthesis, starting from
1 g of picolinamide 15a.

Fig. 16. Reaction scope with respect to alkynes.

The reaction of enantiopure (S)-phenylglycinol derivative 15a with terminal and internal
alkynes under the optimized reaction conditions was investigated (Fig. 17). Conservation of
chirality was confirmed by high enantiopurity of products (16aa, 16ab, 16ae, 16ah).

R'-——R?
Co(dpm); (20 mol%)
OTBS NaOPiv (1.2 equiv) ) OTBS
NHPic Mn(OAc)z 2H,0 (2 equiv) RN NPic
MeOH, 80 °C, O,, 16h 2
R
(S)-15a >99% ee (S)-16
OTBS OTBS OTBS OTBS
. NPic Mo Y NPic PN NPic . NPic
tBu Me Ph Ph
(S)-16aa (S)-16ab (S)-16ae (S)-16ah
70%, >99% ee 77%, >99% ee 70%, >99% ee 67%, >99% ee

Fig. 17. Conservation of chirality.

The application of the developed methodology was shown by accessing valuable
tetrahydroisoquinoline derivative (S,S)-18an (Fig. 18). Reduction of enantiopure (S)-16an
with Na in NHj; proceeded in highly diastereoselective manner (>20/1) to give

tetrahydroisoquinoline (S,S)-17an.
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OTBS  Na/NH, OTBS | ;AlH, (1.5 equiv) oTBS
. —_— : R . S .
NpNPle  THF,-78°C NPic THF, 0°C - 1t NH
™S d.r. >20/1 ™S ™S
(S)-16an (S,5)-17an, 69% (S,5)-18an, 86%, > 99% ee

Fig. 18. Synthesis of tetrahydroisoquinoline (S,5)-18an.

Subsequent directing group removal using LiAlIH; gave the corresponding
tetrahydroisoquinoline (S,S)-18an in good yield without the loss of stereochemical purity.
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CONCLUSIONS

Bis-imidates derived from ethynylglycols with alkyl and trimethylsilyl terminal
substituents undergo Lewis acid catalysed propargylic amination leading to
regioselective oxazoline formation. Complete inversion of absolute stereochemistry at
chiral center was obserserved starting from enantioenriched substrates indicating Sy2
type mechanism.

NH U 15C
3
0~ >ccly Ls HN/DQ) ccls =N
HN_O R=Alk, TMS g N \)\
SN CCI3\/\R X
CCly R R
Sy2 - mehanisms 90-96% ee

Cyclization of bis-imidates derived from ethynylglycols with terminal phenyl
substituent also proceed regioselectively affording propargylic substitution products.
However, enatioenriched substrates gave products with partial racemization of a chiral
center, indicating mixed Syl and Sy2 type mechanisms. Incorporation of
electron-withdrawing chlorine groups at the benzene ring of a substrate significantly
suppressed the racemization as a result of destabilized intermediate carbenium ion.

NH

NH o JU cIL,c
L 0~ ~ccly - 0
o el LA TN >§N Ar=Ph 36% ee
. o 2 3 _ =R HNYO\/\ — 0 Ar=CIC¢H, 54% ee
~ — 0,
S \/\ o oA \\ Ar=Cl,C¢H, 89% ee
cel, Ar Ar
Sp1 - mechanism 36-89% ee

Etnynylglycol cobalt complexes are suitable substrates for the Ritter reaction with
acetonitrile to produce C-quaternary oxazolines. Reaction conditions tolerates broad
substrate scope, while the limitation are substrates bearing phenyl substituent at the
quaternary carbon.

Acid

Me
M R mech YRR R'=AIKH
HO\/)V O\)V R2=Alk, Ar
R oA
(0c),cd—"Co(CO)s (0C),cd—Co(CO)s

. Alkyne-Co,(CO)s complexes can be successfully cleaved using DDQ oxidant to obtain
the desired oxazolines in good yield.

Me 2 Me
WR 09N
o q B
/ o(co), J\

(0C);Co R2
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5. Oxazolines obtained by bis-imidate cyclization and Ritter reaction can be efficiently
transformed into corresponding ethynylglycinols under acidic hydrolysis conditions.

@
MeYN H;0 NH,
= R! HO\/)\
° R
\\ R RZ

RZ

6. Picolinamide directed C—H functionalization of O-protected phenylglycinols with
alkynes using cobalt catalyst leads to 1-hydroxymethyl-1,2-dihydroisoquinoline
derivatives. Optimized reaction conditions are with Co(dpm), as catalyst, Mn(OAc); as
an oxidant, molecular oxygen as a co-oxidant, NaOPiv as a base, and MeOH as a
solvent 80 °C. Both terminal and internal alkynes are suitable reagents for this
transformation. In the case of monosubstituted and unsymmetrically substituted internal
alkynes, the annulation reaction is highly regioselective. The complete conservation of
stereochemistry for dihydroisoquinoline formation was confirmed by transformation of
enantioenriched phenylglycinol derivatives.

Co(ll)
=——R
OTBS — OTBS

HN__O xN._O
N“ ‘ RN/ ‘
X N

7. (S,S)-Tetrahydroisoquinolines can be obtained in good vyield from
1,2-dihydroisoquinoline derivatives without the loss of stereochemical purity in two
steps, which involves diastereoselective reduction with Na/NH3; followed by the
cleavage of picolinamide with LiAlIH,.

OTBS Na/NH, OTBS | jAIn, OTBS
~__NPic - NPic —— NH

™S T™MS TMS
<99% ee
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