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IEVADS
Temas biitiba un aktualitate

N-Alkoksiindolin-2-onu heterocikls ietilpst vairaku augu alkaloidu pamatstruktaras,'”
pieméram, notoamida-tipa alkalonos;]’2 fitoalekstnos - antibiotikas, kas rodas augos, ka
atbildes reakcija uz kimisko vai biologisko kairindjumu;’® gelsedina-tipa alkaloidos,”” kas
uzrada pretsapju un pretickaisuma aktivitati, ka art citotoksisku darbibu pret A431 adas veza
sinam.” N-Hidroksiindolin-2-onu atvasindjumiem piemit aktivitate pret izkaisito sklerozi,'®
un tie tiek pétiti ka potenciali pretgripas preparati.'’

Organiskaja sint€z€ N-alkoksiindolin-2-onus izmanto ka izejvielas indolu
atvasinajumu iegiSanai, jo to karbonilgrupu var reducét'? vai parvérst par triflatu un veikt
dazadas sametindsanas reakcijas,'> bet N-oksi funkcija kalpo ka indola NH aizsarggrupa, kuru
nonem reducgjosos apstaklos.'*

Savukart, N-arilhidroksamskabes medicinas kimija pazistamas ka N,O-aciltransferazes

17 tas  atvasindgjumi pétiti ka glioksalazes inhibitori,'® ka ari uzrada

19,20

substrati,
pretiekaisuma, pretvirusu,”’ antioksidativas®® un citostatiskas®' ipasibas.

Organiskaja kimija N-arilhidroksamskabes plasi izmanto slapekli saturoSo heterociklu
sintéze, ™ 2-aminofenolu,*® tiohidroksamskabes*’ un hiralo N-arilaziridinu iegﬁéané,48'50 ka
ari pielieto ka substratus enantioselektiva Dilsa-Aldera reakcija.”'* N-Arilhidroksamskabes

53,54

atvasinajumi ir N—OH mediatori biokatalitiskajos procesos, un to kompleksus ar

volframu, molibdénu un vanadiju lieto ka katalizatorus dazadas oksidé$anas reakcijas.””>’
Sagatavojot apskatu par hidroksilamihu un hidroksamskabju izmantoSanu
heterociklisko savienojumu sintézg,”® més konstatéjam, ka nav neviena pieméra, kur N-
alkoksiindolin-2-oni  biitu iegiiti no fenilacetilhidroksamatu halogénatvasinajumiem
iekSmolekularas parejas metalu katalizetas sametinasanas reakcijas. Turpinot literatiiras
analizi, tika konstatéts, ka pla§i lietotds parejas metalu katalizétds metodes Csp”—N saites

veidoSanai [idz $im nav izmantotas hidroksamatu N-ariléSana.

Darba meérkis
Izpétit N-arilhidroksamskabju atvasinajumu sint€zes iesp€jas parejas metalu katalizes

apstaklos.



Darba uzdevumi:

1) Izstradat jaunu N-alkoksi-1,3-dihidroindol-2-onu sintézes metodi, kas balstitos uz
fenilacetilhidroksamatu halogenatvasinajumu iekSmolekularu N-ariléSanu, lietojot parejas
metalu katalizi.

2) Attistitu iegiitas metodes starpmolekularo versiju un pielietot to dazadu O-alkil-N-

arilhidroksamatu sintézei.

Darba zinatniska novitate un galvenie rezultati

Pétijuma rezultata pirmo reizi iegiti N-arilhidroksamskabes atvasinajumi vara
katalizes apstaklos. Izstradatas jaunas metodes N-alkoksiindol-2-onu iegiisanai un N-alkoksi-
N-arilamidu sint€zei. Paradits, ka izstradatas metodes piemérotas plaSam substratu klastam un

savietojamas ar dazadam funkcionalajam grupam.

1. HIDROKSAMATU IEKSMOLEKULARA N-ARILESANA
1.1. Reakcijas apstaklu parbaude
Lai parbaudit N-alkoksiindol-2-onu atvasinajumu iegtiSanas iesp€jas parejas metalu
katalizes apstaklos, par modelreakciju izvélejamies 2-(2-bromfenil)-N-metoksiacetamida (1.1)

ciklizaciju par N-metoksiindolonu 2.1 (1. sheéma).

H
N.
o7 - mo
0 N
1.1 21 90—

1. shéma

Sakotngji parbaudijam dazas no literatira aprakstitajgm vara’®

katalizetam®'

un palladija
amidu un hidroksilaminu karbamatu N-ariléSanas metodém. Palladija
kataliz€tas metodes nav piemérotas indolona 2.1 sintézei. Lietojot Pd(OAc), kombinacija ar
fosfina ligandiem BINAP,”' X-Phos®* vai DPEPhos,” produkta 2.1 veidofands maisijuma
netika konstatéta. Izmantojot reakcijas apstaklus, ar kuriem veikta hidroksilaminu karbamatu
starpmolekulard N-arilé§ana (Cul/fenantrolins),”’ savienojums 2.1 ari neveidojas. Savukart,
lietojot Klapara un Bakvalda izstradato Cul katalizétu metodi amidu N-arilésanai,”” indolons
2.1 ir ieguts ar iznakumu 29%. Kaut gan produkts 2.1 veidojas ar zemu iznakumu, tas
paradija, ka hidroksamatu iekSmolekulara N-ariléSana vara katalizes apstaklos ir principiali
iespejama. So metodi izvélgjamies ka izejas punktu talakai modificSanai. Pievienojot
reakcijas videi 3A molekularos sietus, indolona 2.1 iznakums pieauga 1idz 40%. Lai neveiktu
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produkta izdaliSanu katra eksperimenta, talakiem petjjumiem izstradajam kvantitativas
analizes metodi izejvielas 1.1 un produkta 2.1 noteikSanai reakcijas maisijuma, izmantojot
gazes hromatografiju. Ka ieks€jo standartu lietojam C,,Hy¢ (n-dodekans).

Sakuma tika parbauditi vairaki vara avoti: CuBr,, CuCl,, Cu(OAc),, CuO, CuO
nanodalinu forma, Cu,O, CuBr, CuCl un Cul. Mérksavienojuma 2.1 sintézi veicam toluola,
sildot reakcijas maisjumu 80 °C temperatiira 2 stundas, DMEDA (20 mol%) un K,COs3 (2
ekvivalenti) klatiene. Augstakais indolona 2.1 iznakums (91%) iegits, izmantojot vara(Il)
bromidu. Bez katalizatora reakcijas savienojums 2.1 neveidojas. P&tfjjumu gaita veicam
eksperimentu se€riju, lai noskaidrotu arT citu ligandu, bazu un Skidinataju ietekmi uz produkta
2.1 iznakumu. Parbaudot vairaku ligandu (L-prolins, N,N-dimetilglicina hidrogé€nhlorids
(DMQG), 1,10-fenantrolins, neokuproins, 2,2,6,6-tetrametilheptan-3,5-dions (TMHD), 2-
isobutirilcikloheksanons, salicilaldoksims), Skidinataju (THF, dioksans, DMF, MeCN,
MeOH) un bazu (K3PO4, Cs;COs, -BuOK, Et3N, i-Pr,NEt) variacijas, indolona 2.1 iznakumu
uzlaboSanu panakt neizdevas.

Tatad pétijumu rezultata tika identific€ti reakcijas apstakli N-metoksiindolona 2.1
sinté€zei no 2-(2-bromfenil)-N-metoksiacetamida (1.1): 10 mol% CuBr,, 20 mol% DMEDA, 2

ekvivalenti K,CO3, 3A molekularie sieti, toluols, 80 °C, reakcijas laiks 2 st.

1.2. Ciklisko N-alkoksi-/V-arilamidu sinteze

Metodes pielietojuma iesp&ju un robezu noverté€Sanas petijumu gaita iegiitos reakcijas
apstaklus izmantojam N-alkoksiindol-2-onu sintézei no dazadiem hidroksamskabju
atvasinajumiem.

Noskaidrots, ka hidroksilaminu funkcijas tradicionalas O-aizsargrupas (2. shéma) ir
stabilas miisu reakcijas apstaklos un iegiito indolonu 2.1-2.6 iznakumi ir augsti (67-92%).
Kaut gan, lai sasniegtu pilnigaku izejvielas konversiju telpiski apjomigaku benzil-,
tetrahidropiranil-, ferc-butildimetilsilil- vai ferc-butilhidroksamatu gadijuma, sintézi javeic
augstaka temperattira (100 °C).

1.1,R=Me

1.2,R=All Br H

13,R=Bn No-R mo mOH
1.4, R = THP — N A

1.5, R = TBDMS 0 - L

1.6, R =¢B

17.R=H i 1.1-1.7 2.1-2.6, 81-92% 3, 34%

2. shéma



Pielietojot miisu metodi, ciklizacija ieteicams izmantot O-aizsargatus hidroksamatus,
nevis hidroksamskabes. Ja sinté€zei lieto hidroksamskabi 1.7, ciklizacijas produkts - 2-
hidroksi-3H-indol-1-oksids (3) izoléts ar iznakumu tikai 34%. Kristaliska stavokli
savienojums 3 eksist€ N-oksida, nevis tautomera cikliska N-hidroksiamida 3.1 forma (1. att.

un 3. shéma).

1. att. Savienojuma 3 struktiira

Parbaudijam iesp€ju iegiit savienojumu 3, noskelot hidroksilamina funkcijas skabekla

benzilaizsarggrupu indolonam 2.3 (3. shéma).

_PIGH,

T o= (Lo
N EtOH/ACOEL, Nt
\

it., 1 st \
23 O Bn 3.1 3,94% O

3. shema

Veicot izejvielas 2.3 hidrogenéSanu Pd/C klatbiitne, indolons 3 tiek izdalits ar gandriz
kvantitativu iznakumu (94%), un produkta 3 kopg€jais iznakums divas stadijas ir 79%.

Savienojumu 2.1 iegiiSanai izmantojam ari citus 2-fenil-N-metoksiacetamida
atvasinajumus: 2-(2-jodfenil)-N-metoksiacetamidu (1.8), 2-(2-hlorfenil)-N-metoksiacetamidu

(1.9) un triflatu 1.10 (4. sheéma).
X

X =1 1.8 E\O/ [Cu] (10 mol%), ligands (20 mol%)

X=Cl, 1.9 > 0

X = OTf, 1.10 0 baze (2 ekv.), 3 A MS, $kidinatajs, t °C, laiks N
1.8-1.10 21 O

4. shéema

Jodacetamids 1.8 reageé leénak neka bromacetamids 1.1, un $aja gadijuma augstaks
produkta 2.1 iznakums (65%) sasniegts, kars€jot reakcijas maisijumu 80 °C temperatiira 6
stundas. Lietojot ciklizacija hloracetamidu 1.9 vai triflatu 1.10, produkta klatbiitne reakcijas
maistjuma netika noverota. Turpinot petijjumus, veicam eksperimentu sériju, lai parbauditu N-

metoksiindol-2-ona (2.1) iegtiSanas iesp&jas no hlor- vai triflilaizvietotiem hidroksamatiem
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1.9 un 1.10. Augstako produkta 2.1 iznakumu (43%) no hloracetamida 1.9 sasniedzam CuBr;
un DMEDA klatbiitng, kars€jot reakcijas maistjumu acetonitrila 100 °C temperattra 1 stundu.
Savukart, izmantojot ka izejvielu triflatu 1.10, produkta 2.1 veidoSanas reakcijas maisijumos
visos gadijumos netika noverota.

Pétjjumu turpindjuma indolonu iegiiSanai nolémam izmantot ari fenilgredzena
aizvietotus hidroksamatus 1.11-1.18 (5. shéma). Cikliskie savienojumi 2.7-2.10 iegiti ar
labiem iznakumiem. Dibromatvasindjuma 1.11 gadijuma reakcija notiek tikai orto-vieta,
starmolekulara sametinasanas para-vieta netika novérota. Augstaka produkta 2.9 iznakuma
sasniegSanai sint€zei nepiecieSams ilgaks laiks. Izmantojot indolonu 2.13 un 2.14 iegtiSanai
fenilgredzena diaizvietotus hidroksamatus 1.17 un 1.18, konstatéjam, ka indolona 2.13
iznakums ir zems (45%), un sintézi ar1 javeic ilgaku laiku. Savukart, produktu 2.14 no
izejvielas 1.18 ieglit vispar neizdevas. Optimizetajos apstaklos hidroksamata 1.18 konversija
par indolonu 2.14 nenotiek pat 18 stundu laika, bet, paaugstinot temperaturu lidz 100 °C,

notiek izejvielas sadaliSanas.

Br N}{ Lmo
N R
- e
R (0)
(0)

] 1.11-1.18 27214
R
T LI~ < m
N R N
0 O—

27,R1=Br, 94%mo1.11) 2.9, Rl=0Me, 68% (no 1.13)  2.13, 45% (no 1.17) 214 0% (no 1.18)
2.8, R1= OMe, 92% (no 1.12)  2.10,R'=F,  72% (no 1.14)
2.11,R' =NO,, 0% (no 1.15)

2.12,R'=CN, 0% (no 1.16)

5. shema

Lietojot sintézei EAG-aizvietotus hidroksamatus 1.15 un 1.16, ciklizacijas produktus
ieglt ar1 neizdevas. To dalgji var izskaidrot ar loti zemu izejvielu 1.15 un 1.16 Skidibu toluola.
Ar cianogrupu aizvietots savienojums 1.16 reakcijas vidé neskida pat 115 °C, bet ciklizgjot
nitroaizvietotu N-metoksiamidu 1.15, ieguvam produktu, kura analizu dati neatbilst

sagaidamajai struktiirai 2.11 (6. shéma).

Br H CuBr, (10 mol%), DMEDA (20 mol%) O O
N. O/
K,CO; (2 ekv.), 3AMS,
O (0) O
O N toluols, 115 °C, 18 st.

2 I

1.15 4,41%

6. shema
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Ar rentgenstruktiiranalizes palidzibu noskaidrots, ka gaidama indolona 2.11 vieta ar

41% iznakumu izdalits esteris 4 (2. att.).

02b O1b

-~

2. att. Savienojuma 4 struktiira

Par izejvielam izmantojam arT a-vieta aizvietotus hidroksamatus 1.19-1.23 (7. shéma).
Konstat&jam, ka miisu reakcijas apstakli pieméroti a-vieta diaizvietotu indolonu iegtiSanai, un

attiecigie produkti 2.15 un 2.16 sintezeti ar labiem iznakumiem.

3
R\ R?
Br R} R> 1511
< O
© N
© Ph O~
1.19-1.23 ) - R? 2.15-2.19
o ZIT.RI=Me, 60% (no 1.21)
0 0 N 2.18, R? = 3-metilbutil,  32% (no 1.22)
N N { 2.19, R2 = cikloheksilmetil, 25% (no 1.23)
2.15,82% (n0 1.19)  E-2.16, 79% (no 1.20) 2.17-2.19
7. shéma

Savukart, ciklizacija izmantojot a-vieta monoaizvietotus hidroksamatus 1.21-1.23,
attiecigo indolonu 2.17-2.19 iznakumi ir zemi Iidz vid€ji (7. shéma). Produktu 2.17-2.19
saméra zemie iznakumi ir skaidrojami ar to, ka reakcijas maisijuma jau pé€c 2 stundam pie
nepilnas izejvielu 1.21-1.23 konversijas novéro diméru 5.1-5.3 veidoSanos (8. shema).

2

R CuBr, (10 mol%)),

H
N. .~ DMEDA (20 mol%) 5.1, R*=Me, 42%
0 . 5.2, R?=3-metilbutil,  43%
BrO K2CO3 (2 ekv.), 3 A MS, 5.3, R2= c1k10hek511met11, 46%
toluols, 80 °C, 18 st.
1.21-1.23 OO 2108 5.1-5.3

8. shéma

Turpinot sildisanu 18 stundas, gaidamo indolonu 2.17-2.19 vieta izdaliti savienojumi
5.1-5.3. Dimera 5.1 struktiira pieradita ar rentgenstruktiiras analizes palidzibu (3. att.). Bis-
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indolonu 5.1-5.3 iznakumi neparsniedz 50%. P& misu domam, blakusproduktu 5.1-5.3
veidoSanas var biit skaidrojama ar to, ka hidroksamati 1.21-1.23 vai ciklizacijas gaita
izveidojuSies indoloni 2.17-2.19 reakcijas vidé darbojas ka ieks€jie oksidanti, oksid€jot varu

un pasi reducgjoties lidz amidiem, un reakcijas notiek péc radikalu mehanisma.

3. att. Savienojuma 5.1 struktira

Petjumu gaita iegutie reakcijas apstakli piemeéroti ari hinolin-2-onu iegisanai (9.
shéma). Hinolinons 6 tika sintez€ts gan no orfo-brom-, gan no orto-jodaizvietotiem
hidroksamatiem 1.24 un 1.25, kaut gan augstaka produkta 6 iznakuma sasniegSanai sintézei
bija nepiecieSams ilgaks laiks (18 stundas).

0 CuBr, (10 mol%),
L0 DMEDA (20 mol%)
1.24, X = Br TP‘IT > X =Br, 93% (100 °C)
125, X =1 « K,CO; (2 ekv.), 3AMS, NS0 X=1 86% (80°C)

toluols, 80-100 °C, 18 st. 6 (')\

1.24,1.25

9. shema

Lidz ar to eksperimentali tiek paradits, ka hidroksamskabes atvasinajumu
iekSmolekulara MN-ariléSana vara katalizes apstaklos ir iesp&jama. Izstradata jauna N-
alkoksiindolonu iegiiSanas metode, kas piemérota plasam substratu klastam. Iegiitie reakcijas

apstakli ir izmantojami arT hinolinonu atvasindjumu sintézei.

2. O-ALKILHIDROKSAMATU STARPMOLEKULARA N-ARILESANA
2.1. Reakcijas apstaklu parbaude
Lai attistitu iegutas metodes starpmolekularo versiju, N-arilétas hidroksamskabes
atvasinajumu ieguSanas reakcijas apstaklu pétijumiem par modelreakciju izvelgjamies N-
fenilhidroksamata 8.1 sint€zi no N-metoksiacetamida 7.1 un jodbenzola (10. shéma).
Tapat ka aprakstits 1.1. nodala, izvélejamies GH metodi produkta un izejvielas satura
analizei reakcijas maisijuma (ka iekS$€jo standartu izmantojam n-dodekanu). Sakotn€ji
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savienojuma 8.1 sint€zei parbaudijam reakcijas apstaklus, kas bija iegiiti, p&tot N-
metoksiacetamida 1.1 iekSmolekularo N-ariléSanu (10 mol% CuBr;, 20 mol% DMEDA, 2
ekvivalenti K,CO;, 3A MS, toluols, 80 °C, reakcijas laiks 2 st.), sintézei izmantojot 1.2
ekvivalentus jodbenzola. Sajos apstaklos produkts 8.1 reakcijas maistjuma netika konstatats.
Aizstajot vara(Il) bromidu ar vara(I) oksidu, produkta 8.1 iznakums pie nepilnigas izejvielas

7.1 konversijas sasniedza 47%.

B [Cu] (10 mol%), ligands (20 mol%) Ny
m 0" + 1—pn - m
0 baze (2 ckv.), 3 A MS, skidinatajs, t °C, laiks 0

10. shema

Kaut gan savienojuma 8.1 GH-MS iznakums bija viduvéjs, tas paradija, ka nav
bitisku ierobezojumu hidroksamatu starpmolekularai N-ariléSanai, un N-arilhidroksamskabes
atvasinajumus ir iesp&jams iegiit vara kataliz€ta sametinasSanas reakcija. Pagarinot reakcijas
laiku 11dz 18 stundam un jodbenzola daudzumu lidz 1.5 ekvivalentiem, produkta 8.1 iznakumi
sasniedza 63% (ar CuBr;) un 89% (ar Cu,0).

Parbaudot vairakus vara avotus (CuCl,, Cu(OAc),;, CuO, CuO nanodalinu forma,

CuBr, CuCl, Cul), ligandus (CyDMEDA, 1,10-fenantrolins, neokuproins, DMG, TMHD, 2-

MeOH) un bazu (K3;PO4, Cs;CO;, Na,COs) variacijas, N-fenilhidroksamata 8.1 iznakuma
uzlaboSanu panakt neizdevas. Optimala reakcijas temperatira ir 80 °C. Veicot sintézi
augstaka vai zemaka temperatira, produkta 8.1 iznakums samazinajas.

Izvertgjot reakcijas apstaklu parbaudes datus, secindjam, ka biitiska atSkiriba starp
hidroksamskabes atvasinajumu iekSmolekularas un starpmolekularas N-ariléSanas metodeém ir
katalizatora izvéle. IekSmolekulara N-ariléSana vienlidzigi labi notiek gan CuBr,, gan Cu,O
klatieng, bet attistot §is reakcijas starpmolekularo versiju, vienigi vara(Il) bromida aizstasana
ar vara(l) oksidu deva biitisku N-ariléta produkta iznakuma pieaugumu. Sint€zei S$aja

gadijuma nepiecieSams ar1 ilgaks reakcijas laiks.

2.2. N-Alkoksi-N-arilamidu sintéze

Petijumu gaita identificétos reakcijas apstaklus izmantojam metodes pielietojuma
robezu novértéSanai, veicot N-arilhidroksamatu sinteézi no dazadiem hidroksamskabes
atvasinajumiem un jodbenzola. Sakotn&ji N-ariléto produktu iegiiSanai parbaudijam 2-fenil-N-

alkoksiacetamidus ar dazadam hidroksilamina funkcijas skabek]a aizsarggrupam (11. shéma).
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Cu,0 (10 mol%), Ph g-;, g = IXIIT, 32;’;
1 o ket - N (1]

H I
N‘o’R ) —ph DMEDA (20 mOl%) _ N\O/R 8.3, R= BH, 71%
0 K,CO; (2 ¢kv.), 3AMS, 0 8.4,R=THP, 81%
luols, 80-110 °C, 18 o R T
7.1-7.6 toluols, 80- » 18 st. 8.1-8.6 86,R=H, 0%

11. shéma

Hidroksilaminu tradicionalas O-aizsargrupas ir stabilas misu reakcijas apstaklos, un
iegiito produktu 8.1-8.5 iznakumi ir augsti (71-96%), bet, lai sasniegtu pilnigaku izejvielas
konversiju telpiski apjomiga ferc-butilhidroksamata 7.5 gadijuma, reakciju javeic augstaka
temperatiira (110 °C). Savukart aril§jot hidroksamskabi 7.6, produkts 8.6, atSkiriba no 1.2
nodala aprakstitas iekSmolekularas N-ariléSanas, vispar netika iegiits. Analiz€jot reakcijas
maistjumu ar GH-MS metodi, konstatéjam, ka izejviela 7.6 reducgjas par fenilacetamidu, kas
ar1 stajas ariléSanas reakcija, veidojot 2,N-difenilacetamidu (GH iznakumi ir attiecigi 64 un
36%). Parbaudijam iesp&ju iegit savienojumu 8.6, noskelot hidroksilamina funkcijas skabekla

alilaizsarggrupu N-arilhidroksamskabes atvasinajumam 7.2 (12. sheéma).

h P
N. O/v/ Pd(OAc),, PPh,, NH,"HCO, N‘OH
(0] o ‘ o
7.2 EtOH/H,0, 80 °C, 2 st. 8.6, 89%
12. shema

Veicot sintézi Pd(OAc),/PPh; un amonija formiata klatienge, N-arilhidroksamskabi 8.6
izdevas iegit ar 89% iznakumu (produkta 8.6 kopéjais iznakums divas stadijas ir 85%).
Turpinot pétfjjumus, iegutos reakcijas apstaklus izmantojam vairaku N-

metoksihidroksamskabes atvasinajumu N-ariléSanai (13. shéma).

i Cu,0 (10 mol%), fl’h
R._N. - DMEDA (20 mol%) R__N.
DG - o
0 K,CO, (2 ekv.), 3 A MS, o
1.18,7.7-7.13 toluols, 80-110 °C, 18-36 st. 8.7-8.14
?h Ph Fh
|
N. N.
¢} 0
8.7, 82% 8.8, 70% 8.9, 72% 8.10, 63% 8.11, 95%
Ph
N /
_ \( o N‘O/
o}
8.12, 96% 8.13, 50% 8.14, 41%
13. shema
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Konstatgjam, ka miisu metode piemérota O-aizvietotu benzil-, alkil-, alkenil- un
alkinilhidroksamatu, ka ar1 a-pozicija mono- un diaizvietotu hidroksamskabju atvasinajumu
N-ariléSanai, un attiecigie produkti 8.7-8.14 iegiiti ar vid€jiem Iidz augstiem iznakumiem (41-
96%). Jaatzime, ka salidzino$i ar iekSmolekularo N-arilésanu (1.2 nodala, 8. shéma), sintézei
lietojot a-vieta monoaizvietotu izejvielu, diméru veidoSanas netika noverota. Tas apstiprinaja
misu hipotézi, ka bis-indolonu 5.1-5.3 (1.2 nodala, 8. shéma) raSanas var biit skaidrojama ar
to, ka tiesi indoloni 2.17-2.19, kas izveidojuSies ciklizacijas gaita, reakcijas vidé darbojas ka
iekSejie oksidanti, oksid€jot varu un reducgjoties Iidz attiecigiem amidiem.

Tomkinsona grupa, pétot hidroksilaminu karbamatu N-arileSanu palladija katalizes
apstaklos ir konstatgjusi,®* ka N-alkoksibenzamidi nav piemérotas izejvielas N-alkoksi-N-
arilbenzamidu sint€zei sametinaSanas reakcija ar arilhalogenidiem. Tapéc parbaudijam, vai ir
iespejams ieglt N-aril-N-alkoksibenzamida atvasindjumus, izmantojot N-ariléSanai misu
reakcijas apstaklus. Konstatgjam, ka miisu metodi var izmantot ar1 N-aril-N-alkoksibenzamidu

iegiiSanai, kaut gan N-arileto produktu 8.15-8.18 iznakumi ir zemi lidz vid&ji (26-60%, 14.

shéma).
Ar E R' }l)h |
Ar = aril, hetAr \n/ “0” + I—Ph Ar\[rN\O/R
0 O
7.14-7.20 )
0 o 8.15-8.21 o

_O.; 815, RI=Me,R2=H, 35% .0 =S, 649 -0
N"R' 816 RIZAILR =H, 44% ¢ 7 A g:g’ % _ % 67420/2 \\ NS
o2 Ph 8.17, R! = Me, R2 = OMe, 26% Ph e O Ph

z
8.18, R! = Me, R2=CF,, 60%
8.19, 8.21 8.20,51%

14. shéma

8.15-8.18

Noverots, ka O-alil-N-fenilhidroksamata 8.16 iznakums ir augstaks, neka analogiem
O-metil-N-fenilhidroksamatam 8.15 (attiecigi 44 un 35%). Sint€zei izmantojami ne tikai N-
alkoksibenzamidi, bet art hetarilhidroksamati.

Turpinot pétijumus, parbaudijam vairaku arilhalogenidu reag€tsp&ju reakcija ar 2-
fenilacetilhidroksamatiem 7.1-7.3 (15. shéma). Optimiz€tos reakcijas apstaklos N-
arilhidroksamati 9.1-9.20 ieguti ar augstiem iznakumiem (71-97%). Ariljodidu aizvietotaju
elektroniska daba reakcijas gaitu butiski neietekmé un ar labiem iznakumiem reagé gan
elektronakceptoras, gan elektrondonoras grupas saturos$ie jodidi. Miisu metode ir savietojama
ar dazadam funkcionalajam grupam ariljodida molekula: esteriem, ketoniem, nitriliem,
nitrogrupu. Sint€zei izmantojot ar hloru un bromu aizvietotus ariljodidus, reakcija notiek
selektivi pie joda atoma (produktu 9.16-9.18 iznakumi ir 75-88%). Veicot ariléSanu ar EDG-

para-vieta aizvietotiem jodidiem, N-arilhidroksamatu iznakumi ir tikai nedaudz zemaki (71-
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79%) ka izmantojot para-EAG aizvietotus substratus (84-92%). Lietojot sint€zei mazak
reagetspéjigus jodidus, N-ariléto produktu iznakumi O-alil- vai O-benzilhidroksamatu
gadfjuma ir augstaki, neka O-metilanalogiem. Reakcija izmantojami ar1 jodaizvietotie piridini

(15. shéma).

H IAr
: 1
N. .R N R
PR O L Ay P YO
O o]
7.1-7.3 0.1-9.20
RON N F N\j __ Br@,N\i
0-R' o— o—" =N 0—
— _ R F
9.1, R = CO,Et, R = Me, 90%
2 0 9.9, 92% 9.19, 63%

9.3, R=NO,,Rl=Me, 92% 9.2, R=CO,Et, 92%

9.4, R=NO,, R = All, 90% 9.5,R=NO,, 82% Cl 0 Ph 0O, Ph
9.6, R = COMe, R! = Me, 89% 9.10, R=0OMe, 97% >—/ 7\ >_/
9.7, R = COMe, R! = All, 84% N N

9.8, R=CN,RI=All, 90% 0— N= 0—
9.11,R=Me,R'=Me, 71% MeO,C

9.12, R=Me, R = All, 79% 9.18, 88% 9.20, 89%

9.13,R=Me,R'=Bn, 79%
9.14, R = OMe, R! = Me, 72%
9.15,R =OMe, R! =Bn, 91%
9.16,R =Br,R'=Me, 75%
9.17,R=CLR!'=Me, 82%

15. shema

Parbaudot iespéju 2-fenil-N-alkoksiacetamidu 7.1 un 7.2 N-ariléSanai izmantot
arilbromidus un hloridus, noskaidrojam, ka arilbromidi un hloridi misu apstaklos nav
piemérotas izejvielas N-arilhidroksamatu iegiiSanai. Paaugstinot reakcijas temperattru (110
°C) un pagarinot sinté€zes laiku (36 st.), ka arT izmantojot ar nitrogrupu aktivétu arilbromidu,
izejvielas 7.1 un 7.2 konversija par attiecigiem produktiem nebija novérota, bet, veicot
reakciju 1.5 ekvivalentu kalija jodida klatiene, N-arilhidroksamati 8.1 un 8.2 tika izol€ti ar
iznakumiem attiecigi 15% un 38%.

Tomkinsona grupa ir konstatéjusi, ka orfo-aizvietotie ariljodidi nav pieméroti substrati
hidroksilaminu karbamatu N-ariléSanai vara katalizes apstaklos.” P&tfjumu turpinajuma miisu
reakcijas apstaklus izmantojam N-arilhidroksamskabes atvasinajumu sintézei, lietojot N-
ariléSanai orto-vieta aizvietotus ariljodidus (16. shéma). Secinajam, ka, izmantojot misu
metodi, O-alkil-N-arilhidroksamatus reakcija ar orto-aizvietotiem ariljodidiem ir iesp&jams
iegtt, kaut gan sintezéto produktu 9.21-9.28 iznakumi ir zemi lidz vidéji (24-63%). N-Ariléto
produktu iznakumi ir augstaki, veicot sintézi ar O-alil- vai O-benzilhidroksamatiem 7.2 un

7.3, neka ar O-metilhidroksamatu 7.1.
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0-R'
9.21, R' = Me, 38%
9.22. R! = All, 63%
9.23. R' = Bn, 48%

O, Ph
>_/
N\
O-R'

9.24, R! =Me, 24%
9.25,R! = All, 35%

IIAr
N. _R
Ph/\n/ 0
0

9.21-9.28
\
0 O Ph

N
O-R'
9.26, R! = Me, 0%
9.27, R! = All, 38%
9.28, R' = Bn, 24%

16. shema

P&c misu domam, alilgrupas dubultsaite var papildus koordinét vara atomu, tadgjadi
trauc€jot katalitiski aktivam vara amidatam saistities ar otru deprotonéta amida molekulu un
veidot neaktivu kuprata kompleksu. Kompleksi, kuros alilgrupas dubultsaite koordiné vara
atomu, ir zinami un pieraditi ar rentgenstruktiiranalizes palidzibu.

Lidz ar to, pétjumu gaita tiek paradits, ka ar1 starpmolekulara hidroksamskabes
atvasinajumu N-ariléSana vara katalizes apstaklos ir iespéjama. Izstradata jauna O-alkil-N-
arilhidroksamatu iegtiSanas metode, kas piemérota plasam substratu klastam un savietojama ar
dazadam funkcionalajam grupam.

P&tijumu turpinajuma iegiitos reakcijas apstaklus (10 mol% CuBr;, 20 mol%
DMEDA, 1.5 ekvivalenti jodbenzola, 2 ekvivalenti K,COs;, 3A MS, toluols, 80 °C)

izmantojam orto-halog€naizvietotu hidroksamskabes atvasinajumu N-ariléSanai (17. shéma).

1.24, n=2, X=Br

X
H 125, n=2, X=1I
~N07 19, n=1, X=CI
Ph—I  + o 1.1, n=1, X=Br
1.10, n=1, X=OTf
1.26, n=0, X=Br
n=2; X=BrI n=1;X=Cl,OTfl n=1:X=Br n=0; X =Br
18 st. 18 st. 2 st. 2 st.
X 0 X [I>h Br O |
.0 N~ ©\/>:o 0
©/\)LN ~ 0 N N O
O \
Ph O— NH
8.22, X =Br, 82% 8.24, X=Cl, 67% 2.1, 88 % O
- 8.25, X = OTf, 62%
823, X=1, 10% o 10, 88 %
+
©jl 6, 78 % (no 1.25)
I}I 6] <5% (no 1.24)
_0
17. shéma

Reakcijas maisijumos $aja gadijuma var notikt divas konkurgjoSas reakcijas: gan

iekSmolekulara N-ariléSana. bromaizvietota
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hidroksamata 1.1 gadijjuma starpmolekulara ariléSana nenotiek, un jau péc 2 stundam
noverojama izejvielas pilna konversija par iekSmolekularas ariléSanas produktu - indolonu
2.1. Analogiski, jodaizvietotais hidroksamats 1.25 cikliz€jas par hinolinonu 6. Savukart, hlor-
un bromhidroksamatu 1.9 un 1.24, ka ari triflata 1.10 gadijuma notiek starpmolekulara
ariléSana, un attiecigie N-arilhidroksamskabes atvasinajumi 8.24, 8.22 un 8.25 veidojas ar
labiem iznakumiem (>60%). Veicot reakciju ar 2-brom-/N-metoksibenzamidu (1.26), jau pec 2
stundam ar 88% iznakumu izdalijam homosametinasanas produktu 10. Savienojuma 10

struktiira pieradita ar rentgenstruktiiranalizes palidzibu (4. att.).

e

X2 0@

o)
A2

4. att. Savienojuma 10 struktiira

Lai parbaudit, vai hidroksamatam 1.26 péc struktiiras lidzigie savienojumi miisu N-
ariléSanas aptaklos ar1 dod homosametinasanas produktus, sint€zei nolémam izmantot 2-

brom-N-alkilbenzamidus 11.1 un 11.2, ka arT hidrazidu 12 (18. shéma).

Br O Br O
111, R = Me N R 131, R=Me, 0%
112, R=Et N 4+ I-=Ph — > N O 132 R=E, 0%
12, R = N(Me), H @NH 13.3, R=N(Me),, 35%
|
R

Reakcijas apstakli: Cu,O (10 mol%), DMEDA (20 mol%), K,CO; (2 ekv.), PhI (1.5 ekv.), 3 A M, toluols, 80 °C, 18 st.

18. shema

Veicot reakcijas ar benzamidiem 11.1 un 11.2, reakcijas maisijumos konstatétas tikai
attiecigas izejvielas. Savukart, lietojot hidrazidu 12, analogiski ka N-metoksibenzamida 1.26
gadfjuma (17. shéma), ar iznakumu 35% iegiits homosametinasanas produkts 13.3 (18.
shéma).

Starpmolekulara hidroksamatu reakcija ar ariljodidiem notiek 18 stundas, ar
arilbromidiem reakcija nenotiek vispar, bet savienojums 10 veidojas 2 stundu laika, lidzigi ka
bromaizvietoto 2-aril-N-alkoksiacetamidu ciklizacijas gadijuma par indoloniem. Tapéc varétu
pienemt, ka divas hidroksamata 1.26 molekulas reakcijas gaita atrodas loti tuvu viena otrai un
homosametinasanas notiek ,,pseido-iek§molekulara” veida.
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Vara katalizétas N-ariléSanas reakcijas mehanisms nav vél lidz galam izpétits, bet ir
pienemts, ka amidu N-arileSana sakas ar vara amidata 14 veidoSanas (19. shéma). Amida
deproton€Sanas atrumam jabiit samérojamam ar starpsavienojuma 14 ariléSanas reakcijas
atrumu. Ja tas ir lielaks, deproton€tais amids uzkrajas reakcijas vid€, un rodas neaktivs
kuprata komplekss 15. Hidroksamati ir stiprakas N-H skabes neka attiecigie amidi vai
hidrazidi (AcNHOMe pHua = 17, AcNHMe pHua = 25, BZNHNMe, pHya = 20), Iidz ar to
deprotonéta amida koncentracija reakcijas vidé var bit augstaka, un lidzsvars varétu biit
nobidits uz kuprata 15 pusi (19. shema). Ir arT zinami, un ar rengenstruktiiras analizes metodi
pieraditi, dazi varu saturoSi kompleksi, kuros abi skabekla atomi no a-alkoksikarbonilgrupas
veido koordinativas saites ar vara jonu. Tap€c nevar izslégt, ka ar1 hidroksamata funkcija
lidziga veida helaté varu un reakcijas gaita veidojas divas hidroksamata molekulas satuross

koplekss 16.

0O
)J\ (l) S) /—\ I—Ar 0O |
RN+ B + N._ .N - 0
H ?u starpmolekulara R T}I
X N-arilesana Ar
L6 = S
R TTI/ R T?I/ ~
?u ,Cu
~A ~
~ N R O\ 0
0 "pseido-ieksmolekulara" H g
15 N-arilésana 16
19. shema

Savienojumiem 15 vai 16 disoci€jot par vara amidatiem 14, notiek strarpmolekulara
sametinasanas reakcija ar ariljodidiem, bet hidroksamata 1.26 gadijuma, reakcija notiek ar
otro, loti tuvu esoSo a-bromatvasinajuma 1.26 molekulu. Vara jona un divu hidroksamata
molekulu saturo$i kompleksi var€tu biit pamata art citu negaiditu, bet darba gaita noveérotu
reakciju, pieméram, estera 4 (6. shéma) un bis-indolonu 5.1-5.3 (8. shéma) veidoSanas

pamata.

3.1ZEJVIELU SINTEZE
a—Pozicija aizvietotu karbonskabju atvasinajumu 19.1-19.4 sintézi veicam tris stadijas
no komerciali pieejamas 2-(2-bromfenil)-etikskabes (20.shéma).  Fenilakrilskabes

atvasinajumu 19.5 ieguvam Perkina kondensacijas reakcija (20.shéma).
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Br R\ g2 Br R\ g’
@/\'(OH a) ©/\'( ~ b) c) vaid) f) @)%(OH
[ j O

17, 90% 18.1-18.4, 32-82% 19.1-19.4, 53-95%
Ph H
| OH Reakcijas apstakli: a) Mel, K,CO,, DMF, i.t., 18 st.; b) LIHMDS, 0 °C - i.t., 2 st.,
tad Mel, i.t., 18 st.; ¢) ~BuOK, THF, 0 °C, 30 min., tad 1-jod-3-metilbutans vai
0 brommetilcikloheksans, i.t., 18 st.; d) Mel, 18-krauns-6, --BuOK, THF, i.t., 18 st.,
Br tad NaH, i.t., 18 st.; e) benzaldehids, etikskabes anhidrids, Et;N, 110 °C, 18 st.;
19.5, 44% f) NaOH, EtOH/H,0, v.t., tad 1M HCI tdens $kidums.

20. shema

Karbonskabju 19.6-19.10 iegiiSanai no komerciali pieejamiem 2-bromtoluola

atvasinajumiem 20.1-20.4 izmantojam tris stadiju sint€zi (21. shéma).

Br
R
fj o I;N -
Rl 1 1
R
20.1-20.4 21.1-21.4, 54-87% 22.1 22.5, 50-84% 19.6-19.10, 44-86%

Reakcijas apstak]i: a) Bz,0,, NBS, CCl,, 70 °C, 18 st.; b) NaCN, DMSO, 90 °C - 50 °C, 20 min;
c¢) NaOH, EtOH/H,0, v.t., 18 st., tad 1M HCI tidens $kidums.

21. shéema

Elektronakceptoras grupas saturo$as 2-(2-bromfenil)-etikskabes 19.11 un 19.12
sintezétas divas stadijas no 2-brom-1-fluor-4-nitrobenzola un 3-brom-4-fluorbenzonitrila, kas

ir komerciali pieejami (22. shema).

Br B O O Br
' b) OH

(0]
R R O R
R=NO,;R=CN 23.1, R=NO,, 80%; 23.2, R=CN, 80%  19.11, R =NO,, 85%; 19.12, R = CN, 93%
Reakcijas apstakli: a) NaH, (COOMe),, THF, 0 °C lidz i.t., 18 st., vai DMSO, 100 °C, 18 st.;
b) 6M HCI tdens skidums, 100 °C, 18 st.

22. shema

Jodaizvietota karbonskabe 19.13 iegiita tris stadijas no komerciali pieejamas 3-(2-

bromfenil)-propionskabes (23. shema).
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Br (0] I (0]
c)
@/\)J\OH e @/\)‘\ @/\)J\ ©/\/N\OH
24, 90% 25, 87% 19.13, 86%

Reakcijas apstakli: a) Mel, K,CO,, DMF, i.t.,, 18 st.; b) Nal, Cul, DMEDA, dioksans,
120 °C, 36 st.; ¢) NaOH, EtOH/H,0, v.t., 2 st., tad 1M HCI tdens §kidums.
23. shéma
Sintézei nepiecieSamo hidroksamatu iegiiSanai izmantojam karbonskabju wvai to
hloranhidridu reakciju ar hidroksilamina atvasinajumiem (24. shéma). Attiecigo hidroksamatu

struktiiras un iznakumi apkopoti 5. un 6. attéla.

R._OH 0., EDCERN Ho Na,CO, o
g * HN R > R\H/N\o’ - R\H/Cl + HN R
o) CH,Cl, benzols/H,O
R = alkil, hetAr R! = H, Me, All, Bn R = alkil, cikloalkil,
Ar, hetAr
24. shema

vead facepgivasgeea sy

X=Br,R'=Me, 81% 1.11, R2=Br, 37% 1.13,R3=0Me, 82%
1.2 X=Br,R'=All, 41% 1.12,R2=0Me, 16% 1.14,R3=F,  60% 1.17,R?R3 = OCH,0, R*=H, 72%
13 X-Br.R!'=Bn 54% 1.15,R3=NO,, 79% 1.18, R?=H, R’R* = (CH),, 78%
1.8, X=1, R'=Me, 68% 1.16,R3=CN, 61%
1.9, X=Cl, R =Me, 81%
1.27, X = OH, R! = Me, 59%

. O 0
H H
.0 N.
WE Ph%( o” PhyﬁrNb/ QYN\
5 6
X 0 0 o)

0 1.24, X=Br, 88% 7.7, 86% 7.8, 88% 7.13, 61%
0 125 X=1, 72%

Ph =
1.19, RS =R6=Me 16% H . H H
9 9 Z
1.20, RSR = CHPh, 46% Pth\O/ \(N\O/ %N\
1.21, R>=Me, R¢=H, 41% o 0 0

1.22, RS = (CH,),CH(CH,),,
RO=H, 81% 7.11, 64% 712, 65% 7.18, Z=S, 60%

1.23, RS =CH,C.H,,, RS =H, 71% 7.20, Z=0,29%

5. att. No karbonskabém sintezeto hidroksamatu struktaras un iznakumi
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H 1 o O 0
N. _R .
Ph/\n/ o) . N OR! ®)J\N O~ N O~
0 H N\_o H H

7.1, R =Me, 86% 1.26,R'=Me,R2=2-Br, 98%  7.19,71% o 7.9,91%

72,RI=All,97% 7.14,R'=Me,R*>=H,  95% -~ o
73,R1=Bn,94% 7.5 RI=AILR2=H,  99% NS
7.6,RI=H, 54% 7.16, R! = Me, R> = 4-OMe, 98%

7.17, R = Me, R? = 4-CF;, 96% 7.10, 86%

6. att. No hloranhidridiem sintezéeto hidroksamatu struktaras un iznakumi

Bromaizvietota hidroksamskabe 1.7 sintez€ta no 2-(2-bromfenil)-etikskabes (25.
shéma, a), izmantojot oksalilhlorida/hidroksilamina metodi. Savienojumu 1.7 un ieprieks
iegiito hidroksamskabi 7.6 (6. att.) parvértam O-aizvietotus hidroksamatus 1.4-1.6, ka ar1 7.4

un 7.5, attiecigi (25. shéma, b, ¢ vai d).

X 1.4, (X = Br, R="THP), 65%

Br X H . H 7.4, (X=H,R=THP), 48%
OH a) Negy P> vai d) N-0 1.5, (X = Br, R = TBDMS), 48%

5 — o - O R 1.6, (X=Br,R=1Bu), 80%

7.5, (X =H, R = £-Bu), 69%

1.7, (X =Br), 72%; 7.6, (X =H)
Reakcijas apstakli: a) DMF, (COCl),, CH,Cl,, 0 °C, 40 min., tad NH,OH-HC], Et;N, THF/H,0, 0 °C, 30 min.;
b) TBDMSCI, imidazols, i.t., 18 st.; ¢) 70% HCIO, tidens Skidums, +-BuOAc, dioksans, i.t., 18 st.; d) p-TsOH,
3,4-dihidro-2 H-pirans, DMF, i.t., 4 st.

25. shéema

Triflats 1.10 iegiits no acetamida 1.27 (26. shéma).

OTf
OH H T£,0, piridins E
N\O/ . \O/
0 CH,Cl,, THF, 0 °C, 1 st. O
1.27 1.10, 59%
26. shéma

2-Brombenzamidi 11.1 un 11.2, ka art hidrazids 12 sintez&ti no 2-brombenzoilhlorida

un attiecigiem aminiem vai N, N-dimetilhidrazina (27. shéma).

Br O Br O
R EtN . 1L1L,R'=Me, 78%
ca *t  HN > N} 112, R =Et, 86%
CH,CL,, H 12, R!=NMe),, 67%

R!'=Me, Et, N(Me), (0 °C Iidzit., 2 st.

27. shema
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SECINAJUMI

1. Paradits, ka nav bitisku ierobezojumu hidroksamskabes atvasinajumu ieks- un
starpmolekularai N-ariléSanai vara katalizes apstaklos, un pirmo reizi N-arilhidroksamskabes

atvasinajumi tika ieguti vara kataliz€ta sametinaSanas reakcija.

2. Petot 2-(2-bromfenil)-N-metoksiacetamida iekSmolekularu N-ariléSanu, izstradata
jauna metode ciklisko N-arilhidroksamatu iegtiSanai. Veicot sint€zi optimiz€tos apstaklos,
iegiita virkne N-alkoksiindol-2-ona atvasinajumu. Metode ir piemé&rota ari hinolin-2-onu

sintézel.

3. Izstradata jauna metode hidroksamskabes atvasinajumu N-ariléSanai starpmolekularos
apstaklos, kas ir pielietojama plasam hidroksamatu klastam un ir savietojama ar dazadam

funkcionalajam grupam.

4. Ciklizejot 2-(2-bromfenil)-N-hidroksiacetamidu, iegiits 1-hidroksiindolin-2-ons,

kas kristaliska stavoklI1 eksisté tautomera N-oksida forma.

5. Konstatéts, ka 3-vieta monoaizvietotie N-metoksiindoloni 2-(2-bromfenil)-N-alkiloksi-
acetamidu ciklizacijas atpstaklos veido 3,3'-dialkil-1,1'-dimetoksi-3,3'-biindolin-2,2'-dionus.
St blakusreakcija netika novérota ne 3-vieta neaizvietotiem indoloniem, ne acikliskajiem

hidroksamatiem.

6. 2-Brom-N-metoksibenzamids atSkiriba no 2-brom-N-alkilbenzamidiem hidroksamatu
N-ariléSanas apstaklos veido tikai homosametinaSanas produktu, iesp€jams, pseido-

iekSmolekulara reakcija no vara un divu hidroksamatu molekulu saturosa kompleksa.
7. O-Alilhidroksamatu N-arileSanas reakcijas notiek ar augstakiem iznakumiem,

salidzinot ar analogiskiem O-metilatvasinajumiem. Iesp&jams, ka alilgrupas dubultsaite

papildus koordingjas pie vara atoma, tadejadi stabiliz€jot vara amida kompleksu.
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INTRODUCTION

Actuality of investigation

N-Alkoxyindol-2-one appears as a core structure in several types of alkaloids,"” such
as notoamide'”; phytoalexins®® — antibiotics that originate in plants as response of chemical
or biologic irritation; gelsedines’” that possess analgesic, anti-inflammatory and cytotoxic
effect against the A431 human epidermoid carcinoma cell line. N-Hydroxyindolin-2-one
derivatives have been found to be active against multiple sclerosis,'® and have also been
studied as influenza endonuclease inhibitors.'' Derivatives of N-alkoxy-indol-2-ones are
versatile building blocks for the synthesis of indole derivatives by reduction of carbonyl
group'? or by conversion of carbonyl group to triflate followed by cross-coupling reaction.'
The N-hydroxy function in this case serves as N-protecting group that can be removed under
reductive conditions.'* N-Arylhydroxamic acids are used as N,O-acyltransferase substrates,'”

19,20

7 possess antiinflammatory, antiviral,”' antioxidant® and cytostatic®' properties and they

have been tested as glyoxalase inhibitors.'® Derivatives of N-arylhydroxamic acids are

23-45

intermediates in the preparation of nitrogen heterocycles, 2-aminophenols,*®

48-50

thiohydroxamic acids,”” chiral N-arylaziridines, as well as being substrates for

51,52

enantioselective Diels—Alder reactions. In addition, their are N—OH mediators for

53,54

biocatalytical processes, and N-arylhydroxamic acids complexes with tungsten,

molybdenum and vanadium are used as catalysts in various oxidation reactions.””’

During accomplishing review™® devoted to the application of hydroxylamines and
hydroxamic acids in the synthesis of heterocycles we found that transition-metal-catalyzed
cross-coupling reaction were not used for the synthesis of N-alkoxyindolones from
corresponding halophenylacetylhydroxamates. More surprisingly, we can not find any

example in literature where transition-metal-catalyzed reaction routinely employed for

Csp”N bond formation was applied to the N-arylation of hydroxamates.

Aim of the work

In the light of facts mentioned above the main objective of present research was to
explore the possibility, scope and limitation of the synthesis of N-arylhydroxamic acid

derivatives under transition-metal-catalyzed conditions.

Tasks:

In order to reach the aim following research goals were set:
23



1) To examine intramolecular version of transition-metal-catalyzed N-arylation of
hydroxamates and to develop a new method for the synthesis of N-alkoxyindol-2-ones based
on obtained results.

2) To expand N-arylation reaction conditions for intermolecular cross-coupling and to

apply them for the synthesis of various N-aryl-O-alkylhydroxamic acid derivatives.

Scientific novelty and main results

For the first time the synthesis of N-aryl-O-alkylhydroxamates under copper-catalyzed
conditions were achieved and new methods for the synthesis of N-alkoxyindol-2-ones and N-
aryl-O-alkylhydroxamic acid derivatives has been developed. It was shown, that elaborated

methods are applicable to various types of substrates and tolerates diverse functional groups.

1. INTRAMOLECULAR N-ARYLATION OF HYDROXAMATES
1.1. Optimization of the reaction conditions
To expand the substrate scope for the transition-metal-catalyzed amidation reaction
and to create a new method for the synthesis of N-alkoxyindolone derivatives, we decided to
explore cyclization of 2-(2-bromophenyl)-acetylhydroxamate 1.1 as a model reaction

(Scheme 1).

Scheme 1

Initially, we tested several Pd catalyzed reaction conditions that were used for
cyclization of 2-(2-bromophenyl)-acetamide derivatives.®’®® Pd(OAc), in combination with
BINAP,”' X-Phos® or DPEPhos® ligand as catalyst systems did not afford product 2.1.
Negative results were obtained under reaction conditions (Cul/Phen) used for intermolecular
arylation of hydroxylamine carbamate derivatives.” However, N-methoxybenzolactam 2.1
was isolated in 29% yield, if reaction was carried out in the presence of 10 mol% of Cul, 20
mol% of N,N -dimethylethylenediamine (DMEDA) and 2 equivalents of K,CO, in toluene®
at 80 °C for two hours. Addition of molecular sieves to the reaction mixture improved yield of

product 2.1 up to 40%. This finding indicated that there are no major limitations for
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intramolecular N-arylation of hydroxamates and was good starting point for the systematic
optimization.

At first, we examined different sources of copper: CuBr,, CuCl,, Cu(OAc),, CuO,
CuO nanoparticles (24 nm average) form, Cu,O, CuBr, CuCl and Cul. From copper salts
tested as catalyst, CuBr, was found to be optimal leading to indolone 2.1 in 91% yield.
Without copper reaction did not proceed at all. Although Cu,O and CuBr, appeared equally
efficient, we decided to use CuBr; for further experiments due to its lower molar content of
copper. Then we also tested several base, solvent and ligand combinations. In the presence of
stronger bases, such as --BuOK or Cs,COs, or triethylamine reaction did not proceed and the
use of KsPO, afforded product 2.1 only in 22% yield. Toluene appeared superior solvent
compared to THF, dioxane, MeCN, DMF and MeOH. Application of other ligands widely
used for copper-catalyzed cross-coupling reactions, for instance L-proline, N,N-
dimethylglycine hydrochloride (DMG), neocuproine or 1,10-phenantroline, afforded lower
yield of indolone 2.1 compared to DMEDA, while use of salicylaldoxyme, 2,2,6,6-
tetramethylheptane-3,5-dione (TMHD) or 2-isobutyryl-cyclohexanone did not afford 2.1 at
all. It appeared that the latter three oxygen containing ligands even inhibited conversion of 1.1
to 2.1, since in the absence of the ligand reaction proceeded in 9% yield.

Thus, the best reaction condition for the synthesis of N-methoxyindolone 2.1 from 2-
(2-bromophenyl)-acetylhydroxamate 1.1 has been identified and are following - 10 mol%
CuBr,, 20 mol% DMEDA, 2 equivalents of K,CO3, 3A molecular sieves, in toluene at 80 °C

for 2 hours.

1.2. Synthesis of cyclic N-alkoxy-/N-arylamides

In order to explore the scope and limitations of the obtained reaction conditions, we
applied them to the synthesis of N-alkoxyindolone derivatives from various hydroxamates.

Standard hydroxyl protecting groups on the hydroxylamine moiety were well tolerated
and indolones 2.1-2.6 were obtained in high yields (67-92%), however, increased temperature
to 100 °C was necessary for full conversion of bulkier benzyl, tetrahydropyranyl, tert-
butyldimethylsilyl and zer#-butyl hydroxamates (Scheme 2).

The protection of hydroxamic acid is essential, otherwise the reaction proceed only in
34% yield (Scheme 2). Interestingly, according to X-ray crystallographic analysis the product
from cyclization of hydroxamic acid 1.7 can be regarded as nitrone derivative 3 rather than

the cyclic N-hydroxyamide 3.1 in the solid state (Fig. 1 and Scheme 3).
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1.1, R=Me Br

1.2,R=All H
1.3, R=Bn NogR & 0 /)—OH
1.4,R =THP N N+

0

1.5, R =TBDMS o O-p
1.6, R=¢Bu
’ 1.1-1. 1-2.6. 81-92° _ o
1.7.R=H 7 2.1-2.6, 81-92% 3,R=H, 34%
Scheme 2

Figure 1. Structure of compound 3

Nevertheless compound 3 can be prepared in two step procedure in 79 % overall yield
from 1.3 by arylation and subsequent hydrogenation of in the presence of Pd/C in 94% yield
(Scheme 3).

Pd/C H,
0 — OH
BOH/ACOEL, N +

rt, 1 h
O\Bn 3.1 OH 94%

Scheme 3

In order to broaden the scope of the starting materials for the preparation of compound
2.1 we have examined cyclization of the N-methoxyphenylacetamide derivatives: 2-(2-
iodophenyl)-N-methoxyacetamide (1.8), 2-(2-chlorophenyl)-N-methoxyacetamide (1.9) and
triflate 1.10 (Scheme 4).
X

H
X=1, 1.8 N. .~ [Cu] (10 mol%), ligand (20 mol%)
X=Cl, 19 0 - ©\/>:o
X=0Tf, 1.10 0 base (2 equiv), 3 A MS, solvent, t °C, time N

\
1.8-1.10 21 O—

Scheme 4

Iodo hydroxamate 1.8 react slower then corresponding bromo derivative 1.1 and the
higher yield of the product 2.1 (65%) was obtained if reaction was carried out at 80 °C for 6
hours. Cyclization of chloro or trifloromethylsulfonyl derivatives 1.9, 1.10 did not afford the

product 2.1 under the same conditions.
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Also chloro derivative 1.9 appeared a problematic substrate. After examination of
different copper source, ligand, base and solvent combinations, the highest yield of product
2.1 (43%) from chloro hydroxamate 1.9 was obtained if reaction was carried out for 1 h at 100
°C 1in acetonitrile in the presence of CuBr, and DMEDA. However triflate 1.10 do not react
also at these modified conditions.

N-Methoxyindolones 2.7-2.10 (Scheme 5) were obtained in moderate to excellent
yields, although some reaction time and temperature variations were necessary to achieve
optimal outcome. The reaction of dibromo derivative 1.11 takes place exclusively on the
bromine at C-2. In the case of disubstituted hydroxamates 1.17 and 1.18 reaction proved to be
difficult. Increased reaction time was necessary for full conversion of hydroxamate 1.17;
however, the desired product 2.13 was obtained in low yield (45%). Unfortunately,
cyclization of N-methoxyacetamide 1.18 to indolone 2.14 did not proceed at all. At prolonged
reaction times the starting hydroxamate 1.18 remained almost intact, but at elevated

temperature (100 °C) decomposition of the starting material was observed.

NS R
0 _
R]A@/\’(

1.11-1.18 2.7-2.14 0—

m m<mﬁ

2.7,R!=Br, 4%(from1.11) 2.9, R =0OMe, 68% (from 1.13)  2.13, 45% (from 1.17) 2.14, 0% (from 1.18)
2.8, R! = OMe, 92% (from 1.12)  2.10,R!=F,  72% (from 1.14)
2.11,R' =NO,, 0% (from 1.15)

212,R'=CN, 0% (from 1.16)

Scheme 5

Hydroxamates 1.15 and 1.16 containing electron-accepting substituents in the phenyl
ring also did not form cyclization products under our standard conditions (Scheme 5). May be
it is due to solubility of starting material 1.15 and 1.16 in toluene, since cyano hydroxamate
1.16 did not completely dissolve in toluene even at 115 °C. Interestingly, that nitro
hydroxamate 1.15 affords only ester 4 as sole products albeit it was isolated only in moderate

(41%) yield (Scheme 6).

ON Br NO,
Br H
/@/\(N\O/ CuBr, (10 mol%), DMEDA (20 mol% O O
0 K,CO, (2 equiv), 3 AMS,
ON (2 equiv), 0”0 B
2 1.15 toluene, 115 °C, 18 h | 4,41%

Scheme 6
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Structure of ester 4 was determined by X-ray analysis (Fig. 2).

c3

Figure 2. Structure of compound 4

Hydroxamates 1.19-1.23 containing substituents at 3rd position were also tested in
cyclization reaction (Scheme 7). The developed method appeared applicable for the synthesis
of 3,3-dimethyl 2.15 and benzylidene 2.16 derivatives of indolones. However, products 2.17-

2.19 from hydroxamates 1.21-1.23 monosubstituted at 3rd position were obtained in low to

moderate yields.

R\ R?
Br R} R> 1511
< O
_—
© N
0 O—
1.19-1.23 Ph 5 2.15-2.19
" R
o 217.R=Me, 60% (from 1.21)
0 0 N 2.18, R2 = 3-methylbutyl, 32% (from 1.22)
N Nb y 2.19, R2 = cyclohexylmethyl, 25% (from 1.23)
O\ - -
2.15,82% (from 1.19)  E-2.16, 79% (from 1.20)  2.17-2.19
Scheme 7

The formation of dimerized side products 5.1-5.3 was observed during course of
reaction and they were isolated in 42-46% yield when reactions were carried out for 18 h
(Scheme 8). Since the yields of side products 5.1-5.3 did not reach 50%, we assumed that half
of the starting hydroxamate or N-methoxyindolones has been consumed as an internal oxidant
and that the side reaction proceeds via formation of radical species. The structure of product

5.1 was established with X-ray analysis (Fig. 3).

2

R™ CuBr, (10 mol%),
N. .~ DMEDA (20 mol%) 5.1, R2=Me, 42%
0 - 5.2, R2=3-methylbutyl,  43%
2=
BrO K2CO3 (2 equiv), 3 A MS, 5 o 5.3, R? =cyclohexylmethyl, 46%
1.21-1.23 toluene, 80 °C, 18 h 5153

Scheme 8
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Figure 3. Structure of compound 5.1

We have also demonstrated that the reaction conditions are suitable for closure of six-
membered rings. N-Methoxy-quinolin-2-one 6 was obtained in high yield from ortho-bromo

as well as ortho-10do substituted hydroxamates at 80 °C or 100 °C for 18 h (Scheme 9).

e) CuBr, (10 mol%),

.0 DMEDA (20 mol%)
1.24, X = Br TP‘IT : > X =Br, 93% (100 °C)
125, X =1 « K,CO; (2 equiv), 3AMS, NS0 X=1 86% (80 °C)

° )
1.24,1.25 toluene, 80-100 °C, 18 h 6 O

Scheme 9

Thereby intramolecular N-arylation of hydroxamic acid by copper catalysis was
achieved. Based on this transformation a new method for the synthesis of N-alkoxyindol-2-
ones from 2-(2-bromoaryl)-acetylhydroxamates has been developed. The elaborated
conditions can be used on broad range of substrates and are also applicable for synthesis of

quinolin-2-one derivatives.

2. INTERAMOLECULAR N-ARYLATION OF HYDROXAMATES

2.1. Optimization of the reaction conditions

We surmised that the catalytic system that we developed for the synthesis of N-
alkoxyindol-2-ones might also be suitable for the intermolecular N-arylation of hydroxamic
acids. Hence, the intramolecular N-arylation conditions (10 mol% CuBr;,, 20 mol% DMEDA,
2 equivalents of K,COs, 3A molecular sieves, toluene, at 80 °C for 2 hours) were used as
starting point for development of an intermolecular version of this transformation. Cross-
coupling of N-methoxyacetamide 7.1 with iodobenzene (1.2 equivalents) was selected as a

model reaction for preliminary experiments (Scheme 10).
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B [Cu] (10 mol%), ligand (20 mol%) N~
m O  + 1—ph > m
Y base (2 equiv), 3 A MS, solvent, t °C, time 0
7.1 8.1

Scheme 10

If reaction conditions developed for intramolecular N-arylation were applied,
formation of product 8.1 was not observed. However, replacing of Cu(Il) bromide with Cu(I)
oxide leading to desired product 8.1 in 47% GC-MS yield. Although the GC-MS yield of the
derivative 8.1 was moderate, it was indicated that there are no essential limitations for
intermolecular N-arylation of hydroxamates under copper-catalyzed conditions. Increasing the
reaction time to 18 hours and equivalents of iodobenzene to 1.5 improved yield of product 8.1
up to 63% (with CuBr;) and 89% (with Cu,0).

After examining numerous combinations of the copper source (CuClL, Cu(OAc),,
CuO, CuO nanoparticles, CuBr, CuCl and Cul), ligand (1,10-phenanthroline, neocuproine,
DMG, TMHD, 2-isobutyryl-cyclohexanone, PPhs), bases (K;PO4, Cs,COs3, Na,COs), and
solvent (THF, dioxane, DMF, DMSO, MeCN, MeOH) combinations, we found that replacing
Cu(II) bromide with Cu(I) oxide was the only modification of the initial reaction conditions
that enhanced the yield of the N-phenylhydroxamate 8.1. The reaction temperature 80 °C was
found to be optimal, performing reactions at the higher or lower temperatures decrease the
yields of 8.1, but increasing the reaction time to 18 hours was necessary for effective

intramolecular N-arylation of the hydroxamates.

2.2. Synthesis of N-alkoxy-/N-arylamides

In order to explore the scope and limitations of the best obtained reaction conditions,
we applied developed method to the cross-coupling of various hydroxamates with
iodobenzene. Standard hydroxyl protecting groups on the hydroxylamine moiety were well
tolerated (Scheme 11) and N-arylhydroxamates 8.1-8.5 were obtained in high yields (71-
96%).

8.1, R=Me, 88%

Ph
Ho Cu,0 (10 mol%), 1 82,R=All, 96%
N. .R DMEDA (20 mol%) Ne R e R—Bn  71%
m O+ I-Ph . m O 4 R-THP, 81%
. ¥y - B o
O K2CO3 (2 equlV), 3 A MS, O 8.5, R= t-Bu, 73%
7.1-7.6 toluene, 80-110 °C, 18 h 8.1-8.6 8.6,R=H, 0%

Scheme 11
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However, it was necessary to increase the reaction temperature to 110 °C to achieve
full conversion of the bulkier tert-butyl hydroxamate 8.5. Protection of hydroxy group on the
hydroxylamine moiety was essential. If phenylacetylhydroxamic acid 7.6 was applied, only
phenylacetamide and trace amount of its N-arylated product were detected in the reaction
mixture (GC-MS yields are respectively 64 and 36%). However compound 8.6 can be
obtained from 8.2 in 89 % yield by removal of the allyl protecting group with Pd(OAc),/PPhs

and ammonium formate (Scheme 12).

Ph Ph
N. O/v/ Pd(OAc),, PPh,, NH,*HCO, N‘OH
O o = o
82 EtOH/H,0, 80 °C, 2 h 8.6, 89%
Scheme 12

Next we tested various N-methoxyhydroxamates for N-arylation with iodobenzene
(Scheme 13).
Cu,0 (10 mol%), Ph

H |
R. _N. DMEDA (20 mol%) R _N. -~
Tl e Ry
o) K,CO, (2 equiv), 3 AMS, 0
1.18,7.7-7.13 toluene, 80-110 °C, 18-36 h 8.7-8.14
?h Ph Fh
I
N< N
0 (0]
8.7, 82% 8.8, 70% 8.9, 72% 8.10, 63% 8.11, 95%
Il’h Ph Ph Ph
Ph N. XN N
\/\[.r 0 \O 0 \O/
(0] (0] (0]
8.12, 96% 8.13, 50% 8.14, 41%
Scheme 13

The method appeared suitable for N-arylation of a variety of phenylacetyl-, aliphatic-,
phenylacryl- and phenylpropynoilhydroxamates. N-Arylhydroxamates 8.7-8.14 were obtained
in moderate-to-excellent yields (41-96%). It is worth to mention that in contrary to the
intramolecular N-arylation (Scheme 8) the formation of dimerized side products from
hydroxamate 8.7 monosubstituted at a-position was not observed. It additionally supports our
hypothesis that N-methoxyindolones 2.17-2.19 were the actual species capable for oxidation
of copper and dimerization at a-position.

Tomkinson group® reported that that N-alkoxybenzamide was ineffective coupling

partner for palladium catalyzed N-arylation. However under our conditions various N-phenyl-
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N-alkoxybenzamides 8.15-8.18 can be obtained from corresponding hydroxamates 7.14-7.17
albeit in moderate (26-60 %) yield (Scheme 14). Several heteroarylhydroxamates 7.18-7.20

also can be arylated with iodobenzene with acceptable yields (Scheme 14).

At _N. R % '
r « Ar N. .R
Ar = Ar, hetAr \ﬂ/ 0 + I—Ph > \[r 0
O 0
7.14-7.20 .
o o 8.15-8.21 0

0. , 815 R'=Me,R2=H, 35% .0 ) - 0 -0

N R’ g16 RI=AILR2=H., 44% ¢ NS B9 278000 TN

) , , , | ! 821,2=0,72% N\ ¢ pp
R Ph 8.17,R'=Me, R”2=0Me, 26% 7 Ph

8.18, R' = Me, R2=CF,, 60%
8.15-8.18 ’ © » ° 8.19, 8.21 8.20, 51%
Scheme 14

After the scope of hydroxamates as coupling partners was evaluated, we examined the
efficiency of cross-coupling of various aryl halide components (Scheme 15). The method was
efficient for a wide range of aryl iodides, affording products 9.1-9.20 with high-to-excellent
yields (71-97%). The arylation conditions are compatible with different functional groups in
the substrate including esters, nitro, keto, and nitrile functionalities. The presence of an
electron—donating group in the para-position with respect to iodine only slightly reduced the

yields (71-79%) of the corresponding N-arylhydroxamates.

9.1, R = CO,Et, R' = Me, 90%
9.3,R=NO,,R'=Me, 92%
9.4,R=NO,,R' =All, 90%
9.6, R = COMe, R! = Me, 89%
9.7, R=COMe, R! = All, 84%
9.8, R=CN,RI=All, 90%
9.11,R=Me, R = Me, 71%
9.12,R=Me, R = All, 79%
9.13,R=Me,R' =Bn, 79%
9.14, R = OMe, R = Me, 72%
9.15,R = OMe, R! = Bn, 91%
9.16,R=Br,RI=Me, 75%
9.17,R=CLR'=Me, 82%

9.9, 92%

Cl 0 P
N
\
O_
MeO,C
9.18, 88%

9.2, R=CO,Et, 92%
9.5,R=NO,, 82%
9.10, R=0Me, 97%

h

Scheme 15

9.19, 63%
0O Ph

>_/

9.20, 89%

The developed reaction conditions, however, are not suitable for the N-arylation with

aryl bromides or chlorides, including activated 4-nitrophenybromide. Even at elevated
temperatures (110 °C) and with prolonged reaction times (36 h), the starting hydroxamates

7.1 and 7.2 remained almost intact. Performing the reaction in the presence of 1.5 equivalents
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of potassium iodide, N-aryl-O-methyl- and N-aryl-O-allylhydroxamates 8.1 and 8.2 were
isolated in 15 and 38% yields, respectively. As a consequence, bromo- or chloro-substituted
iodobenzenes can be used as coupling partners to give the corresponding halogenated N-
arylhydroxamates 9.16-9.18 in good yields (Scheme 15). Furthermore, the method is not
restricted to iodoarenes, as iodopyridines also react to form corresponding N-substituted
pyridil derivatives 9.19 and 9.20 (Scheme 15).

Another class of challenging substrates are the orfo-substituted iodoarenes, because it
has been reported” that copper-catalyzed cross-coupling of hydroxylamine carbamates with
2-iodotoluene does not afford N-arylated product. Indeed, the yields of N-arylhydroxamates
9.21-9.28 under our reaction conditions were low to moderate (24-63%), and 2-methoxy

derivative 9.26 was not formed at all (Scheme 16).

Ar
H 1 | 1
N. .R N. .R
PO . mTYy o
O 0
7.1-73 \ 921-9.28
F QS Ph O. Ph O O, Ph
N\ N\ N\ 1
O-R' O-R' O-R
9.21,R! = Me, 38% 9.24, R! = Me, 24% 9.26, Ri = Me, 0"/2
9.22,R! = All, 63% 9.25,R! = All, 35% 9.27, R! = All, 38%
9.23, R! = Bn, 48% 9.28, R! = Bn, 24%
Scheme 16

The yields of N-aryl-O-allylhydroxamates were higher than those of the corresponding
O-methyl derivatives, especially; if less reactive aryl iodides or hydroxamates were used
(Scheme 14, 15 and 16). We assume that double bond of the allyl group can coordinate to
copper, thereby sterically protecting catalytically active copper amidate from addition of the
second amide anion and as the results from the formation of an unreactive cuprate complex.
Complexes, where copper was coordinated by the double bond of the allyl group, were known
and its structures were established with X-ray analysis.

So, we have demonstrated that there are no essential limitations for intermolecular N-
arylation of hydroxamic acid derivatives under copper-catalyzed conditions. The new method
for the synthesis of the N-alkoxy-N-arylhydroxamates has been developed. The elaborated
conditions are applicable for different types of hydroxamic acid derivatives and tolerate
various functional groups.

Finally, we subjected several derivatives of hydroxamic acid bearing an aryl halogen

moiety (which are formally suitable for intramolecular arylation) to the current reaction
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condition (10 mol% CuBr,, 20 mol% DMEDA, 2 equivalents of K,COs, 3A molecular sieves,

toluene, 80 °C) in the presence of 1.5 equivalents of iodobenzene (Scheme 17).

< 1.24, n=2, X=Br

H 125, n=2, X=1I

@HWN\O/ 1.9, n=1, X=Cl

Ph—1  + 5 1.1, n=1, X=Br
1.10, n=1, X=OTf

1.26, n=0, X=Br

n=2;X=Br,I n=1;X=Cl,OTfl n=1:X=Br n=0; X =Br
18h 18h 2h 2h
.0 Nog” ©\/>:o 0
MN ~ 0 N P
O \
Ph O— NH
8.22, X =Br, 82% 8.24, X=Cl, 67% 2.1, 88 % O
- 8.25, X = OTf, 62%
823, X=1, 10% , o 10, 88 %
+
m 6, 78 % (from 1.25)
I}I o <5 % (from 1.24)
_0
Scheme 17

As expected, the indolone 2.1 was the sole product in the reaction of bromo
hydroxamate 1.1. An intramolecular reaction with formation of quinolinone 6 also
predominated in the case of iodo hydroxamate 1.25. However, the related chloro- and bromo
hydroxamates 1.9 and 1.24, as well as triflate 1.10, respectively, gave the corresponding N-

phenyl derivatives 8.24, 8.22 and 8.25 (the intermolecular reaction products) in >60% yield.
,/019)

X)) 08

O(11)
e

Br(18)

C(3)

o) \

C(15)

C(5)/~

Figure 4. Structure of compound 10

More surprising was the outcome of the reaction with hydroxamate 1.26. The
homocoupled product 10 (Scheme 17) was isolated exclusively in 88% yield after two hours
at 80 °. Structure of hydroxamate 10 was determined by X-ray analysis (Fig. 4).

In order to explore the influence of N-substituent of 2-bromobenzamides to formation
of homocoupled products, we synthesized several structurally similar derivatives of 2-

bromobenzamide 11.1, 11.2, 12 and subjected them to N-arylation conditions (Scheme 18).
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Br O Br O
111, R=Me N _R 131, R=Me, 0%
11.2, R=Et N 4+ I-Ph — > N Q132 R=Et, 0%
12, R = N(Me), H @)%IH 133, R=N(Me),, 35%
|
R

Reaction conditions: Cu,0 (10 mol%), DMEDA (20 mol%), K,COs (2 equiv), PhI (1.5 equiv), 3 A M, toluene, 80 °C, 18 h
Scheme 18

Benzamides 11.1 and 11.2 did not form neither homocoupled nor N-phenyl products,
only starting materials were detected in the reaction mixtures. However, if hydrazide 12 was
used, the homocoupled product 13.3 was isolated in 35 % yield.

For intermolecular N-arylation of hydroxamates with aryl iodides 18 hours were
necessary, and aryl bromides were inefficient coupling partner, but compound 10 was formed
in two hours like the cyclization of bromo-substituted 2-aryl-N-alkoxyacetamides. We
therefore assume that two molecules of the hydroxamate 1.26 should be located very close
each other during the course of reaction and formation of 10 might proceed in a “pseudo-
intramolecular” fashion.

The most widely accepted mechanism of Cu-catalyzed N-arylation of amides involves
formation of copper amidate intermediate 14 (Scheme 19). The rate of the deprotonation of
the amide has to match the rate of the amidation reaction. If an excess of the deprotonated
amide is formed, an inactive cuprate complex 15 was produced. Probably, in the case of
hydroxamates the equilibrium is shifted to cuprate 15, because hydroxamates are more acidic
than the corresponding amides (pHua = 17 for AcNHOMe, pHua = 25 for AcNHMe, pHya =
20 for BZNHNMe,), and as a result concentration of amide anion is higher. On the other hand,
complexes, where two oxygen atom of the a-alkoxycarbonyl group containing compounds
forms coordinative bonds with copper ion, were known and its structures were established
with X-ray analysis. Therefore copper and two hydroxamate molecules containing complexes

like 16 might arise in the reaction medium.
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Scheme 19

After dissociation of 15 or 16 to the copper amidate 14 the cross-coupling with aryl
iodides takes place. However, in the case of hydroxamate 1.26, two a-bromohydroxamate
molecules remain in close vicinity and arylation proceeds with the second hydroxamate
molecule. The existence of two hydroxamate molecules and copper containing complexes in
reaction media can be responsible also for several unexpected but during course of our studies
observed reaction, for example, formation of the ester 4 (Scheme 6) and bis-indolones 5.1-5.3

(Scheme 8).

3. SYTHESIS OF STARTING MATERIALS
Derivatives of carboxylic acid 19.1-19.4 substituted at the a-position were obtained in
3 steps from commercially available 2-(2-bromophenyl)acetic acid (Scheme 20). Phenyl
acrylic acid 19.5 was synthesized by Perkin condensation reaction (Scheme 20).

Br Br R\ R2 Br R R?
OH a) ©/\(o\ b), ¢) or d) @)Q'(o\ ) @)Q’(OH
— —
0 0 > N o)
e)

Br

|

17, 90% 18.1-18.4, 32-82% 19.1-19.4, 53-95%
Ph H
| OH Reaction conditions: a) Mel, K,CO,, DMF, rt, 18 h; b) LIHMDS, 0 °C - rt, 2 h,
then Mel, rt, 18 h; ¢) +-BuOK, THF, 0 °C, 30 min, then 1-iodo-3-methylbutane or
0 (bromomethyl)cyclohexane, rt, 18 h; d) Mel, 18-crown-6, -BuOK, THF, rt, 18 h,
Br then NaH, rt, 18 h; e) benzaldehyde, acetic anhydride, Et;N, 110 °C, 18 h;
19.5, 44% f) NaOH, EtOH/H, 0, reflux, then 1M HCl

Scheme 20

Carboxylic acids 19.6-19.10 were obtained from commercially available 2-

bromotoluene derivatives by 3 step synthesis (Scheme 21).
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Br Br Br Br

2 2 2
R R 2
a) Br b N s, 9 R OH
> —_— N —s
Rl Rl R] Rl O

R R R R
20.1-20.4 21.1-21.4, 54-87% 22.1-22.5, 50-84% 19.6-19.10, 44-86%

Reaction conditions: a) Bz,0,, NBS, CCl,, 70 °C, 18 h; b) NaCN, DMSO, 90 °C - 50 °C, 20 min;
c¢) NaOH, EtOH/H, O, reflux, 18 h, then 1M HCI

Scheme 21

Electron-accepting group containing 2-(2-bromophenyl)acetic acids 19.11 and 19.12
were synthesized in 2 steps from commercially available 2-bromo-1-fluoro-4-nitrobenzene or

3-bromo-4-fluoro-benzonitrile (Scheme 22).

|
Br B (6] (6] Br
r
/©/ F - ’ - /©/\ﬂ/ "
~
—_— —_—
(0]
R (0] R
R

R=NO,;R=CN 23.1, R=NO,, 80%; 23.2, R=CN, 80%  19.11, R=NO,, 85%; 19.12, R =CN, 93%
Reaction conditions: a) NaH, (COOMe),, THF, 0 °C - rt, 18 h, or DMSO, 100 °C, 18 h;
b) 6M HCl, 100 °C, 18 h

Scheme 22

2-(2-Iodophenyl)propanoic acid 19.13 was prepared in 3 steps from commercially
available 2-(2-bromophenyl)propanoic acid (Scheme 23).

Br O
O/

Br (0] I (e} 1 (0]
a) b) c)
24, 90% 25, 87% 19.13, 86%

Reaction conditions: a) Mel, K,CO,, DMF, rt, 18 h; b) Nal, Cul, DMEDA, dioxane,
120 °C, 36 h; ¢) NaOH, EtOH/H,O, reflux, 2 h, then 1M HCl

Scheme 23

Starting hydroxamates were synthesized from carboxylic acids or acid chlorides by the
reaction with hydroxylamine derivatives (Scheme 24). Structures and isolated yields of

obtained hydroxamates are shown in Fig. 5 and 6.

R\[]/OH o Ol EDC,ELN E\O/Rl Na,CO; R _Cl, Oy
o) ? CH,Cl, \[C])/ benzene/H,0 \ﬂ/ :
R =alkyl, hetAr R!=H, Me, All, Bn R = alkyl, cycloalkyl,
Ar, hetAr

Scheme 24
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Figure 5. Structures and isolated yields of hydroxamates obtained from carboxylic acid

derivatives

H 1 o O 0
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Ph/\n/ o) . N OR! ®)J\N O~ N O~
0 H N\_o H H

7.1, Rl = Me, 86%
7.2, Rl = All, 97%
7.3, Rl =Bn, 94%
7.6,R!'=H, 54%

1.26, R! =Me, R2=2-Br, 98%
7.14, Rl =Me, R2=H, 95%
7.15,R! = All, R2=H, 99%

7.16, R! = Me, R? = 4-OMe, 98%
7.17, R = Me, R2 = 4-CF,, 96%

7.19, 71% 0o 17991%

\/\)J\N/O\

H
7.10, 86%

Figure 6. Structures and isolated yields of hydroxamates obtained from acid chloride

derivatives

Bromo-derived hydroxamic acid 1.7 was prepared from 2-(2-bromophenyl)acetic

acids (Scheme 25, a) according to a known oxalyl chloride/hydroxylamine procedure. The

obtained derivative 1.7 and the above synthesized hydroxamic acid 7.6 (Fig. 6) were

converted to the O-protected hydroxamates 1.4-1.6, as well as 7.4 and 7.5, respectively

(Scheme 25, b, c or d).
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1.4, (X = Br, R="THP), 65%

X
I 1 i b d § 7.4, (X=H,R=THP), 48%
OH 2) N\OH ),¢)ord) *0 1.5, (X =Br, R =TBDMS), 48%
O _> 0 O R 16, (X=Br,R=rBu), 80%

7.5, (X = H, R = 1-Bu), 69%
1.7, (X = Br), 72%; 7.6, (X = H) ( u), 69%

Reaction conditions: a) DMF, (COCl),, CH,Cl,, 0 °C, 40 min, then NH,OH-HCIl, Et;N, THF/H,0, 0 °C,
30 min; b) TBDMSCI, imidazole, rt, 18 h; ¢) 70% HCIO,, +-BuOAc, dioxane, 1t, 18 h; d) p-TsOH,
3,4-dihydro-2H-pyran, DMF, rt, 4 h

Scheme 25

Triflate 1.10 was synthesized from N-methoxyacetamide 1.27 (Scheme 26).

oOTf
OH H Tf,0, pyridine E
N
N\O/ - O
o CH,CL,, THF, 0 °C, 1 h 0
1.27 1.10, 59%
Scheme 26

2-Bromobenzamides 11.1 and 11.2, as well as 2-bromobenzohydrazide 12 were
obtained from 2-bromo-benzoyl chloride by reaction with corresponding amines or N,N-

dimethylhydrazine (Scheme 27).

Br O
R Et;N Br Rl ILLRI=Me,  78%
c ot HN~ > g 11.2,R! =E 86%
2 CH,CI N 2 4 o
2 H 12, R!=N(Me),, 67%

R!=Me, Et, N(Me), 0°Ctort,2h

Scheme 27
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CONCLUSIONS

1. It was demonstrated that there are no essential limitation for intra- and
intermolecular N-arylation of hydroxamic acid derivatives under copper-catalysis
conditions, and for the first time N-aryl-O-alkylhydroxamates were synthesized under

copper-catalyzed cross-coupling conditions.

2. New method for the synthesis of the cyclic N-arylhydroxamic acids was
developed during study of intramolecular N-arylation of 2-(2-bromophenyl)-N-
methoxyacetamide. Performing synthesis under optimized conditions a series of N-
alkoxyindolil-2-ones were obtained. The method is suitable also for synthesis of quinolin-

2-one derivatives.

3. New method for the intermolecular N-arylation of hydroxamates was elaborated.
The reaction conditions are applicable to various types of hydroxamic acid derivatives

and tolerate various functional groups.

4. The product from cyclization of 2-(2-bromophenyl)-N-hydroxyacetamide can be
regarded as nitrone derivative rather then the tautomeric cyclic N-hydroxyamide in the

solid state.

5. At the 3-position- monosubstituted N-methoxyindolones yield 3,3’-dialkyl-1,1"-
dimethoxy-3,3"-biindoline-2,2"-diones  under cyclization conditions for 2-(2-
bromophenyl)-N-alkyloxyamides. This side reaction did not observe neither for at 3-

position unsusbtituted indolones nor for alicyclic hydroxamates.

6. In contrary to 2-bromo-N-alkylbenzamides 2-bromo-N-methoxybenzamide gave
only homocoupled product under N-arylation conditions, most likely in the pseudo-

intramolecular reaction via copper complex with two hydroxamate molecules.

7. N-Arylation of O-allylhydroxamates proceeds with higher yields compare to O-
methoxy derivatives. Probably the double bond of the allyl group coordinates to copper

thereby stabilized copper amidate complex.
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