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SAISINAJUMI/ABBREVIATIONS AND ACRONYMS

Ac acetil-/acetyl

acac acetilacetonats/acetylacetonate

brsm rékinot p&c atgiitas izejvielas daudzuma/based on recovered starting material
nBu n-butil-/n-butyl

tBu terc-butil-/tert-butyl

CSA 10-kamparsulfonskabe/10-camphorsulfonic acid

DBU 1,8-diazabiciklo[5.4.0]Jundec-7-&ns/1,8-diazabicyclo[5.4.0Jundec-7-ene

DCE 1,2-dihloretans/1,2-dichloroethane

DFT bltvuma funkcionala teorija/density functional theory

DMAP  4-(N,N-dimetilamino)piridins/4-(N,N-dimethylamino)pyridine

DMEDA N,N -dimetiletan-1,2-diamins/N,N -dimethylethane-1,2-diamine

DMF N,N-dimetilformamids/N,N-dimethylformamide

dr diastereomeru attieciba/diastereomeric ratio

DMSO  dimetilsulfoksids/dimethyl sulfoxide

EDCI 1-etil-3-(3-(N,N-dimetilamino)propil )karbodiimids/1-ethyl-3-(3-(N,N-
dimethylamino)propyl)carbodiimide

EDTA ctilendiamintetraacetats/ethylenediaminetetraacetate

Et etil-/ethyl

HFIP 1,1,1,3,3,3-heksafluorpropan-2-ols/1,1,1,3,3,3-hexafluoropropan-2-ol

HOBT  1H-1,2,3-benzotriazol-1-ols/1H-1,2,3-benzotriazol-1-ol

iPr izopropil-/isopropy!l

i.t. istabas temperatiira

KMR kodolu magnetiska rezonanse

LC/MS  skidruma hromatografija-masspektrometrija/liquid chromatography-
masspectrometry

LDA litija diizopropilamids/lithium diisopropylamide
mCPBA  3-hlorperoksibenzoskabe/3-chloroperoxybenzoic acid

Me metil-/methyl
Ms mezil- (metansulfonil-)/mesyl (methanesulfonyl)
NCS N-hlorsukcinimids/N-chlorosuccinimide

NMO N-metilmorfolina N-oksids/N-methylmorpholine N-oxide
NMR nuclear magnetic resonance
ORTEP Oak Ridge Thermal Ellipsoid Plot

Ph fenil-/phenyl
PPTS piridinija 4-toluolsulfonats/pyridinium 4-toluenesulfonate
rt room temperature

TBAF  tetra-n-butilamonija fluorids/tetra-n-butylammonium fluoride

TBS terc-butildimetilsilil-/tert-butyldimethylsilyl

TCCA trihlorizocianiirskabe/trichloroisocyanuric acid

TEMPO (2,2,6,6-tetrametilpiperidin-1-il)oksilradikalis/(2,2,6,6-tetramethylpiperidin-1-
yl)oxy! free radical

TES trietilsilil-/triethylsilyl

Tf triflil- (trifluormetansulfonil-)/triflyl (trifluoromethanesulfonyl)
TFA trifluoretikskabe/trifluoroacetic acid

THF tetrahidrofurans/tetrahydrofuran

Ts tozil- (4-toluolsulfonil-)/tosyl (4-toluenesulfonyl)



PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Dabasvielu sintéze ir organiskas sintézes apak$nozare, kas mérkéta uz strukturali sarezgTtu
daba sastopamu savienojumu (pieméram, terpenoidu, poliketidu, alkaloidu un peptidu)
iegiisanu. So mérksavienojumu iegfianai biei izmanto totalas sintézes pieeju, kurai raksturiga
gara reakciju sekvence, reagentu kontroléta asimetriska sintéze nepiecieSamas stereocentru
konfiguracijas ievieSanai, ka art salidzino$i mazi galaprodukta daudzumi. Alternativa totalajai
sint€zei ir semisintéze, kas ir dabasvielu iegiiSana no citas dabasvielas. Izmantojot semisintgzes
pieeju, ir iesp&ja butiski saisinat reakciju sekvenci, nereti tad€jadi palielinot galaprodukta
daudzumu.:2 Turklat izejas dabasvielas definétie stereocentri lauj iegiit ari stereotiru
mérksavienojumu. Biomim&tisku reakciju izmanto$ana semisintézes procesa sniedz prieksstatu
par kimiskajam parvértibam daba un izskaidro sarezgitu dabasvielu biosintetisko celu (1. att.).

vienkarsas . i _
i totala sintéze eksotiska semisintéze izplatita
Ial_)or_at_orljas — dabasviela <(——— dabasviela
izejvielas

« gara lineara reakciju sekvence « Tsaka lineara reakciju sekvence
« neliels (mg méroga) galaprodukta daudzums + galaprodukta daudzums sasniedz grama mérogu
* racémisks, ja asimetriska sintéze nav ieklauta * enantiotira izejviela

1. att. Dabasvielu iegiisana, izmantojot totalo sintézi un semisintézi.

Semisintézes pieeja promocijas darba gaita tika lietota terpenoidu bibliotékas izveidei, ka
izejvielu izmantojot vienu no vispieejamakajiem seskviterpéniem — B-kariofilénu (1, 1 kg par
100 EUR kimisko reagentu kataloga), ko iegiist no dazadiem augiem, pieméram, naglinkoka,®
melnajiem pipariem,* raudenes,® bazilika® un rozmarina.” p-Kariofilena (1) iegliana no
biomasas pieskir tam vel neapgiitu atjaunojama resursa potencialu.

E-Ciklononéna sprieguma dgl B-kariofiléna (1) endocikliska dubultsaite ir reag€tspgjigaka
par eksociklisko dubultsaiti, tadejadi ir iesp&ja to selektivi modificet. Radniecigais B-kariofilena
oksids (2, 100g par 132 EUR kimisko reagentu kataloga) lauj paplasinat produktu
daudzveidibu, jo taja endocikliska trans-dubultsaite ir epoksidéta, tadejadi virzot
funkcionalizésanu uz eksociklisko alkénu (2. att.). ST pieeja lauj iegiit stratégiskus bivblokus
A-D, ko var izmantot relativi Tsu dabasvielu sintétisko celu izveidei. legiitas dabasvielas var
kalpot ka references standarti augu ekstraktu analiz€ vai biologiskas aktivitates profilé$ana

medicinas kimija.



alkénu
funkcionalizé$ana
—_— s

CH3
B-kariofiléns (1)

alkénu
funkcionalizé$ana
e

B-kariofilena oksu:ls 2)

2. att. Stratégisko buvbloku A—D iegi$ana no B-kariofiléna (1) un ta oksida (2).

Pateicoties B-kariofiléna struktiirai (kondenséti ciklobutana un E-ciklononéna fragmenti,
divi stereodefinéti hiralie centri) un spgjai pargrupéties, veidojot citus oglekla skeletus,
B-kariofilénam ir augsts potencials ka izejvielai strukturali daudzveidigu seskviterpeénu
iegiiSanai (3. att.).3!7

N Y @

punktaporonans panasinsans

3
- —
H,C )
H
Hs
CHs seco-kariofilans

izokariolans

B-kariofilens (1)

Vg N

kariolans humulans

rumfelans

3. att. Pieejama strukturala karkasu daudzveidiba no p-kariofiléna.

Pirms promocijas darba izstrades B-kariofilens un ta oksids ka izejviela dabasvielu sintéze
tika izmantots samera reti. Galvenokart, biomimétiski tika sintez&ti meroterpenoidi, kas izoléti
no guavas (Psidium guajava), izmantojot B-kariofiléna reagétsp&jigako endociklisko dubultsaiti
ka dienofilu hetero-Dilsa—Aldera reakcijas.'® 1° Piem&ram, 0-hinona metids 4, kas tika generéts
no floroglucina atvasindjuma 3 un paraformaldehida Knévenagela tipa reakcija, reag€ja ar
B-kariofilénu, veidojot meroterpenoidus 6-9, tostarp guapsidialu A (6) un psiguajadialu D
(8, 1. shéma).'8



OH
O OH paraformaldehids

NaOAc (10 mol%) Ph B-kariofiléns
o TR e .

AcOH, 90 °C
HO OH
X

\O (o]

HO' O | 6:7:8:9 = 38:14:38:10
kopa 59%

psiguajadials D (8) 9

1. shéma. Guapsidiala A (6) un psiguajadiala D (8) sintéze.

Lidziga pieeja tika izmantota psiguadiala B (14) grama apjoma sinteézg. B-Kariofileéns
reag€ja ar diformilfloroglucinu (10) benzaldehida un DMEDA Kklatieng, veidojot psiguadialu B
(14) kopa ar guajadialu (11), psidialu A (12) un diastereoméru 13 (2. shéma).®

HsG CH,
H

HsQ cH,
H,

T i
o PhCHO o oW B O OH Ph
- B-kariofiléns guajadials (11) psidials A (12)
HO OH DMEDA (10 mol%) HC o HC o,
sl Lkl A s ]
HFIP, it. o) H,
‘ 11:12:13:14 = 37:25:10:28 HO
O OH L1904 = 572010 HO. H
kopa: 37% H ‘CHs
10 14: 8% (2.08 g) A
:H
o oH O OH Ph
13 psiguadials B (14)

2. shéma. Guajadiala (11), psidiala A (12) un psiguadiala B (14) sinteze.

Atskiriba no vairakuma meroterpenoidu, kas ir klasiski Dilsa—Aldera adukti,
psiguajadialu B (14) veido pargrupétais kariolana karkass. Lai izskaidrotu psiguadiala B
veidoSanas mehanismu, tika veikti kontroleksperimenti un datoraprékini, kas paradija, ka tas
ietver Maikla pievienoSanos starp 0-hinona metidu un B-kariofilénu ar sekojosu ciklizé$anos,
iesaistot eksociklisko dubultsaiti. ST parvértiba lieliski demonstré p-kariofilena tieksmi veidot
citus karbocikliskus karkasus.*®

B-Kariofiléna oksids (2) uzrada analogisku tendenci uz pargrup&$anos, kas tika lietota
klovanmagnolola sintéze.?® Luisa un Brensteda skabes veicina PB-kariofiléna oksida (2)
pargrupésanos, veidojot klovana karkasu. Otr&jais karbkatjons E reaggja ar aréjo nukleofilu
(4-bromfenolu), iegistot ariléteri 15, kas tika parvérsts par klovanmagnololu (16) talakas
stadijas (3. shéma).?°



(PhO),P(0)OH
SR,
CH,Cl,, 0°C

4-bromfenols
35%

B-kariofiléna oksids (2)

15 klovanmagnolols (16)

3. shéma. Klovana tipa arilétera 15 un klovanmagnolola (16) sintgze.

leprieks veiktajos p@tfjumos tika izstradata relativi 1sa seco-kariofilanu rumfelaonu A—C
sintéze (4. shéma).?’ Sakuma P-kariofiléns tika parvérsts par karbonskabi 17, kas péc
laktonizgSanas veidoja rumfelaonu A (18). Paklaujot to Saegusa—Ito a,p-dehidrogengsanai, tika
iegtits rumfelaons B (19). Karbonskabes 17 epoksidésana ar tai sekojosu laktonizé$anos veidoja
rumfelaonu C (21). Japiebilst, ka epiméru veiksmigai atdaliSanai papildus tika iegiits sililéteris
202

1) TESCI, DBU
CH,Cly, it.

o 2) Pd(OAC),, K»COj4
Cu(OTf), (5mol%) O <CHs DMSO, it. o
HO._O —— ¢} CHs :
DCE, attece
39% 41%
3 stadjjas (o}
i
——
HC7 CH3—1 1) Oxone, K,CO4
NazEDTA,.H.ZO, it. OTES OH
3 2) TESCI, imidazols | (0] | o
B-caryophyllonic acid (17) DMF. 0°C (0] N TBAF:3H,0 O N
- o Z B— o “, CHs
epiméru atdalisana H THF, it H l-(i,H
31% 81% CHy

rumfelaons C (21)
4. shéma. Rumfelaonu A—C semisintéze no p-kariofiléna (1).

Promocijas darba izklastita turpmaka B-kariofiléna vai ta oksida izmanto$ana semisintézes
procesa. Darbs veltits retak sastopamu dabasvielu iegtiSanai, fokusgjoties uz bi-, tri- un
tetracikliskiem terpenoidiem.
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PétTjuma méerkis un uzdevumi

Promocijas darba mérkis ir izstradat eksotisku dabasvielu semisintézes celus, ka izejvielu
izmantojot B-kariofilénu (1) un/vai ta oksidu (2). Lai sasniegtu $o mérki, tika definéti divi
uzdevumi.

1. Izpéfit literatliru un izvéléties piemérotus mérksavienojumus (strukturali sarezgitus
biologiski aktivus kariofilana tipa terpenoidus).

2. Veikt mérksavienojumu semisintézi un to strukttiru apstiprinasanu vai labojumus.

Zinatniska novitate un galvenie rezultati

Promocijas darba izstradata:

1) karbonskabes rumphellacic acid A, 4p,8B-epoksikariofilan-5-ola un to estera
rumfelolida J sintéze;

2) linariofilénu A—C un rumfelolida H sintgze, ka ari linariofilénu A un C struktiiras
labojumi;

3) izo-eiforanina E sintéze, kas ietver [4.3.2]propelana saturo$as dabasvielas (4,4-
dimetiltetraciklo[6.3.02°.018]tridekan-9-ola) iegiiSanu un propelana fragmenta
katjonas $kelsanas pétijumus, ka ari (1R,2S,5R)-4,4-dimetiltriciklo[6.3.2.0>%]tridec-
8-en-1-ola sintézi;

4) hloru saturo$u hemiketalu rumfelatinu A—C un norseskviterpenoida rumfelolida C
sint€ze, ka ar1 rumfelatina A un C struktiiras labojumi.

Darba struktiira un apjoms

Promocijas darbs sagatavots ka tematiski vienota zinatnisko publikaciju kopa par
B-kariofiléna un/vai ta oksida izmantoSanu eksotisku dabasvielu semisintgze.

Darba aprobacija un publikacijas

Promocijas darba galvenie rezultati apkopoti Cetras zinatniskajas originalpublikacijas.
Pétijuma rezultati prezentéti piecas zinatniskajas konferences.

Zinatniskas publikacijas

1. Stakanovs, G.; Belyakov, S.; Jirgensons, A.; Rasina, D. Convergent Biomimetic
Semisynthesis of Disesquiterpenoid Rumphellolide J. Org. Biomol. Chem. 2022, 20
(12), 2455-2461. DOI: 10.1039/D20B00238H.

2. Stakanovs, G.; Blazevica, A.; Belyakov, S.; Rasina, D.; Jirgensons, A. Semisynthesis
of Linariophyllenes A-C and Rumphellolide H, Structure Revisions and Proposed
Biosynthesis  Pathways. J. Nat. Prod. 2023, 86 (10), 2368-2378.
DOI: 10.1021/acs.jnatprod.3c00574.

11


https://doi.org/10.1021/acs.jnatprod.3c00574

3.

Stakanovs, G.; Rasina, D.; Belyakov, S.; Kinens, A.; Jirgensons A. Bridgehead
Epoxide Iso-Euphoranin E from pB-Caryophyllene Oxide via Sequential Cationic
Formation and Scission of [4.3.2]Propellane. Org. Chem. Front. 2024, 11 (18), 5086—
5092. DOI: 10.1039/D4QO00940A.

Stakanovs, G.; Blazevica, A.; Rasina, D.; Belyakov, S.; Jirgensons, A. Bioinspired
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PROMOCIJAS DARBA GALVENIE REZULTATI

1. Diseskviterpenoida rumfelolida J semisintéze

Diseskviterpenoidi jeb seskviterpenoidu dimeri ir reta dabasvielu klase, kuras savienojumi
sastav no divu dazadu seskviterpenoidu fragmentiem.??> No Rumphella antipathies koralliem
izdalita rumfelolida J (24) divi karkasi — karbonskabes 23 un 4f,8B-epoksikariofilan-5-ola
(22) — ir savienoti ar estera saiti,?® tade] ta biogen&tiskais celg, visticamak, ietver esterificéSanu
starp spirtu 22 un skabi 23 (4. att.). Rumfelolida J (24) biologiska aktivitate netika noteikta,
tatu karbonskabe 23 uzrada pretickaisuma aktivitati, inhibgjot elastazes izdalisanu,? savukart

spirts 22 paaugstina superoksidanjona genergsanu.?

[ o) H3C,
o M ch,
CHg
CH3 CHH
B-kariofiléns (1) — —— H3C
CHg
CHg
rumfelolids J (24)

CHg

3
p-kariofiléna oksids (2) rumphellaoic acid A (23)

4. att. Rumfeloida J (24) iesp&jamais biogen&tiskais cels.

Spirts 22 ir iepriek$ identificéts ka viens no daudzajiem P-kariofiléna oksida (2)
ciklize$anas/pargrupé&sanas produktiem skaba vide tidens klatieng.?® Darba tika noskaidrots, ka
produkta 22 iznakumu var krietni uzlabot, izmantojot divu reakciju sekvenci. Sakuma
B-kariofiléns (1) tika dihidroksiléts, veidojot vicindlo diolu 25, kas péc tam tika parversts par
vélamo spirtu 22, izmantojot Katalitisku daudzumu TsOH-H20 (5. shéma). Zimigi, ka
cikliz€sanas notika selektivi ar tetrahidropirana cikla veidoSanos, neveidojot ari iesp&jamo
tetrahidrofurana ciklu.

CH3
NMO < IOH
K,080,4+2H,0 (1 mol%) a TsOH-H ,0 (30 mol%)
acetons/H,0, i.t. H,C . . CH,Cly, i.t.
96%, 10:1 dr h, 70%
CHy CHs 3
1 25 4p,8p-epoksikariofilan-5-ols

(22)

5. shéma. Spirta 22 divu stadiju sintéze no p-kariofiléna (1).

Lai iegiitu karbonskabi 23, B-kariofiléna oksids (2) tika izomerizéts par alilspirtu 26 LDA
klatieng. Talaka skabes katalizeta cikliz€Sanas, ieklaujot pinakola pargrup&Sanos, veidoja
aldehidu 27. Varigjot Brensteda skabes (H2SO4, TsOH-H20, S-CSA) un skidinatajus (MeOH,
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CH2Cl2, DCE, CeHs), tika noteikts, ka visoptimalakie apstakli aldehida 27 iegisanai no spirta
26 ir katalitisks daudzums S-CSA benzola vai CH2Cl2 $kiduma. Savienojums 27 talak tika
oksidets lidz karbonskabei 23, izmantojot Pinnika oksideéSanu (6. sheéma).

NaCIO,
NaH,PO,
2-metilbut-2-éns
“H BUOH/H,O, i.t.

CHs o
CHs 88% 3
27 rumphellaoic acid A (23)

LDA

S-CSA (15 mol%)_ .
THF, attece

CH,Cly, i.t.
57%

CH, 92%
B-kariofiléna oksids (2)

6. shéma. Karbonskabes 23 sintéze no B-kariofiléna oksida (2).
Grama apjoma rumfelolida J (24) sintéze tika veikta, vispirms parvérSot karbonskabi 23 par

acilfluoridu 28. Tas reag€ja ar litija alkoksidu 29, kas tika iegits no spirta 22 (7. shéma).
Rumfelolida J (24) struktiira tika pieradita ar ta monokristala rentgendifraktometriju.

CO,H
Et,NSF;
CH,Cly, ~78 °C HsC, H
80% 0 = CHs
. CHs
CH,H
CHs
CHs
rumfelolids J (24)
nBulLi

7. shéma. Rumfelolida J (24) sintgze.

Tika parbauditas arT alternativas esterificéSanas stratégijas, kas ieklava Steglich reakciju ar
HOBUYEDCI, tacu Sajos apstaklos tika novérota tikai starpproduktu (acilizournvielas un no
HOBt atvasinata estera, ka arT acilpiridinija jona) veidos$anas, kas tika detektéta ar LC/MS.
Attieciga acilhlorida sintéze no karbonskabes 23 ar Vilsmeijera reagentu ((COCl)2 + DMF),
SOCI: vai PCls arT nebija veiksmiga, un vélamie produkti tika noveroti tikai zimju Iimeni.

2. Linariofiléenu A—C semisintéze

Par nakamo petfjuma posmu tika izveleéta linariofilenu A-C (piedavatas izoléto
savienojumu struktiiras 30-32, 5. att) semisintézes cela izveide. Sie kariofilana tipa
seskviterpenoidi, kas tika izol&ti no sauszemes auga Evolvulus linaroides, uzrada pretiekaisuma
aktivitati, inhib&jot slapekla monoksida generg$anu un citokinu IL-1B.?’ No pétitajiem
savienojumiem visaugstako biologisko aktivitati uzrada linariofiléns B (31).%
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OH OH o
. CH; CH, CHs
HO HO. HO.
H iy H (14 W '
HO CH, HO CH, AcO CHs
CHs; CHj; CHs
linariofiléns A linariofiléns B linariofiléens C
(30) @31) (32)

5. att. Piedavatas linariofilénu A—C struktiiras.

Vispirms tika izstradata eksociklisko dubultsaiti saturo$a triola — linariofiléna B (31) sintéze
(8. un 9. shéma). B-Kariofilena oksida dihidroksiléSana veidoja epoksidiolu 33, tacu ar pret&ju
C-8 konfiguraciju neka mérksavienojumiem 30-32 (8. shéma). Vélama C-8 konfiguracija tika
izveidota talakajas stadijas, izmantojot izokobusonu (36), kas tika iegiits, parvésot epoksidiolu
33 par kobusonu (35) un to izomerizgjot skaba vide. Japiebilst, ka diols 33 spontani ciklizgjas
SiO2 klatieng, veidojot dabasvielu no Rumphella antipathies — rumfelolidu H (34).2

Savienojuma 34 struktra tika pieradita ar ta monokristala rentgendifraktometriju (8. shéma).
OH

CHs
= s en 2% N
HO. \ X &
H "H jo% s (i
CHg c2)
CH3
rumfelolids H (34)
66% SO,
87% brsm | EtOAc, i.t.
NMO Nal
K;0s0,4+2H,0 (0.5 mol%) NalO,4 NaOAc (22 mol%
acetons/H,0, i.t. MeOH/H,0, i.t. AcOH, i.t.
kvant. 98% 1%
CHs CH,
B-kariofilena oksids (2) kobusons (35) izokobusons (36)

8. shéma. Rumfelolida H (34) un izokobusona (36) sintéze, ka ar1 rumfelolida H ORTEP
att€lojums ar 50% konttiru varbiitibu.

Izokobusons (36) tika sililéts, veidojot sililéteri 37, kas reaggja ar Me2Si(OiPr)CH2MgCI.
Izveidotais B-sililspirts 38 tika uzreiz paklauts Tamao oksidéSanai, kas lava iegit vicinalo
diolu 39 ar vélamo C-8 konfiguraciju. Savienojuma 39 epimérs netika detektéts, liecinot par
stereoselektivu Grinjara pievieno$anos ketonam 37. Silileétera 39 TBS grupas noskelSanai tika
izmantots Bi(OTf)s Gdens vidé (9. shéma). Linariofiléna B (31) struktiira tika pieradita ar
rentgenstruktiranalizi, ta spektralie dati sakrita ar paraugu, kas izoléts no Evolvulus
linaroides.?’
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TBSCI
imidazols
DMF, i.t.

92%

linariofiléens B (31)

THF, -20 °C
59%, 89% brsm

KF, KHCOg4
H20,
MeOH/THF, rt

85%

Bi(OTf), (30 mol%)
21075 (SO molb)
MeCN/H,0, i.t.
95%

9. shéma. Linariofiléna B (31) sintéze un ta ORTEP attélojums ar 50% kontiiru varbiitibu.

Lai izomeriz&tu linariofiléna B (31) eksociklisko dubultsaiti uz endociklisko, tika izmantots
kalija 3-aminopropilamids (10.shéma). Lai atdalitu neizreag€juso izejvielu no vélama
produkta, maisTjums tika sililéts. PE&c TBS grupu noskel$anas no sililétera 40 tika noteikts, ka
linariofiléna A Tstaja strukttra (41) C-5 konfiguracija ir tada pati ka linariofilenam B (31).

1) HoN(CH3)3sNHK
HoN(CH,)sNH, i.t.
2) TBSCI, imidazols

31 DMF, i.t.

38% 97%

HO
Bi(OTf)3 (30 mol%)
MeCN/H,0, i.

X
L(‘)"' lvl\i{

spektrahe dati sakrit ar
dabisko linariofilénu A

t.

3
linariofiléns A (41)
labota struktira

10. shéma. Linariofiléna A (41) sint€ze un ta ORTEP attélojums ar 50% kontiiru varbiitibu.

Savienojums ar literattira piedavato linariofiléna C struktiiru (32) tika iegiits no alilspirta
26. No ta VO(acac): kataliz&éta epoksidésana diastereoselektivi tika iegits epoksispirts 42, kas
pec tam tika paklauts Payne pargrup&Sanas reakcijai, veidojot pirmgjo spirtu 43. Talaka
meziléSana un sulfonata 44 reducésana ar LiBHEts lava iegit cis-epoksidu 45. Péc

dihidroksilésanas un acetiléSanas reakciju sekvences tika iegiiti diastereomérie epoksiacetati
32 un 46, ka arT tetrahidrofurans 47, tacu neviens no $o produktu KMR spektriem nesakrita ar

dabisko linariofilénu C (11. shéma).
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VO(acac); (5 mol%) OH OMs
tBUOOH NaOH MsCl, EtsN
PhMe, 0°C —i.t. EtOHH,0, it |, CH,Cl,, 0 °C
2 ‘s,
59% 84% H H 93%
CHj CHj
CHs
43
709 | LBHES
° | THF, 0 °C
0 1) AD-mix-B, tBUOH/H,0, i.t.
CHs CHz  2) Ac,0, EtzN, DMAP (20 mol%)
CH,Cly, i.t.
+ HO 32,16%
46:47 (2.2:1), kopa 62%
AcO CHsy

CH,

32
Spektralie dati nesakrit
ar dabisko linariofilénu C

11. shéma. Piedavatas linariofiléna C struktiiras (32) iegti$ana.

Tika izvirzita hipotéze, ka ista linariofiléna C struktiira varétu biit savienojuma 32
diastereomers. Lai parbauditu So hipotezi, epoksidiols 33 tika acetiléts, tacu arT epoksiacetata
48 spektralie dati nesakrita ar dabiska linariofiléna C datiem (12. shéma).

CH,
Ac,0, Ets;N
DMAP (20 mol%)
CH,Cly, i.t.
84%

Spektralie dati nesakrit
ar dabisko linariofilénu C

12. shéma. Epoksiacetata 48 sinteze.

Cita epoksiacetata 32 diastereoméra sintézei diols 25 sakotngji tika parversts par
cis-epoksidu 49, izmantojot Viljamsona epoksidu sintézi. P&c dihidroksilé$anas un acetilésanas
sekvences tika izoléts epoksiacetats 50, ka ar tetrahidrofurans 51, tatu to 'H un ¥C KMR
spektri arT nesakrita ar dabisko linariofilénu C (13. shéma).

CHy  1)MsCl, EtN 1) AD-mix-B, tBUOH/H,0, i.t. )

Z_CH CcH
oH CHaClp, 0°C 3 2) Ac,0, EtsN, DMAP (20 mol%) 8
” 2) K,CO3, MeOH, i.t. CH,Cly, iit. Ho
64%, dr 10:1 50, 8%

51,63%

CHj
CHj

50

Spektralie dati nesakrit
ar dabisko linariofilénu C

13. shéma. Epoksiacetata 50 iegiiSana.

Linariofilens C ar Tsto struktiru visbeidzot tika iegits, parvérSot kobusonu (35) par
diepoksidu 52, izmantojot Korija—Caikovska reakciju. Selekfivas 1,1-diaizvietota epoksida
uzslégsanas rezultata izveidojas diols 53 un acetats 54. Lai ieglitu maksimali iesp&jamo acetata
54 daudzumu, diols 53 tika acetiléts iepriek§ izmantotajos apstaklos (14. shéma). Acetata 54
spektralie dati pilniba sakrita ar dabisko linariofilénu C.
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Ac,0, EtsN,
DMAP (20 mol %)

CHCly, it.
91% ,,_[;7/ S
CsOAc ‘\}—/;,_ \
% %’ * = \/\. N
o
1% 23; ?202 AcO e

3
kobusons (35)

Spektralie dati sakrit
ar dabisko linariofilenu C

14. shéma. Linariofiléna C (54) sintéze, ta struktiiras noteik$ana un ORTEP att€lojums ar 50%
kontdru varbatibu.

Péc linariofilenu A (41) un C (54) struktiras labojumiem, ka arT linariofiléena B (31)
struktiiras apstiprinasanas iesp&ams piedavat o dabasvielu vienotu biosintétisko celu (6. att.),
sakot no B-kariofiléna oksida (2).

CHs

linariofilens A (41)

epoksidéSana
> izlabota struktira

hidrolize
—_

hidrolize

—— > HO

linariofilens B (31)
apstiprinata struktdra

CHj;
CHj

CHs;

-kariofiléna oksids (2 ide& hidrolize acetilésana
B (2) | epoksidesana o) HO linariofilens C (54)
dl izlabota struktdra
aco HTL [
CH3
CHj
52
CH CH OH
3 3 CHy
o hidrolize HO ciklizé$anas
S “in M o HO rumfelolids H (34)
HO ~, apstiprinata struktira
CHj CH, H
CH, CH, CHj
58 33 CHs

6. att. Linariofilenu A—C un rumfelolida H piedavatais biosintétiskais cels.

Sakotngji, B-kariofiléna oksidam (2) izomeriz&joties skaba vid€, var veidoties alilspirti
26 un 55 ar ekso- vai endociklisko dubultsaiti attiecigi. P&c epoksidésanas®® un spiroepoksidu
56 un 57 hidrolizes no Siem spirtiem var veidoties linariofiléni A un B (6. att.). Linariofiléns C
(54) un rumfelolids H (34) var veidoties no diepoksidiem 52 un 58. Epimérs 52 var veidot
linariofilénu C péc hidrolizes un pirméja spirta acetilé$anas, savukart epiméra 58 hidrolize un
ciklizé$anas skaba vidé veido rumfelolidu H (34), kas ari tika paradits izstradataja sintézes
pieeja (8. shéma). Epoksidésanas pret&jo diastereoselektivitati rumfelolida H (34) biosintézeé
var izskaidrot ar atSkirigiem enzimiem, kas veicina So parvertibu jiras un sauszemes
organismos.
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3. [4.3.2]Propelanu un epoksidu saturoSu dabasvielu sintéze

Talaka darba gaita tika izpétita o,B-nepiesatinata ketona 59, kas iegiistams no alilspirta 26,
pargrupésanas skaba vidé. Atskiriba no izejvielas 26, kurai ir zinamas skabju kataliz&tas
parvertibas, ketonam 59 analogiskas reakcijas nav publicétas. PétTjuma ietvaros tika atklats, ka
Luisa skabes (AICls, BFs-OEt2, TiCls un MesSiOTY) katalizé [2 + 2] ciklopievieno$anos,
veidojot [4.3.2]propelanu saturosu ketonu 60 (15. shéma).

OH

CH2 TEMPO (15 mol%)

PhI(OAG),

CH,Ch, i,
76%

MeCN, 0 °C
87%

15. shéma. Ketona 60 sintéze.

Blivuma funkcionala teorijas aprékini paradija, ka §is ciklopievieno$anas mehanisms ir
saskanots, tau diastereoselektivitates c€lonis netika 1idz galam izprasts, jo aprékinata energijas
starpiba starp &nona—AlCls kompleksa konformacijam SM-A un SM-B ir tikai 0,5 kkal/mol
(7. att.). Gassman et al. zinoja par Iidzigu reakciju,3® %! tacu atSkiriba no $Tm parvértibam
ciklopievienos$anas un ketona 60 veidosanas notiek bez 1,3-dioksolana aizsarggrupas. Jauzsver
arT tas, ka Sis ir pirmais gadijums, kad [4.3.2]propelana fragments ir iegiits skabes kataliz&ta
reakcija.

ClAl._®

(¢}

Gpecns kkal/mol

ClAl._©® H

? CH,
CHj
o
[ H > Ne) H CHj
CHy AlCI
SM-B INT-A
0.0 01

7. att. a,3-Nepiesatinata ketona 59 [2 + 2] ciklopievieno§anas potencialas energijas virsmas
profils (aprékini veikti sadarbiba ar Dr. chem. Arti Kinénu).
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Ketons 60 tika reducéts 1idz spirtam 61 (16. shéma), kas ir detektets vairaku augu (Tagetes
lucida, Psidium guajava) ekstraktos.3% 3% P&c spirta 61 mezileSanas iegiitais sulfonats 62 tika
paklauts solvolizei, veidojot olefinu 63 (16. shéma). Sis parvértibas mehanisms, visticamak,
ietver otr&ja karbkatjona F veidoSanos un ta pargrupésanos par katjonu G, kas reagé ar tideni,
veidojot produktu 63.

NaBH,4 MsClI, Et;N N 1,4-dioksans/H,0
MeOH, it CH,Cly, 0 °C attece

92%
>10:1 dr

90% 45%

16. shéma. Spirta 61 un olefina 63 sintéze.

Olefins 63 ir dabasvielas 65 diastereomérs,®* ko var iegiit no alilmezilata 64 (17. shema).
Zimigi, ka savienojuma 64 solvolizes rezultata produkts 63 netika detekt&ts. Abi alkéni 63 un
65 tika epoksideti, stereoselektivi veidojot epoksispirtus 66 un 67. Salidzinot ar literatiiras
datiem, tika noteikts, ka epoksida 66 KMR dati sakrit ar eiforaninu E, kas tika izol&ts no
sauszemes auga Euphorbia wangii.®® Lidz $§im nav zinots par savienojumu 63 un 67 esamibu
daba, bet pastav augsta varbiitiba, ka tie ir sastopami dzivajos organismos, jo tos var iegiit no
[4.3.2]propelanu saturosas dabasvielas 60.

THF/H,0
i.t.
37%;
52% brsm

mCPBA
—_MCPBA,_
CH,Cly, i.t.

65%

mCPBA

64%

63 izo-eiforanins E (67) o

17. shéma. Epoksidu 66 un 67 sintéze un to ORTEP attélojums ar 50% kontiiru varbiitibu.

Blivuma funkcionala teorijas aprékini (8. att.) tika izmantoti ari alilmezilata 64 solvolizes
diastereoselektivitates noteikSanai. Mezilata SM-C konformacija —OMs grupa novietota
ekvatoriali, kas nodrosina dubultsaites 7 orbitales parklasanos ar C—O saites irdinoSo orbitali.
ST konformacija ir energgtiski izdevigiaka par SM-D konformaciju, kurai -OMs grupai ir
aksialais novietojums. Sis hiperkonjugacijas efekts izraisa 3,5 kkal/mol starpibu starp parejas
stavokliem TS-C un TS-D, nodrosinot > 99:1 dr, kas sakrit ar eksperimentalajiem rezultatiem.
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H H
HsC Ku 5
°
£ g OMs
3 1.340 A HsC H HaC ’
= H TS-D HyC H
o 26.4 ®
£ W
© U 1474 A
ﬂ/ls ’ INT-C
Hiperkonjugacijas stabilizésana ar H,;C
aksiali  novietotu C-OMs nav HaC Hy
novérojama. Dubultsaites n orbitales 3
un C-OMs irdino$as orbitales e Bms
telpiskais  novietojums  neveido
parklasanos Ts-C
229
n orbitales un C-OMs irdinosas HaC v g H
orbitales parklasanas veicina INT-D
H g o tlalx
HaC H Ku C-O saites SkelSanos 15.9
HaC v OMs
CHj; Hiperkonjugacijas stabilizéSana ar
Hy H 1.493 A ekvatoriali novietotu C-OMs ir
HsC / novérojama. Dubultsaites m orbitales
HCX OMs OMs un  C-OMs irdino$as orbitales
telpiskais  novietojums  nodrosina
SM-C 5~ 13384 parklasanos
0.0

8. att. Mezilata 64 solvolizes potencialas energijas virsmas profils (aprékini veikti sadarbiba
ar Dr. chem. Arti Kinénu).

4. Hloru saturoSu hemiketalu rumfelatinu A—C sintéze

No Rumphella antipathies izdaliti rumfelatini A—C (piedavatas izoléto savienojumu
struktiiras 68—70) ir hloru saturoSie norseskviterpenoidi, kas satur hemiketala fragmentu
(9. att.).383" Halogenu un hemiketala funkcionalo grupu klatbuitne padara tos par strukturali
eksotiskam dabasvielam kariofilana tipa terpenoidu klasta. Rumfelatinam A un B (68 un 69)
saskand ar iespriek§gjiem pétijumiem piemit antibakteriala aktivitate.3®37 Jauzsver, ka
neveiksmigie méginajumi ieglit §Ts dabasvielas totalas sintezes cela®® iedrosindja izstradat
rumfelatinu A—C semisintétisku iegisanu.

rumfelatins A (68) rumfelatins B (69) rumfel

9. att. Rumfelatinu A—C piedavatas struktiras (68-70).

Ieprieks tika noverots, ka izokobusons (36) CDCls §kiduma eksist€ ka tautom&ru maisijums,
kas sastav no ketoformas 36 un minoras hemiketala formas 36a (18. shéma). Sis novérojums
iedvesmoja veikt rumfelatinu A—C sint&zi, izmantojot izokobusonu (36) ka starpproduktu.
Izokobusona (36) deprotonéSana ar NaH veidoja alkoksidu, kas ciklizgjas, izveidojot
hemiketala anjonu 71, un reaggja ar Mel ka argjo elektrofilu. Tadgjadi tika iegtits ketals 72 ar

teicamu iznakumu (18. shéma).
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CH, CH, CH, CH,
— NaH Mel
o ~ o T 0% (9, THE O,
H ""H H "'H 89% 270 4 "H
CH3 CH3 CH3 CHs
CH3 CHj; CH3 CHs
izokobusons (36) 36a 7 72

18. sheéma. Izokobusona tautomeérija un ketala 72 sinteze.

Sakotn&ja rumfelatina A sint€ze (19. shéma) ieklava ketala 72 hidroborésanu-oksidésanu ar
pirmgja spirta 73 izveidi. Tas tika oksidéts talak lidz aldehidam 74, kas tika paklauts
a-hlorésanai ar NCS un L-prolinu. a-Hloraldehids 75 tika reducéts Iidz hlorhidrinam 76, kas
tika parversts par triflatu 77. Savienojuma 77 reakcija ar LiBHEts veidoja ketalu 78, kam tika
noskelta metilgrupa tidens un PPTS klatiené. Galaprodukta 79 spektralie dati pilniba sakrita ar
rumfelatinu A, kas paradija, ka dabasvielas tetrahidrofurana fragmenta konfiguracija tika
noteikta nepareizi, izolgjot o savienojumu no Rumphella antipathies koralliem.

Q
N
BH3+SMey, THF, 0°C H  TEMPO (5 mol%) H NCS
72 tad NaOH, H,0,, 0 °C TCCA L-prolins
66% CHyClo, 0°C "y oy DMF, i.t.
3 Y
64%, 9:1 dr H 54%
CH CHs
CHs

TfOQ

TH,0
PPTS LiBHEt, 2,6-lutidins
Me,CO/H,0, 60 °C y.co THF, 0°C CH,Clp, 78 °C H,cO
64% 78, 14% 87%
76, 84%
rumfelatins A (79) 78 77 76

izlabota struktira

19. shéma. Rumfelatina A (79) sakotngja sintéze.

Sis shémas galvenie tritkumi ir gara lineara sekvence un zems triflata 77 reduc&anas
iznakums, kur ka pamatprodukts veidojas spirts 76. Iesp&jams, ka st€riski apgriitinatas
neopentilpozicijas dél hidrida uzbrikums notiek séra, nevis oglekla atomam. Japiebilst, ka no
spirta 76 atvasinata mezilata vai tozilata reducé$ana ar LiBHEts nenotiek arT paaugstinata
temperattra. Spirts 76 tika paklauts Appel jod&sanai alternativas aiz€jo$as grupas ievieSanai
(20. shéma), ta¢u ka pamatprodukts tika izol&ts jodciklopentans 80 konkurgjo$as retro-pinakola
pargrupésanas del.
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1,2-dijodetans
PPhg

MeCN, 60 °C
65%

"Cl retro-pinakola tipa
pargrupésanas ®

CHg

81
CH,
CHs

H I

20. shéma. Jodciklopentana 80 sintéze un ta ORTEP attelojums ar 50% kontiiru varbiitibu.

Rumfelatina A (79) uzlabota sintéze ietvéra ketala 72 dihidroksiléSanu un sekojosu diola
oksidgjosu skelSanu (21. shéma). Ketons 82 talak reaggja ar MeMgBr, veidojot tresgjo spirtu
83 ar izcilu diastereokontroli. P&c spirta 83 hlorésanas ar SOClz NMP skiduma tika iegiits
vélamais hlorids 78 un ketals 72 ka elimin&S$anas reakcijas blakusprodukts. Savienojumu 78 un
72 maisTjumu nebija iesp&ams hromatografiski atdalit, tapec tas tika paklauts ozonolizei, kas
parverta alkénu 72 par ketonu 82, atvieglojot savienojumu savstarpg&ju atdaliSanu un attiriSanu.
Hlorida 78 reakcija ar TFA tidens §kidumu Java iegtit rumfelatinu A (79) ar teicamu iznakumu.

CHy, 1) Kp080,42H,0 (1 mol%) o CHéH
NMO, acetons/H,0, i.t.
2) NalOy, MeOH/H,0, it. MeMgBr
H,CO f o 92% (2 stadijas) H3CO " THZS—;U °C HsCO R g
CHs CH, ° CHj
CHs CHy CHs
72 82 83
78,51% | 1) SOCI,, NMP, 0 °C
\ 82,15% | 2) O, CH,Cl, tad Me,S, —78 °C
&
! /f/ CHs CH,
- i,/x/ ) 4 cl TEA cl
7% \ o CH,Cly/H,0, it.
- s = ho , 68%  H,CO MG
32 \q/r H " H i
CARNG CH, CH,
, L CHs CHs
st (\/\ S~ rumfelatins A (79) 78
S W

21. sheéma. Rumfelatina A (79) uzlabota sintéze un ta ORTEP att€lojums ar 50% kontliru
varbiitibu.
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Rumfelatina B un C sintéze tika veikta no epoksidiola 33, kas tika aizsargats ar karbonata
funkciju, izmantojot trifosgénu un piridinu (22. shéma). Epoksikarbonats 84 tika izomerizéts
par alilspirtu 85, kas satur endociklisko dubultsaiti. P&c karbonata hidrolizes sarmaina vidé un
iegiita vicinala diola oksid€josas skelanas tika iegiits ketospirts 86 (22. shéma), no kura talak
tika sintezeti rumfelatini B un C.

1) NaOH, MeOH/H,0, i.t.
2) NalO,, MeOH/H,0, i 4.

trif_o_sgéns o
piridins
CH,Clp, 0°C
85%

TsOH -H,0 (30 mol% 0\/0
CH,Cl,, i.t. O

90% 79% (2 stadijas)

22. shéma. Ketospirta 86 sinteze.

Rumfelatins B tika ieglits alilspirta 86 epoksidéSanas rezultata (23.shéma), ka
starpproduktu veidojot rumfelolidu C (88),% kura struktiira tika pieradita ar ta monokristala
rentgendifraktometriju. Reaggjot rumfelolidam C ar HCI, tika iegiits rumfelatins B. Savukart,
paklaujot diastereoméru 87 analogiskiem reakcijas apstakliem, tika iegiits rumfelatins C.
Rumfelolida C parvér§ana par rumfelatinu B parada, ka $1 reakcija varétu notikt ari Rumphella
antipathies korallos.

Rumfelatina B struktiira tika apstiprinata, taéu rumfelatina C struktiira tika izlabota,
pieradot, ka tam ir analogiska tetrahidrofurana konfiguracija ka hemiketaliem 79 un 69, turklat
rumfelatina C tresgja spirta konfiguracija arT tika izlabota.

OH

CHy

mCPBA 4 M HCI dioksana
_mCPBA _
o CH,Cl,, 0°C CH,Cly, 0°C
H H 87,22% 45%
CHs g8 47%
CH,

rumfelatins B (69)
apstiprinata struktdra

4 M HCI dioksana .
CH,Cl,, 0 °C p \H

43%

OH B
CHg |
el ¥ /}«??”‘L/Q,
= et 58
HO ‘ TRy
H H s L AN
CHj; I’T
CH3 e
_ ey
rumfelatins C (89) [

izlabota struktira

23. shéma. Rumfelolida C (88), rumfelatina B (69) un C (89) sintéze un to monohidratu
ORTERP attélojums ar 50% kontiiru varbiitibu.

Alternativa diastereoselektiva rumfelatina C (89) sintéze tika izstradata, ketaliz&jot
ketospirtu 86 MeOH 3Skiduma, iegtstot ketalu 90 (24.shéma). Ta diastereoselektiva
epoksidésana ar mMCPBA veidoja epoksidu 91, kura apstrade ar HCI lava iegiit hlorhidrinu 92.
Analogiski rumfelatina A sintézei (19. shéma) demetiléSana tika veikta ar TFA @idens $kidumu.
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PPTS (30 mol%)

4 M HCl dioksana
80%

CH,Clp, 0 °C
OH
CHj
TFA
Cl -~
CH,Cl,/H,0, it.
0
HO . " 81%
CHj
CHy

rumfelatins C (89)
izlabota struktdra

24. shéma. Diastereoselektiva rumfelatina C (89) sintéze.

P&c visu dabasvielu struktiiru 69, 79, 88 un 89 apstiprinasanas vai labosanas tika piedavati
to biosintézes celi (10. att.). Literatira zinams, ka kobusons (35) ir detektéts Rumphella
antipathies korallos,* padarot to par potencialo sakumposmu rumfelatinu A—C un rumfelolida
C biogengze.

HCI
41. atsauce

CH,

HCI/H,0

CHy

Tw T
CH, HCI
CH, —

kobusons (35)

rumfelatins B (69)

OH
CHj
wCl
HO 1
ROH, H* H H
-H,0 CHs
CHj
CH, rumfelatins C (89)

epoksidésana
s

HCI/H,0

g RO
H
CHj;

CHj CHj

95 96

10. att. Piedavatie rumfelatinu A—C biosint&zes celi.
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Analogiski linariofiléna A un B (6. att.) biosint€zei pirma stadija varétu ietvert
trans-epoksida izomerizé$anos skaba vide par alilspitiem 36 un 86, kuru klatbiitne Rumphella
antipahies korallos $obrid vél nav apstiprinata. Zinams, ka, izokobusonam (36) reaggjot ar HCI,
kvantitativi veidojas hlorids 93,*! kas liecina par to, ka izokobusona hidrohlorg$anas reakcija,
visticamak, nav iesaistita rumfelatina A (79) biosintéz€. Turpreti izokobusona ketaliz€Sana
varétu notikt, veidojot savienojumu 94, kas tad reagé ar HCI adens vidg, veidojot rumfelatinu
A (79).2 Alternativs vienas stadijas biosintétiskais cel$ varétu notikt, uzslédzot kobusona
trans-epoksida ciklu ar halohidrindehidrogenazem.*?

Rumfelatins B (69) varétu veidoties no alilspirta 86, kura notiek epoksidésana, veidojot
rumfelolidu C (88). Rumfelatins B (69) var&tu rasties, epoksida ciklam reaggjot ar HCI. Ari §1
stadija varétu tikt katalizéta ar halohidrindehidrogenazem.*® Gadijuma, ja alilspirta 86
epoksidésana nenotiek diastereoselektivi, analogisko celu var piedavat ari attieciba uz
rumfelatinu C (10. att.).

Rumfelatina C biosintezes cels varétu arT ietvert alilspirta 86 ketalizé$anos un epoksidésanu,
veidojot epoksiketalu 96. Ta hidrohloréSsana un ketala hidrolize skaba vidé var veidot
rumfelatmu C.
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SECINAJUMI

1. Reakcija starp acilfluoridu un litija alkoksidu ir visefektivaka metode biomimétiskai
rumfelolida J estera saites veidosanai, nodrosinot mérksavienojuma sinté€zi grama méroga.

oLi
CHj
.
HsC " THF, 0°C  HaC
CHy 70% CH,
CH3 CH,
29 rumfelolids J (24)

2. Ketona funkcijas nukleofila hidroksimetiléSana ir efektiva metode vicinalo diolu
konfiguracijas apgrie$anai kariofilana tipa terpenoidos. ST pieeja tika veiksmigi izmantota
linariofilénu A—C sintéze.

i
Me,Si(OiPr)CH,MgCl Ho -7 Tamao oksidésana
,—' w1 [H —l
_Si.
HaC~hoipr o1
HOG, : HyC HO., :s
HO_ - NalO, o HO -
H H H H H H
CH3 CHjy CH,4
CHs CHj CHa
nevélama N
C-8 konfiguracija Korija—Caikovska

|
reakcija Q - epoksida $kel$ana
HL [ H
CHs
CHy

3. Saskanota o,B-nepiesatinata ketona 59 Luisa skabju katalizéta [2 + 2] ciklopievieno$anas
atklaja biosintetisko celu, kas savieno ketonu 59 ar daba sastopamo [4.3.2]propelanu
saturoSu spirtu 61, no kura katjonas SkelSanas un epoksidéSanas rezultata tika iegiita
iespgjama dabasviela izo-eiforanins E (67).

1) Katjona propelana skelsanas
2) Epoksidésana

1) [2 + 2] CiklopievienoSanas
2) Reducésana
biosintétiska
saistiba

CHj3
CH3
izo-eiforanins E (67)

4. Seclektiva trans-epoksida izomerizé$anas skaba vide, veidojot endo- vai eksocikliskos
alilspirtus, ir efektiva metode linariofilena B un hloru saturo§u norseskviterpenoidu

rumfelatinu A—C iegtsanai.
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OH

CH, CHs
Nal el
NaOAc (22 mol% HO
AcOH, i.t. g HO N
H ‘H H

1% HO CHa CH,

CHj CHj
kobusons (35) isokobusons (36) linariofiléns B (31) rumfelatins A (79)

izlabota struktiira
CHj

TsOH-H,0 (30 mol%) OYO

CH,Cly, iit. O
90%

rumfelatins B (69) rumfelatins C (89)
apstiprinata struktira izlabota struktira

5. 12-Oksatriciklo[7.2.1.02°]dodekana skelets lauj diastereoselektivi funkcionaliz&t olefinu vai
karbonilu C-3 un/vai C-4 pozicijas, nodrosinot argja elektrofila/nukleofila uzbrukumu no
skabekla tiltina puses. Tas lauj diastereoselektivi iegiit hidroborg$anas-oksidéSanas, Grinjara
pievienoSanas un epoksidé$anas produktus.

1) BHy*Me,S
2) NaOH/H,0,
dsnelalnct

66%

mCPBA
e s
83%

MeMgBr
85% HaCO H
CH3
Hs

83

6. Semisint€ze, ka izejvielu izmantojot (—)-p-kariofilénu vai ta oksidu, ir efektiva eksotisku
dabasvielu iegiiSanas pieeja, kas lauj iegiit meérksavienojumus grama méroga un veikt to
struktiiru apstiprindanu vai labosanu. Sos galaproduktus talak varétu izmantot to
biologiskas aktivitates testéSanai vai ka references standartus sauszemes vai jiras organismu
metabolisma p&tijumos.
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GENERAL OVERVIEW OF THE THESIS

Introduction

Natural product synthesis represents a branch of organic synthesis aimed at obtaining
structurally complex representatives of naturally occurring compounds, i.e., terpenoids,
polyketides, alkaloids, and peptides. Obtaining natural products by means of total synthesis is
associated with long reaction sequences, a small amount of acquired target compound, and often
a need for a reagent-controlled asymmetric induction to install the desired stereoconfiguration.
In turn, semisynthesis — a transformation from one natural product into another — provides an
opportunity to shorten the longest linear sequence, thus increasing the amount of the final
product.> 2 Additionally, the stereodefined starting material facilitates the preparation of a
stereomerically pure target compound. Finally, this approach enables the elucidation of
biosynthetic routes of complex natural products by applying biomimetic reactions (Fig. 1).

common laboratory _total synthesis exotic semisynthesis abundant
starting materials ) natural product <————— natural product

+ long linear reaction sequence « shorter linear reaction sequence
+ small (mg scale) amount of final product * up to gram-scale preparation of final product
« typically racemic unless asymmetric step is included « enantiopure starting material

Fig. 1. Synthesis of natural products using total synthesis and semisynthesis.

In the Doctoral Thesis, the semisynthetic strategy was applied to generate a terpenoid library
starting from one of the most abundant sesquiterpenes — -caryophyllene (1, 1 kg for 100 EUR
at chemical reagent supplier catalog), which can be isolated from various plant extracts, i.e.,
cloves,® black pepper,* oregano,® basil,® and rosemary.” The availability of B-caryophyllene
from biomass renders it an unexplored renewable resource.

Due to the strain of E-cyclononene, the endocyclic double bond of -caryophyllene (1) is
more reactive than the exocyclic double bond, thus allowing for the selective functionalization
of the former. The natural oxidation product of B-caryophyllene (1), B-caryophyllene oxide (2,
100g for 132 EUR at chemical reagent supplier catalog), enables further diversity in
functionalization. In B-caryophyllene oxide, the endocyclic trans-double bond is epoxidized,
thus driving the alkene functionalization towards the exocyclic double bond (Fig. 2). This
approach allows for the swift generation of strategic building blocks A-D, which can be used
for the design of concise routes towards rare natural products. The natural products obtained by
semisynthesis can be further used as reference standards in the analysis of plant extracts or in
medicinal chemistry for detailed profiling of biological activity.

30



alkene
functionalization
—

CH3
p-caryophyllene (1)

alkene
functionalization
_—

B- caryophyllene oxide (2)

Fig. 2. Generation of building blocks A-D from B-caryophyllene (1) and its oxide (2).

Owing to its structure (fused cyclobutane and E-cyclononene, two stereodefined chiral
centers) and intrinsic ability to rearrange, forming various complex carbon frameworks,
B-caryophyllene (1) possesses the potential to serve as a common starting material (Fig. 3),
generating a diverse array of other sesquiterpenes and their derivatives.®-"

clovane

punctaporonane ‘ panasinsane

3
- —
ho _ /\/S:E\/\
H
Hs
CHj seco-caryophyllane

isocaryolane

B-caryophyllene (1)

AN

caryolane humulane

rumphellane

Fig. 3. Scaffold-based diversity available from B-caryophyllene.

Prior to this study, p-caryophyllene and its oxide were sporadically used as chiral pool
starting materials for the synthesis of exatic natural products. The studies were mainly limited
to the biomimetic generation of meroterpenoids from Psidium guajava, using the strained
endocyclic double bond as a dienophile in hetero-Diels—Alder reactions.'®1° Thus,
Knoevenagel condensation between phloroglucinol derivative 3 and paraformaldehyde
afforded o-quinone methide 4, which in situ reacted with B-caryophyllene, affording
meroterpenoids guapsidial A (6), psiguajadial D (8) as well as other two diastereomers 7 and 9
(Scheme 1).18
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OH

]
o OH paraformaldehyde
Ph NaOAc (10 mol%) | ph B-caryophyllene
—_ > Etial Al AL SN
o on AcOH, 90 °C HO 0 | 6:7:8:9 = 38:14:38:10
~ total 59%
X (¢]

3 4

psiguajadial D (8) 9

Scheme 1. Synthesis of guapsidial A (6) and psiguajadial D (8).

A similar approach was used in the one-step multigram-scale synthesis of psiguadial B (14).
B-Caryophyllene reacted with diformylphloroglucinol (10) in the presence of benzaldehyde and
DMEDA, yielding the target psiguadial B (14) along with guajadial (11), psidial A (12), and
diastereomer 13 (Scheme 2).1°

o PhCHO o on A é on P
- p-caryophyllene guajadial (11) psidial A (12)
Hogé/o"' DMEDA (10 mol%) HG ch,
HFIP, rt o H, 2
c‘) oH 11:12:13:14 = 37:25:10:28 HO ¢ -

total: 37%
10 14: 8% (2.08 g)

13 psiguadial B (14)

Scheme 2. Synthesis of guajadial (11), psidial A (12), and psiguadial B (14).

In contrast to the majority of meroterpenoids, which represent classical hetero-Diels—Alder
adducts, psiguadial B (14) possesses a rearranged caryolane-type scaffold. A combination of
computational and synthetic studies revealed that the mechanism of formation of
psiguadial B (14) involves Michael addition between the B-caryophyllene endocyclic double
bond and o-quinone methide, followed by subsequent transannular cyclization involving
exocyclic olefin moiety.!® This demonstrates the propensity of B-caryophyllene towards the
generation of other carbocyclic frameworks.

B-Caryophyllene oxide (2) can behave in a comparable fashion, which was demonstrated in
the synthesis of clovanemagnolol, a natural product with potential neuroregenerative
properties.? Lewis and Brensted acids are able to rearrange B-caryophyllene oxide (2) into a
clovane-type scaffold. The intermediate secondary carbocation E was captured by an outer
nucleophile (4-bromophenol), and the resultant aryl ether 15 was further functionalized to give
clovanemagnolol (16, Scheme 3).%°
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CH,Cl,, 0°C

CHj
B-caryophyllene oxide (2)

(PhO),P(0)OH

4-bromophenol
—_—

35%

15

clovanemagnolol (16)

Scheme 3. Synthesis of clovane-type aryl ether 15 en route to clovanemagnolol (16).

The previous research in our group resulted in the development of a concise semisynthesis
of seco-caryophyllanes rumphellaones A-C (Scheme 4).2! Initially, B-caryophyllene was
converted into [-caryophyllonic acid (17), which underwent lactonization, furnishing
rumphellaone A (18). It was then subjected to Saegusa—Ito a,B-dehydrogenation, providing
rumphellaone B (19). Epoxidation-lactonization of acid 17 gave rumphellaone C (21) after
desilylation of compound 20, whose synthesis was necessary for the efficient separation of
epimers.?!

1) TESCI, DBU
CH,Cly, 1t
o 2) Pd(OAc),, K,CO3 o
Cu(OT, (s o) 0= LS o, DMSO, SR
HO- 20 DCE, reflux H 'H 3 H "H 3
39% CHs 41% CHs
3 steps o 3 CH3

rumphellaone B (19)
1) Oxone, K,CO3
Na,EDTA, H,0, rt
2) TESCI, imidazole

B-caryophyllonic acid (17)

DMF, 0 °C
separation of epimers
31%

20

o]
o TBAF-3H,0 o
H “H Ha TR
CHs CH3
CH

81%
rumphellaone C(21)

Scheme 4. Semisynthesis of rumphellaones A—C (18, 19 and 21) from B-caryophyllene (1).

The Doctoral Thesis presents further development of the semisynthesis approach using
B-caryophyllene (1) and its oxide (2) as starting materials. The studies are devoted to accessing
low-abundant natural products, focusing on bi-, tri- and tetracyclic terpenoids.
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Aims and objectives

The aim of the thesis is to develop efficient semisyntheses of rare natural products starting
from B-caryophyllene (1) and/or its oxide (2). In order to achieve this aim, the following tasks
were set:

1) analyze the literature and determine appropriate synthetic targets (biologically active
caryophyllane-type terpenoids possessing structural complexity);

2) design and perform the semisyntheses towards chosen targets with
confirmation/revision of their proposed structures.
Scientific novelty and main results

Completion of the Thesis led to the following results:

1. Synthesis of rumphellaoic acid A, 4p,8p-epoxycaryophyllan-5-ol and their
corresponding ester, disesquiterpenoid rumphellolide J, in a convergent manner.

2. Synthesis of linariophyllenes A—C and rumphellolide H as well as structure revision for
linariophyllenes A and C.

3. Synthesis of [4.3.2]propellane-containing natural product (4,4-dimethyltetracyclo-
[6.3.025.0 L 8]tridecan-9-0l) as well as investigation of cationic scission of
[4.3.2]propellane moiety with formation of eventual natural products (bridgehead
epoxide  iso-euphoranin E and bridgehead olefin  (1R,2S,5R)-4,4-
dimethyltricyclo[6.3.2.0%®]tridec-8-en-1-ol.

4. Synthesis of chlorinated hemiketals rumphellatins A—C as well as norsesquiterpenoid
rumphellolide C with structure revisions for rumphellatins A and C.

Structure of the Thesis

The thesis is a collection of scientific publications on the application of B-caryophyllene
and/or its oxide in semisynthesis of rare natural products.
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The main results of the Thesis were summarized in four scientific publications. The results
of the research were presented at five conferences.
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MAIN RESULTS OF THE THESIS

1. Semisynthesis of disesquiterpenoid rumphellolide J

Disesquiterpenoids (sesquiterpenoid dimers) are a rare class of natural products which
consist of two different sesquiterpenoid fragments.?? Rumphellolide J (24), a disesquiterpenoid
isolated from Rumphella antipathies, contains scaffolds of rumphellaocic acid A (23) and
4B,8B-epoxycaryophyllan-5-ol (22), which are connected with ester bond,?® hence, the proposed
biogenetic pathway (Fig. 4) involves esterification of alcohol 22 and acid 23. Furthermore,
while rumphellaoic acid A (23) shows anti-inflammatory activity, inhibiting the elastase release
by human neutrophils,?* and alcohol 22 enhances the generation of superoxide anion,?® the
biological activity of rumphellolide J (24) has not been yet determined.

P

rumphellolide J (24)

CH

3
[i-caryophyllen; oxide (2) rumphellaoic acid A (23)

Fig. 4. Plausible biogenetic pathway towards rumphellolide J (24).

Alcohol 22 is known as one of the products of acid-promoted non-selective transformation
of B-caryophyllene oxide (2).2° Fortunately, the selectivity towards the desired product 22 can
be driven by employing a two-step protocol. Initially, p-caryophyllene (1) was dihydroxylated,
and the resultant vicinal diol 25 furnished alcohol 22 with catalytic amounts of TsOH-H20
(Scheme 5). Noteworthy, the cyclization proceeded with an exclusive formation of
tetrahydropyran cycle with no detectable amount of tetrahydrofuran-containing isomer.

NMO
K,0s04:2H,0 (1 mol%) TsOH+H 5,0 (30 mol%)
acetone/H,0, rt CHyCly, rt
96%, 10:1 dr 70%

4p,8B-epoxycaryophyllan-5-ol
(22)
Scheme 5. Two-step synthesis of alcohol 22 from B-caryophyllene (1).

In order to obtain rumphellaoic acid A (23), p-caryophyllene oxide (2) was isomerized to
allylic alcohol 26 in the presence of LDA. Then, acid-catalyzed tandem transannular cyclization
with pinacol rearrangement furnished aldehyde 27 (Scheme 6). Varying Brgnsted acids (H2SO4,
TsOH-H20, S-CSA) and solvents (MeOH, CHzClz, DCE, CeHe), it was found that the most
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optimal conditions for the synthesis of aldehyde 27 from alcohol 26 were catalytic amounts of
S-CSA in either benzene or CH2Cl2 solution. Afterwards, aldehyde 27 was oxidized under
Pinnick conditions (Scheme 6) to yield target rumphellaoic acid A (23).

CHg

0 LDA
. —PA_, H
HL L ["H THF, reflux
CHy
92%

3
B-caryophyllene oxide (2)

NaClO,
NaH,PO,
2-methylbut-2-ene_ H,C
tBUuOH/H,0, rt
88%

S-CSA (15 mol%)_ py.c
CH,Cl,, it

57%

3
rumphellaoic acid A (23)

Scheme 6. Synthesis of rumphellaoic acid A (8) from B-caryophyllene oxide (2).

Rumphellolide J (24) was prepared on a gram-scale by conversion of rumphellaoic acid A
(23) to acyl fluoride 28, which reacted with lithium alkoxide 29 derived from alcohol 22
(Scheme 7). The structure of rumphellolide J (24) was unambiguously confirmed by single-
crystal X-ray diffraction.

Et,NSF3
CH,Cl,, -78 °C MG ]
80% o HcH,
CHj
- CHH
= THF, 0°C HsC
o
OH 70% H,
CH3 Y
nBuLi rumphellolide J (24)
H.C THF, 0°C D
3 "
W7 ™
CH3
CHs

Scheme 7. Synthesis of rumphellolide J (24).

Alternative strategies, such as Steglich esterification with HOBt/EDCI, did not form the
ester bond between compounds 22 and 23. Instead, only intermediates (acyl isourea,
HOBt-derived ester and acyl pyridinium ion) were detectable in LC/MS. The conversion of
acid 23 into acyl chloride with Vilsmeier reagent ((COCI)2 + DMF), SOCI: or PCls gave only
trace amounts of the desired chloride.

2. Semisynthesis of linariophyllenes A-C

The next step of our study involved the semisynthesis of linariophyllenes A—C (proposed
structures 30-32, Fig.5), caryophyllane-type terrestrial natural products from Evolvulus
linaroides that possess anti-inflammatory activity by inhibiting nitrogen monoxide production
and the pro-inflammatory cytokine IL-1B.2” Among these compounds, linariophyllene B (31)
displays the most potent biological activity.?”
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= CHs Q CH,
HO Ho. Ho| 7
G H
HO ch, O CH AcO CH3
CHy

linariophyllene A Ilnarlophyllene B Ilnarlophyllene o]
(30) 31 (32)

Fig. 5. Proposed structures of linariophyllenes A-C.

Firstly, we developed the synthesis of linariophyllene B (triol 31), bearing an exocyclic
double bond (Schemes 8 and 9). Dihydroxylation of B-caryophyllene oxide (2) gave epoxydiol
33, albeit with opposite configuration of C-8 in comparison with the target compounds 30-32
(Scheme 8). The installation of the desired C-8 configuration was achieved downstream by
converting epoxydiol 33 to kobusone (35), which was then isomerized in acidic media to
isokobusone (36). Diol 33 underwent cyclization in the presence of SiO2, furnishing
rumphellolide H (34), a marine natural product isolated from Rumphella antipathies,?® whose
structure was confirmed by X-ray crystallography (Scheme 8).

OH onf
CH,

" e
HO. \. ¢ ——
H % o \};)
CH3 Sy —&
CHs N
rumphellolide H (34) /“\<c4
o
66% Si0, N
87% brsm |EtOAc, rt o
CHs CHs CHs
NMO Nal
K,0804+2H,0 (0.5 mol%) NalO, NaOAc (22 mol%)
~2rmea s 2e e T HO R, b S b b &
HyC . y acetone/H,0, rt ’ , MeOH/H,0, rt o . AcOH, rt
H "H uant. H “H 98% H "H 71%
5 . e, o e, o
3 CHj CH3
B-caryophyllene oxide (2) 33 kobusone (35) isokobusone (36)

Scheme 8. Synthesis of rumphellolide H (34), kobusone (35) and isokobusone (36) and
ORTEP image of rumphellolide H with 50% contour probability.

Isokobusone (36) was then silylated, furnishing silyl ether 37, which then reacted with
Me2Si(OiPr)CH2MgCl (Scheme 9). The resultant B-silyl alcohol 38 was immediately converted
to vicinal diol 39 using Tamao oxidation. This approach resulted in the stereoselective
installation of the desired configuration of C-8, as no formation of C-8 epimer of 39 was
detected, indicating perfect diastereocontrol during the Grignard addition step. The final
desilylation of compound 39 was performed using catalytic amounts of Bi(OTf)s in aqueous
media (Scheme 9). The structure of linariophyllene B (31) was confirmed by X-ray
crystallography, and the spectral data perfectly corresponded to those of the natural isolate.
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CH, CH,
TBSCI
imidazole Me,Si(OiPr)CH,MgClI Ho
DMF, rt THF, -20 °C
o 1
H 92% 59%, 89% brsm Hsc*/Si\H H
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iy HsC OiPr CHs
isokobusone (36) 37 38
KF, KHCO3
85% H20,
/ MeOH/THF, rt
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3 - 2
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— = - 7
,/\\ Vo MeCN/H,O, rt
,4:, /[ 95%
o s Neo
. 8 —\\,w/[\ ‘
. /(g \
<8 linariophyllene B (31)

e\

Scheme 9. Synthesis of linariophyllene B (31) and its ORTEP image with 50% contour
probability.

The isomerization of the exocyclic double bond of linariophyllene B (31) to the endocyclic
double bond was achieved using potassium 3-aminopropylamide (Scheme 10). To facilitate the
separation, the resultant mixture was silylated. After the cleavage of TBS groups from
compound 40, it was revealed (Scheme 10) that the correct structure of linariophyllene A (41)
possesses the same configuration of C-5 as linariophyllene B (31).

1) HaN(CH3)3NHK
HoN(CH,)sNH, rt
2) TBSCI, imidazole
DMF, rt Bi(OTf)3 (30 mol%

31
MeCN/H,0, rt

38% 97% eH - =] X

3
linariophyllene A (41)

revised structure spectral data correspond

to the natural isolate

Scheme 10. Synthesis of linariophyllene A (41) and its ORTEP image with 50% contour
probability.

The proposed structure of linariophyllene C (32) was obtained using allylic alcohol 26 as a
starting material. VO(acac)2-catalyzed epoxidation resulted in the diastereoselective formation
of epoxyalcohol 42, which smoothly yielded primary alcohol 43 as a result of the Payne
rearrangement. Mesylation followed by reduction of mesylate 44 with LiBHEts gave
cis-epoxide 45. After a dihydroxylation/acetylation sequence, diastereomeric epoxyacetates 32
and 46, as well as tetrahydrofuran 47, were isolated. Surprisingly, the spectral data of neither
of the diastereomers 46 and 32 corresponded to natural linariophyllene C (Scheme 11).
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VO(acac); (5 mol%) OH OMs
tBuOOH NaOH MsCl, EtsN
[ o]
PhMe, 0 °C to rt EtOH/H,0, rt H,C . CH,Cly, 0 °C HaC
59% 84% H H 93%
CHj CHj
CH3
43
709 | LiBHES
" | THF, 0°C
(o) 1) AD-mix-B, tBuOH/H,0, rt
CHj3 CHg CHs  2) Ac,0, EtzN, DMAP (20 mol%)
CH,Cly, rt

32,16%
46:47 (2.2:1), total 62%

CHj,
CH3
32
Spectral data do not
correspond to natural linariophyllene C

Scheme 11. Synthesis of the proposed structure of linariophyllene C (32).

We hypothesized that the correct structure of linariophyllene C may be attributed to another
diastereomer of compound 32. Thus, epoxydiol 33 was acetylated to give acetate 48; however,
its spectral data also did not correspond to linariophyllene C (Scheme 12).

CHj
Ac,0, Et;N
DMAP (20 mol%
CH,Cly, 1t
84%

Spectral data do not
correspond to natural linariophyllene C

Scheme 12. Synthesis of epoxyacetate 48.

To obtain the other diastereomer of acetate 32, diol 25 was converted to cis-epoxide 49
using Williamson epoxide synthesis. A dihydroxylation/acetylation sequence furnished
epoxyacetate 50 and tetrahydrofuran 51, but the 'H and 3C NMR spectra of compound 50 did
not match with the natural linariophyllene C either (Scheme 13).

CHy  1)MSCL EtN
wiOH CH2Cl2, 0°C

a 2) K,CO3, MeOH, rt

64%, dr 10:1

1) AD-mix-B, tBUOH/H,0, rt
2) Ac,0, EtsN, DMAP (20 mol%)
CH,Cly, t

50, 8%

51,63%

Z_CH,

Spectral data do not
correspond to natural linariophyllene C

Scheme 13. Synthesis of epoxyacetate 50.

Finally, the correct structure of linariophyllene C was determined by converting kobusone
(35) into acetate 54 (Scheme 14). Kobusone (35) was transformed to diepoxide 52 by using the
Corey—Chaykovsky reaction. The selective cleavage of 1,1-disubstituted epoxide resulted in
the formation of diol 53 and acetate 54. The diol 53 was transformed into acetate 54 using
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standard acetylation conditions (Scheme 14). Gratifyingly, the spectral data of acetate 54
completely matched those of natural linariophyllene C.

Ac,0, EtgN,
DMAP (20 mol %)

CHCly, rt
9 { -
91% [\1/} \:“,
CsOAc 4 e \/ -

Me;SI, KOtBu 18-crown-6 . — NS

DMF, 0°C DMF, 135 °C He o : \ﬁ,_ \/:;\Jn/“\

53, 62%

91%
54, 12%

CH3
kobusone (35)

Spectral data
fully correspond to natural linariophyllene C

Scheme 14. Synthesis and determination of the correct structure of linariophyllene C (54) and
its ORTEP image with 50% contour probability.

Having confirmed and corrected the structures of linariophyllenes A—C and
rumphellolide H, biosynthetic pathways for their formation (Fig. 6) were proposed starting

from B-caryophyllene oxide (2).

linariophyllene A (41)
revised structure

linariophyllene B (31)
confirmed structure

H*
via
carbenium
ion

p-caryophyllene oxide (2) |  epoxidation

linariophyllene C (54)
revised structure

a
CHj
CHj

OH

CHj
-
rumphellolide H (34)
confirmed structure

CHj
CHy

Fig. 6. Proposed biosynthetic pathway towards linariophyllenes A—C and rumphellolide H.

Initially, acid-catalyzed epoxide isomerization of B-caryophyllene oxide (2) can formallylic
alcohols with exo- (26) or endocyclic double bond (55). Linariophyllenes A and B then can be
formed after epoxidation®® and subsequent hydrolysis of spiroepoxides 56 and 57 (Fig. 6).
Linariophyllene C (54) and rumphellolide H (34) may stem from diepoxides 52 and 58. Epimer
52 can lead to linariophyllene C (54) after hydrolysis and acetylation of the primary alcohol,
whereas hydrolysis of epimer 58 forms diol 33, which can undergo acid-mediated cyclization
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to yield rumphellolide H (34), as it was demonstrated in developed synthetic routes (Scheme 8).
The opposite diastereoselectivity of epoxidation of C-8 (Fig. 6) en route to rumphellolide H
(34) can be explained by different enzymes ensuring this transformation in marine and
terrestrial organisms.

3. [4.3.2]Propellane and bridgehead epoxide-containing natural products

Next, we aimed to investigate acid-catalyzed rearrangements of enone 59, which can be
prepared from allylic alcohol 26 via standard oxoammonium-catalyzed oxidation. While the
acid-catalyzed rearrangements of alcohol 26 are known, the analogous transformations of enone
59 have not been reported. This study revealed that Lewis acids, such as AlICls, BFs-OEtz, TiCls
and MesSiOTf, initiate [2 + 2] cycloaddition, furnishing [4.3.2]propellane-containing ketone
60 (Scheme 15).

OH

CH2 TEMPO (15 mol%)

PhI(OAG),

CHLCly, 1t
76%

AICI; (15 mol%)
MeCN, 0 °C
87%

Scheme 15. Synthesis of ketone 60.

DFT calculations indicated that the mechanism of this [2 + 2] cycloaddition is concerted,;
however, the reason for the diastereoselectivity remains unclear, as the calculated difference
between conformations SM-A and SM-B of the enone—AICl3z complex is only 0.5 kcal/mol
(Fig. 7). A similar reaction was discovered by Gassman,* 3! however, the transformation from
59 to 60 does not employ the 1,3-dioxolane protection of the carbonyl, as described in the
original findings.3% 3t Moreover, it is the first time when the construction of a [4.3.2]propellane
motif was achieved employing acid catalysis.
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Fig. 7. Potential energy surface for the [2 + 2] cycloaddition of enone 59 (DFT calculations
were performed in collaboration with Dr. chem. Artis Kinéns).

Ketone 60 was then reduced to alcohol 61 (Scheme 16), which is a natural product found in
a variety of plant extracts (Tagetes lucida, Psidium guajava).3> 3 The transformation from the
naturally occurring enone 60 to alcohol 61 suggests a possible biosynthetic link between two
compounds and implies that similar [2 + 2] cycloaddition may occur in plants. The mesylation
of alcohol 61 gave rise to the corresponding mesylate 62, which underwent solvolysis, resulting
in the formation of bridgehead olefin 63 (Scheme 16). The mechanism of this reaction most
probably involves the formation of secondary carbocation F, which rearranges to bridgehead
carbocation G that undergoes hydration with the formation of product 63.

CH,Cl,, 0°C

reflux HO
90%

45%

Scheme 16. Synthesis of alcohol 61 and the route towards bridgehead olefin 63.

Bridgehead olefin 63 is a diastereomer of the natural product 65,3 which can be synthesized
from allylic mesylate 64 (Scheme 17). Interestingly, the solvolysis of compound 64 did not
produce the alcohol 63. Both olefins 63 and 65 were epoxidized to products 66 and 67 in a
stereoselective fashion (Scheme 17). After comparing with the literature, the spectral data of
epoxide 66 corresponded to euphoranin E, a natural product from the terrestrial plant Euphorbia
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wangii.® Nevertheless, the probability of the natural occurrence of compounds 63 and 67 is
also high, since they can be synthesized from the natural [4.3.2]propellane 60.

THF/H,0
t

37%;
52% brsm

Scheme 17. Synthesis of bridgehead epoxides 66 and 67 and their ORTEP images with 50%
contour probability.

The DFT calculations (Fig. 8) were also used in this case to explain the stereoselectivity of
the solvolysis of mesylate 64. The equatorial position of the -OMs group in SM-C
conformation establishes the overlap between the n orbital of the double bond and the
antibonding orbital of the C—O bond; thus, the departure of mesylate anion is more favorable
compared to SM-D conformation, in which —OMs group is directed axially. This
hyperconjugational effect results in the 3.5 kcal/mol difference between transition states TS-C
and TS-D, leading to a > 99:1 diastereomeric ratio that corresponds to the experimental results.

+

1.340 A H
H TS-D HaC H
26.4 ©)
i\ 1.474 A

Ms

Gy, keal/mol

Hyperconjugational stabilization of the
axial C-OMs is not observed as
spatial positions of the double bond ©
orbital and the antibonding orbital of
the C-OMs bond preclude orbital

overlapping. TS-C HqC. H L
229 \‘
Overlap of the = orbital and the HsC v H H
antibonding orbital of C-OMs INT-D
facilitates the bond cleavage. 15.9
CHy
Hy H 1.493 A Hyperconjugational = stabilization of
H3C the equatorial C-OMs by overlapping
HER OMs OMs the double bond = orbital with the
~ antibonding orbital of the C-OMs
SM-C 1.338 A bond.
0.0

Fig. 8. Potential energy surface for the solvolysis of mesylate 64 (DFT calculations were
performed in collaboration with Dr. chem. Artis Kinéns).
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4. Synthesis of chlorinated hemiketals rumphellatins A-C

Rumphellatins A—C (proposed structures 68—70) are chlorinated norsesquiterpenoids
isolated from Rumphella antipathies possessing a hemiketal moiety (Fig. 9).%% 3" The presence
of both halogen and hemiketal functionalities renders these natural products structurally exotic
among caryophyllane-type terpenoids. Rumphellatins A and B (68 and 69) exhibit modest
antibacterial activity according to preliminary studies.® 37 An unsuccessful attempt at total
synthesis of these natural products was made, which prompted us to explore a semisynthetic
strategy.3®

rumphellatin A (68) rumphellatin B (69) rumphellatin C (70)

Fig. 9. Proposed structures of rumphellatins A—C (68-70).

During our previous studies, it was observed that isokobusone (36) exists as a mixture of
major keto-tautomer 36 and minor (~13%) hemiketal tautomer 36a in CDClIs solution
(Scheme 18). This observation facilitated the development of a semisynthesis of rumphellatins
A-C, employing isokobusone (36) as a key intermediate. Deprotonation of isokobusone with
NaH resulted in the formation of the corresponding alkoxide, which formed a hemiketal
anion 71. It was then successfully trapped using Mel as an electrophile, producing ketal 72 in
excellent yield (Scheme 18).

CH,

isokobusone (36) 36a

Scheme 18. Isokobusone ketone—-hemiketal tautomery and synthesis of ketal 72.

The initial synthesis of rumphellatin A (Scheme 19) started with the hydroboration-
oxidation of ketal 72, resulting in primary alcohol 73. It was oxidized to aldehyde 74, which
underwent a-chlorination in the presence of NCS and L-proline. The obtained a-chloroaldehyde
75 was reduced to chlorohydrin 76. Subsequent triflation and reduction of triflate 77 with
LiBHEts yielded compound 78. Demethylation of ketal 78 produced hemiketal 79, whose
spectral data fully corresponded to natural rumphellatin A; therefore, the configuration of
tetrahydrofuran fragment of rumphellatin A was revised.
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BH3°SMe,, THF, 0 °C
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64%, 9:1 dr 54%
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TfO
CHs
(Cl (nCl Tf,0
PPTS LiBHEt; 2,6-lutidine
HO Me,CO/H;0, 60 °C 1 cq THF, 0°C . co CH,Clp, —78 °C H,cO
64% 78, 14% 87%
CHj 76, 84% CH3
CHj CH3
rumphellatin A (79) 78 77 76

revised structure

Scheme 19. Initial synthesis of rumphellatin A (79).

The major disadvantage of this synthesis (Scheme 19) was the long linear sequence and low
yield of triflate 77 reduction, in which the main product was alcohol 76. This can originate from
a hydride attack on a sulfur atom instead of a sterically hindered neopentylic carbon atom.
Importantly, LiBHEts-mediated reduction of the corresponding mesylate or tosylate derived
from alcohol 76 did not occur at all. When alcohol 76 was subjected to Appel iodination to
introduce iodide as an alternative leaving group, iodocyclopentane 80 was obtained instead of
the primary iodide 81 as a result of competitive retro-pinacol rearrangement (Scheme 20).

1,2-diiodoethane

PPh, I,

MeCN, 60 °C
65%

not observed

retro-pinacol
rearrangement
==

Scheme 20. Synthesis of iodide 80 and its ORTEP image with 50% contour probability.

Improved synthesis of rumphellatin A (79) involved a dihydroxylation and diol cleavage
sequence of ketal 72 (Scheme 21). Ketone 82 was subjected to a reaction with MeMgBr,
diastereoselectively producing tertiary alcohol 83. Chlorination of alcohol 83 with SOCIz in
NMP afforded the desired chloride 78 and ketal 72 as a result of a competing elimination
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reaction. The mixture of compounds 78 and 72 was inseparable using column chromatography;
therefore, the subsequent ozonolysis was used to convert alkene 72 into ketone 82, making the
separation of tertiary chloride 78 more facile. Treatment of chloride 78 with aqueous TFA gave
rumphellatin A (79) in excellent yield.

1) K050, 2H,0 (1 mol%) CHéH
NMO, acetone/H,0, rt
2) NalOy4, MeOH/H,0, rt MeMgBr
2 _ MeMgBr _
92% over 2 steps THF, —20 °C H3CO " H
85% CH,
CHs

83

78,51% | 1) SOCI,, NMP, 0 °C
82,15% | 2) O, CH,Cl, then Me,S, 78 °C

Yy \ ,\>\/ CHy CHy
N g R (. ¢
j*'\/ i o CH,Cl,/H,0, rt v
& ‘\<{ CHjy CHj
, \) CH, CHs
ey —"% rumphellatin A (79) 78

Scheme 21. Improved synthesis of rumphellatin A (79) and its ORTEP image with 50%
contour probability.

The synthesis of rumphellatins B and C started with the protection of epoxydiol 33 as a
carbonate using triphosgene and pyridine (Scheme 22). The obtained epoxycarbonate 84
smoothly underwent acid-catalyzed isomerization to form the endocyclic double bond,
producing allylic alcohol 85. Alkali-mediated carbonate hydrolysis with subsequent vicinal diol
oxidative cleavage gave keto alcohol 86, which served as a common intermediate for the
synthesis of rumphellatins B and C (Scheme 22).

1) NaOH, MeOH/H0, rt

triphosgene
2) NalO4, MeOH/H,0, rt
o e T e

pyridine
CH,Cl,, 0 °C
85%

TsOH-H,0 (30 mol%) OYO

CH,Cly, 1t O

90% 79% over 2 steps

Scheme 22. Synthesis of keto alcohol 86.

The synthesis of rumphellatin B was completed (Scheme 23) by the epoxidation of allylic
alcohol 86, resulting in the formation of rumphellolide C (88),%° whose structure was confirmed
by single-crystal X-ray diffractometry. Treatment of rumphellolide C with HCI yielded
rumphellatin B (69), whereas diastereomer 87 yielded rumphellatin C under analogous
conditions. The facile transformation from rumphellolide C to rumphellatin B indicates that a
similar transformation may occur in Rumphella antipathies.

While the structure of rumphellatin B was confirmed, it was revealed that the correct
structure of rumphellatin C (89) possesses the same configuration of tetrahydrofuran moiety as
in hemiketals 79 and 69 since the spectral data of compound 89 perfectly corresponded to the
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natural isolate. Moreover, the configuration of the tertiary alcohol in rumphellatin C (89) was
also proven to be opposite compared to the proposed structure.

OH

CHj

mCPBA
o
‘) CH,Cl,, 0°C
87, 22%
CHs g5 47%
CHy
86

4 M HCl in dioxane
- .
CH,Cly, 0 °C
45%

CHs
rumphellolide C (88) rumphellatin B (69)
confirmed structure
4 M HCl in dioxane
CH,Cly, 0 °C H\

43%

OH '3,"’
CH3 \o 4G
o v Y
= ~i 5 ?
HO f H W AN
CH3 _J /T
CHy B

rumphellatin C (89)
revised structure

Scheme 23. Synthesis of rumphellolide C (88), rumphellatins B (69) and C (89) with their
corresponding ORTEP images as monohydrates with 50% contour probability.

An alternative diastereoselective synthesis of rumphellatin C (89) was developed by the
ketalization of keto alcohol 86 in MeOH, furnishing compound 90 (Scheme 24). Stereoselective
epoxidation with mCPBA resulted in the formation of epoxide 91, whose treatment with HCI
afforded chlorohydrin 92. Analogously to the synthesis of rumphellatin A (Scheme 19),
demethylation was achieved by action of aqueous TFA to yield the final product 89.

PPTS (30 mol%
MeOH, reflux
85%

mCPBA

_mCPBA _

CH.Cl 1t 1y 0o
83%

4 M HClin dloxane
80%
" |CH,Clp, 0

OH
CHs CH3
Cl wCl

CH20|2/H20 rt
HO p H 81% H3CO
CHj c
CH
9

rumphellatin C (89)

revised structure

Scheme 24. Diastereoselective synthesis of rumphellatin C (89).

With the established structure revisions of these natural products, the biosynthetic pathway
can be proposed. It is known that kobusone (35) is present in Rumphella antipathies,*® which
could be a common starting point for the biogenesis of rumphellatins A—C as well as
rumphellolide C (Fig. 10).
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Fig. 10. Proposed biosynthetic pathways towards rumphellatins A—C.

Analogously to the biosynthesis of linariophyllenes A and B (Fig. 6), the first step may
involve the acid-catalyzed isomerization of the trans-epoxide moiety to allylic alcohols 36
and 86, whose presence in Rumphella antipathies still needs to be confirmed. It is reported that
treatment of isokobusone with HCI quantitatively leads to chloride 93, thus making
improbable the direct hydrochlorination of isokobusone in gorgonian corals. Instead,
ketalization may occur with the formation of ketal 94, followed by a reaction with HCI,*
producing rumphellatin A (79) after ketal cleavage. An alternative pathway involving
halohydrin dehalogenase-mediated cleavage of the trans-epoxide moiety of kobusone,
producing rumphellatin A in one step, is also feasible.*®

Rumphellatin B (69) may originate from allylic alcohol 86, which undergoes epoxidation
to form rumphellolide C (88). The epoxide is then cleaved by HCI, potentially assisted by
halohydrin dehalogenases.** In the case of non-diastereoselective epoxidation of allylic
alcohol 86, a similar pathway can be suggested for rumphellatin C (Fig. 10).

An alternative diastereoselective pathway towards rumphellatin C can also be proposed,
which includes ketalization of allylic alcohol 86 and subsequent epoxidation (Fig. 10),
furnishing epoxyketal 96. Hydrochlorination-deketalization of compound 96 can then produce
rumphellatin C.
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CONCLUSIONS

1. Acyl fluoride-lithium alkoxide coupling is the most efficient approach to form an ester bond
in rumphellolide J, which successfully delivers the target product on a gram-scale in a
biomimetic manner.

70%

rumphellolide J (24)

2. Nucleophilic hydroxymethylation of ketone functionality is an effective method for the
stereochemical inversion of vicinal diol moiety in caryophyllane-type terpenoids. This
approach was successfully employed in the synthesis of linariophyllenes A-C.

Me,Si(OiPr)CH,MgCl 7 Tamao oxidation
WL M
CH3
C

HO_ i | HOi,
HO_ oo Nalog - HO -
Wl ™ HL | H HL | H
CHj CHj CHj3
CH3 CHj; CHjy
undesired .
C-8 configuration ! T
Corey—Chaykovsky o] s epoxide cleavage
HL|H
CHj
CH3

3. The concerted Lewis acid-catalyzed [2 +2] cycloaddition of enone 59 revealed a
biosynthetic link connecting it with the naturally occurring [4.3.2]propellane-containing
alcohol 61. Subsequent cationic scission and epoxidation yielded the eventual natural
product iso-euphoranin E (67).

CH, 1) [2 +2 ] Cycloaddition

2) Reduction
biosynthetic
connection

1) Cationic propellane scission
2) Epoxidation

CHj
iso-euphoranin E (67)

4. The acid-mediated selective cleavage of trans-epoxide to either endo- or exocyclic allylic
alcohols provides an effective route towards linariophyllene B and chlorinated
norsesquiterpenoids rumphellatins A-C.
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revised structure
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confirmed structure revised structure

5. 12-Oxatricyclo[7.2.1.0>5]dodecane scaffold enables olefin or carbonyl functionalization at
C-3 and/or C-4 positions by the attack of outer electrophile/nucleophile from the face of
bridging oxygen. This provides the diastereoselective formation of hydroboration-oxidation,
Grignard addition, and epoxidation products.

1) BHy*Me,S
2) NaOH/H,0,
dsnelalnct

66%

mCPBA
e s
83%

6. Semisynthesis starting from abundant (-)-B-caryophyllene or its oxide provides an effective
approach towards their more exotic congeners in ample quantities (up to gram-scale) with
confirmation or revision of the originally proposed structures. These final products can be
further applied for profiling their biological activity and as reference standards in studies of
the metabolism of terrestrial or marine organisms.

51



10.

11.

12.

13.

14.

15.

16.
17.

18.

ATSAUCES/REFERENCES

Kuhlborn, J.; GroB, J.; Opatz, T. Nat. Prod. Rep. 2020, 37 (3), 380-424.

Brill, Z. G.; Condakes, M. L.; Ting, C. P.; Maimone, T. J. Chem. Rev. 2017, 117 (18),
11753-11795.

Jung, D. H.; Park, M. H.; Kim, C. J.; Lee, J. Y.; Keum, C. Y.; Kim, I. S.; Yun, C.-H;
Nutrients 2020, 12 (4), 1000.

Sudeep, H. V.; Venkatakrishna, K.; Amritharaj; Gouthamchandra, K.; Reethi, B.;
Naveen, P.; Lingaraju, H. B.; Shyamprasad, K. J. Food Biochem. 2021, 45 (12), €13994.

Moghrovyan, A.; Parseghyan, L.; Sevoyan, G.; Darbinyan, A.; Sahakyan, N.; Gaboyan,
M.; Karabekian, Z.; Voskanyan, A. Korean J. Pain 2022, 35 (2), 140-151.

Raina, A. P.; Kumar, A.; Dutta, M. Genet. Resour. Crop Evol. 2013, 60 (5), 1727-1735.

Li, T.; Wang, W.; Guo, Q.; Li, J.; Tang, T.; Wang, Y; Liu, D.; Yang, K.; Li, J.; Deng,
K.; Wang, F.; Li, H.; Wu, Z.; Guo, J.; Guo, D.; Shi, Y.; Zou, J.; Sun, J.; Zhang, X.; Yang,
M. J. Ethnopharmacol. 2024, 318, 116984.

Collado, I. G.; Hanson, J. R.; Macias-Sanchez, A. J. Tetrahedron 1996, 52 (23), 7961
7972.

Hinkley, S. F. R.; Perry, N. B.; Weavers, R. T. Tetrahedron 1997, 53 (20), 7035-7044.

Bé, A. G.; Chase, H. M.; Liu, Y.; Upshur, M. A.; Zhang, Y.; Tuladhar, A.; Chase, Z. A,;
Bellcross, A. D.; Wang, H. F.; Wang, Z.; Batista, V. S.; Martin, S. T.; Thomson, R. J.;
Geiger, F. M. ACS Earth Sp. Chem. 2019, 3 (2), 158-169.

Crossley, S. W. M.; Barabé, F.; Shenvi, R. A. J. Am. Chem. Soc. 2014, 136 (48), 16788—
16791.

Racero, J. C.; Macias-Sanchez, A. J.; Hernandez-Galan, R.; Hitchcock, P. B.; Hanson, J.
R.; Collado, I. G. J. Org. Chem. 2000, 65 (23), 7786—7791.

Barrero, A. F.; Herrador, M. M.; Quilez del Moral, J. F.; Arteaga, P.; Sanchez, E. M.;
Arteaga, J. F.; Piedra, M. Eur. J. Org. Chem. 2006, 2006 (15), 3434-3441.

Parshintsev, J.; Nurmi, J.; Kilpeldinen, I.; Hartonen, K.; Kulmala, M.; Riekkola, M.-L.
Anal. Bioanal. Chem. 2008, 390 (3), 913-919.

Witkowski, B.; Al-sharafi, M.; Gierczak, T. Environ. Sci. Technol. 2019, 53 (15), 231-
238.

Parker, W.; Raphael, R. A.; Roberts, J. S. Tetrahedron Lett. 1965, 6 (27), 2313-2316.

Salvador, J. A. R.; Pinto, R. M. A.; Santos, R. C.; Le Roux, C.; Beja, A. M.; Paixdo, J.
A. Org. Biomol. Chem. 2009, 7 (3), 508-517.

Ning, S.; Liu, Z.; Wang, Z.; Liao, M.; Xie, Z. Org. Lett. 2019, 21 (21), 8700-8704.

52



19.

20.
21.

22.
23.

24.

25.

26.
27.

28.

29.

30.
31.
32.

33.

34.
35.

36.

Newton, C. G.; Tran, D. N.; Wodrich, M. D.; Cramer, N. Angew. Chem. Int. Ed. 2017,
56 (44), 13776-13780.

Cheng, X.; Harzdorf, N. L.; Shaw, T.; Siegel, D. Org. Lett. 2010, 12 (6), 1304-1307.

a) Stakanovs, G.; Mishnev, A.; Rasina, D.; Jirgensons, A. J. Nat. Prod. 2020, 83 (6),
2004-2009; b) G. Stakanovs. (—)-B-Kariofilena modificéSanas iesp&ju izp&te. Magistra
darbs, Rigas Tehniska universitate, Riga, 2020/G. Stakanovs. Studies of Possible
Modifications of (-)-B-Caryophyllene. Master's Thesis, Riga Technical University, Riga,
2020.

Ma, Y.-H.; Dou, X.-X.; Tian, X.-H. Phytochem. Rev. 2020, 19 (4), 983-1043.

Lin, C.-C.; Chung, H.-M.; Su, Y.-D.; Peng, B.-R.; Wang, W.-H.; Hwang, T.-L.; Wu,
Y.-C.; Sung, P.-J. Nat. Prod. Commun. 2017, 12 (12), 1835-1837.

Chung, H.-M.; Wang, W.-H.; Hwang, T.-L.; Fang, L.-S.; Wen, Z.-H.; Chen, J.-J.; Wu,
Y.-C.; Sung, P.-J. Mar. Drugs 2014, 12 (12), 5856-5863.

Chung, H.-M.; Wang, W.-H.; Hwang, T.-L.; Wu, Y.-C.; Sung, P.-J. Nat. Prod. Commun.
2015, 10 (6), 835-838.

Tsui, W.-Y.; Brown, G. J. Chem. Soc. Perkin Trans. 1 1996, 20, 2507-2509.

Pereira, L. C. O.; Abreu, L. S.; e Silva, J. P. R.; Machado, F. S. V. L.; Queiroga, C. S.;
do Espirito-Santo, R. F.; de Agnelo-Silva, D. F.; Villarreal, C. F.; Agra, M. F.; Scotti,
M. T.; Costa, V. C. d. O.; Tavares, J. F.; da Silva, M. S. J. Nat. Prod. 2020, 83 (5), 1515—
1523.

Hwang, T.-L.; Su, Y.-D.; Hu, W.-P.; Chuang, L.-F.; Sung, P.-J. Heterocycles 2009, 78
(6), 1563-1567.

daSilva, J. M. R.; Bitencourt, T. B.; Moreira, M. A.; Nascimento, M. d. G. J. Mol. Catal.
B Enzym. 2013, 95, 48-54.

Gassman, P. G.; Chavan, S. P.; Fertel, L. B. Tetrahedron Lett. 1990, 31 (45), 6489-6492.
Gassman, P. G.; Lottes, A. C. Tetrahedron Lett. 1992, 33 (2), 157-160.

Liliana, P.-D. S.; Manasés, G.-C.; Enrique, J.-F.; Rubén, R.-R.; Cinthya, B.-P.; Belen,
M.-H. G.; Alejandro, Z.; Maribel, H.-R. Nat. Prod. Res. 2022, 36 (18), 4745-4750.

Chalannavar, R. K.; Venugopala, K. N.; Baijnath, H.; Odhav, B. J. Essent. Qil Bear.
Plants 2014, 17 (6), 1293-1302.

Shi, J.-G.; Shi, Y.-P.; Jia, Z.-J. Phytochemistry 1997, 45 (2), 343-347.

Chen, H.; Jia, Z.-J. Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem. 1996, 35,
1308-1310.

Sung, P.-J.; Chuang, L.-F.; Kuo, J.; Fan, T.-Y.; Hu, W.-P. Tetrahedron Lett. 2007, 48
(23), 3987-3989.

53



37.
38.
39.

40.

41.
42.

43.

Sung, P.-J.; Chuang, L.-F.; Hu, W.-P. Bull. Chem. Soc. Jpn. 2007, 80 (12), 2395-2399.
Leiren, M. K.; Térnroos, K. W.; Sydnes, L. K. Tetrahedron 2017, 73 (22), 3153-3159.

sSung, P.-J.; Chuang, L.-F.; Kuo, J.; Chen, J.-J.; Fan, T.-Y.; Li, J.-J.; Fang, L.-S.; Wang,
W.-H. Chem. Pharm. Bull. 2007, 55 (9), 1296-1301.

Chuang, L. F.; Fan, T. Y.; Li, J. J.; Sung, P. J. Biochem. Syst. Ecol. 2007, 35 (7), 470-
471,

Greenwood, J. M.; Qureshi, I. H.; Sutherland, J. K. 578. J. Chem. Soc. 1965, 3154-3159.

Cochereau, B.; Meslet-Cladiére, L.; Pouchus, Y. F.; Grovel, O.; Roullier, C. Molecules
2022, 27 (10), 3157.

Schallmey, A.; Schallmey, M. Appl. Microbiol. Biotechnol. 2016, 100 (18), 7827-7839.

54



Georgijs Stakanovs dzimis 1994. gadd Riga. Rigas Tehniskaja universitate (RTU)
ieguvis inZenierzinatnu bakalaura (2018) un inZenierzinatnu magistra gradu ki-
mijas tehnologija (2020), sanémis Latvijas Zinatnu akadémijas Martina Strau-
mana un Alfréda levina vardbalvu kimija.

Patlaban strada Latvijas Organiskas sintézes institita Organiskds sintézes
metodologijas grupd. Galvenais pétijuma virziens ietver strukturdli sarezgitu
dabasvielu sintéZu izstradi. Ir septinu originalpublikaciju lTdzautors, trijadm no
tadm — korespondéjosais autors.

Georgijs Stakanovs was born in 1994 in Riga. He obtained a Bachelor's degree
(2018) and a Master's degree (2020) in Chemical Engineering, for which he
received the Marting Straumanis and Alfréds leving Award in Chemistry of the
Latvian Academy of Sciences.

He is currently a research assistant of the Organic Synthesis Methodology
Group at the Latvian Institute of Organic Synthesis. His research interests
focus on the development of synthetic routes toward structurally complex
natural products. He is a co-author of seven original publications, three of
which he was a corresponding author.



	SATURS/CONTENTS
	SAĪSINĀJUMI/ABBREVIATIONS AND ACRONYMS
	PROMOCIJAS DARBA VISPĀRĒJS RAKSTUROJUMS
	Tēmas aktualitāte
	Pētījuma mērķis un uzdevumi
	Zinātniskā novitāte un galvenie rezultāti
	Darba struktūra un apjoms
	Darba aprobācija un publikācijas

	PROMOCIJAS DARBA GALVENIE REZULTĀTI
	1. Diseskviterpenoīda rumfelolīda J semisintēze
	2. Linariofilēnu A–C semisintēze
	3. [4.3.2]Propelānu un epoksīdu saturošu dabasvielu sintēze
	4. Hloru saturošu hemiketālu rumfelatīnu A–C sintēze

	SECINĀJUMI
	GENERAL OVERVIEW OF THE THESIS
	Introduction
	Aims and objectives
	Scientific novelty and main results
	Structure of the Thesis
	Publications and approbation of the Thesis

	MAIN RESULTS OF THE THESIS
	1. Semisynthesis of disesquiterpenoid rumphellolide J
	2. Semisynthesis of linariophyllenes A–C
	3. [4.3.2]Propellane and bridgehead epoxide-containing natural products
	4. Synthesis of chlorinated hemiketals rumphellatins A–C

	CONCLUSIONS
	ATSAUCES/REFERENCES



