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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

4-Aril-3,4-dihidrokumarini  (DHK) veido atsevisku, augos biezi sastopamu
neoflavonoidu grupu. Sis grupas savienojumi izdaliti no papardém Pityrogramma
tartarea un Vittaria anguste-elongata Hayata, alvejas Aloe vera sap, griku dzimtas
auga Polygonum perfoliatum, rozkoku (palisandru) dzimtai piederosa Dalbergia
cochinchinensis Pierre un asinszalem Vismia guianensis, ka ari tropiskajiem augiem
Gnetum montanum Markgr. f. megalocarpum Markgr. un Gnetum cleistostachyum
C.Y. Cheng, un vairakiem garSaugiem no Thai herbs grupas.

Starp no augiem izolétajiem DHK ir atrasti aldozes reduktazes un proteinkinazu
inhibitori, antioksidanti, ka arT savienojumi ar antiherpétisku iedarbibu. Mingtas
biologiskas aktivitates uzrada arT vairaki, sintézes cela iegiti rac-4-aril-3,4-dihidro-
kumarini.

Parasti4-aril-3,4-dihidrokumarini no augu valsts produktiem tiek izol&ti optiski
aktivas formas, pie tam daba sastopami abu konfiguraciju 4-aril-DHK.

Hiralie 4-aril-DHK ir arT nozimigi, tai skaitd ripnieciski izmantojami, sintoni
1,3-diarilpropilamina rindas muskarina receptora antagonistu (AFV Tolterodins,
Fesoterodins) ieg$anai. Tapat tie ir svarigi starpprodukti 1,3-diaril-2,3-dihidro-
1H-indén-2-karbonskabes atvasindjumu, kas ir endotelina antagonisti, sintézei.

Si darba galvenais pétfjumu virziens ir hirdlu paliggrupu (galvenokart izmantotas
t. s. Evansa paliggrupas) saturosu 3-arilpropénskabju atvasingjumu 1,4-pievienosanas
reakcijas, ta iegiistot noteiktas konfiguracijas 3,3-diarilpropionskabju atvasinajumus,
kurus iesp&jams parvérst dihidrokumarina rindas savienojumos (01. att.). 1zmantojot
o pieeju, strukturali vienadas, bet pretgjas konfiguracijas 3,3-diarilpropionskabes un
talak 4-arildihidrokumarina atvasinajumus iesp&jams iegiit divos atSkirigos veidos,

t.i., izmainot paliggrupas konfiguraciju vai ari, savstarpgji vari€jot aizvietotajus
propénskabes substrata un reagenta (arilnukleofila) molekulas.
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01. att. 4-Fenil-3,4-DHK retrosintétiska analize.

Vadoties no ieglistama dihidrokumarina struktiiras, §T shéma lauj &rti izveleties
katram gadijumam pieejamakas vai vieglak sintez€jamas izejvielas, reagentus un
nepieciesamo paliggrupu.

Ka pétijuma meérka savienojumi tika izveleti tris literatira aprakstiti
dihidrokumarini, no kuriem divi — Vittarin F (A) un no Polygonum perfoliatum
izdalitais 3,4-dihidro-4-(4-hidroksifenil)-5-hidroksi-7-metoksikumarins (B) — sintézes
cela nav iegiti, bet treSais — 6-acetoksi-4-fenil-3,4-dihidrokumarins (C) — lidz $im



sintez&ts tikai racemata forma (02. att.). So savienojumu sintéze ir gan izaicinajums
struktiiras Tpatnibu dél, gan var dot vértigu informaciju, lidzigu 4-aril-3,4-

dihidrokumarinu iegtisanai.
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02. att. Mérksavienojumu struktiiras.

Izveidojot kanglskabju atvasindjumus ietveroSas So savienojumu retrosintézes
shémas (03. att), redzams, ka kumarina A gadijumd nepiecieSamas sareZgiti
ieglistamas izejvielas, bet kumarina B sintézei jaizmanto orto-diaizvietots kanélskabes
substrats vai jalieto orto-diaizvietots aril-nukleofils, kas pievienoSanos C=C
dubultsaitei var&tu stipri apgrutinat.
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03. att. Mérksavienojumu retrosintetiskas analizes.

Pirmaja gadijuma sakuma bitu jaizveido kanélskabes vai arilhalogenida iegliSanas
shémas, savukart otraja paredzami sarezgijumi stérisku faktoru dél, tapec izdevigakie
sintézes varianti un optimalie konjugétas 1,4-pievienosanas apstakli tika noskaidroti,
modeleksperimentos iegiistot vienkarsakas struktiiras DHK.

Vienkar$akais pétijumos izmantotais modelis ir 6-metil-3,4-dihidrokumarins 1
(04. att.). DHK 1 izvéli noteica gan tas, ka ta struktara dalgji modelé Vitarina-F (A)
molekulas hromanona fragmentu, gan tas, ka $1 dihidrokumarina (R)-izomérs ir



nozimigs starpprodukts (R)-N,N-diizopropil-3-(2-hidroksi-5-metilfenil)-3-
fenilpropilamina (farmacijas preparata Tolterodins aktiva viela) sint&zg.
Ph Ph AcO Ph

O (6] O (8 AcO (&) (0]

1 2 3
04. att. Modelvielu struktiiras.

Talak pétijumi tika paplasinati, iegtistot 6-acetiloksi-4-fenil-3,4-dihidrokumarina
2 (mérksavienojums C) un 5,7-diacetiloksi-4-fenil-3,4-dihidrokumarina 3 hiralas
formas. P&dgjais no Siem savienojumiem modelE situaciju, kurd nepiecieSams
izmantot fenilgredzena orto-diaizvietotus sintonus, ka tas ir mérksavienojuma B
gadijuma.

Promocijas darba uzdevumi

e Iegut modeleksperimentiem un mérksavienojumu A, B un C sintézei
nepiecieSamas izejvielas: hiralas paliggrupas saturoSus, kanélskabju
atvasinajumus un arilmagnija reagentus, ka ari paliggrupu veidoSanai
nepiecieSamos, komerciali nepieejamos oksazolidin-2-onus.

e Izpétit arilmagnija konjugétas 1,4-pievienoSanas reakciju Evansa
paliggrupas saturoSiem kanglskabju atvasindjumiem un izvertét lietoto
paliggrupu un katalizatoru efektivitati.

e  Noskaidrot sintézes shému “parslégSanas” principa (aizvietotaju maina
kanglskabes substrata/reagenta molekulas) efektivitati.

e  Parbaudit 4-aril-3,4-dihidrokumarinu iegiiSanas iesp&jas paladija katalizétas
arilborskabju reakcijas ar kanélskabju atvasinajumiem.

e  Petfjumu rezultatus izmantot hiralo mérksavienojumu sintézei.



PROMOCIJAS DARBA GALVENIE REZULTATI

1. 4-Fenil-6-metil-3,4-dihidrokumarina (1) sintéze

0
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1. att. 6-Metil-4-fenil-3,4-dihidrokumarina retrosintétiska analize.

Retrosintétiska analize rada (1. att), ka DHK 1 sintézei nepiecieSsamos
diarilpropanskabes atvasindgjumus iesp&jams veidot gan no hiralu paliggrupu
saturo$iem kanglskabes, gan 2-hidroksi-5-metilkanglskabes derivatiem. Asimetriskas
indukcijas nodro$inaSanai darba galvenokart lietotasEvansa tipa paliggrupas,
t. i.,iegiti atbilstosichiralie 4-aizvietotieN-cinnamoil-oksazolidin-2-oni 4 un 6 (2. att.).
Fenilgredzena neaizvietotie kanglskabes atvasinajumi 6 iegati skabes hlorida reakcija
ar oksazolidin-2-oniem Xc-H (a—e,g-i,k,I), bet N-cinnamoiloksazolidin-2-oni 4 —
4-aizvietoto3-[(2-dietoksifosforil)acetil]-5,5-dimetil-oksazolidin-2-onuHornera-
Vadsvorta-Emonsa kondensacija ar 2-benziloksi-5-metilbenzaldehidu pé&c $adas

shémas:
Me,

o
1.n-BuLi, THF
O -78°C, 1h O 0 pOEY, ﬁ) 0 o Kco, OBn  OBn o JZ
HNXOM’X\ANJ&)MBO/F\AN% THF, A, 12h oA
(36-67%) H (95-99%) EtO HO (9-70%)
Ry R,Ry R} A R Lk, NS R} Ck,
b.c,gh,j 4b,c.gh

b R = (R)-4-benzil, Ry = H, X = Cl; ¢ Ry = (R)-4-fenil, R, = H, X = Cl
g R, = (5)-4-fenil, R, = Me, X = Br; h R| = (R)-4-izo-butil, R, =Me, X = Br
j Ry = (8)-4-benzil, R, = Me, X = CI

i o n-BuLi o o
—78°C

HN™ "0+ Ph/\)k(‘,] s Ph/\)kNJ(O

Ry R,Ry RT}?RZ

aeg-ikl 6a-egikl

a Ry = (R)-4-izo-propil, R, = H; b Ry = (R)-4-benzil, R, = H; ¢ R| = (R)-4-fenil, R, = H; d R, = (8)-4-sek-butil, R, = Me
e R| = (R)-4-fenil, R, = Me; g R| = (S)-4-fenil, R, = Me; h R; = (R)-4-izo-butil, R, =Me; i R, = (5)-4-izo-butil, R, = Me
k R, = (8)-4-izo-propil, R, = H; 1 R = (5)-4-fenil, R, = H

2. att. Kanglskabju atvasinajumu 4 un 6 sintéze.

N-aizvietoto  oksazolidinonu 4  sintézei nepiecieSamais  2-benziloksi-
5-metilbenzaldehids iegiits no para-krezola, tobromgjot ar NBS, benzilgjot iegito
2-brom-4-metilfenolu, p&c tam pagatavojot Grinjara reagentu un ievedot aldehidgrupu
ta reakcija ar DMF.

Darba parbauditas ari iespgjas iegit 2-benziloksi-4-metilkan&lskabes
atvasinajumus 4 no atbilstosa arilbromida un metilakrilata Heka reakcija (3. att.).
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3. att. 2-Benziloksi-4-metilkan&lskabju 4 iegtisanas méginajumi Heka reakcija.

Vara(l) katalizéta arilmagnija bromidu 1,4-pievienoSanaskanélskabju
amidiem 4b,h,j un 6a—e,g—i,k,1

ledarbojoties uz 2-benziloksi-5-metilkanélskabes amidiem 4b,h,j ar fenilmagnija
bromidu (1,1 ekv) THF-50 °C temperatira katalitiska CuBr-SMez kompleksa
daudzuma (0,3 ekv) klatbaitng, veidojas atbilstosie 1,4-pievienosanas produkti, t. i., 3-
[2-(benziIoksi)-5-meti|fenil] -3- fenilpropionskﬁbes amidi 5 (4. att.).

PhMgBr 1.BBry
Xe _CuBr<SMe, _DeM, 75 °C oc M
THF -55°C 2.00%TEA
OBn

(29 51%) Tol, A, 1,5h
4bh1 o o Sbhj (73-91%)

Xc= bHN o hHN 0 jHN)ko

4. att. Fenilmagnija pievienosanas kanglskabju atvasinajumiem 5;
Diarilpropanoata 5 ciklizacija lidz DHK 1.

3,3-Diarilpropaskabes amidi 5 tika iegtti ar viduvéjiem iznakumiem: 5b 46 %,
h 51 %, 5j 29 %. Noskaidrot iegito produktu izoméro sastavu tiesa mérjjuma (hirala
AESH analize, izmantojot kolonnu OD-H) izdevas tikai amida 5j gadijuma, ta
de 86 %. Amidu 5b,h veidoSanas stereoselektivitates noverté$anai tika izmantota to
parvérsana 4-fenil-6-metildihidrokumarina 1; DHK 1 ee 60 %, ieglistot to no amida
5b, un 49 %, izmantojot amidu 5h (par DHK iegti$sanu no diarilpropanamidiem 5skat.
talak teksta,9.lpp.). Tados pat konjugétas 1,4-pievienosanas apstaklos (CuBr-SMez,
THF, =50 °C) 3,3-diarilpropionskabes atvasindjumi 5tika iegti ar kanglskabes amidu
6a—e,g—i,k,| reakcija ar 2-benziloksi-5- metilfenilmagnija bromidu (5. att.).

ArMgBr 1.BBr3,
o CuBrxSMe; 1 DCM, =75 °C \fe
/\)L _(B0mol-%) 2.TEA, Tol. A
Ph Xc
THF, -55°C_ Pl T 85-99%)
(14-84%)
6a—e,g—i 1kl S5a—e,g—ik,l
X, x i
b HN 0 ¢ HN
f@fcﬁu H chﬁ S

A

|HN kHN

)\);/DMC )\\ Me Me

5. att. Kanglskabju atvasingjumu 6 reakcijas 2-benziloksi-5-metilfenilmagnija
bromidu; diarilpropanoata 5 ciklizacija lidz DHK 1.
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Starpproduktu 6 parvérsanai 3,3-diarilpropionskabes atvasinajumos 5 vienmer tika
izmantots tie$i pirms reakcijas pagatavots 2-benziloksi-5-metilfenilmagnija bromids,
ta koncentraciju nosakot, titréjot ar sek-BuOH fenantrolina klatbatng.

Péc §is metodes iegutie 3,3-diarilpropanskabju amidi 5a-e,g-i kI, lidzigi ka
radniecigie atvasindajumi 5b,h,j, tika parvérsti dihidrokumarina 1 (rezultati apkopoti
1.tabula).Saja nolika vispirms veic O-benzil-aizsarggrupas nonemsanu, iedarbojoties
uz savienojumiem 5 ar BBrs (DCM, -70°C), péc tam neattirTtus
2-hidroksifenil-starrpproduktus apstrada ar 10 % TFA $kidumu toluola, ta panakot
hromanona cikla saslégSanos. DebenziléSanas/ciklizé€Sanas procesa netiek skarts
molekulas  hiralais centrs. Tapéc konjugétas 1,4-pievienosanas stadijas
stereoselektivitati var novértét péc dihidrokumarina 1 enantioméra sastava. ST
apgalvojuma patiesumu pierada vienadas 3,3-diarilpropanoiloksazolidinonu 5c¢,j,1 de
un no tiem iegtito DHK 1 paraugu ee vértibas.

1. tabula
3-[2-(Benziloksi)-5-metilfenil]-3-fenilpropionskabes amidu 5 un 4-fenil-
6-metil-dihidrokumarinu 1 sintézes rezultati
PrOdUIfts Dihidrokumarinsl
. 5a-e,g-i,k,I
Eksp. Izejv. 6 —— —— —
iznak., iznak., | summarais
de, % L ee, %
% % iznak., %*
1 6a 23 - 93 14,9 16 (R)-
2 6c 61 99 (R)- 90 34,0 99(R)-
3 6d 49 - 85 32,4 76 (S)-
4 6e 17 - 99 11,1 99(R)-
5 69 50 - 95 35,6 99(S)-
6 6h 83 - 93 46,3 65(R)-
7 6i 84 - 96 58,0 63(S)-
8 6k 14 - 94 9,7 15(S)-
9 6l 62 99 (S)- 92 39,3 99(S)-
* Summarais reakcijas iznakums rékinats no kanélskabes.

Visaugstaka 1,4-pievienoSanas diastercoselektivitate (de > 99 %) sasniegta, ka
paliggrupu kanglskabes molekula ievedot (4-feniloksazolidin-2-on-3-il)-fragmentu
(grupas Xcc,e,g,1). Pie tam vienads rezultats sasniegts gan ar 5-neaizvietotiem, gan
5,5-dimetil-4-feniloksazolidinona atvasinajumiem.

Ka hiralo paliggrupu izmantojot 4-alkiloksazolidinonus, pievienoSanas
selektivitate ir zema vai viduvgja: de ~15 % 4-izopropil- (Xca,k), 63-65 % izo-butil-
(Xch,i) un 76 % sek-butiloksazolidona (Xcd) gadijuma, un ta nav tiesi atkariga no
4-alkilgrupas tilpuma.

Sie rezultati rada, ka izskiro$a nozime selektivitates nodro§inasanai ir tieSai n—m
mijiedarbibai starp kanélskabes C=C saiti un fenilgredzenu oksazolidina
4-pozicija. Oksazolidinona 4-fenilgrupa un kanélskabes C=C saite novietojas
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paralélas plaknés, ta ekrangjot vienu dubultsaites plaknes pusi un, realiz&joties n—mn
mijiedarbibai, padarot neiesp&jamu rotaciju ap vienkarso =C—CO saiti (6. att.).

A

6. att. Kanglskabju atvasinajuma 6c¢ telpiska struktira.

Viduvgja lidz augsta 1,4-pievienoSanas diastereoselektivitate tika sasniegta,
izmantojot 4-benzil- (Xcb, de 60 %) un 4-benzil-5,5-dimetiloksazolidin-2-onu (Xcj, de
86 %). Selektivitates kapumu, reaggjot amidam 4j un salidzinot ar ta analogu 6b, loti
iespgjams, nosaka divi faktori:5-metilgrupu klatbiitne oksazolidinona fragmenta un
kanglskabes fenil- gredzena eso$da benzil- grupa, kas kavé brivu 4-benzilgrupas
rotaciju un fiksé to ta, ka ne vien tiek telpiski ekranéta kan€lskabes dubultsaite, bet
rodas ari iesp€ja tieSai m—m mijiedarbibai ar fenilgredzenu vai C=C dubultsaiti. Uz
n—mijiedarbibas nozimi (4-benziloksazolidinonil)grupas gadijuma norada par 10—
20 % augstaka de vértiba, salidzinot ar 4-izo-butil- un 4-sek-butil-analogiem 6h,i un
6d, kur, klatesot 5,5-dimetilgrupam, tapat tick kavéta oksazolidina 4-aizvietotdja
rotacija un ta pastiprinats kanglskabes C=C saites ekrangjums (7. att.).

o) JZ o o
d o N

1 | o

< \\!\‘/z?\/lc /Q\)\/

4 6b
7. att. Kanglskabju atvasinajumu 4j un 6b telpiskas struktiiras.

Oksazolidinona 5,5-dimetilgrupu neesamiba kan€lamidos 6a,k vartu but
galvenais zemas selektivitates c€lonis, salidzinot Sos gadfjumus ar pargjam
izmantotajam 4-alkil- (vai aralkil) oksazolidinonilpaliggrupam.

Izmantojot (S)-3-cinamoil-4-sek-butil-5,5-dimetiloksazolidin-2-onu 6i, ieprieks
lietotajos reakcijas apstaklos tika parbaudita dazadu vara Katalizatoru (CuBr,
[Li2CuCl4], CuBr-SMez, [2LiCl-CuCN]) ietekme uz 1,4-pievienoSanas norisi (8. att.).

Me
ArMgBr
kat. Cu  OBn o) 1) Ph
/\)L J( (30 mol-%) J( 1.BBr3, -75 °C H
Ph 0 2TEATolA

Me
THF. -55°C_ m
)\ \7< (16-84%) )\ \7< 8996 o No

Me Me Me Me
1 (ee 52-71%)

Cu = CuBr, [Li,CuCl,], CuBr-SMe,, [2LiCl:CuCN]
8. att. Arilmagnija pievienosanas kanélskabju amidam 6i, pie dazadiem vara
katalizatoriem.

[zradijas, ka reakcijas kimiskais iznakums S$aja katalizatoru rinda ir praktiski

nemainigs, savukart reakcijas diastereoselektivitate pieaug rinda [2LiCl-CuCN] <
CuBr-SMez = Li2CuCls < CuBr 52-71 % robezas (2. tabula).
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2.tabula
Vara katalizatoru ietekme uz 1,4-pievienosanas stadiju

con | v | st | e
1 CuBr 84 10
2 [Li2CuCl4] 76 85 (5)-
3 CuBr-SMe> a1 83 9)-
4 | [2LiCI-CuCN] & 52 -

Ka vel viens, iespgjams, stereoselektivitati ietekmejoss faktors tika parbaudita
kanglskabes fragmenta esosa fenilgredzena elektroniska ietekme (9. att.).

(0]
XcH o 0 ArMgBr B
x CH, N
Cl__n-BuLi N7, CuBrxSMe,
THEF, -78 °C THE, -50 °C
R R W R

47-87°
( %) Md Me

7ab.c 8a—c¢ 9a 82%, de 66%

b 62%, de 60%

aR=0Me;:bR=F;cR=CF; © 44%. de 64%

9. att. Kanglskabju atvasinajumu 8 sintze un to reakcijas ar arilmagniju.

Pétijumam tika izveleti tris kanélskabes atvasinajumi 8a-c ar dazadu
fenilgredzena p-stavokll eso3a aizvietotaja elektrondonoro/akceptoro dabu. Sim
nolikam bija nepiecieSami Grinjara reagentu klatbutné stabili aizvietotdji; ka tadas
tika izvéletas OCHs, F un CFs grupas. Savukart hiralas paliggrupas i izvélinoteica tas
viduvgja selektivitate fenilgredzena neaizvietotas kanélskabes atvasinajuma gadijuma,
kas lautu viegli konstatét diastereoselektivitates robezu mainas.

Elektronakceptoraki aizvietotaji molekulas 8 kanglskabes fragmentd pazemina
1,4-pievienoSanas reakcijas kimisko iznakumu, bet reakcijas stereoselektivitati
aizvietotaju daba neietekmé.

Me
| | Ph OBn Ph
! BnO o) o 1.BBry, -75 o | Me z ! 1.BBry, 75 °C
! 2.TEA, Tol, A ! | 2.TEA, Tol, A N
3 )\ \7< (93%) 3 o ol o M
3 (ee 63%) 3 . 3 (ee 60%) Md Me 3
1 : 5h
ArMgBr . ——,—_—_— ETSPUS U PhMgBr }
| CuBrxSMe,| ! | CuBrxSMe, |
! 2 ! : 51% !
" (30 mol-%) @B1%) ' ; G1%) (30 mol-%) !
_55°C ! —55 °C !
o o ! o
/\ANJ(O ; ©/\/LNJ< |
. MeMe | )\)h7e< Me
6i |
A B

10 att. Kopsavilkums DHK 1 i 1egusana
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Retrosintétiskaja analize paraditais reakcijas celu “parslégsanas” princips, varigjot
reagentu struktiru, tika parbaudits, lietojot kanglskabju amidus 6i un 4h (10. att.).

Iegtita dihidrokumarina 1 enantiomérais sastavs palikapraktiski nemainigs,
neatkarigi no ta vai sintézes tika sakta no kanglskabes amida 6i(A variants —ee
63 %),vai no tafenilgredzena aizvietota analoga 4h ar pretgjas konfiguracijas hiralo
paliggrupu molekulas amidfunkcija (B variants —ee 60 %).

Abu sintézes celu kimiskais iznakums divu stadiju 6 -5 —>1un4 -5 — 1)
summa ieverojami labaks ir A (75 %) nevis B varianta (46 %). Tapat variants A ir
efektivaks, izvertgjot sintézes celus péc to izejvielu (kanélskabes atvasinajumu 4, 6 un
Grinjara reagentu) pieejamibas un iegiiSanas iesp&jam.

Salidzinot kanglskabju atvasindgjumu 4 un 6 sintézes celus, sarezgitaks ir cel$ B,
kasietver trisstadijas ar summaro produktu 4 iznakumu <18 %. Turpreti A variants
realiz€jams viena stadija ar iznakumu 60-80 %.

PretEja situacija ir, ja Sos sintézes celus apskata no Grinjara reagenta pozicijas:
variantd B tiek lietots komerciali pieejamais un 1&tais fenilmagnija bromids, savukart
A celam nepiecieSams sintez&t 2-benziloksi-5-metilfenilmagnija bromidu. Reagentu
ieglist no para-krezola trisstadijas, sintézei ietverot regioselektivu aromatiska
gredzena broméSanu, benzilgrupas ieveSanu un pasa arilmagnija pagatavo$anu ar tai
sekojosu ta koncentracijas noteikS$anu (titrimetriski). Tacu Grinjara reagenta iegiiSanai
nepieciesamas reakcijas var veikt paraléli kangélamidu 6 sintézei.

2. 6-Acetoksi-4-fenil-3,4-dihidrokumarina (2) sintéze

Meérksavienojums 2 tika iegiits analogi modelvielai 1, sint€zes shémai ka

starpproduktu ietverot hiralu 3,3-diarilpropenskabes amidu.

Ph Ph O
AcO ¥ HO. * HO. § HO
Xc Xc
(SN OMe OMe OMe

11. att. DHK 2 retrosint&tiska analize.

Lai sintézé lietotu magnijorganiskos reagentus, retrosintézes shema (11. att.)
paraditie hidrohinona atvasinajumi tika aizstati ar atbilstosajiem 1,4-dimetoksibenzola
derivatiem, nepiecieSamo demetilésanu veicot sint€zes noslédzosaja stadija.

Vara(I) katalizéta fenilmagnija bromida 1,4-pievieno$ana
2,5-dimetoksi-kanélskabes amidiem 11a—c

No pieejama oksazolidinona tipa paliggrupu klasta ka perspektivakas izvelgjamies
4-fenil- un 4-benzil-oksazolidin-2-on-3-il-grupas c, b, bet, lai parbauditu ar modeli 1
iegiitos secindjumus, eksperimentus veicam ari ar paliggrupam a un d.

Savienojumi 1la—d tika iegtti analogi kan&lskabju atvasinajumiem 6 ar labiem
iznakumiem (79-89 %), izpemot 11c, kur zemais iznakums (24 %) radas vielas
attiriSanas procesa (12. att.).
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OMe (o) OMe [0} OMe Ph O
*

PhMgBr
NNCH XeH, noBuli N"NXe  CuBrxSMe, Xe
XcH, n-Buli_ il G
THF, —75 °C THF, =50 °C
0,5h

OMe (24-91%) OMe OMe
10 11a-d 122 87%
b81%
o (0] o o ¢ 82%
J J J S d32% (de 25,0%)
Xc=aHN” Y0 bHN" Y0 ¢HN” Yo dHN” o

12. att. Kang]skabju atvasinajumu 11 Sintéze un ta reakcijas ar fenilmagnija bromidu.

Fenilmagnija bromida 1,4-pievieno$anas reakcijas 2,5-dimetoksi-kanélskabes
amidiem 11 veiktas katalitiska kompleksa CuBr-SMe2 daudzuma klatbitng, lidzigi ka,
iegiistot 3,3-diaril-propionskabes atvasindgjumus 5. Pievieno$anas produkti 12a—c
izdaliti ar labiem iznakumiem (81-87 %) un, Iidzigi ka starpproduktu 5 gadijuma, to
diastereomérais sastavs novertéts nevis $aja stadija, bet gan ciklizjot propanamidus
12 par dihidrokumariniem 13 un nosakot to enantiom@ro sastavu. Izpémums ir
homologs 12d, kura diastereoméro sastavu (de 25,0 %) izdevas noteikt ar hiralo
AESH.

OMe Ph O 1. BEyxSMe, Ph Ph

N DCM, 0 °C N Ac,0 N

HO AcO
Xc 2.4, 1h DMAP (5 mol-%)
Piridins, rt, 20h
(SN (63%) [N
OMe 13 (no 12a) 51%, ee 1.7% 2
12a-¢ (no 12b) 54%, ee 3.7%

(no 12¢) 33%, ee 94.8%
13. att. Diarilpropanskabju atvasinajumu 12 demetiléSana/ciklizacija
Iidz DHK 2 un ta acilésana.

3-(2,5-Dimetoksifenil)-3-fenilpropionamidu 12 demetilésana un ciklizacija tika
veikta, apstradajot Sos substratus ar bora trifluorida dimetilsulfida kompleksu 30 °C
temperatiira (13. att). Stundas laika notika gan pilniga metoksifenilgrupu
demetilesana, gan iekSmolekulara ciklizacija, ka rezultata saslédzas laktona cikls un
izveidojas 3,4-dihidrokumarins 13. Savienojuma 13 izomg@ru sastavstika noteikts ar
AESH, lietojot Chiralcel OD-H kolonnu.

P&c 6-hidroksi-DHK 13 aciléSanas ar Ac20 ieglist nepiecieSamo savienojumu 2 ar
63 % iznakumu p&c kristalizacijas.

Paladija(Il) katalizéta fenilborskabes 1,4-pievieno$anas
2,5-dimetoksikaneélskabém 11b,d,f,g

Otrs variants 3,3-diarilpropionskabes atvasinajumu 12 iegf$anai, izmantojot
2,5-dimetoksikanélskabes amidus 11, ir paladija katalizéta fenilborskabes
1,4-pievienosana.

P&tijuma izmantojam 2,5-dimetoksikanglskabes atvasinajumus 11b,d,f,g (14. att.).
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PhB(OH), OMe Ph Ph

Pd(OAc)z (5 mol-%)
_TPP (15 mol-%) _ XCBFJXSMC
TCHCL, K,CO; DCM. A
Toluols, 80 °C 48h 0 o
OMe (55%) 13no 12¢g
11b.d.fg 12b de 9.0% 14bd fg e 99%
dde15.1%
fde 1.2%
g de 99.0%
J i X

0 dHN g HN” Jo
Q\)—//\\Mel‘/[e jMeMe @MeMe

14. att. Paladija katalizétas kan&lskabju atvasinajumu 11 reakcijas ar fenilborskabi un
diarilpropanskabes atvasinajuma 129 ciklizacija lidz kumarinam 13.

Visas pievieno$anas reakcijas veiktas katalitisku paladija acetata (5mol-%) un
PPhs (15mol-%) daudzumu klatbaitng, lietojot éetrkar$u fenilborskabes parakumu un
sasniedzot pilnigu izejvielas izzuSanu péc 50 stundu ilgas maisiSanas 80 °C
temperatiird. Analiz§jot reakcijas maisijumu ar GH/MS, labi vargja noverot gan abu
3,3-diarilpropanamidu diastereoméru 12, gan 3,3-diarilpropénskabes atvasinajumu 14
ra§anos. Domajams, ka ariléSanas blakusprodukti 14 rodas B-hidrida elimingsanas
rezultata.

Konkurgjo$o reakciju (1,4-pievienoSana/B-H elimingsana) produktu 12/14
attiecibu noteicam ar 'H-KMR, bet 3,3-diarilpropionskabes atvasinagjumu 12
diastereoméro sastavu — ar AESH metodi (3. tabula).

Primaras 1,4-pievieno$anas un tai sekojosas H-eliminéSanas produktu attiecibu
butiski ietekmé kan€lamida sastava eso$a paliggrupa: 4-benzil- un 4-fenil-
oksazolidinilgrupu gadijuma blakusproduktu 14 iznakums ir <10 %, kamér
4-alkiloksazolidinona atvasinagjumu gadijuma tas tuvojas 50 %. Turpreti augstu
fenilborskabes pievienoSanas diastereoselektivitati nodros$ina  vienigi(4-fenil-
5,5-dimetiloksazolidin-2-on-3-il)-paliggrupa.

Produkti 12 un 14 tika atdaliti vienigi savienojumu 12b/14b maisijuma gadijuma,
ta iegistot tiru 12b diasterecoméru maisijumu.

3. tabula
Paladija katalizétas fenilborskabes pievieno$anas reakcijas iznakumi

Eksp. Iz6jv. Prod. 12 un 14 attieciba | Sav. 12
12 14 de, %
1 11b 1 0,1 9,0
2 11d 1 0,7 15,1
3 11f 1 0,7 1,2
4 11g 1 0,1 99,0

Savukart savienojumu 12¢/14g maisijums, to nesadalitu apstradajot ar BF3-SMey,
tika parversts 4-fenil-3,4-dihidro-6-hidroksikumarina 13 (ieprieks iegiits kanélskabes
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11a reakcija ar PhMgBr), un tas hromatografiski atdalits no blakusproduktiem. Iegiita
DHK 13 izoméru sastava analize apstipringja augsto fenilborskabes pievienoSanas
stereoselektivitati paliggrupas g gadijuma.

Rodija katalizéta fenilborskabes 1,4-pievienoSana
2,5-dimetoksikanélskabes atvasinajumam 11b,f

Pievienot arilborskabes kanglskabes atvasinajumiem iesp&ams, ari lietojot
rodija(l) katalitiskas sistémas.

ST iespéja tika parbaudita, ka izejvielas nemot 2,5-dimetoksikanglamidus 11b,f
(15. att). Parbaudot metodi, izradijas, ka ka blakusprodukti rodas reducétas
izejvielas 15.

OMe o] OMe Ph
PhB(OH),, KOH 1.BF;xSMe,
~ Xc Rh(I)C](PPh;); (5 mol-%) Xe| 2. 10% TEA/Tol
Dlokaans —H,0, A (24 26%)
OMe
11b.f lei 15b.f
Ph
HO. N HO
- T
0~ "0 (O]
13b ee 14,1% 16 (26-27%)
fee 23%

15. att. Rodija katalizgtas kanglskabju atvasinajumu 11 reakcijas ar fenilborskabi.

Fenilborskabes pievienosanai 2,5-dimetoksikanélskabes amidiem 11 lietots

desmitkartigs PhB(OH)2 parakums, un reakcija veikta katalizatora Rh (1) Cl/ (PPhs)s
(5 mol-%) un 1 ekv KOH klatbiitné dioksana-tidens $kiduma ta virSanas temperatira.
Reakcija izveidojas pievienoSanas produkta 12 un izejvielas reducétas formas —
3-(2,5-dimetoksifenil)propanskabes atvasinajuma 15 maisijums.
Iegutais produktu 12, 15 maisijums tika demetiléts, apstradajot ar BF3-SMe2 un péc
tam iedarbojoties ar 10 % TEA toluola, parvérsts par 3,4-dihidrokumariniem 13 un
16. Abu dihidrokumarinu kimiskie iznakumi, rékinot no 11b,f, ir visai zemi; 13
(24-26 %) un 16 (26-27 %). Ar hirdlo paliggrupu b (ee 14,1 %) un f (ee 2,3 %)
iedarbiba izradijas vaja.

Salidzinot fenilborskabes (variants A) un fenilmagnija bromida (variants B)
1,4-pievienosanas reakcijas (16. att.) 3-(2,5-dimetoksifenil)-propénskabes amidiem
11a-d,f,g, augstaki kimiskie iznakumi sasniegti, izmantojot PhMgBr; $aja reakcija ari
nenovéro blakusproduktu veidoSanos. Savukart pievienoSanas stercoselektivitate ir
lidziga, sasniedzot de 95% Cu(l) katalizéta fenilmagnija reakcija, izmantojot
paliggrupu ¢, un de 99 % Pd(ll) katalizéta fenilborskabes reakcija, lietojot
paliggrupu g.

Jaatzime ari, ka fenilmagnija pievienoSanai nepiecieSamie katalizatori — vara(l)
sali vai to kompleksi ir ievérojami I&taki neka fenilborskabes pievienosanai
vajadzigais paladija katalizators. Tapat Grinjara reakcija neprasa piemeklét piemerotu
paligbazi.
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ome Fh o

o] | :
'HO L
NJ{O + NJ<O BF3xSMe, | m 1 BFxSMe;
\7< (55%) ool (3%)
(R)- (ee 99%) | ! (S)- (ee 94.8%)
OMe @ MEMe G e @ Mé Me 7 13 : ’

o 0
12g (62%) 14g (7%) 12¢
PhB(OH), ; PhMgBr
| Pd(OAc), (5 mol-%) | ! CuBrxSMe, ®1%)
! CHCl;, TPP (15 mol-%) ! (0,3 ekv) ’
! K,COs, Toluols, 80 °C ; ' THF, -50 °C
OMe 0] o) : OMe o o) l
3 | (;/\/LN 0 ‘
: I OMe d\/ ]
} : 1e 1

16. att. Kopsavilkums DHK 13 iegti$ana.

Jebkura gadijuma citu struktiiranalogu sint€z€ ir vérts parbaudit abas metodes.

3. 5,7-Diacetoksi-4-fenil-3,4-dihidrokumarina (3) sintéze

6-Acetoksi-4-fenil-3,4-dihidrokumarina (2) iegi$anai analogas shémas izveide
5,7-diacetoksi-4-fenil-3,4-dihidrokumarina (3) sintézei neseckmégjas. Ka izejvielu
izmantojot O,0-diaizvietoto kanélamidu 17b, neizdevas realizét dihidrokumarina 3
iegiiSanas “atslégas stadiju”, t.1i., iegut 3,3-diarilpropionskabes atvasinajumu 18b,
izmantojot Grinjara reagenta pievieno$anos dubultsaitei (17. att.).

OBn o) Io) ArMgBr OBn Ar O o)
x N% CuBrxSMe, N%
P O Lr
BnO OBn pp BnO OBn pp
17b Ar = Ph; 4-BnOPh 18b
17. att. Tribenziloksikan&lskabes atvasinajuma 17b reakcija ar arilmagnija
savienojumiem.

Arilmagnija halogenids nedod Maikla pievienosanos produktus, bet, loti
iespgjams, uzslédz oksazola ciklu paaugstinata temperatiira.

Sads rezultats varétu rasties stérisku iemeslu dél, kur abas C=C saites puses un
piekluvi kanglskabes B-C ekrang telpiski lieli fenilgredzena O-aizvietotaji.

R R
OMe o o OMe [0} I
\ N J( PhMgBr ~ N Ph
0 v.t. H
MeO H MeO OMe

OMe
PR RR
17'b (S)-R=H M =339
17'e (R)- R =Me M =367

18. att. Kanglskabju atvasingjumu 17 reakcijas fenilmagniju.
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Telpiski iesp&jami mazaka ar Grinjara reagentiem savietojama aizsarggrupa ir
metil- grupa, tacu arT §aja varianta reakcija istabas temperatiira nenotika, bet virSanas
temperattra, visticamak, uzslédz oksazola ciklu (18. att). Individuala veida
degradésanas produkti netika izdaliti, tacu masspektrometrijas analize un KMR
spektri reakcijas maisijumiem vedina to pienemt.

Ka alternativs cel§ 3,3-diarilpropionamida 18 sintézei tika izméginata
2,4,6-trimetoksifenilborskabes pievieno$ana kanglamidam 6k paladija(ll) katalizatora
klatbatng (19. att.). Saja gadijuma prieksrociba varétu biit stériski neapgritinats C=C
fragments  kan€lskabes  substrata, tacu reakciju var ietekm&t divu
orto-aizvietotaju klatbiitne arilborskabg.

HO.,OH OMe Ph O

0] 0 (0)
Ph/\)LNJ(() . MeO, OMe  Pd(IDX, /@\)\/LNéo
—/ MeO 0

6k 18k

19. att. Kanglskabes atvasinajuma 6Kk reakcija ar trimetoksifenilborsabi.
Lidzigi, ka Grinjara varianta, trimetoksiborskabi pievienot dubultsaitei neizdevas.

Paladija katalizéta kanélskabju 6d,e hidroarilesana ar
1,3,5-trimetoksi-benzolu.

Istabas temperatlira savienojumu 17 reakcijas ar Grinjarareagentu nenotiek, bet
paaugstinat temperatiru nedrikst oksazola ievainojamibas d€l, tapéc izméginajam
hidroarilé$anas iesp&jas paladija(Il) klatbutng.

Shémas parbaudei izmantoti kanélamidi 6d,e, to reakcija ar 1,3,5-trimetoksi-
benzolu norit TFA S8kiduma, inerta atmosféra, virSanas temperatura Kkatalitiska
Pd(OAC)2 klatbatne (20. att.).

6d.e OMe Ph O
Pd(OAc), .
(20 mol-%) Xc
TFA, A, 3h
MeO OMe
/\)‘L 18d 16%, de 13.3%
P " xe + Ph(OMe); 18e 66%, de 33.0%
6e
6d,e . Pd(OAc), OMe Ph O o) OMe Ph
(20 mol-%) N J{ . §
TFA, O,, A o} te
MeO OMe py MeO O 0
0 o] Mé Me
)J\ )k 18e 19

/\{W Me d;f Me

20. att. Kanglskabju atvasinajumu 6 ariléSana.

Ja reakciju veic, nenodrosinot inertus apstaklus, tad ka blakus process notiek
B-hidrida eliminé$ana ar secigu produkta 19 rasanos, lidzigi, ka tas novérots Pd(Il)
kataliz&ta fenilborskabes pievienosanas gadijuma (11 — 12 + 14).
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Talak mums nepiecieSsamo dihidrokumarinu 3 ieguvam divas stadijas (21. att.).

OAc Ph
OMe Ph O oH Pl: N
* BF;xSMe, Ac,0
Bt i B ey
Xe 7B, A Py, DMAP o
o) AcO o
MeO OMe (40-66%) HO 0" 0 (@41%)
20 3

18d.e
21. att. Diarilpropionamidu 18 demetiléSana/ciklizacija un ta talaka acilé$ana.

Vispirms, veicot demetiléSanu un iek§molekularo ciklizaciju (savienojumu 18d,e
48 h variSana ar bora tribromida dimetilsulfida kompleksu), ieguvam un izdalijam
dihidrosi-DHK 20, ko p&c tam acilgjam ar etikskabes anhidridu.

4. Vittarin-F (A)ieguisana

Saskana ar planotajam savienojuma A sintézes shémam vispirms bija jaieglst
stratégiski svarigais 1,2-diariletans 21, kas vienlidz labi biitu izmantojams gan
aizvietotas kanglskabes 22, gan ari arilmagnija halogenida 23 sintézg (22. att.).

OMe OMe
Sy e
R ——] O OMe ————) O OMe

PgO’ PgO
X MgX
22 OMe X = Hal 21 23

22. att. Stilbéna 21 retrosintétiska analize.

Savienojuma 21 iegtSana paredz&ja veikt tris stadiju sintézi (23. att.), kura
vispirms Makmerija reakcija iegtitu stilbénu 24, to brométu, iegtistot arilbromidu 25,
ko talak katalitiski hidrogen&tu lidz nepiecieSsamajam 1,2-diariletanam 21. Neviena no
$Tm reakcijam literatlira nav zinama.

OMc OMe OMe
TiCly/Zn Pd/(
OH OH OH

23. att. Diarlletana 21 sintézes shéma.

Makmerija reakcija radas visu sametinaSanas produktu maistjums, kura
nepiecieSama savienojuma 24 bija loti maz (24. att.).
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OH OH
TiCly/Zn
+ — _Z + Z + F
OM
¢ OH OH
OH OMe
‘OMe
MeO OH OH
26 24 27

24, att. 2,4-Dihidrosibenzaldehida un 3,4-dimetoksibenzaldehida
sametinasanas reakcija.

Produktu attieciba 26 :24:27 reakcijas maisijuma bija 26:5:1, pie tam
preparativi pilniba atdalit hidroksilgrupu saturo$os produktus 24 un 27 neizdevas.

Alternativa metode stilbéna 24 iegiiSanai, tapat ka iepriek$€ja varianta, paredzgja
sintézi sakt no 2,4-dihidroksibenzaldehida,vispirms to selektivi bromgjot lidz
produktam 30 un péc tam kondensgjot ar arilfosfonata ilidu, ko pagatavotu no

4-brommeti|-1 2-dimetoksibenzo|a 28 un trietilfosfita (25. att.).

OMe
PBry _ P(OEy; M MeO _OEt OMe
—_— Z
DCM T100°C. 30 g OEt O
Me

OMe

0°C, 48h (99%)
OMe (81%) Ba7c P
_0 0 OTMDMS
H OTBDMS
OH g, TBDMSCI Br
i I
AcOH DIPA, DMF OTBDMS
.3h Br 70 °C, 3h

OH (25%) OH (51%) OTBDMS

Baze: K,CO;, tres-BuOK, NaH, LIHMDS, n-BuLi, tres-BuLi

25. att. Eténa 32 sinté€zes shéma.

Broméjot 2,4-dihidroksibenzaldehidu, bez 5-brom-produkta 30 veidojas arT
3,5-dibromizomérs (~15 mol-%). Hromatografiski atdalito monobromproduku 30
silile ar TBDMSCI Iidz savienojumam 31.

Nakama reakcija — kondensacija ar dimetoksibenzilfosfonatu 29 — diemzel
nenotika. Visticamak elektrondonoro grupu klatbutne aromatiskajos gredzenos
stabiliz€ oksafosfetana ciklu un negativi ietekm& C-O saites rausanu un skabekla
elimin&$anu dubultsaites veidosanas stadija (26. att.).

N
R,
7 271
R © Ry ¢
fRZ — B O Yy
Osp P/0131 PO
e TOEt R4 EtO OEt 7
Okt 0 Z R |
N

26. att. Stilbéna reakcijas mehanisms.
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SECINAJUMI

1.Vara(l) katalizétas hiralu N-cinnamoiloksazolidinonu reakcijas ar arilmagnija

savienojumiem  veidojas  diastereom@ri  bagatinati  3,3-diarilpropionskabju
atvasinajumi; reakcijas stercoselektivitati nosaka oksazolidinona struktiiras
paliggrupas 4-vietas aizvietotaja un kan€lskabes fragmenta C=C dubultsaites m—n
saisu mijiedarbiba.

2.Asimetriskajai indukcijai, kanglskabes atvasinajumu 1,4-pievieno$anas reakcijas
izmantojot  4-feniloksazolidinil- paliggrupas, 3,3-diarilpropionskabju derivati
veidojas ar loti augstu stereoselektivitati, sasniedzot de 99+%.

3.Diastereoméri bagatinatos 3,3-diarilpropanoiloksazolidinonus iesp&jams parverst
4-aril-3,4-dihidrokumarinu enantioméros, pilniba saglabdjot diarilpropanskabes
atvasinajumu iegtisanas stadija sasniegto stereoselektivitati.

4.Kanglskabes fragmenta fenilgredzena esoSo aizvietotaju elektronakceptoras ipasibas
neietekmé N-cinnamoiloksazolidinonu 1,4-pievienosanas reakciju
stereoselektivitati, tacu akceptori aizvietotaji pazemina reakciju kimisko iznakumu.

5.N-Cinnamoiloksazolidinonu 1,4-pievienosanas reakcijas lietota vara katalizatora
pretjons izmaina reakcijas stereoselektivitati, bet neietekmé tas kimisko iznakumu.

6.Parejas metalu (paladija un rodija) katalizétas N-cinnamoiloksazolidinonu reakcijas
ar arilborskabem rodas diastereom@ri bagatinati  3,3-diarilpropionskabju
atvasinajumi; izmantojot 4-feniloksazolidinil- paliggrupu stereoselektivitati,
sasniedzot de 99 %.

7.Fenilgredzena divus orto-aizvietotajus saturosi kanglskabju atvasinajumi neveido
1,4-pievienoSanas produktus reakcijas ar arilmagnija savienojumiem vai
arilborskabeém.

8.4-Aizvietotu oksazolidinona fragmentu saturosi kan&lskabes atvasinajumi paladija

katalizetas hidroarilésanas reakcijas ar trimetoksibenzolu veido
3,3-diarilpropionskabju atvasinajumus ar zemu stereoselektivitati.
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GENERAL OVERVIEW OF THE THESIS

Introduction

4-Aryl-3,4-dihydrocoumarins (DHC; 4-aryl-chroman-2-ones) are a separate group
of neoflavonoids widely distributed in plants. Compounds of this family are isolated
from ferns Pityrogrammatartarea and Vittariaanguste-elongataHayata, from
succulent plant Aloe vera sap, tree Dalbergiacochinchinensisbelonging to palisander
(rosewood) family, and herbs Polygonumperfoliatum related to buckwheat and
Vismiaguianensi commonly known as one of the species of the St. John’s worth
family. They are found also in tropical plants Gnetum montanum Markgr. f.
megalocarpum Markgr and Gnetum cleistostachyum C. Y. Cheng as well as in many
potherbs of Thai herbs group.

Among DHC of plant origin, active pharmaceutical substances are found working
as aldose reductase or protein kinases inhibitors, showing antioxidant activity as well
antiherpes effect.

Usually 4-aryl-3,4-dihydrocoumarins isolated from plants are optically active.
Besides, 4-aryl-DHC of both configurations occurs in nature. Chiral 4-aryl-3,4-
dihydrocoumarins are also known as synthons of antimuscarinic drugs of 1,3-
diarylpropylamine range including industrially produced Tolterodine and
Fesoterodine.

They are also key intermediates in synthesis of 1,3-diaryl-2,3-dihydro-1H-inden-
2-carboxylic acids known as endothelin antagonists.

The aim of the research is diastereoselective synthesis of 3,3-diarylpropionic acid
derivatives suitable for 4-aryl-3,4-dihydrocoumarin production. Conjugate 1,4
addition of nucleophiles to cinnamoyl moieties containing chiral auxiliary is
examined as main path to obtain enantiomerically enriched 4-aryl dihydrocoumarines.

This approach allows to obtain 3,3-diarylpropionic acid derivatives of opposite
configuration in two different ways, i.e. by changing configuration of the auxiliary or

adjusting substituents in the propenoic substrate and nucleophile molecules (Fig. 01).
Ph

N
N
R
Z >0 o

0 Ph O 0
Ar-M « Ph-M
Ph/\AOH ArMOH AN N0y

r

Fig. 01. Retrosynthetic analysis of 4-phenyl-3,4-DHC.

This scheme allows to choose more available or easier obtainable reactants or
auxiliaries depending on finaldihydrocoumarin structure.

Three dihydrocoumarines known from the literature were chosen as targets
(Fig. 02). Two of them — Vittarin F (A) and 4-(4-hydroxyphenyl)-hydroxy-7-
methoxy-3,4-dihydrocoumarin (B) isolated from Polygonumperfoliatum — were never
synthesised, but the third one - 6-acetoxy-4-phenyl-3,4-dihydrocoumarin was
obtained only as racemate.
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0" "o

Fig. 02. Target molecules.

Compound  Aretrosynthesis schemes involving cinnamic derivatives are
associated with complex synthons preparation of which should be solved first, while
coumarine B requires use of ortho-disubstitutedcinnamic derivatives, or
ortho-disubstituted aryl nucleophile has to be applied (Fig. 03). The presence of two

ortho-substituents could interfere with the addition of nucleophile to C=C bond
remarkably.

HO o
O HO HO \
HO O ~ on Ar' ng Ar? ng OH
HO OH

ArMgX
PhMgX g o
A"B(OR)z \ o
(PHBOR);
o o
Howo M AMEX \ oH
OH

Fig. 03. Retrosynthetic analysis of target molecules.

For these reasons, the best options regarding auxiliaries and optimal reaction
conditions were found byobtaining dihydrocoumarines of simpler structure
(Fig. 04).The simplest model used is 6-methyl-4-phenyl-3,4-dihydrocoumarin 1.

The choice of DHC1 was dictated by the facts that it’s a structure simulate
chromanone moiety of Vittarin F (A) well and that isomer (R)-1 is the key
intermediate in the synthesis of (R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-
3-phenylpropylamine (active pharmaceutical ingredient of medicine Tolterodine).

Ph Ph AcO Ph

(0} (0] 0] (6] AcO

O (0]
1 2 3

Fig. 04. Model molecules.
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The studies were extended obtaining 6-acetoxy-4-phenyl-3,4-dihydrocoumarin 2
(target compound C) and chiral forms of 5,7-diacetoxy-4-phenyl-3,4-dihydocoumarin.
The last structure simulates a situation where ortho-disubstituted synthons are
required likely to target B.

Aim and tasks

The following tasks were planned to achieve the aim.

To prepare starting materials required for model experiments and synthesis
of targets A, B and C, i.e. derivatives of cinnamic acids bearing chiral
auxiliaries and aryl magnesium reagents as well as oxazolidin-2-ones that
are not commercially available.

To explore conjugate 1,4-addition of arylmagnesiumspecies to cinnamic
acid derivatives containing Evans type auxiliaries and rank auxiliaries and
catalysts applied.

To evaluate the switching principle of synthesis schemes (replacement of
substituents in cinnamic substrate / reagent molecules).

To test possibilities to obtain 4-aryl-3,4-dihydrocoumarins in palladium
catalysed addition of the boronic acids to cinnamic acid derivatives.

To apply the obtained results insynthesis of target compounds.
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MAIN RESULTS OF THE THESIS

Synthesis of 6-methyl-4-phenyl-3,4-dihydrocoumarin (1)

Retrosynthetic analysis shows that derivatives of the 3,3-diarylpropionic acid
required preparation of DHC 1 can be obtained from both chiral auxiliary bearing
derivative of the cinnamic acid and 2-hydroxy-5-methyl cinnamic acid

(Fig. 1).
Me N Me X
® O, =0T
OH
Me ¥ Me X / oH
O —_— O Xe 0 o

Fig. 1. Retrosynthetic analysis of 6-methyl-4-phenyl-3,4-dihydrocoumarin (1).

To ensure asymmetric induction, Evans type auxiliaries were applied, i.e.
necessary 4-substituted N-cinnamoyl oxazolidin-2-ones 4 and 6 were prepared first
(Fig. 2).

Phenyl ring unsubstituted cinnamoyl derivatives 6 were prepared by reaction of
cinnamoyl chloride with oxazolidin-2-ones X¢-H (a—e, g—i,k,l).

Substituted in cinnamoyl phenyl ring N-cinnamoyl oxazolidin-2-ones 4 were
obtained in Horner-Wadsworth-Emmons(HWE) reaction starting in accordance with
the following scheme:

Me,
o
1.n-BuLi, THF

OBn OBn le)

O -78°C, 1h o o o} K,CO o

)k 2.XCH,COCl x\)k //( ml:)(?CE 1)132}, J i 7 THF,:A, izh \ NJ(

HN” o—/——— NN ————»Et0”| N —_— 0

H (36-67%) HJ\7< (95-99%) EtO HJ7<O (9-70%)
R
R 'K

Ry R,Ry ' KR, Ry KR, Me 2Ry

4b.c.g.h.j

b.c.g.h,j
bR, = (R)-4-benzyl, R, = H, X = Cl; ¢ R, = (R)-4-phenyl, R, = H, X = CI
g R| = (5)-4-phenyl, R; = Me, X = Br; h Ry = (R)-4-iso-butyl, R, =Me, X = Br
J Ry =(8)-4-benzyl, R, = Me, X = Cl

i o n-BuLi o o
-78°C

m™opT Ph/\)ka (60-80%) Ph/\)L NJ(O

Ri RoRe R R R,

aeg ikl 6a-egikl =

a R, = (R)-4-iso-propyl, R, = H; b R| = (R)-4-benzyl, R, = H; ¢ R| = (R)-4-phenyl, R, = H; d R, = (5)-4-sec-butyl, R, = Me
e R = (R)-4-phenyl, R, = Me; g R| = (5)-4-phenyl, R, = Me; h R| = (R)-4-iso-butyl, R, =Me; i R, = (5)-4-iso-butyl, R, = Me
k R| = (8)-4-iso-propyl, Ry = H; 1 R} = (§)-4-phenyl, R, = H

Fig. 2. Synthesis of cinnamic acid derivatives 4 and 6.

4-Substituted oxazolidin-2-ones 4 were acylatedby chloro- (or bromo-) acetyl
chloride to obtain corresponding N-(2-halogenacetyl)oxazolidin-2-ones. These
2-halogen acetamides interacting with triethylphosphite afforded [2-0xo0-2-(2-0xo0-
oxazolidin-3-yl)ethyl]phosphonates — one of the starting materials for HWE reaction.
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Another component — 2-benzyloxy-5-methyl benzaldehyde was prepared from
para-cresol in three steps involving bromination of the cresol using NBS,
benzylatation of the obtained 2-bromo-4-methyl phenol, preparation of Grignard
reagent and introduction of the aldehyde group via its reaction with DMF.

Synthesis of intermediates useful for preparation of 2-benzyloxy-4-methyl
cinnamoyl compounds 4 applying Heck reaction of the corresponding aryl bromide

with acrylic acid or methyl acrylate was also examined (Fig. 3).
OBn OBn (0]

Pd(OAC),
Br R PPhy, TEA R
7 — >
R
o (2-14%)
Me Me

4m,n

Fig. 3. Reactions of 2-benzyloxy-1-bromo-4-methylbenzene with acrylates.

Copper(l) catalysed conjugate 1,4-addition of aryl magnesium bromide to
cinnamoyl amides 4 and 6

2-Benzyloxy-5-methyl-cinnamoyl oxazolidin-2-ones 4 subjected to interaction
with phenyl magnesium bromide in THF at —50 °C in the presence of catalytic
amount of CuBr-SMez undergo conjugated 1,4-addition and produce 3-(2-benzyloxy-
5-methylphenyl)-3-phenyl propionic acid derivatives 5 (Fig. 4).

PhMgBr 1.BBr;
Xe CuBrxSMez DCM =75 C
THF -55°C 210%TEA
OBn

(29 51%) Tol, A, 1,5h
4bh] Sth (73-91%)

Xc= b HN O hHN 0 JHN O
Me Me©\ Me

Fig. 4. Addition of phenylmagnesium to cinnamoy! derivatives 5; 3,3-diaryl-prionates
5 cyclization to DHC 1.

3,3-Diarylprionic derivatives 5 were obtained in moderate yields: 5b 46 %, 5h
51 %, 5j 29 %.lsomeric composition (de 86 %) of cinnamoyloxazolidinone 5j was
determined directly applying chiral HPLC analysis (Chiracel OD-Column).The
diastereoselectivity of cinnamoyl derivative formation in case of compounds 5b,h has
been estimated determining enantiomeric composition of 6-methyl-4-phenyl-3,4-
dihydrocoumarin (1)obtained as a result of intramolecular ring closure. DHC 1
obtained from cinnamoyloxazolidinones 5b had ee 60 %, whereas the same substance
prepared from oxazolidinone 5h had ee 49 %.

Other 3,3-diarylpropionic acid derivatives 5 were prepared similarly, i.e. in
conjugate 1,4-addition of 2-benzyloxy-5-methylphenyl magnesium bromide to
N-cinnamoyl oxazolidin-2-ones 6a—e, g—i, k, | under the conditions mentioned above
(CuBr-SMez, THF,—50 °C).
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To convert intermediates 6 into 3,3-diarylpropionic derivatives 5 (Fig. 5),a freshly
prepared aryl magnesium bromide has always been used determining its concentration
by titration with sec-BuOH in the presence of phenanthroline prior use.

Me
ArMgBr 1.BBry,
o CuBrxSMe, o) DCM,-75°C e
/\)L _(30mol-%) 2TEA, Tol, A _
Ph Xc Ph

THF, 55 °C Xe T (g5-00%)
(14-84%)
6a—e,g—i 1kl Sa— cgukl
i
Xc= a HN O 0 c [IN dHN
*@fcﬁu H chﬁ* @W@

h HN 0 i IIN

Fig. 5. The reaction of cinnamoyl derivatives 6 with arylbromide; 3,3-diarylprionates
5 cyclization to DHC 1.

3-Cinnamoyl oxazolidinones 5a—e,g—i,k,| similar to related derivatives 5b,h,j
were converted into dihydrocoumarinl (results are shown in Table 1).

Table 1
Final results of preparation of 3-(2-benzyloxy-5-methylphenyl)-propionic derivatives
5and DHC 1
Product
. DHC1
Substrate 5a-e,g-i,k,I c
Entry - -
6 yield, yield, overall
de, % . ee, %
% % yield, %*
1 6a 23 - 93 14.9 16 (R)-
2 6c 61 99 (R)- 90 34.0 99 (R)-
3 6d 49 - 85 324 76 (S)-
4 6e 17 - 99 111 99 (R)-
5 69 50 - 95 35.6 99 (S)-
6 6h 83 - 93 46.3 65 (R)-
7 6i 84 - 96 58.0 63 (S)-
8 6k 14 - 94 9.7 15 (S)-
9 6l 62 99 (S)- 92 39.3 99 (S)-

* Total yield is based on cinnamic acid.

For this transformation O-benzyl protection was removed at first: 3-(2-benzyloxy-
5-methylphenyl)-propionic derivatives 5 were treated with BBrs in DCM at —70 °C.
Phenols produced in this step were treated with 10 % TFA solution in toluene to
achieve chromane ring closure; no purification of intermediate phenol was necessary.
Stereogenic centre of diarylpropionic backbone remains untouched during
debenzylation / ring closure steps. Consequently, diastereoselectivity of conjugated

28



addition can be evaluated by determining enantiomeric composition of
dihydrocoumarinl. This statement was proven comparing de values detected for 3,3-
diarylpropionic acid derivatives 5c,j,I with ee values of compound 1 obtained from
these oxazolidinones.

The highest diastereoselectivity (de > 99 %) of the conjugate 1,4-addition was
achieved applying 4-phenyl-oxazolidin-2-one-3-il moiety as chiral auxiliary attached
to cinnamoyl skeleton (auxiliaries Xcc,e,g,l). It has to be noted that this result was
achieved with both 4-phenyl-5-unsubstituted and 5,5-dimethyl-4-phenyl oxazolidinyl
auxiliaries.

Stereoselectivity of the conjugate addition was low to moderate applying 4-alkyl
oxazolidin-2-ones as chiral auxiliary: de 15 % for 4-isopropyl (Xca,k), 63-65 % for 4-
iso-butyl (Xch,i) and 76 % for 4-sec-butyloxazolidin-2-one-3-yl group (Xcd). Besides,
the selectivity is not governed directly by alkyl group volume.

The obtained results demonstrate that direct n—m stacking between cinnamic
moiety C=C bond and 4-phenyl ring of the oxazolidinyl auxiliary has crucial
importance inensuring high selectivity of the 1,4-addition. Phenyl ring of the
oxazolidinone fragment and cinnamic C=C double bond are positioned in relatively
parallel planes and n—n stacking caused by this conformation prevents free rotation
around single =C—CO bond (Fig. 6). This discriminates C=C bond faces: in the fixed
by n—r interaction structure, one double bond face is eclipsed by phenyl ring, whereas
another remains freely available for attack of the nucleophile.

o

6¢
Fig. 6. Structure of cinnamate 6c¢.

Moderate till high diastereoselectivity was achieved applying 4-benzyl- (Xcb,
de 60 %) and 4-benzyl-5,5-dimethyloxazolidinones (Xcj, de 86 %) in role of auxiliary.
Increased addition selectivity of the phenyl magnesium bromide to 2-benzyloxy-
5-methylcinnamoyl double bond in substrate 4j comparing this with analogue
reactants pair cinnamoyl derivative 6b/ 2-benzyloxy-5-methylpheyl magnesium
bromide would be governed by two reasons: presence of 5-methyl groups in
oxazolidinyl and presence of O-benzyl group in cinnamoyl moiety. The presence of 5-
methyl groups hinders the rotation of 4-benzyl group in oxazolidinone part, whereas
the presence O-benzyl group in cinnamic moiety impedes the rotation of the whole
oxazolidinyl fragment. Combination of these factors leads to relatively fixed spatial
structure where one face of the double bond is eclipsed simultaneously making m—n
stacking possible.

The selectivity higher than 10-20 % in case of 4-benzyloxazolidinyl auxiliaries
comparing with 4-isobutyl- 6h,i and 4-sec-butyl 6d relatives points to the importance
of n—n stacking (Fig. 7).
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Fig. 7. Structures of cinnamates 4j and 6b.

The lack of 5,5-methyl groups in oxazolidinone ring would be the main reason
responsible for lower selectivity when comparing structures 6a,k with other
4-alkyloxazolidin-3-yl derivatives examined.

Using  (S)-3-cinnamoyl-4-sec-butyl-5,5-dimethyloxazolidin-2-one  (6i) and
applying reaction conditions described above, the influence of various copper (I) and
(1) catalysts (CuBr, [Li2CuCls], CuBr-SMez, [2LiCl-CuCN])on the process of
conjugate addition was tested (Fig. 8).

Me
ArMgBr
kat. Cu OB’ o) fe) o Ph
/\)k J( (30 mol-%) J( 1.BBr;, =75 °C :
Ph N 2.TEA, Tol, A

THF, -55°C_ 0 m
)\ \7< “(76-84%) )\\7< (89-96%) 0 No

Me Me Me Me
5i 1 (ce 52-71%)

Cu = CuBr, [Li,CuCl,], CuBr-SMe,, [2LiCI-CuCN]
Fig. 8. Addition of arylmagnesium to cinnamate 6i in the presence of copper catalysts.

The outcome of conjugate addition remained almost invariable, whereas
diastereoselectivity was growing in catalyst range [2LiCl:CuCN] < CuBr-SMe; =
Li2CuCls < CuBr; the selectivity increased from de 52 % to de 71 % (Table 2).

Table 2
Affect of copper catalyst on addition reaction
Yield of 5i, DHC1
Entry Cu cat. % ee, %
1 CuBr 84 71 (S)-
2 [Li2CuCl4] 76 65 (S)-
3 CuBr-SMez 81 63 (S)-
4 | [2LiCl-CuCN] 82 52 (S)-

Another factor that could affect the addition selectivity would be the electronic
nature of cinnamic moiety. To test this influence, three cinnamic acid derivatives were
selected bearing p-substituted phenyl ring of different electron withdrawing / donating
properties. Only substituents resistant to Grignard reagents were suitable for this
purpose; as such, OCHs, F and CFs groups were selected. Chiral auxiliary i was
selected as preferable one to construct amide part of cinnamoy! derivative. This group
showed moderate asymmetric induction in reaction of cinnamoyl substrate
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unsubstituted in phenyl ring, therefore any changes of selectivity would be easy to
detect.

Substituted in phenyl ring substrates 8 were prepared in the same manner as
compounds 6 (Fig. 9).

Electron withdrawing groups in cinnamoyl moiety reduced chemical yield of
conjugate 1,4-addition, whereas the stereoselectivity remained unchanged.

0 XcH, 0 o ArMgBr 0
WC‘% NN, CuBosMe, O o
THF, -78 °C )\\7< THF, -50 °C
. @787 R Mé Me K M¢ Me
Tabc 8ac 9a 82%, de 6%
b 62%, de 60%
aR=0OMe;bR=F;cR=CF; ¢ 44%, de 64%

Fig. 9. Preparation of cinnamates 8 and their reaction with arylmagnesium.

Stereoselectivity switching by reactant structure postulated on base of the
retrosynthetic analysis was examined using cinnamoyloxazolidinones 6i and 4h. The
resulting enantiomeric composition of dihydrocoumarin 1 remainedun changed,
regardless of whether the synthesis started from the cinnamoyl derivative 6i (path A,
ee 63 %) or its analogue 4h substituted in phenyl ring and having auxiliary of the
opposne configuration in amide part of substrate molecule (path B, ee 60 %) (Fig. 10).
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| Ph OBn Ph O
! BnO 0 1BBry,—75°C | " B lBBr} -75°C
: J( 2TEA, Tol, A e 2TEA Tol, A (;/\/LN

\7< (93% ; 0 3 (91%
(ee 63%) 3 . 3 (ee 60%) Md Me 3
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w
=

ArMgBr s R PhMgBr

| CuBrxSMe, \ i CuBrxSMe,

! (30 mol-vey | 817 ; G| 30 mol-2%)
1-ssec : 755 °C :
. o o ¢}

! /\)L J( ! AN NJ(

| Ph N" Y ! /\\H

3 ): " mdMe | M Me 3
i 1 0

A

Flg 10. Summary of synthesis of DHC 1.

Chemical yield (total yield in two steps 6 — 5 — 1 or 4 — 5 — 1) of route A is
remarkably higher (75 %) than the yield of route B (46 %).

Route A is more efficient also when evaluating complexity of cinnamoyl
derivative synthesis: compounds 4 (path B) were prepared in three steps with total
yield <18 %, whereas compounds 6 were available in one step and yielded 60-80 %
(path A).

The situation is opposite when evaluating the process from the Grignard reagent
viewpoint. Commercially available, cheap phenyl magnesium bromide is applied in
route B. Contrary to this, route A requires preparation of Grignard reagent in three
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steps and determination of its actual concentration. The synthesis of this
organomagnesium  species involves regioselectivebromination of p-cresol,
introduction of O-benzyl protection and the preparation of Grignard reagent
preparation. Fortunately, preparation of Grignard reagent can be performed parallel to
synthesis of cinnamoyl compound 6.

6-Acetoxy-4-phenyl-3,4-dihydrocoumarin (2)

Target compound 2 was prepared analogously to model compound 1 by
embedding chiral 3,3-diarylprionyl derivative in synthesis scheme (Fig. 11).
Ph Ph O
AcO. & HO. * HO. § . HO
Xc Xc )
(SN OMe OMe OMe

Fig. 11. Retrosynthetic analysis of 6-acetoxy-4-phenyl-3,4-dihydrocoumarin (2).

o

Hydroquinone derivatives shown in retrosynthesis scheme were replaced with
corresponding derivatives of 1,4-dimethoxybenzene to make synthons used
compatible with organomagnesium species. The required demethylation was
performed as final step of the synthesis.

Copper(I) catalysed conjugate 1,4-addition of aryl magnesium bromide to 3-(2,5-
dimethoxycinnamoyl)oxazolidinones11a—c

Based on the results discussed above, auxiliaries derived from 4-phenyl- and
4-benzyloxazolidin-2-ones were considered as most promising. However, to confirm
the results obtained from working with model 1, not only cinnamides 11b,c but also
their analogues 11a,d were used in this study (Fig. 12).

Compounds 1la-d (yields 79-89 %) were prepared in the same manner as
cinnamicderivatives 6, i.e. reacting N-deprotonated oxazolidinones with cinnamoyl

chloride 10.
OMe Q OMe Q PhMgBr OMe Fh O
~ Cl XcH, n-BuLi "X CuBrxSMe, Xe
THF, 75 °C THF, =50 °C
0,5h
OMe (24-91%) OMe OMe
10 11a-d 122 87%
b 81%
(0] (0] o (o) ¢ 82%
J L J S d32% (de 25,0%)
Xe=aHN" O bHN" "0 ¢HN” "0 dHN" O

PO

Fig. 12. Synthesis of cinnamic acid derivatives 11 and their reactions with
phenylmagnesium bromide.

Addition of phenyl magnesium bromide to 3-(2,5-dimethoxycinnamoyl)-
oxazolidinones 11 was performed in the presence of CuBr-SMez in catalytic amounts,
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similarly to preparation of compounds 5. The products of conjugate 1,4-addition were
isolated in high (81-87 %) yields. Diastereomeric composition of the product 12d was
determined by chiral HPLC. Diastereomeric composition of other propionates 12 was
established after their demethylation and conversion of 3,3-diarylpropionamide
intermediates into 6-hydroxy-DHC 13 (Fig. 13).

1.BF;xSMe,

OMe Ph O Ph Ph

N DCM, 0 °C N Ac,0 .

HO AcO
Xc 2., 1h DMAP (5 mol-%)
Piridins, rt, 20h
0~ "o (63%) o~ "o
OMe 13 (no 12a) 51%, ee 1.7% 2
12a—c¢ (no 12b) 54%, ee 3.7%

(no 12¢) 33%, ee 94.8%
Fig. 13. Demethylation—cyclization of propionate 12 to 6-hydroxy-DHC 13 and their
acylation of Acz0 to DHC 2.

Demethylation of 3-(2,5-dimethoxy)-3-phenylpropionamides and simultaneous
coumarin ring closure was achieved by treatment of these propionates with BFz-SMe2
complex at 30 °C in DCM. The conversion was fast; complete demethylation and ring
closure was achieved in 1 h. Enantiomeric excess of the obtained product 13 was
determined by chiral HPLC applying column Chiralcel OD-H.

Acylation of 6-hydroxy-DHC 13 using Acz0 afforded target compound 2 in 63 %
yield after crystallisation.

Palladium(II) catalysed conjugate 1,4-addition of phenyl boronic acid to
3-(2,5-dimethoxy cinnamoyl)oxazolidinones11b,d,f,g

The second option examined for preparation of 3,3-diarylpropionic acid
derivatives 12 was the addition of phenyl boronic acid to 3-(2,5-dimethoxy-
cinnamoyl)oxazolidinones 11 under palladium(Il) catalysis. Chiral 2,5-dimethoxy-
cinnamides 11b,d,f,g were used in this research (Fig. 14).

PhB(OH), OMe Ph OMe Ph Ph

Pd(OAc), (5 mol-%)
TPP (15 mol-%) Xc¢BF;y xSMez
TCHCI,, K,COp DCM A
Toluols, 80 °C 48h 0 0
(55%) 13no 12g
llbdfg 12b de 9.0% l4bdfg e 99%
dde15.1%
fde 1.2%
g de 99.0%
S N GRS
Xc= bH JkO d HN f HN HN

/\\\;/(ML j\;ch @j}v{c

Fig. 14. Synthesis of propionates 12 and their cyclization to DHC 13.
Addition of the phenyl boronic acid was examined in the presence of catalyst
palladium(I1) acetate (5 mol-%)/ PPhs (12 mol-%) and applying fourfold excess of the

boronic acid. Complete consumption of the staring material 11 was achieved in 50 h
at 80 °C.

33



GC/MS analysis of the reaction mixture revealed formation of both
3,3-diarylpropionic amide 12 diastereomers and unsaturated propenoic acid
derivatives 14.

Formation of 3-[3-(2,5-dimethoxyphenyl)acroyl]oxazolidinones 14 is considered
as the result of B-hydride elimination.The ratio of competing reaction products 12/14
was determined according to H NMR, while the ratio of the derivative 12
diastereomers was established by HPLC analysis (Table 3).The ratio between the
initially formed product of 1,4-addition 12 and the secondary product of hydride
elimination 14 is remarkably affected by oxazolidinyl auxiliary: the outcome of by-
product 14 was under 10 % in the case of 4-phenyl- and 4-benzyloxazolidinyl groups,
whereas in the case of 4-alkyloxazolidines, the by-product yield was about 50 %.

Table 3
The yields of the reaction of cinnamates 11 with phenyl boronic acid
Entry _Starting Ratio of products 12 and 14 Compd.12d
cinnamate 12 14 e, %

1 11b 1 0.1 9.0

2 11d 1 0.7 15.1

3 11f 1 0.7 1.2

4 11g 1 0.1 99.0

We succeeded to resolve the mixture 12b/14b only. The diastereomeric excess of
derivatives 12d,f was low; these products were not examined further.

The unresolved mixture 12g/14g was treated with BF3-SMez thus converting
derivative 12g into DHC 13. The final product 13 was isolated applying
chromatography. Chiral HPLC analysis of the collected product showed ee 99 %
confirming excellent stereoselectivity in the 1,4-addition step.

Rhodium(I) catalysed conjugate 1,4-addition of phenyl boronic acid to
3-(2,5-dimethoxy cinnamoyl)oxazolidinones 11b,f

The possibility to apply rhodium(l) catalyst to facilitate 1,4-addition of the phenyl
boronic acid was tested using 3-(2,5-dimethoxycinnamoyl)oxazolidinones 11b,f as
starting substrates (Fig. 15).

The reaction was performed in the presence of Rh(I)CI/PPhs (5 mol-%) as catalyst
and using dioxane-water mixture containing 1 equiv. KOH as the reaction medium.
The reaction was carried out at reflux temperature applying phenyl boronic acid in
tenfold excess. Interaction resulted in formation of desired 3,3-diarylpropionic amides
12 and reduction of cinnamoyl C=C double bond giving 3-(2,5-dimethoxy-
phenyl)propionic derivative 15 as by-product.
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OMe OMe Ph O

[¢]
PhB(OH),, KOH 1.BF;xSMe,
N Xc Rh(I)Cl(PPh;); (5 mol-%) Xe| 2. 10% TEA/Tol
Dmk:dm—H 20, A (24 26%)

OMe
11b.f 12I) f 15b.f

amm

13bee 14,1% 16 (26-27%)
fee 23%

Fig. 15. Rhodium catalyzed reactions of cinnamates 11 with phenyl boronic acid.

The attempts to resolve mixtures 12/15 were unsuccessful. Unresolved mixtures

were subjected to demethylation by BFs-SMez followed by treatment with 10 % TEA
in toluene to complete the coumarin ring closure.
This afforded mixture of dihydrocoumarines 13 and 16 that was resolved by
chromatography. Stereoselectivity estimated by ee values of the final product 13 was
low for both auxiliaries tested: ee 14.1 % applying 4-benzyloxazolidinyl group (b)
and 2.3 % for its isopropyl analogue f. Also chemical yields of dihydrocoumarines 13
(24-26 %) and 16 (26-27 %) were low.

The comparison (Fig. 16) of 1,4-addition reactions studied, i.e. addition of phenyl
boronic acid (path A) and addition of phenyl magnesium bromide (path B) to
3-(2,5-dimethoxy cinnamoyl)oxazolidinones11 shows higher chemical yields for the
addition of phenyl magnesium species; also B-hydrideelimination as the side reaction
is not observed in this case.

Stereoselectivity of the addition is comparable for both processes: the highest
devalues were achieved applying 2-oxo-4-phenyloxazolidin-3-yl auxiliaries c,g —
95 % in Cu(l) catalysed addition of PhMgBr and 99 % in Pd catalysed addition of
phenyl boronic acid.

It has to be pointed out that the catalysts used for phenyl magnesium addition are
cheaper than the ones necessary for phenyl boronic acid use. Besides, usage of
Grignard reagents does not require tuning of basic additive as for palladium catalysed
boronic acid addition.

35



| | e B o !

. 'HO ¥ ! H |

NTY L NJ<0 BF;xSMe, ! m | BF3xSMe, NJ{O]

\7< (55%) ool (3%) ]

R)- (ce 99%) | ! (S)- (ee 94.8%) ;

OMe @MeMe @WMS()(L U): 13 : ” oM |

OMe e
o
12g (62%) 14g (7%) 126
PhB(OH), } } PhMgBr
| Pd(OAc), (5 mol-%) | ! CuBrxSMe, 1%
' CHCly, TPP (15 mol-%) : : (0,3 ekv)
! K,COs, Toluols, 80 °C ; | THF, =50 °C
OMe (0] o) (0]
E;/\)‘\N ! C;/\/LNJ(
o i
dvie @ wlbe @)q
11g |

Flg 16. Summary of synthesis of DHC 13.

Synthesis of 5,7-diacetoxy-4-phenyl-3,4-dihydrocoumarin (3)

The scheme — addition of phenylmagnesium bromide to cinnamoyl double bond —
well working for synthesis of 6-methyl- and 6-acetoxydihydrocoumarins 1 and 3
failed when applied to 2,6-disubstituted cinnamides.

No addition was observed for interaction of aryl magnesium bromides with
3-(2,4,6-tribenzyloxycinnamoyl)-4-phenyloxazolidin-2-one (17b) at —30 °C to 0 °C
(Fig. 17).

OBn Ar O 0

ArMgBr
CuBrxSMez NJ<O
BnO OBn  pp

OBn Ph
Ar = Ph; 4-BnOPh 18b
Fig. 17. The reaction of N-cmnamoyloxazolldlnone 17b with arylmagnesium
bromides.

The same result was observed also in the case of 2,4,6-trimethoxycinnamoyl
derivatives 17'b,e at room temperature, while interaction at reflux temperature
resulted in oxazolidinone ring opening (Fig. 18).

OMe [ 0 I
~ N o PhMgBr /CEVL
MeO OMe ph
17'b (S)-R=H M =339
17'e (R)- R =Me M =367
Fig. 18. The reaction of N-cinnamoyloxazolidinones 17°b,e with phenylmagnesium

bromide.
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It can be assumed that two ortho-substituents, presentin the phenyl ring, block
access of aryl nucleophile to cinnamoylp-carbon.

Addition of 2,4,6-trimethoxyphenylboronic acid to 3-cinnamoyl-oxazolidin-2-one
6k in the presence of palladium(ll) catalyst was tried as an alternative (Fig. 19).

o) o HO\B/OH OMe Ph O 0

o /\)LN éo . MeO. OMe  Pd(IDX, /C(k/kﬁé()
\\ MeO OMe \\
OMe

6k 18k
Fig. 19. The reaction of N-cinnamoyloxazolidinone 6k with
2,4,6-trimethoxyphenylboronic acid.

There is no steric hindrance in cinnamoyl moiety, however the reaction failed also
in this case. Obviously, 2,6-dimethoxy groups in aryl boronic acid prevent successful
interaction.

Palladium catalysed hydroarylation of 3-cinnamoyloxazoidin-2-ones 6d,e

Failures with addition of Grignard reagents or aryl boronic acids to N-cinnamoyl-
oxazolidinones forced search for an alternative to obtain 3-(2,6-dialkoxyphenyl)-3-
phenylpropionic derivatives.

Therefore hydroarylation of the 3-cinnamoyloxazolidinones 6d,e with
1,3,5-trimethoxybenzene in the presence of palladium catalyst was tested.The reaction
was carried out in trifluoroaceticacidat reflux temperature in the presence of
Pd(OAc)2and under argon.

Hydroarylation afforded target N-[3-(2,6-dialkoxyphenyl)-3-phenylpropionyl]-
oxazolidinones in moderate yield (18d 16 %, 18e 66 %) and insufficient
diastereoselectivity (de 18d 13 %, 18e 33 %).

6d.e OMe Ph O
Pd(OAc), R
(20 mol-%) Xe
TFA, A, 3h
MeO OMe
/\)(L 184 16%, de 13.3%
P " xe + Ph(OMe); 18e 66%, de 33.0%
6e
6d.e . Pd(OAc), OMe Ph O O OMe Ph
. (20 mol-%) NJ{ . N
TFA, O, 4 0 +e
MeO OMe py MeO' O )
o o] Mé Me
)J\ )k 18e 19

/\iMc Me d;f Me

Fig. 20. Arylation of N-cinnamoyloxazolidinones 6d,e with 1,3,5-trimethoxybenzene.
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It is very important to ensure inert atmosphere in hydroarylation process. If traces
of oxygen are not excluded,-hydride elimination proceeds as the side-reaction finally
leading to coumarine 19.

Conversion of  3-(2,6-dialkoxyphenyl)-3-phenylpropionamides 18 into
5,7-diacetoxy-4-phenyl-3,4-dihydrocoumarin (3) was achieved in two steps (Fig. 21).
Demethylation of the trimethoxy derivative 18 applying BBr3-SMecomplex followed
by intramolecular ring closure afforded 5,7-dihydroxydihydrocoumarin 20.

OMe Ph O OH Fh Qac fh
N
* BF;xSMe, X Ac,0
Xe 7BcM, A Py, DMAP
MeO OMe (40-66%) HO 070 (@1%) A0 o 0
20 3

18d.e
Fig. 21. Demethylation — cyclization of 3,3-diarylpropionic acid derivatives 18 to
DHC 20 and its acylation.

Isolated dihydroxy-DHC 20was transformed into a corresponding diacetoxy
derivative by acetylation using acetic anhydride.

Attempts aimed at Vittarin-F preparation
Vittarin-F (A) is 4-(3,4-dihydroxyphenyl-3,4-dihydrocoumarin having 7-hydroxy
group and bearing complex 6-alkyl chain; so, its structure is partially related to
models 1 and 3.
The synthesis of Vittarin-F was envisaged via diarylethane 21 as key intermediate
suitable for both cinnamic acid derivative 22 and aryl magnesium halide 23

production (Fig. 22).
OMe OMe
Pg
—— /#/\/‘:OMe :9/#/\/(OME

X =Hal 21

22

OMe

Fig. 22. Retrosynthetic analysis of stilbene 21.

Preparation of 1,2-diarylethane 21 was planned in three steps obtaining 4-(3,4-di-
methoxystyryl)-benzene-1,3-diol (24) in McMurry reaction followed by bromination
and double bond hydrogenation (Fig. 23).

OMe

OMe OMe OMe
TiCly/Zn Pd/C
OH OH OH

Fig. 23. Synth55|s of 1,2-d|arylethane 21.
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Unfortunately, McMurry reaction (Fig. 24) proceeded unselectively: besides
target cross-coupling product 24 both homo-coupling products 26 and 27 also were
formed. Moreover, homo-coupling producing  4-(2,4-dimethoxystyryl)-
1,2-dimethoxybenzene (26) was predominant.

OMe OMe OH
OMe OMe
0 el
OH ) OH
N TiCly/Zn / . P N o
M
OMe OH OH
OMe

OMe

MeO OH OH
26 24 27
Fig. 24. The reaction of 2,4-dihydroxybenzaldehyde with 3,4-dimethoxy-
benzaldehyde.

The ratio of products 26 : 24 : 27 was 26 : 5 : 1. Besides, we did not succeed to
resolve both hydroxyl compounds 24 and 27 completely.

Condensation of hydroxyl-protected 5-bromo-2,4-dihydroxybenzaldehyde 31 with
3,4-(dimethoxybenzyl)phosphonate 29 leading to styrene 32 was considered as an
alternative.

OH
OMe
_PBn _ P(OEy; McO _OFt OMe
DCM ]()0 °C, 3h // SOEt O
€0 °C, 48h (99%)
OMe (81%) Basc

OTMDMS

/o
OTBDMS
_ B TBDMSCI Br
TACOH DIPA, DMF OTBDMS
,3h Br 70°C,3h B
OH

(25%) (51%) OTBDMS

Base: K,CO;, +-BuOK, NaH, LiHMDS, n-BuLi, -BuLi

Fig. 25. Synthetic scheme of stilbene 32.

Bromination of 2,4-dihydroxybenzaldehyde afforded target 5-bromo derivative 30
and 3,5-dibromo-2,4-dihydroxybenzaldehyde as a by-product in 15 mol-% amount.
Monobromination product was separated by column chromatography on silicagel and
converted into 2,4-OTBDMS protected one 31.

Preparation of 3,4-(dimethoxybenzyl)phosphonate 29 was started with
3,4-dimethoxybenzyl alcohol. This involved transformation of benzyl alcohol into
bromide 28 followed by a reaction with trimethylphosphite.

Condensation of benzaldehyde 31 with benzylphosphonate 29 was unsuccessful —
stilbene 32 did not occur regardless of the base used for carbanion generation.

The most reliable reason for this failure is the presence of electron donating
groups in arene rings that prevents C—O bond cleavage and phosphonate elimination
(Fig. 26).
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Fig. 26. The reaction mechanism of formation of stilbene.

The reduced acidity of benzyl phosphonate due to the presence
ofdonatingmethoxygroups also should be considered. Besides, the presence of
voluminous ortho-TBDMS group in aldehyde molecule is disadvantageous.
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CONCLUSIONS

. In the reaction of copper (I) catalyzed N-cinnamoiloxazolidinones with
arylmagnesium compounds enanthiomerically enriched 3,3-diarylpropanoic acid
derivatives were obtained; their selectivity dependson the ability to form n—n
stacking between cinnamoyl C=C double bond and 4-C substituent in
oxazolidinone auxiliary.

. Using of 4-phenyl substituent containing auxiliaries in the 1,4-addition reactions
of cinnamates with arylmagnesium halides it is possible to obtain 3,3-diaryl-
propionate derivatives with high selectivity (up to de 99+%).

. Diastereomerically enriched 3,3-diarylpropanoic derivatives can be converted into
4-aryl-3,4-dihydrocoumarines retaining their selectivity obtained in the addition
step.

. EWG in phenyl ring of N-cinnamoyloxazolidinones did not affect
stereoselectivity in 1,4-addition step, however they decrease chemical yields.

. In the 1,4-addition of arylmagnesium to a N-cinnamoyloxazolidinones used
copper catalyst changed selectivity of the reaction, but did not affect the chemical
yield.

. In the transition metal (palladium or rhodium) catalyzed N-cinnamoyl-
oxazolidinone reactions with arylboronic acids form diastereomerically enriched
derivatives of 3,3-diarylpropanoic acids; using 4-phenyloxazolidinyl- as auxiliary,
stereoselectivity was achieved de 99 %.

. Using in phenyl ring two ortho- disubstituted cinnamoyl derivatives in the
reactions of arylmagnesium halides 1,4-addition products were not detected.

. In the palladium catalyzed reaction of cinnamates appended to 4-substitutement

containing auxiliaries react with trimethoxybenzene giving 3,3-diarylpropionates
in low selectivity.
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