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SAISINAJUMI / ABBREVIATION

A —  angstréms / angstrom

Ac — acetil- / acetyl

Acac  — acetilacetonats / acetylacetonate

Ar — aril-/aryl

BCP —  biciklo[1.1.1]butans/bicyclo[1.1.1]butane

Boc — tert-butiloksikarbonil- / tert-butyloxycarbonyl

Bz —  benzoil- / benzoyl

d.r. —  diastereom@ru attieciba / diastereomeric ratio

DCC - N,N'-dicikloheksilkarbodiimids / N,N dicyclohexylcarbodiimide
DCE - 1,2-dihloretans / 1,2-dichloroethane

DCM -  dihlormetans / dichloromethane

DFT - blivuma funkcionala teorija / density functional theory

DIPEA - N,N-diizopropiletilamins / N,N-diisopropylethylamine

DMAP -  4-dimetilaminopiridins / 4-dimethylaminopyridine

DMSO -  dimetilsulfoksids / dimethyl sulfoxide

EAG - elektronatvelkosa grupa

ekviv. — ekvivalenti

eq — equivalents

Et —  etil- / ethyl

eV — elektronvolti / electronvolts

EWG - electron withdrawing group

FG —  funkcionala grupa / functional group

Hal — halogens / halogen

iPr — izopropil- / isopropyl

IRAK4 — interleikina-1 receptora saistita kinaze 4 / interleukin-1 receptor-associated
kinase 4

ist.t. - istabas temperatiira

kcal —  kilokalorija / kilocalories

KMR -  kodolu magngtiska rezonanse

KPhth —  kalija ftalimids / potassium phthalimide

LG —  aizejosa grupa / leaving group

LpxC -  UDP-3-O-(acil)-N-acetilglikozamina deacetilaze / UDP-3-O-(acyl)-N-
acetylglucosamine deacetylase

LUMO - zemaka neaiznemta molekulara orbitale / lowest unoccupied molecular orbital
mCPBA —  meta-hlorperoksibenzoskabe / meta-chloroperoxybenzoic acid
Me —  metil- / methyl

NBS —  N-bromsukcinimids / N-bromosuccinimide

NCS -  N-hlorsukcinimids / N-chlorosuccinimide

NHPI - N-hidroksiftalimids / N-hydroxyphthalimide

nm —  nanometri / nanometers



NMR
Nu
Ph
PIDA
Py
r.r.

rt
TBAI
Tf
THF
TMS
TTP
Trp
Ts
TS
TTMSS
Tyr
AG

nuclear magnetic resonance

nukleofils / nucleophile

fenil- / phenyl

(diacetoksijod)benzols / (diacetoxyiodo)benzene
piridins / pyridine

regioizomeru attieciba / regioisomeric ratio

room temperature

tetrabutilamonija jodids / tetrabutylammonium iodide
trifluormetansulfonil- / trifluoromethanesulfonyl
tetrahidrofurans / tetrahydrofuran

trimetilsilil- / trimethylsilyl

tetrafenilporfirins / tetraphenylporphyrin

triptofans / tryptophan

tozil- / tosyl

parejas stavoklis / transition state
tris(trimetilsilil)silans / tris(trimethylsilyl)silane
tirozins / tyrosine

Gibsa brivas energijas izmaina / Gibbs free energy change
globala elektrofilitate / global electrophilicity



PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Fluora atoma ievadiSana molekula ir plasi lietota stratgija jaunu zalvielu izstradg.’
Funkcionalo grupu vai denraza atoma aizvieto$ana ar fluoru spgj batiski modificét molekulas
farmakologiskas ipaSibas — metabolisko stabilitati, biopieejamibu un mijiedarbibu ar mérka
enzimu. Nemot véra plaso fluororganisko savienojumu lietojumu medicinas kimija, agrokimija
un materialzinatng, nozimiga ir efektivu metozu izstrade fluoru saturo$u savienojumu
iegiisanai.?

Fluorésanai tick izmantoti elektrofilie 4-6 vai nukleofilie 7-10 fluora avoti oglekla-tidenraza
saites 1 vai funkcionalo grupu 2 parvérianai par fluorétiem savienojumiem 3 (1. att.).

. 'F
—H vai —FG — -_F
1 2 3

77777777777777777777777 Plasi izmanoti fluoréSanas reagenti  -----------------------

X
N o 0.9 %0 Yo
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®
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N F F
F
4 5 6
Pr Pr
KF Py*(HF), | Dad
SF; F F
Pr "Pr
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1. att. Reagenti monofluor&tu savienojumu iegiiSanai.

Strategiski atskiriga pieeja ir molekulas funkcionalizé$ana ar fluorétiem sintoniem, kuros
fluors ir tiesi saistits ar reag@tspéjigo oglekla atomu (2. att.).* Lai arl biezi lietota metode
trifluormetil->" un difluormetil-® grupu ievadisanai, monofluorétu sintonu® analogiskas
parvértibas ir retak pétitas. Tomér pedejas desmitgades laika ir izstradati vairaki reagenti 13-17
efektivai monofluorétu sintonu parnesei.'® %3 Ir iespgjams veikt fluorkarbénu 18, elektrofilo 19,
nukleofilo 20 un pat radikalu 21 monofluormetildalinu parnesi. Izmantojot fluorétu sintonu
pieeju, var iegit produktus 11, 12, ko bitu griiti vai pat neiesp&jami sintezét ar tieSajam
fluoréSanas reakcijam.



"CAF1" si =
H vai G C sintonu parnese —CH,F vai >CHF

1 2 1" 12
*************** Zinamie monofluorétu sintonu parneses reagenti ---------------
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2. att. Monofluorétu sintonu parnese.

No minétajiem reagentiem Ipas$a uzmaniba japievers sulfonija salim 17, kas var kalpot par
multifunkcionalu avotu karbéna 18, elektrofila 19 un radikala 21 sintoniem (3. att.).** Sulfids ir
laba aizejosa grupa, lidz ar to reakcijas ar nukleofiliem 22 tas kalpo par elektrofilas
fluormetilgrupas 19 avotu.'® Viena elektrona reducésana tas fragmentgjas par fluormetilradikali
21, kas spgj pievienoties alkéniem 24.° Promocijas darba autora un vina kolggu grupas
lidz8ingjos petijumos ir izstradatas formalas fluormetiléngrupas 18 parneses reakcijas. Bazes
klatbiitng veidojas séra ilids 26, kas stajas reakcija ar aldehidiem 27%, aktivétiem alkéniem 298,
31'°, veidojot monofluorétus tris vai piecloceklu ciklus 28, 30 un 32. Savukart metala
katalizatora klatbiitn€ ir iesp&jams veikt arT neaktivetu alkénu 24 ciklopropangsanu un citas
reakcijas.?

F H-
F 24 +& rF 22
\I/\/ ” { CH,F lo CH,F | — e
OH z Ph™ " Ar
25 21 17 19 23
lBéze
F
er;
‘ Ph/sg | l
r
NO
- . ®
(o) LA 26
EAG ZCo,Et ~
27 29 24
F HOF F o
1 SE Formala fluormetiléna 7 é
EAG parnese COLE
28 30 32 33

3. att. Fluormetilsulfonija sals 17 lietojums.



Aizvietoti monofluormetilsulfonija sali zinatniskaja literatiira ir maz aprakstiti.?*2* Lidz ar
to tika nolemts izstradat modific&tus sulfonija salus 34, ievadot papildu funkcionalas grupas pie
reag€tspéjiga oglekla centra, tadgjadi panakot funkcionalizétu monofluorétu sintonu parneses
reakcijas, kuru rezultata tiktu iegiiti produkti 35 (4. att.). ST pétijuma gaita bija paredzets ievadit
funkcionalas grupas, Kas ir nozimigas medicinas kimija vai kuras varétu paklaut talakam
modificESanas iespgjam pec pirmas sintona parneses reakcijas. Turklat mérkis bija noskaidrot,
ka papildu aizvietotajs ietekmg sulfonija sals reagétspgju.

F
”Xe F\l/. . . Med_icTnas I,(T_rr)ijé nosz_Tga grupa
s - = ~ < Papildu modificéSanas iespéjas
Ph”® Ar * letekme uz reagétspéju
34 35

4. att. Aizvietoti fluormetilsulfonija sali 34.

Pétijuma merkis un uzdevumi

Promocijas darba mérkis ir izstradat jaunus fluormetilsulfonija reagentus, kas sp&tu efektivi
veikt funkcionalizétu monofluor€tu sintonu parnesi.

Merka sasniegSanai tika definéti divi uzdevumi.

1. Sintezet funkcionaliz&tus fluormetilsulfonija salus.

2. lzstradat jaunas sintézes metodes fluorétu sintonu parnesei no sulfonija saliem.

Zinatniska novitate un galvenie rezultati

Promocijas darba rezultata izstradatas:

1) fluorhalometilsulfonija salu sintézes metodes;

2) alkénu fluorhalociklopropangsanas reakcijas, pielietojot sulfonija salus;
3) etoksikarbonilaizvietota fluormetilsulfonija sals sintéze;

4) metalu kataliz&tas sulfonija sala reakcijas ar alkéniem un alilsulfidiem;
5) biciklopentilaizvietotu fluormetilsulfonija salu sintgze;

6) nukleofilas aizvieto$anas reakcijas ar sulfonija saliem.

Darba struktiira un apjoms

Promocijas darbs ir tematiski vienota zinatnisko publikaciju kopa par jaunu sulfonija salu
ieglisanas metodem un to lietojumu fluorétu sintonu parneses reakcijas.

Darba aprobacija un publikacijas

Promocijas darba galvenie rezultati apkopoti tris zinatniskajas orginalpublikacijas un viena
apskatraksta. Petfjuma rezultati prezentéti sesas konferences.
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PROMOCIJAS DARBA GALVENIE REZULTATI

1. Fluorhalokarbénu parnese no fluorhalometilsulfonija saliem

Sulfonija sali kalpo par efektivu platformu monofluorétu C1 sintonu parnesei. Lai ievaditu
papildus vektoru talaku modificéSanu veik$anai, nolémam izstradat reagentus, kas satur papildu
geminalu halogéna atomu (Hal = CI, Br, 1) fluormetilsulfonija salu 36 struktiiras (5. att.).% Lai
gan difluorometilaizvietotu sulfonija salu lietojums ir zinams nukleofilajas aizvieto$anas
reakcijas?® 28, ka ari radikalu® un karbénu generésana, citu halogénu atvasinajumi lidz §im nav
bijusi pétiti. Pavisam nesen Wang un lidzstradnieki aprakstija bromfluorciklopropanu talaku
funkcionalizésanu®, tadgjadi iegiistot daudzveidigus monofluorétus savienojumus un paradot
§Ts stratégijas potencialu.

Promocijas darba autors un kol&gi uzskatija, ka fluorhalometilsulfonija sali 36 varétu bitu
efektivi reagenti karbénu generéSanai. Nenukleofilas bazes klatbutné tie tiktu deprotonéti,
veidojot s€ra ilidu 37, kas p&c sulfida a-eliminéSanas veidotu fluorhalokarbénu 38.
Dihalokarbéns 38 varétu talak reagét ar alkéniem 24, tadgjadi iegustot ciklopropanus 39.

/\(/
F._ _Hal F.© Hal F.__Hal
S) Baze N 24
X \Sr® — ﬁ;@ —=| F"MHa | — A
Ph” " Ar Ph” " MAr 5
36 37 38 39

Hal = Cl, Br, |

5. att. Fluorhalokarbénu gener&$ana no sulfonija saliem.

Karbeni ir neitrali divalenti oglekla starpsavienojumi, kas satur divus nesaparotus valences
elektronus un divus aizvietotajus. So dalinu elektronisko struktiiru un reagétspéju biutiski
ietekmé to aizvietotaji. Fluorhalokarbéniem 38 singleta stavoklis ir energetiski izdevigaks par
tripleta stavokli, jo notiek efektiva fluora nedalito elektronu paru parklasanas ar karbéna brivo
p-orbitali (6. att.).3! Karbénu reagétspgja ir atkariga no spinu multiplicitates. Singleta karb&nu
gadijuma parsvara notiek vienlaicigu saiSu veidoSana ar substrata molekulu, savukart tripleta
stavokli reakcija noris caur radikalu starpproduktiem.32-33

Fluorhalokarb&énu grupa difluorkarbénam 38-F ir viszemaka veidoSanas entalpija, un tas ir
termodinamiski visstabilakais.** Dihalokarbénu stabilitate samazinas, fluora atomu aizvietojot
ar smagaku halogena atomu (:CFClI, :CFBr, :CFl), jo p-orbitales parklasanas ar otru halogéna
atomu kliist mazak efektiva. ST rezultata karbéna oglekla atoms kliist elektronnabadzigaks, un
lidz ar to ta elektrofilitate picaug.3% %
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Hal Hal
F F
Singleta karbéns  Tripleta karbéns

F_F F._Cl FBr P!

38-F 38-Cl 38-Br 38-1

VeidoSanas entalpija un elektrofilitate

6. att. Fluohalokarb&nu pasibas.

Neskatoties uz aprakstitajiem stabilizé$anas efektiem, fluorhalokarbéni ir loti reagétspgjigi
starpsavienojumi. Difluorkarbénu 38-F reakcijas ir visbiezak pétitas, un ir izstradati vairaki
reagenti 40-44 ta generéianai (7. att.).%6“%% Parsvara tos iegist, attiecigo prekursoru
deprotongjot, dekarboksilgjot vai desililgjot bazes vai paaugstinatas temperatiiras ietekmé, ka
rezultata veidojas karbanjons 45, kas péc halogéna vai citas aizejo$as grupas a-eliminéSanas
veido karbénu 38-F. Difluorkarbéniem 38-F piemit elektrofilas ipaSibas, kas raksturo to
Kimiskas ipaSibas, ka arl plaso lietojumu sintéz€. Tas piedalas stereospecifiskas [2+1]
ciklopievienoSanas reakcijas ar alkéniem 24 un alkiniem. Difluorkarbéns pievienojas oglekla,
skabekla, slapekla un séra nukleofiliem 22. Izmantojot $o karbénu, var veikt arT olefinésanas un
parejas metalu katalizétas Skérssametinasanas reakcijas.

TsN O
CHCIF, CF,Br, Y
Ph” > CF,H
40 41 42

FSO,CF,CO,TMS TMSCF,
43 44

7. att. Difluorkarbénu generg$ana un reagetspgja.

Savukart citu fluorhalokarbénu reakcijas ir iev@rojami retak pétitas. Vesturiski
fluorhalokarbénu 38 generésanai ir lietoti fluorhalometani 50%!, tagu §iem savienojumiem
piemit ozona slani noardosas Tpasibas (8. att.).** Pédgja desmitgadg ir izstradati jauni reagenti —
silani 51% un esteri 5246 — efektivai fluorhalokarbénu 38 parnesei.*? *’ Turklat ir ar paplasinats
lietojuma klasts, proti, ir iesp&jams veikt ne tikai alkénu 24 ciklopropangsanu, bet arT karb&nu
ievietosanos biciklobutina 53 C-C saite*® un pirolu 55 ciklopaplaginasanu.*® Karbenu

generéSanai dazkart ir nepiecie$ami skarbi apstakli — paaugstinata temperattira un nukleofilu
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bazu izmanto$ana. Turklat fluorjodkarbéna genergSana ir arkartiga reta, ka ari §im mérkim
lietots tikai viens reagents — CHFI2.5° Nemot véra mingtos trikumus, tika uzskatits, ka
fluorhalometilsulfonija sali 36 sp&tu sniegt vienotu pieeju fluorhalokarb&nu 38 parnesei maigos
apstak]os.

/\(,
24 F_ Hal
CHFHal, /K
FXSiMea % Hal _ F
Hal’ Hal — { F” Hal 53 %}
51
38 ) 54
0 Hal = Cl vai Br D
F Hal = | (loti rets !
%OEt ( ) . H N N E
Hal Hal 55 ‘
~
52 5"(‘5

8. att. Fluorhalokarbénu generésana un lietojums.

P&tijuma sakuma tika izstradatas fluorhalometilsulfonija salu 36 sintézes metodes, sakotngji
veicot hloru saturo$a savienojuma 36-Cl sintézi (9. att.). Pirmaja stadija bazes klatbiitng tika
alkiléts tiofenols (57) ar etilfluorhloracetatu (58), ka rezultata tika iegtts sulfids 59.
Savienojums 59 tika oksidéts lidz sulfoksidam 60 un hloréts, iegtstot dihaloesteri 61.
Savienojuma 61 Krap&o dekarboksilé$ana deva sulfoksidu 62 ar labu iznakumu Cetras stadijas.
Nosleédzos$aja soli sulfoksids 62 tika paklauts Fridela-Kraftsa tipa ariléSanai ar sekojo$u anjonu
apmainu, veidojot fluorhlormetilsulfonija sali 36-ClI.

1) NBS (3 ekviv.)

. (0]
SH ¢ CO,Et EtzN (1,3 ekviv. _S._CO,Et MeOH, H,0,0°C
©+Y24>” Ny e 8. oo

F THF p 2) Na,SO; Ph \ly:/
57 58 (1,2 ekviv.) 59 60
1. m-ksilols (1 ekviv.) cl ©
NCS (1,2 ekviv.) o) LiCl (2 ekviv.) 0 TF,0 (1 ekviv.) Y | BFa
i 8 H20 (2 ekviv.) Et,0, -10 °C S
EtsN (1,5 ekviv. 2 s.__Cl , P
60 28 (1,5 ekviv.) ph S CO2E P Y 2 PR
MeCN, 0 °C—ist.t. F~ cl DMSO, 130 °C E 2. NaBF,
61 62 36-Cl
45 %; d.r. 2,1:1 78 %; d.r. 1,3:1

péc Cetram stadijam
9. att. Ar hloru aizvietota sulfonija sals 36-Cl sintéze.
Talak tika sintez&ts ar bromu aizvietotu sulfonija sals 36-Br (10. att.). Sakotngji tika veikta

analogiska tiofenola (57) alkiléSanas reakcija. Tam sekoja oksidé$ana un brom&$ana vienas
kolbas reakcija. Péc Krap&o dekarboksilésanas tika iegati tris produkti — 60, 63 un 64, mérka
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savienojums 63 veidojas ar viduv&ju iznakumu trijas stadijas. Abi blakusprodukti — etilesteris
60 un dibromatvasinajums 64 — tika parvérsti nepiecieSsamaja sulfoksida 63. Dibrométais
savienojums 64 tika reducéts ar natrija sulfitu. Savukart esteris 60 tika paklauts halogen&Sanai
un atkartotai Krapco dekarboksiléSanai. Sulfoksida 63 ariléSanas reakcija tika iegiits mérka
savienojums 36-Br ar labu iznakumu.

/IL Na,SO3 (2 ekviv)
MeOH, H
1.Cl7 “COEt eOH, H,0
58 (1,2 ekviv.) 97 %: d.r. 1,1:1
Et3N (1,3 ekviv.) 0 0 o

SH THF S _CO,Et S _Br S_ _Br
Ph” 2 Ph” Ph”
©/ 2. NBS (3,5 ekviv.) T * he * F7<Br

F
MeOH, H,0, 0 °C

57 . ) 60 63 64
3. LiBr (2 ekviv.) 339 28 % 12 %
H,0 (2 ekviv.) dr 11 d.r. 1,1:1
DMSO, 90 °C
1. LiBr (2 ekviv.)
NBS (1,2 ekviv.) o H,0 (2 ekviv.) 2
Et3N (1,5 ekviv. S CO,Et DMSO, 90°C _S Br
0 3N (1,5 ekviv.) Ph” X 2 » Ph Y + 60
MeCN, 0 °C-ist. t. F Br 2. Na,yS0; F 8%
65 63 d.r.1,1:1
72 %; d.r. 1,2:1 61 %

d.r.1,2:1

1. m-ksilols (1 ekviv.) o)
o T,0 (1 ekviv.) FYBF BF,

S__B -10°
P Y r Et,0, -10 °C
F 2. NaBF,
63 36-Br
76 %; d.r. 1:1,4

S
Ph ®

10. att. Bromfluormetilsulfonija sals 36-Br iegfiSana.

Veiksmigai jodu saturosa sulfonija sals 36-1 sintézei tika istenota estera 60 hidrolize un
skabes 66 halodekarboksilésana zilaja gaisma (11. att.). Sulfoksids 67 tika iegiits ar labu
iznakumu Cetras stadijas, sakot no tiofenola (57). Savukart ariléSanas reakcijai tika izmantots
elektronbagataks aréns — tetrametilbenzols, kas palidz&ja uzlabot reakcijas iznakumu un
produkta 36-1 kristaliskumu.
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PIDA (1,5 ekviv.) I

0 o s.__1
I H : n : -
Ph/SYCOZEt LiOH (1,5 ekviv.) o8 _COH 1, (1 ekviv.) Ph j/
i THF, MeOH, H,0 \Fr DCE, 450 nm F
60 0 °C-ist. t. 67
66 49 %; d.r. 2,0:1
sakot no tiofenola
1. (1 ekviv.)
F_1 ©
Y e
Tf,0 (1 ekviv.) S
Et,0, -10 °C Ph"®

67

2. NaBF, 264

66 %; d.r. 1,7:1

11. att. Jodéta sulfonija 36-1 sals ieglisana.

Pétijuma turpindgjuma tika noskaidroti optimalie reakcijas apstakli alkénu 24
ciklopropangsanas reakcijai (12. att.). Augstakie produkta 39 iznakumi tika sasniegti, veicot
I1énu sulfonija sals 36 $kiduma pievieno$anu alkéna 24 un bazes maisijumam. Lai sasniegtu
pilnu alkéna 24 konversiju, nacas izmantot sulfonija sals 36 parakumu. Labakos ciklopropana
39 iznakumus sniedza bazes natrija hidrida, ka arT $kidinataju 1,4-dioksana un dihlormetana
maisTjuma izmantoSana.

Optimalos reakcijas apstaklos tika veikta alkénu 24 substratu klasta izpéte (12. att.).
Reakcija veiksmigi noris ar visiem trim (Hal = Cl, Br, 1) sulfonija saliem 36. Reakcijas apstakli
toleré heterocikliskas sistemas 24d un 24e, ka ar1 1,1- un 1,2-diaizvietotus alkénus 24f un 24h.
Turklat nekonjuggtu dubultsaisu 24k un 24l ciklopropan&sana norit ar augstu iznakumu. Tadas
funkcionalas grupas ka metoksi- 24h, metoksikarbonil- 24j, ciano- 24m, ka arT Boc aizsargats
amins 24l ir savietojamas ar ciklopropanés$anas apstakliem, veidojot produktus 39 ar labiem
lidz izciliem iznakumiem ka divu diastereoméru maisijumu.
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I
Ph @ - NaH (5 ekviv.) ) é Hal
/\, 1,4-dioksans, DCM
BF4 \

36 (1,9- 2 2 ekviv.) 39a-m
7777777777777777777777777777777777 Produkta klasta piemeéri R R R E

0 Br
Ph cl
C; j : C; j : >A< N F
F
Ph 0
399

39a-C1 93 %; d.r. 1,3:1 9e 39f
39b-Br 91 %; d.r. 1,211 45 %, d.r. 1,6.1 80 %,d.r. 1,5:1 97 % 85 %; d.r. 2,0:1
39¢-173 %; d.r. 1,211
MeO: :

MeO.C Bocl\O&
MeO eY2
39h-Br 65 %; d.r. 2,6:1 39j 39k
39i-1 85 %; d.r. 2,6:1 75 %; d.r. 1,411 82 %; d.r. 1,6:1 95% 85 %, d.r. 1,2:1

12. att. Ciklopropanu 39 klasts.

Lai parliecinatos par fluorhalokarbéna intermediata veidoSanos, reakcijas apstaklos tika
veikti konkurgjosi eksperimenti (13. att.), vispirms apliikojot elektronbagata alkéna 24a un
eletronnabadziga alkéna 29a reagétsp&ju ar sulfonija sali 36-Cl. Ja reakcijas apstaklos veidotos
elektrofils dihalokarbéns, tad elektronbagats alkéns 24a butu privilegéts substrats un Iidz ar to
uzraditu augstaku produkta 39a iznakumu. Savukart, ja ciklopropan&$ana noris caur ilida
pievienosanos dubultsaitei un tam sekojosu iek§molekularu ciklizé$anu, tad vinilsulfons 29a
biitu labvéligs substrats. Veicot $adu reakciju, tika novérots tikai alkéna 24a ciklopropangsanas
produkts 39a, kas liecina par dihalokarbéna 38-Cl veido$anos reakcijas apstaklos. Turklat
kvantu kimiskie aprékini liecina, ka a-elimin&Sana ilida 37-Cl ir termodinamiski labvéligs
process.
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©
FYCI BF,
_S
Ph" o
O 36-Cl (1 ekviv.) ACI
/©/\ . Ph—t \ NaH (5 ekviv.)
I . =
Ph fe) DCM, 1,4-dioksans Ph Ph” ko)
24a 29a 39a 68
(5 ekviv.) (5 ekviv.) (66 % d.r. 1,4:1)2 nenovero
24a+29a
- PhSAr (Il)
36-Cl F._~Cl
AG = -7 keallmol®
37-Cl 38-Cl

a Reakcijas produktu izndkums un d.r. noteikts ar "H KMR no tehniska reakcijas maisijuma, izmantojot EtOAc

par iek$éjo standartu.
b Gibsa briva energija karbéna 38-Cl veidosanai. Optimizéts ar m062x/Def2SVP metodi.

13. att. Sulfonija sals 36-Cl reagétsp€jas salidzinajums ar alkéniem 24a un 29a.

Talaka darba izstrades gaita tika salidzinata ari monofluormetilsulfonija sals 17a reakcija
ar Siem paSiem alkéniem (14. att.). Attiecigi, ja reakcija norisinatos caur fluorkarbéna 18
starpproduktu, biitu sagaidama alkéna 24a ciklopropang$ana. Ta¢u $aja gadijuma tika novérota
selektiva elektronnabadziga alkéna 29a ciklopropanésana, kas liecina, ka reakcija noris,
visticamak, caur ilida 26a starpproduktu, nevis briva karbéna 18 iesaisti. Turklat kvantu
Kimiskie aprekini liecina, ka monofluoréta karbéna 18 veidosanas ir termodinamiski neizdevigs
process.

©

Fﬁ BF,
.S
Ph"®
(6]
N Ph*g 17a (1 ekviv.)
* no\ NaH (5 ekviv.) A F
Ph 0 . ~ Ph”
DCM, 1,4-dioksans Ph
24a 29a 30a 33a
(5 ekviv.) (5 ekviv.) (48 % d.r. 1,7:1)3 nenovéro
ﬁ@
s 24a+29a
NaH
17a—— > ©/® - PhSAr () Fu_H
26a AG =19 kcal/mol® 18

2 Reakcijas produktu iznakums un d.r. noteikts ar "H KMR no tehniska reakcijas maisfjuma, izmantojot EtOAc

par iek§€jo standartu.
b Gibsa briva energija karbéna 18 veidosanai. Optimizéts ar m062x/Def2SVP metodi.

14. att. Sulfonija sals 17a reagétspgjas salidzinajums ar alkéniem 24a un 29a.
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Iegiitos rezultatus var skaidrot, salidzinot singleta karbéna struktiras (15. att.), kas
halokarbénu gadijuma ir energiski izdevigakas par tripleta stavokli. Salidzinot ar
monohalokarb&nu 18, divus halogéna atomus saturoSiem karbéniem 38 ir iesp&jama rezonanses
stabilizéSana no abiem halog@€na atomiem, kas sp&j donét elektronu blivumu no nedalitajiem
elektronu pariem tuk$aja karbéna p-orbitalé. Lidz ar to dihalokarbénu 38 veidoS$anas ir
termodinamiski izdevigaka neka monohalokarbénu 18.

38

15. att. Halokarbénu salidzinajums.

2. Metalu katalizeta fluoracetilkarbénu parnese no sulfonija saliem

Nakamaja pétijuma posma tika nolemts pieversties ar estera grupu funkcionaliz&tam
fluormetilsulfonija salim 69 (16. att.).5! Tika izvirzita hipotéze, ka reagents 69 bazes un parejas
metala katalizatora klatbiitn€ biitu spgjigs generét elektrofilu metala karbéna kompleksu 70. Tas
pavértu iesp&jas lietot savienojumu 69 metalu karbénu kompleksiem raksturigas reakcijas,
pieméram, Doyle-Kirmse pargrup&sanas reakcija ar alilsulfidiem 71 vai ari alkénu 24
ciklopropangsana. Turklat estera grupa dotu iesp€jas turpmakam funkcionaliz€Sanas reakcijam.
St stratégija biitu Tpasi lietderiga, jo attiecigais diazosavienojums 74 nav zinams.

~ /S\/\
Baze 71 _S =
EE——
F CO,Et M] E CO,Et F CO,Et
lo xo b 72
Ar'"T AR M] X
73
F 74 CO,Et
nav zinams

16. att. Sulfonija sali ka fluoracetilkarbénu avots.

Metala karbéna kompleksiem organiskaja kimija ir plass lietojums.? Metala karbéna saite
ietver karbéna elektronu para o-don€Sanu metala centram un n-atpakaldon&Sanu (z-
backdonation) no metila karbéna tuksaja p-orbitale.5*>* Elektroniskie efekti metala karbéna
kompleksos ir loti atkarigi no metala, ta oksidéSanas pakapes, ligandiem un karb&na
aizvietotajiem.”® Atkariba no Siem faktoriem karb&na fragments var uzradit nukleofilas vai
elektrofilas Tpasibas vai arT darboties ka inerts ligands, kas ietekm@ pasa metala reagétspeju.*®
Metala katalizatoru un ta ligandu modific€Sana sniedz iesp&ju biitiski ietekmét karb&na centra
elektroniskos un stériskos efektus, tadgjadi uzlabojot kemoselektivitati, regioselektivitati un

paverot iespgjas asimetriskam transformacijam.%’
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Metala karbéna kompleksi 70a parasti ir loti reag@tsp&jigi starpsavienojumi. Klasiski to
generésanai tiek lietoti diazosavienojumi 75%-6° un to prekursori — nirozoamini 76, hidrazoni
77 un amini 78 (17.att). Tomér, nemot véra diazosavienojumu 75 nestabilitati®®?,
spradzienbistamibu un toksicitati, ir p&titi jauni karbéna avoti. Sulfonija, sulfoksonija ilidi 79,
a-aciloksihalidi 80, dihalosavienojumi 81%* un jodonija ilidi 82%° sniedz lidzvértigu reagétspéju
parejas metalu katalizetas karbénu parneses reakcijas.

Elektrofilie metala karbéna kompleksi uzrada lidzigu reagétsp&ju ka brivi karbéni. Tie
piedalas [2+1] ciklopievienoanas reakcijas ar alkéniem 24 un alkiniem.% Ir iespgjams veikt
karbena fragmenta parnesi uz dazadiem nukleofiliem 84, ka ari veikt ievietosanos C-H sait&.5’

68

Turklat tie piedalas ilidu 87 veidoSana, skérssametinasanas®™ un citas reakcijas, paradot to

daudzveidigo reagétspgju.

AN - R. R
!
24 \/&/'
83
N,  ON. Ts RHN. fz /IT\
) |
RAR R R/‘\R R” R X7 R
75 76 77 78 85
“pr
R;S‘:o OBz /Rk R__R lo
" ~N
A R™ °Cl Hal” "Hal  IPh  [M]=Cu,Rh, 87
R g R Pd, Fe, C
79 80 81 82 e Lo
Ar\rR
R
88

17. att. Metala karbénu kompleksu generésana un lietojums.

Petijumu iesakot, bija zinams, ka fluoracetilkarbénu parnesi var veikt ar organodzivsudraba
reagentu 89%, kas paaugstinata temperatiira reagé ar alkéniem 24, veidojot ciklopropanus 73.
Turklat ari dibromofluoracetats 907 ir piemérots savienojums formalai fluoracetilkarbéna
parnesei  reakcijas  ar  aktivétam  dubultsaittm 29  (18.att). Ta ka
a-fluorkarbonilstruktirelements ir sastopams vairakos biologiski aktivos savienojumos 92-
94773 autoraprat, sulfonija sals 69 biitu perspektivs reagents, kas spétu funkcionalizét
substratu, vienlaikus ievadot gan fluora, gan estera grupu.
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77777777777777777777777777777777777 Fluoracetilkarbénu parnese ---------------------------

Hg_ CO,Et F CO2Et
Ph/ 97( 2 + X -
£ Br PhH, 125 °C
89 24 73
F. CO,Et
F. CO,Et i EWG
K? * &/EWG —»THZF”’ LZ'C'O
Br Br »—20°C
90 29 91
ffffffffffffffffffff Fluoracetilgrupu saturo$i biologiski aktivi savienojumi = ---------------
F
O OH h
eo \NH HN
‘ o
(o} N
HoN =
92 93 O 94
LpxC inhibitors Histonu deacetilazes inhibitors IRAK4 inhibitors

18. att. Fluoracetilkarbénu parnese un a-fluorkarbonilgrupu saturosi biologiski aktivi
savienojumi.

PétTjuma sakuma tika iegits sulfonija sals 69 (19. att.). Vispirms tika alkil&ts tiofenols (57),
kam sekoja sulfida oksidésana Iidz sulfoksidam 60. Esteris 60 tika paklauts Fridela-Kraftsa
aril@Sanai un ar labu iznakumu iegits sulfonija sals 69 ka divu diastereom@ru maistjums.

Cl

1. (1 ekviv.)
T 7 >co,Et 5
58 (1,2 ekviv.) . EtOZCYF BF,
sy EtN (13 ekviv) 0 THO (1 ekV(IJV-) s
©/ THF Ph/S COZEt Etzo, -10°C Ph
2. NBS (3 ekviv.) 1/ 2. NaBF,
EtOH, H,0, 0°C
57 60 69
87 %; d.r. 1:1 65%; d.r. 2,2:1

péc divam stadijam
19. att. Etoksiacetilaizvietota sulfonija sals 69 sintéze.

Tika parbaudita reagenta 69 spgja veikt fluoracetilkarbénu parnesi uz alilsulfidu 71a, ka
rezultata veidotos [2,3]-sigmatropas pargrupésanas produkts — fluoru saturo§s homoalilsulfids
72a (20. att.). Tika atklats, ka augstako produkta 72a iznakumu ir iesp&jams sasniegt ar vara
katalizatoru, par bazi lietojot diisopropiletilaminu. Lidzigi ka dihalokarbénu reakcijas, bija
nepieciesams veikt 1&€nu sulfonija sals 69 pievienoSanu reakcijas maisfjjumam.

Optimalos reakcijas apstaklos tika veikta substratu klasta izpéte (20. att.). Reakcijas
apstaklus var piemérot ciano- 71b, metoksi- 71c, nitro- 71d, brom- 71e trifluormetil- 71f
funkcionalo grupu saturoSiem alilsulfidiem 71. Turklat ar divam metilgrupam aizvietots
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alilfragments 71g veiksmigi viedo attiecigo pargrupésanas produktu 72g. lzstradato metodi var
piemérot alilcisteina atvasingjuma 71h funkcionaliz&€Sanai.

EtOZC
DIPEA (3 ekviv.) o
Ph” @ NN Cu(MeCN)4BF, (5 mol%) R/SW
! DCM F  CO,Et
9 (2,1 ekviv.) 7 72a-h

7777777777777777777777777777777777 Produkta klasta pieméri ST

S S =
() 7 com f\j cot Q SO P
N
2

72a 72b 72¢ 72d
89 % 82 % 65 % 54 %
Br\@/S NHBoc
\©/ COEt ©/ F' CO,Et MeOzC)\/ XK
F” CO,Et
72e 72f 72g 72h
7% 71 % 78 % 89 % d.r. 1,1:1

20. att. [2,3]-Sigmatropas pargrupésanas produkti.

Ar savienojumu 72a tika veikta funkcionalizéSanu reakciju izpéte (21.att.). Vispirms
sulfids 72a tika oksidéts lidz sulfonam 95. Savukart estera grupu savienojuma 95 var veiksmigi
hidrolizgt, iegiistot skabi 96. Paklaujot savienojumu 95 dekarboksilésanai, tika ieguts
homoalilsulfons 97 ar loti labu iznakumu. Ar skabi 96 var veikt diastereoselektivu
jodlaktonizgsanu, iegustot y-laktonu 98, un sintezget aktivétu esteri 99.
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S =
() 7eom

72a
mCPBA (3 ekviv.)
DCM
i iv. 0
O“S”O Hngl((zzse:\lxli\z) g = LiOH (1,2 ekviv.) Q0
Ph” N 220 T PR ’ - /SW
i DMSO, 130 °C F* COEt THE MeOH, H,0 P .oy
2
97 95 96
,,,,,,, 80% 8k 8%
\\//O
S =
. Ph
I2 (1 ekviv.) NHPI (1,1 ekviv.) ,?g)/
0.0% Nal (3 ekviv.) 0o DCC (1,1 ekviv.) g o
Ph/‘sCO NaHCO; (3 ekviv.) Ph/\‘s" __ _DMAP (0,1 ekviv) "
F 5 H,0 F’ CO,H DCM 0 °C-—ist. t. o
/
98 | 96 99
42 %; d.r.>20:1 58 %

21. att. Savienojuma 72a modificésanas iespgjas.

Darba turpinajuma tika apliikota stirolu 24 ciklopropanésanas reakcija ar sulfonija reagentu
69 (22. att.), atklajot, ka kobalta porfirins kombinacija ar c€zija karbonatu ka bazi dihlormetana
ir piem@rotakie reakcijas apstakli alkénu 24 ciklopropangSanai. Turklat $aja gadijuma nav
nepiecieSams veikt 1&nu sulfonija sals 69 pievienoSanu reakcijas maisijumam. Produkti 73a-d
veidojas ar zemiem Iidz labiem iznakumiem ka divu diastereom&ru maisijums ar vidgji labu
selektivitati.

Veicot alkéna 24a ciklopropang$anu bez metala katalizatora, produkta 73a veido$anas
netika novérota. Ka substratu izmantojot vinilsulfonu 29a, tika novérota ciklopropana 73e
veidosanas arT bez metila katalizatora. Sie novérojumi liecina, ka briva karbéna veidosanas no
sulfonija sals 69 bazes klatbiitng, visticamak, nenotiek.
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Ph

EtOZC\(F Cs,CO;3 (3 ekviv.)
3 CoTPP (5 mol%) CO,Et
PN ® + A —MmM8M8M A 2 Ph Ph
o DCM R F
BF,
69 (2,1 ekviv.) 24, 29a 73a-e Ph
CO,Et
F
Ph Br
73a 73b 73c 73d 73e
84 %; d.r. 4,912 39 %; d.r. >20:12 71 %; d.r. 6,3:12 59 %; d.r. >20:1 (8 %; d.r. 1:1)>°
(d.r. 4,1:1)° (d.r. 4,3:1)° (d.r. 6,2:1)° (d.r. 6,8:1)°
(0%)b,c

a |zolétais iznakums. © Noteikts no tehniska reakcijas maisijuma. ¢ Bez katalizatora.

22. att. Alkénu ciklopropanésanas produkti.

Doyle-Kirmse reakcijas mehanisma izp&tei tika veikti DFT aprekini (23. att.), sakotngji
aplukojot briva karbéna IV veidosanas iespeju (Cel§ A), tacu saskana ar aprékiniem tas ir
termodinamiski neizdevigs process. Tas atbilst iepriek§gjiem noverojumiem, kuros alkéna 24a
ciklopropang$ana nenotiek bez katalizatora. Savukart ilida | koordingSanas pie metala (Cel$ B)
ir termodinamiski izdeviga. Metala karbéna kompleksa V veidoSanas, elimingjot diarilsulfidu
111, ir reakcijas limitgjo$a stadija un energétiski neizdeviga, tacu joprojam sasniedzama istabas
temperatira. Nakamaja soli seko alilsulfida 71a koording€Sanas pie elektrofila karbéna centra,
ilida V11 veidosanas un metala katalizatora atgrieSana katalitiskaja cikla. Visbeidzot ilids VII
veic [2,3]-sigmatropo pargrupésanos, veidojot galaproduktu 72a’.
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23. att. Iesp&jamais Doyle-Kirmse reakcijas mehanisms.

Lai noskaidrotu fluora atoma ietekmi uz metala karbéna kompleksa ipasibam, tika veikta
ladinu sadaliSanas analize fluoracetil- V-F un acetilkarbéna V-H metala kompleksam (24. att.).
Izmantojot So metodi, tiek aprakstits karbéna o elektronu donésana (d) metala tuksajas orbitales
un attiecigi metala atpakaldongsana () (back donation) liganda tuksaja orbitalg.>* 7

Fluoréta karbéna V-F gadijuma tika novérota augstaka don&Sanas vértiba (d) metala
centram neka nefluoréta karbéna V-H gadijuma. To varétu skaidrot ar fluora nedalito elektronu
paru un karbéna elektronu atgriSanos. Savukart atpakaldoné$ana fluoréta karbéna V-F
gadijuma ir mazaka, jo, visticamak, fluora nedalitie elektronu pari dal&ji aizpilda karbéna tukso
orbitali. Sie rezultati liecina, ka fluora atoms darbojas ka elektrondongjoss aizvietotajs.
Savukart LUMO energija fluorkarbéna V-F gadijuma ir negativaka, un ta globala elektrofilitate
(o) augstaka, kas liecinatu par V-F augstaku reag€tsp&ju reakcijas ar nukleofiliem.
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(0] (0]
F H
o o
Cu(MeCN), Cu(MeCN),

V-F V-H
donésana (d) 0,326 0,287
atpakaldonésana (b) 0,035 0,050
&Lumo (eV) -7,220 -6,843
® 11,608 10,203

24, att. Fluoréta V-F un nefluoréta V-H karbéna metala kompleksa elektroniskie efekti.

3. Fluormetilbicklo[1.1.1]pentana parnese no sulfonija saliem

Turpinot monofluorétu sintonu parneseS pétijumus no fluormetilsulfonija saliem, tika
saskattta iespgja izstradat ar bicklo[1.1.1]pentilgrupu (BCP) aizvietotus reagentus 108
(25. att.).”® Biciklo[1.1.1]pentani 100 ir nozimigi medicinas kimija, jo tie var kalpot ka benzola
101, alkinu 102 un t-butilgrupu 103 bioizostéri.” 7" Benzola bioizostéra aizvietosana ar BCP
var uzlabot metabolisko stabilitati, jo tieck novérsts oksid€joss arénu metabolisms, un palielinat
$kidibu udent, jo tiek mazinatas starpmolekularas n— mijiedarbibas.”®

Lidzsingjas metodes monofluormetilaizvietotu BCP 105 iegiiSana balstas funkcionalo
grupu parvértibas’® vai fluormetilradikalu 1077°¥ pievienosana [1.1.1]propellanam (106).

Lidz ar to tika izvirzita hipotéze, ka sulfonija sali 108 varétu kalpot modularai ar
fluormetiléngrupu saistitu BCP atvasinajumu konstru&Sanai. Proti, diarilsulfida grupa kalpotu
ka aizejo3a grupa reakcijas ar nukleofiliem®!, turklat joda aizvietotajs BCP grupa biitu papildu
vektors talakai funkcionaliz€Sanai, tadgjadi ieglistot benzilfluorida 111 piesatinatus
trisdimensionalus bioizostérus 110.
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25. att. Biciklopentilgrupas lietojums un iegii$ana.

Petijuma sakuma tika izstradatas sintézes metodes BCP fluormetilsulfonija salu 108 un 108-
H iegtiSanai (26. att.). Sulfoksids 67 violetaja gaisma ir sp&jigs pievienoties propellanam 106,
ka rezultata tika iegats biciklopentans 112 ar izcilu iznakumu. Turklat joda atomu savienojuma
112 var efektivi dehalogenét ar silanu. Seit vérts izcelt, ka propellana uzskel$ana noris bez
iniciatoru un fotokatalizatoru klatbiitnes. Talak attiecigos sulfoksidus 112 un 112-H var
parvérst sulfonija salos 108 un 108-H reakcija ar trifluormetansulfonskabes anhidridu un
trimetoksibenzolu 113. Si elektronbagatd aréna 113 izmantoSana bija nepiecie$ama, lai

nodro§inatu augstu produkta 108 iznakumu.
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OMe

@ /@\(1 ekviv.)

106 0 MeO™ 13 OMe
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- Y OMe
F 1
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1) 106 (1,6 ekviv.) 0 MeO 13 OMe
"/
MeCN, 400 nm ths: @ ’ THO (1 ekviv.)
2) TTMSS (1,5 ekviv.) F Et,0,-10 °C
MeCN, 400 nm '
112-H 2) NaBF4

68 %; d.r. 1,9:1
péc divam stadijam

108
87 %; d.r. 2,4:1

©
BF,

108-H
86 %; d.r. 3,6:1

26. att. BCP aizvietotu fluormetilsulfonija salu 108 iegtiSana.

Optimalos reakcijas apstaklos tika veikta substratu klasta izp&te (27. att.). Labu lidz izcilu
produktu iznakumu noveéro reakcijas ar fenoliem 22a-h, karbonskabém 22i-k un tioliem 22m-
n. Seit jaatzimé, ka reakcija selektivi tiek alkiléts fenola skabekla atoms, atstajot benzilspirta
grupu 22h neskartu. Tadas funkcionalas grupas ka nitro- 22c, trifluormetil- 22d, ciano- 22e,
metoksikarbonil- 229, metoksi- 22f, halogéna atomi 22b, alkéni 22k un alkini 22j ir saderigas
ar optimizgtajiem reakcijas apstakliem. Heterociklu saturosi nukleofili 221, 22n un 220 ari ir

saderigi ar izstradato metodi.
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@ Reakcija veikta bez Cs,CO3. b 1.2 Ekviv. nukleofila.

27. att. 108 alkilésanas substratu klasts.

Pétfjuma turpinajuma tika aplikota arT dejodéta sals 108-H spéja staties nukleofilajas
aizvieto$anas reakcijas (28. att.). Tadas dabasvielas ka vanilins, eugenols un estrons tiek
veiksmigi alkil&tas, veidojot produktus 114a-c ar viduvgjiem Iidz labiem iznakumiem. Metodi
var veiksmigi lietot arT dazadu aminoskabju un zalvielu funkcionalizé$anai. Reakcijas lietojums
tika paplasinats ar trikarboksilata skabekla alkilé$anu un N-heterociklu funkcionalizésanu, ka
rezultata iegtti produkti 114i-k.
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@ Regioizoméru attieciba noteikta no tehniska reakcijas masitjuma.

28. att. 108-H alkilésanas substratu klasts.

Talaka darba gaita tika veiktas joda atoma funkcionaliz€$anas reakcijas savienojumam 109a
(29. att). Jodidu 109a var veiksmigi lietot iridija fotokatalizEtai pievieno$anai vinilsulfonam
29a, ka rezultata tika iegiits 1,3-diaizvietots biciklopentans 110a ar teicamu iznakumu.®?
Turklat savienojumu 109a var paklaut vara veicinatai C-N saites veidoSanai ar amidu 115,

iegiistot amin&$anas produktu 110b ar viduvéju iznakumu.®
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29. att. Jodida 109a funkcionaliz&$anas reakcijas.
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SECINAJUMI

1. Sulfoksids 60 ir strat€gisks starpsavienojums, lai iegitu funkcionaliz&tus
fluormetilsulfonija salus 36, 69 un 108. Estera 60 funkcionalas grupas parvertibas ir efektivs
panémiens, lai ievaditu otru halogéna atomu un iegiitu dihalometilsulfoksidus 62, 63 un 67. Sos
sulfoksidus var parvérst par dihalometilsulfonija saliem 36 vai pievienot propellanam, lai iegfitu
biciklopentilaizvietotus fluormetilsulfonija bavblokus 108.

\ MeO OMe

108 (R = |, X = OT¥),
108-H (R = H, X = BF,)
Et02C

BF4
Ph/ \[ b:

2. Dihalometilsulfonija sali 36 bazes klatbatné reagé ar alkéniem 24, veidojot
dihalociklopropanus 39 ar viduvgjiem Iidz teicamiem produkta iznakumiem ka divu
diastereom@ru maistjumu. Konkurgjosie eksperimenti un DFT aprekini liecina par elektrofila
dihalokarbéna 38 generé$anu reakcijas apstak]os.

S
FYHaI BF,
Ph/(% - : NaH X é Hal
T 1,4-dioksans, DCM c
36 24 39
: 45-95 %
d.r.1,2:1-2,6:1
Baze F.Q Hal . 2 T
s — F” Hal
Ph” & Ar
37 38

3. Etoksikarbonilaizvietots fluormetilsulfonija sals 69 bazes un metala katalizatora
klatbiitn€ reagg ar alilsulfidiem 71 un alkéniem 24, veidojot [2,3]-sigmatropas pargrupésanas
produktus 72 un ciklopropanus 73. DFT aprékini un kontroleksperimenti liecina, ka sulfonija
sals 69 bazes un metala katalizatora klatbiitng veido elektrofilu metala karb&na kompleksu 70.
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4. Biciklo[1.1.1]pentilaizvietoti fluormetilsulfonija sali 108 kalpo ka elektrofili
fluoralkilgrupas avoti. Fenoli, tioli, karbonskabes un citi nukleofili tiek efektivi alkil&ti maigos
apstaklos, iegtistot fluoralkilaizvietotus produktus.
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GENERAL OVERVIEW OF THE THESIS

Introduction

The introduction of a fluorine atom into a molecule is a frequently used strategy in the
development of new pharmaceuticals.! Replacement of a functional group or a hydrogen atom
with fluorine can significantly modify pharmacological properties such as metabolic stability,
bioavailability, and interaction with the target protein. Regarding the broad applications of
organofluorine compounds in medicinal chemistry, agrochemistry, and materials science, the
development of efficient strategies for accessing fluorinated compounds is of high interest.

Traditionally, fluorination relies on electrophilic 4-6 or nucleophilic 7-10 fluorine sources
to transform carbon-hydrogen bonds 1 or to convert functional groups 2 into fluorinated
compounds 3 (Fig. 1).2

-
—H or —FG —— —F
1 2 3

77777777777777777777777777 Commonly used reagents B

N® o o\\sl? C\)é/,o ‘ )
NN ~ BF
[ j 2BFs P’ N ph N °
Ne F F
F
4 5 6
Pr Pr
SN N__N
KF Py*(HF), \ X
SF3 F F
'Pr "Pr
7 8 9 10

Fig. 1. Reagents for monofluorinated compound synthesis.

An alternative strategy is to functionalize molecules with fluorinated synthons bearing
fluorine directly attached to the reactive carbon atom (Fig. 2).* While methods for introducing
trifluoromethyl-57 and difluoromethyl-8 groups are well established, analogous transformations
of monofluorinated synthons® have been less frequently studied. Nevertheless, several reagents
13-17 have been developed over the last decade for the efficient transfer of monofluorinated
synthons.2%22 It is possible to transfer fluorocarbene 18, electrophilic 19, nucleophilic 20 and
even monofluoromethyl radical 21 species. Using the fluorinated synthon transfer approach, it
is possible to access novel structural motifs 11, 12 that would be challenging to synthesize via
direct fluorination reactions.
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Fig. 2. Monofluorinated synthon transfer.

Among the reagents mentioned, special attention should be drawn to sulfonium salt 17,
which can serve as carbene 18, electrophilic 19, and radical 21 synthons (Fig. 3).1* Sulfides are
good leaving group; therefore, in the reactions with nucleophiles 22, they serve as a source of
the electrophilic fluoromethyl 19 group.®® Upon one electron reduction, they fragment to a
fluoromethyl radical 21, which can add to alkenes 24.1% In our group, we have previously
developed various formal fluoromethylene transfer reactions. In the presence of a base, they
form sulfur ylides 26, which can react with aldehydes 27%" or activated double bonds 29%¢, 31%°
to give monofluorinated three or five membered cycles 28, 30 and 32. Furthermore, in the
presence of a metal catalyst, it is possible to cyclopropanate unactivated alkenes 24 among other
transformations.?

F H-
F 24 L2 Ox (F ® 22
s {CHZF @ T CHF | T wF
OH 2 Ph” " Ar
25 21 17 19 23
lBase
F
© ®

[ I

| Ph/s\Ar NO, @
X,
(0] \/\ 26

EWG N coet vz

27 29 31 24

F H™ °F FL_0o

a 18 N-0° il

AF Formal fluoromethylene % /A
EW
G transfer CO,Et
28 30 32 33

Fig. 3. Synthetic application of fluoromethylsulfonium salt 17.
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Substituted monofluoromethylsulfonium salts 34 have been rarely described in the
scientific literature.?2-2* Therefore, we envisioned modifying the sulfonium structure by adding
a functional group next to the reactive carbon center, thereby enabling functionalized
monofluorinated synthon transfer reactions, which afford product 35 (Fig. 4). In this study, the
author aimed to incorporate functional groups that are important in medicinal chemistry or that
could provide further modification possibilities after the first reaction. Furthermore, the goal
was to determine how these additional groups affect the reactivity of the sulfonium salt.

F” F\I/. _* Important group in medicinal chemistry
S - . ~ « Additional modification possibilities
Ph”® Ar « Effects on the reactivity

34 35

Fig. 4. Substituted fluoromethylsulfonium salts.

Aims and objectives

The doctoral thesis aims to develop novel fluoromethylsulfonium reagents, which could
effectively transfer functionalized monofluorinated synthons.
To achieve the goal, the following tasks were defined:
1) synthesis of functionalized fluoromethylsulfonium salts;
2) development of fluorinated synthon transfer reactions from sulfonium salts.

Scientific novelty and main results

As a result of the Doctoral Thesis, the following results were accomplished:
1) synthesis methods of fluorhalomethylsulfonium salts;
2) fluorohalocyclopropanation of alkenes using sulfonium salts;
3) synthesis of ethoxycarbonyl substituted fluoromethylsulfonium salt;
4) metal-catalyzed fluoracetyl carbene transfer to alkenes and allyl sulfides;
5) synthesis of bicyclopentyl substituted fluoromethylsulfonium salts;
6) development of nucleophilic substitution reaction with sulfonium salts.

Structure of the Thesis

The Thesis is a thematically unified set of scientific publications about the synthesis of
novel sulfonium salts and their application for fluorinated synthon transfer reactions.

Publications and approbation of the Thesis

The results of the thesis are summarized in three scientific publications and one review
article. The results were presented in six conferences.
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MAIN RESULTS OF THE THESIS

1. Fluorohalomethylsulfonium salts as a fluorohalocarbene source

Sulfonium salts can serve as an efficient platform for monofluorinated C1 synthon transfer.
In order to insert an additional vector for further functionalization possibilities, the author
decided to develop sulfonium reagents 36 bearing additional geminal halogen atom (Hal = ClI,
Br, 1) (Fig. 5).% Although difluoromethylsulfonium salts are known to undergo nucleophilic
substitution reactions?®?® and to generate radicals?® and carbenes, other halogen derivatives
have not been reported. Recently, Wang and co-workers reported the functionalization of
bromofluorocyclopropane® to access diverse monofluorinated products, highlighting potential
of this strategy.

The author hypothesized that reagents 36 could serve as effective fluorohalocarbene
sources. Upon deprotonation with a non-nucleophilic base, an ylide 37 could form, which,
followed by a-elimination of the sulfide, could generate a dihalocarbene 38 that could be
trapped with alkenes 24 to form dihalocyclopropanes 39.

/\,
F._ _Hal F.© Hal F.__Hal
S) Base N 24
X \s% — >S(® —| FHal | — A
Ph” " Ar Ph” " Ar
36 37 38 39

Hal = Cl, Br, |

Fig. 5. Fluorohalocarbene generation from sulfonium salts 36.

Carbenes are neutral divalent carbon intermediates bearing two substituents and two
nonbonding valence electrons. Their electronic structure and reactivity are strongly influenced
by the nature of substituents. Fluorohalocarbenes 38 preferentially adopt the singlet electronic
state, which is energetically more favourable than the triplet state due to effective overlap of
the fluorine lone pairs with the empty p-orbital of the carbene (Fig. 6).3! Carbene reactivity
depends on spin multiplicity. Singlet carbenes typically undergo concerted, single step
reactions, whereas triplet carbenes react via stepwise pathways involving diradical
intermediates. 3233

In the series of fluorohalocarbenes, difluorocarbene (:CF2) is the most thermodynamically
stable, exhibiting the lowest enthalpy of formation.3* Stability decreases with substitution by
heavier halogens (:CFCI, :CFBr, :CFI) because orbital overlap with second halogen atom
becomes less efficient. As a result, the carbene carbon becomes more electron deficient and
electrophilicity increases across the series.3% %
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Fig. 6. Fluorocarbene properties.

Despite these stabilization effects, fluorohalocarbenes 38 are highly reactive intermediates.
Within the series of fluorohalocarbenes, difluorocarbene 38-F is the most extensively studied
(Fig. 7).3* It can be generated from a variety of reagents 40-44. Typically, its formation
involves the generation of a carbanionic intermediate 45 through deprotonation,
decarboxylation or desilylation under basic or thermal conditions. The resulting intermediate
subsequently undergoes a-elimination of a halide or other leaving group, leading to carbene 38-
F formation.

The general reactivity of difluorocarbene 38-F is governed by its electrophilic character. It
participates in a wide range of transformations, including stereospecific [2+1] cycloaddition
reactions with alkenes 24 and alkynes as well as addition reactions with carbon, oxygen,
nitrogen and sulfur nucleophiles 22. Difluorocarbene is also employed in olefination and
transition metal-catalyzed cross-coupling reactions.

/\" F__F
24 /K
39
TsN_ O F
CHCIF, CF,Br, v/ o
Ph” > CF,H F
40 41 2 46
F
FSO,CF,CO,TMS TMSCF, g
43 a4 a7
F
Ar)\F
49

Fig. 7. Difluorocarbene generation and reactivity.

Reactions of other fluorohalocarbenes are far less studied (Fig.8). Historically,
fluorohalocarbenes 38 have been generated using fluorohalomethanes 50! among other
reagents. However, fluorhalomethanes possess ozone layer depleting properties.** Therefore,
over the past decade, novel reagents like silanes 54*° and esters 55%° have been developed for
effective fluorohalocarbene transfer.32 4" Furthermore, the recent studies have successfully
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expanded the substrate scope not only to alkene 24 cyclopropanation, but also to insertion in
bicyclobutanes 53 C-C bonds*® and skeletal editing in pyrroles 55.4°

Despite these advances, the reactivity of fluorohalocarbenes remains less developed
compared to difluorocarbene. Additionally, harsh conditions, such as elevated temperatures and
nucleophilic bases, are often required for fluorohalocarbene generation. In addition,
fluoroiodocarbene generation is rare, with only a single reagent reported — CHFI2.*° Considering
these drawbacks, the author thought that fluorohalomethylsulfonium salts 36 could provide a
unified approach for fluorohalocarbene 38 transfer under mild conditions.

/\,
24 F._ Hal
CHFHal, / <
50 39
F SiMeg < > Hal F
Hal Hal —_— { F Hal } 53
51
38 \ / 54
o Hal = Cl or Br D
F Hal = | (extremely rare .
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Hal Hal 55 ‘
_ ~
52 5"(‘5

Fig. 8. Fluorohalocarbene generation and application.

The author began the study by developing a synthetic route to fluorohalomethylsulfonium
salts 36. As an initial target, chlorinated salt 36-Cl was synthesized (Fig. 9). In the first step,
thiophenol (57) was alkylated with ethyl chlorofluoroacetate (58) under basic conditions to
obtain a sulfide 59. Compound 59 was oxidized to sulfoxide 60, followed by chlorination to
afford dihaloester 61. Krapcho decarboxylation of 61 afforded sulfoxide 62 in good yield over
four steps. In the final step, Friedel-Crafts type arylation was performed with the sulfoxide 62,
and after anion exchange chlorofluoromethylsulfonium salt 36-Cl was obtained.

1) NBS (3 eq)
SH | Et Etz3N(1.3e Et MeOH, H,0, 0 °C I
,C YCOZ sN (1.3 eq) Ph/SYCOZ 2 & ot
F THF p 2) Na,SO; Ph™Y”
F
57 58 (1.2 eq) 59 60
1. m-xylene (1 eq) F cl ©

) 1
NCS (1.2 eq) 0 LiCl (2 eq) 0 Tf,0 (1 eq) \( BF,
Il
Etz;N(1.5¢ H20 (2 eq) _S.__Cl Et0o,-10°C _S
60 3N (1.5 eq) Ph/SXCOZEt Ph Y 2 P
MeCN, 0 °C—rt F~ 'cl DMSO, 130 °C F
61 62 36-Cl

45%; d.r. 2.1:1
over four steps

78%; d.r. 1.3:1

Fig. 9. Chlorine-substituted sulfonium salt 36-Cl synthesis.
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The author continued the study with the synthesis of bromine-substituted sulfonium salt 36-
Br (Fig. 10). As in the previous case, thiophenol (57) was alkylated. The sequence was followed
by a one-pot oxidation and bromination reaction. After Krapcho decarboxylation, a mixture of
three products, 60, 63 and 64 was obtained, with the target product 63 forming in a mediocre
yield over three steps. Luckily, both side products, 60 and 64, were converted into the necessary
intermediate 63. The dibrominated compound 64 was reduced using sodium sulfite, while the
sulfoxide 60 was subjected to a bromination reaction and Krapcho decarboxylation. Finally,
arylation of sulfoxide 63 afforded the target compound 36-Br.

j\ Na2803 (2 eq)
MeOH, H,0
1.C17 > CO,E bl
58 (1.2 eq) { 97% d.r. 1.1:1
- Et;N (1.3 eq) o o o
THF Et ~S._Br B
Ph/SYCOZ O Ph/SX '
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3.LiBr (2 eq) 33% 28% 12%
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DMSO, 90 °C
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EtzN (1. S.__CO,Et DMSO,90°C S._Br
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Fig. 10. Bromofluoromethylsulfonium salt 36-Br synthesis.

For successful iodine-containing sulfonium salt 36-1 synthesis, the ester 60 was hydrolyzed,
and the acid 66 was halodecarboxylated under blue light irradiation (Fig. 11). The key
intermediate 67 was obtained with good yield over four steps starting from thiophenol (57). For
the successful arylation reaction, a more electron-rich arene — tetramethylbenzene was selected,
which improved the reaction yield and crystallinity of the product 36-1.
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Fig. 11. lodinated sulfonium salt 36-1 preparation.

The author continued with the determination of the optimal reaction conditions for the
alkene 24 cyclopropanation reaction (Fig. 12). The highest product yields were achieved by
employing slow addition of the sulfonium salt 36 to the alkene 24 and base mixture. In order to
achieve full alkene 24 conversion, an excess of sulfonium salt 36 was needed. The best
cyclopropane 39 vyields were obtained using sodium hydride as the base with a 1,4-
dioxane/dichloromethane solvent mixture.

With the optimized reaction conditions, the author explored the alkene 24 substrate scope
(Fig. 12). The reaction proceeded successfully with all three (Hal = ClI, Br, 1) sulfonium salts
36. The reaction conditions tolerated heterocyclic systems 24d and 24e, as well as 1,1- and 1,2-
disubstituted alkenes 24f and 24h. Furthermore, non-conjugated alkenes 24k and 24l were
cyclopropanated in high yield. Functional groups such as methoxy 24h, ester 24j, cyano 24m,
and Boc-protected amine 241 were well tolerated under the cyclopropanation conditions,
forming products 39 in good to excellent yields as a mixture of two diastereomers.
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Fig. 12. Cyclopropane 39 scope.

To confirm the formation of the carbene intermediate under the reaction conditions,
competition experiments were performed (Fig. 13). Initially, the author compared the reactivity
of an electron-rich alkene 24a and an electron-poor alkene 29a with the sulfonium salt 36-Cl.
If the reaction proceeded via an electrophilic dihalocarbene, then the electron-rich styrene 24a
would be the preferential substrate, forming the product 39a in higher yield. Alternatively, if
cyclopropanation occurred through ylide addition to the double bond followed by
intramolecular cyclization, the vinylsulfone 29a would be the favoured substrate. The
experiment exclusively afforded the styrene 24a-derived cyclopropane 39a, strongly supporting
fluorohalocarbene 38-Cl generation under the reaction conditions. In addition, DFT
calculations indicated that a-elimination from ylide 37-Cl is a thermodynamically favoured
process.
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Fig. 13. Alkene reactivity comparison with the 36-CI.

Next, the reactivity of fluoromethylsulfonium salt 17a with the same alkenes (Fig. 14) was
compared. If the reaction proceeded via a fluorocarbene 18 intermediate, styrene 24a
cyclopropanation would be expected. However, in this case only the vinylsulfone 29a
cyclopropanation was observed, indicating that the reaction proceeds through an ylide 26a
reaction with the activated double bond 29a, rather than through carbene 18 transfer.
Consistently, DFT calculations suggest that monofluorocarbene 18 formation from ylide 26a is
thermodynamically unfavourable.
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Fig. 14. Alkene reactivity with the sulfonium salt 17a.
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The observed results can be rationalized by comparing structures of carbenes (the singlet
state in halocarbenes is more favoured than the triplet state) (Fig. 15). When two halogen atoms
are adjacent to the carbene centre 38, both can provide resonance stabilization by electron
density donation from their lone pairs into the empty p-orbital of the carbene. In contrast, a
monohalocarbene 18 has only a single halogen atom capable of interacting with the empty
orbital. As a result, dihalocarbene 38 formation is thermodynamically more favourable than
monohalocarbene 18 formation.

38

Fig. 15. Halocarbene comparison.

2. Metal-catalyzed fluoroacetyl carbene transfer from sulfonium salts

In the next step of research, the author decided to explore with ester group functionalized
fluoromethylsulfonium salt 69 (Fig. 16).%* The author hypothesized that salt 69, in basic media
and in the presence of a transition metal catalyst, could generate an electrophilic metal carbene
complex 70. Therefore, it could be employed in characteristic metal-catalyzed carbene
reactions, such as the Doyle-Kirmse rearrangement with allyl sulfides 71 and alkene 24
cyclopropanation. Furthermore, the ester group can be used as a synthetic handle for additional
diversification possibilities. This strategy would be particularly appealing because the
corresponding diazocompound 74 is unknown.

/S\/\
Base 71 _S =
EE——
F CO,Et M] E CO,Et F CO,Et
Lo xo b 72
Ar'"T AR M] B
6 < 10 2 /A<C02Et
73
F 74 COoEt
unknown

Fig. 16. Fluoroacetyl carbene transfer from sulfonium salt 69.

Metal carbene complexes are widely used in organic chemistry.5! Bonding in metal carbene
complexes consists of c-donation from the carbene lone pair to the metal center and =-
backdonation from the metal into the empty p orbital of the carbene carbon.?-52 Therefore, the
electronic properties of metal carbenes depend strongly on the nature of the metal, its oxidation
state, the ligands, and the carbene substituents.>* Depending on these factors, the carbene
fragment may display nucleophilic or electrophilic character, or even function as an inert ligand
that modulates the reactivity of the metal center.%® Modification of metal catalysts and their
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ligands enables tuning of the electronic and steric properties of the carbene center, thereby
enhancing chemo- and regioselectivity, and enabling asymmetric transformations.%

Metal carbene complexes 70a are typically highly reactive intermediates. Traditionally,
they are generated from diazocompounds 75°"-%° or their precursors, such as nitrosoamines 76,
hydrazones 77, or amines 78 (Fig. 17). However, due to the instability®®5, explosiveness and
toxicity associated with many diazocompounds, alternative carbene sources have been
developed. Sulfonium and sulfoxonium ylides 792, a-acyloxy halides 80, dihalocompounds
8153, and iodonium ylides 82% provide similar reactivity in metal-catalyzed carbene transfer
reactions.

Electrophilic metal carbenes exhibit reactivity patterns that parallel those of free carbenes
(Fig. 17). They participate in [2+1] cycloaddition reactions with alkenes 24 and alkynes,®®
transfer carbene fragments to nucleophiles 84, and undergo C-H insertion reactions.®®
Furthermore, they can engage in ylide 86 formation, cross-couplings®” and other
transformations, highlighting their versatility.
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Fig. 17. Metal carbene complex generation and characteristic application.

At the beginning of the study, it was known that fluoroacetyl carbene transfer can be
accomplished using the organomercury reagent 89%°, which, at elevated temperatures, can
cyclopropanate alkenes 24 (Fig. 18). Additionally, dibromofluoroacetate 907 is a suitable
reagent for formal fluoroacetyl carbene transfer with activated double bonds 29. Since the a-
fluorocarbonyl scaffold occurs in various biologically active compounds 92-947%73, the author
proposes that sulfonium salt 69 could be a prospective reagent capable of functionalizing
substrates through the simultaneous installation of fluorine and an ester group.
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Fig. 18. Fluoroacetyl carbene transfer and a-fluorocarbonyl group in biorelevant molecules.

The author began the studies by developing a synthesis of sulfonium salt 69 (Fig. 19). In
the first step, thiophenol (57) was alkylated and subsequently oxidized to the corresponding
sulfoxide 60. Arylation of ester 60 yielded sulfonium salt 69 in good yield as a mixture of two
diastereomers.
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over 2 steps

Fig. 19. Ethoxyacetyl substituted sulfonium salt 69 synthesis.

With reagent 69 in hand, the author evaluated its ability to undergo fluoroacetyl carbene
transfer to allyl sulfide 71a, which was expected to yield the [2,3]-sigmatropic rearrangement
product — monofluorinated homoallyl sulfide 72a (Fig. 20). It was found that the highest
product yield was achieved using a copper catalyst in combination with diisopropylethylamine
as a base. Similar to dihalocarbene transfer, slow addition of sulfonium salt 69 to the reaction
mixture was required.

The reaction tolerated substrates bearing cyano- 71b, methoxy- 71c, nitro- 71d, bromo- 71e
and trifluoromethyl- 71f functional groups. In addition, the dimethyl substituted allyl fragment
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719 successfully rearranged to the product 72g. Furthermore, this methodology can be applied
to an allyl cysteine derivative 71h functionalization.
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Fig. 20. [2,3]-Sigmatropic rearrangement products.

The author subjected compound 72a to a series of functionalization reactions (Fig. 21).
First, the sulfide 72a was oxidized to the corresponding sulfone 95. The ester group in
compound 95 can be readily hydrolyzed to afford the carboxylic acid 96. Decarboxylation of
compound 95 furnished homoallyl sulfone 97 in good yield. The acid 96 can be further
employed in diastereoselective iodolactonization to yield y-lactone 98 as well as in the synthesis
of activated ester 99.
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Fig. 21. Modification possibilities of 72a.

In the continuation of this study, the author explored the cyclopropanation of styrenes 24
using sulfonium reagent 69 (Fig.22). The author discovered that cobalt porphyrin in
combination with cesium carbonate as a base in dichloromethane provided the most suitable
conditions for the cyclopropanation of alkenes 24. Notably, under the developed conditions,
slow addition was not required. Products 73a-d were obtained in moderate to good yields as a
mixture of two diastereomers with moderately good selectivity.

In the absence of the catalyst, the author did not observe cyclopropanation of alkene 24a.
However, when employing vinylsulfone 29a as a substrate, the author observed the formation
of cyclopropane 73e without the catalyst. These observations indicate that the formation of a
free carbene from sulfonium salt 69 in the presence of base is unlikely.
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Fig. 22. Cyclopropanation substrate scope.

The Doyle—Kirmse reaction mechanism was investigated using DFT calculations (Fig. 23).
First, the possibility of free carbene IV generation (path A) was evaluated, which, according to
calculations, is a thermodynamically unfavourable process. Cyclopropanation experiments
further supported this conclusion, since alkene 24a did not undergo cyclopropanation in the
absence of a catalyst. In contrast, coordination of ylide | with the metal centre proved
thermodynamically favoured (path B). The rate-limiting step is the formation of the metal
carbene complex V by elimination of diarylsulfide IIl. Although thermodynamically
unfavourable, it remains achievable at room temperature. In the next step, allylsulfide 61a adds
to the electrophilic carbene centre, ylide V11 is formed, and the metal catalyst is returned in the
catalytic cycle. Finally, the ylide V11 undergoes [2,3]-sigmatropic rearrangement to furnish the
desired product 72a’.
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Fig. 23. Possible Doyle-Kirmse reaction mechanism.

In order to determine how fluorine influences the properties of the metal carbene complex,
charge decomposition analyses were performed for fluoroacetyl- V-F and acetylcarbene V-H
metal complexes (Fig.24). This method characterizes the metal complex by measuring
carbene’s o electron density donation (d) to the vacant orbitals of the metal, as well as metal to
carbene back donation (b) into the empty carbene orbital >* 74

In the case of the fluorinated carbene V-F, we observe an increase in electron donation
density (d) compared to the nonfluorinated analogue V-H, likely due to repulsion between
fluorines lone pairs and the carbene’s electron pair. For metal's back donation to fluorocarbene
V-F, the value decreases, suggesting that fluorine’s lone pairs partly occupy the carbene’s
empty orbital. These results indicate that fluorine acts as an electron-donating substituent.
LUMO value of the fluorinated carbene complex V-F is more negative, and its global
electrophilicity (o) is higher, which indicates that V-F should have higher reactivity towards
nucleophiles.
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Fig. 24. Electronic effects of fluorinated V-F and defluorinated V-H carbene metal
complexes.

3. Fluoromethylbicyclo[1.1.1]pentane transfer from sulfonium salts

Building on monofluorinated synthon transfer reactions from sulfonium salts, the author
identified an opportunity to design reagents 108 incorporating a bicyclo[1.1.1]pentyl (BCP)
group (Fig. 25).”° BCPs 100 are important bioisosteres in medicinal chemistry, demonstrating
potential for benzene 101, alkyne 102 and tert-butyl 103 replacement.”®"" Bioisosteric
substitution of benzene with BCP motifs can increase metabolic stability by limiting oxidative
arene metabolism and enhance water solubility through disruption of intermolecular n—n
stacking.”

Current strategies for the synthesis of monofluorinated BCPs 105 typically involve
functional group interconversion’® or fluoromethyl radical’®®® 107 addition to
[1.1.1]propellane (106).

The author envisioned that sulfonium salts 108 could serve for the modular construction of
fluoromethylene-linked BCP derivatives. In the reactions with nucleophiles, the diarylsulfide
could serve as an efficient leaving group.” Furthermore, if an iodine atom were incorporated
into the BCP fragment, it could provide additional modification possibilities, thus enabling the
synthesis of benzylfluoride 111 saturated three-dimensional bioisosters 110.
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Fig. 25. Overview of BCP group.

The author began the study by developing a synthetic methodology for accessing sulfonium
salts 108 and 108-H (Fig. 26). Under violet light irradiation, sulfoxide 67 underwent addition
to propellane 106, affording bicyclopentane 112 with excellent yield. Furthermore, the iodine
atom on BCP 112 can be dehalogenated with a silane. Importantly, the propellane 106 addition
proceeds without the need for initiators or photocatalysts. Both sulfoxides 112 and 112-H can
be transformed to sulfonium salts 108 and 108-H by treatment with 1,3,5-trimethoxybenzene
(113) in the presence of triflic anhydride. The use of electron-rich arene 113 was crucial for
high product yields, as previously employed arenes failed to efficiently deliver sulfonium salt.
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Fig. 26. Fluoromethyl-linked BCP sulfonium salt 108 preparation.

With the optimized reaction conditions, the author explored the substrate scope (Fig. 27).
Reaction proceeds in good to excellent yield with phenols 22a-h, carboxylic acids 22i-k, and
thiophenols 22m-n. Notably, phenolic oxygen was regioselectively alkylated in the presence of
benzylic alcohol 22h. A broad range of functional groups including nitro- 22c, trifluoromethyl-
22d, ciano- 22e, methoxycarbonyl- 229, methoxy- 22f, halogen atoms 22b, alkenes 22k and
alkynes 22j were well tolerated under the reaction conditions. Furthermore, heterocyclic-
containing nucleophiles 22n, 220, and 22| also underwent alkylation.
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Fig. 27. 108 Alkylation substrate scope.

Further, the author explored the potential of deiodinated sulfonium salt 108-H to undergo
nucleophilic displacement reaction (Fig. 28). Natural products such as vanillin, eugenol, and
estrone were successfully alkylated, forming products 114a-c in average to good yields. The
methodology was also applied to functionalize various amino acids and drug molecules.
Additionally, the substrate scope was extended to oxygen alkylation in tricarboxylate and N-
heterocycle functionalization.
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Fig. 28. Fluoralkylation substrate scope.

The author further investigated the functionalization of the iodine atom (Fig. 29). lodide
109a was successfully employed in iridium photocatalyzed addition to vinylsulfone 29a,
affording 1,3-disubstituted bicyclopentane 110a.8? Additionally, compound 109a underwent
copper-mediated in C-N bond formation with amide 115 to yield amination product 110b with
mediocre yield.®
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CONCLUSIONS

1. Sulfoxide 60 is a strategic intermediate for functionalized fluoromethylsulfonium salt 36,
69, and 108 preparation. Ester 60 functional group interconversion provides an efficient way to
introduce additional halogen atoms, affording dihalomethylsulfoxides 62, 63 and 67. These
sulfoxides can be transformed into dihalomethylsulfonium salts 36 or added to propellane to
obtain bicyclopentyl substituted fluoromethylsulfonium salts 108.

108 (R = |, X = OTH),
108-H (R = H, X = BF)

2. Dihalomethylsulfonium salts 36 in the presence of base react with alkenes to form
dihalocyclopropanes 39 in moderate to excellent yields as a mixture of two diastereomers.
Competition experiments and DFT calculations suggest electrophilic dihalocarbene 38
generation under the reaction conditions.

F_ _Hal ©

N B
I
oS - ‘ NaH L AHal
R N 1,4-dioxane, DCM .
36 ! 24 39
45-95%
d.r. 1.2:1-2.6:1
Base F.Q Hal . 24
—_— P
s F Hal
Ph” @ Ar
37 38

3. Ethoxycarbonyl substituted fluoromethylsulfonium salt 69 in the presence of base and
metal catalyst reacts with allyl sulfides 71 and alkenes 24, forming [2,3]-sigmatropic
rearrangement products 72 and cyclopropanes 73. DFT calculation and control experiments
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indicate formation of electrophilic metal carbene complex 70 from sulfonium salt 69 in the
presence of base and metal catalyst.

/S\/\
. 71 s =
ase
EtOZCYF <§F4 ¢ co,Et
S M F.__CO,Et 72
Ph"® - 54-89%
DCM M]
69 70 B /A<002Et
24
F
73

39-84%
4. Bicyclo[1.1.1]pentyl-substituted sulfonium salts 108 serve as an electrophilic fluoroalkyl

group source. Phenols, thiols, carboxylic acids, and other nucleophiles are efficiently alkylated
under mild conditions, affording fluoroalkyl-substituted products 109 and 114.

108 (R =1, X = OTf), 109, 114
108-H (R=H,X=BF4)  Ny= ArO, RCO,, ArS, and others
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no zinatnieku balvu. Ir astonu originalpublikaciju un viena apskatraksta
l[dzautors.

Artirs Sperga was born in 1997 in Riga, Latvia. He obtained a Bachelor's
degree in Chemistry Technology (2020) and a Master's degree in Chem-
istry Technology (2022) from Riga Technical University. Since 2018, he has
been working at the Latvian Institute of Organic Synthesis. He is cur-
rently a Scientific Assistant in the Organic Synthesis Laboratory, and his
research interests are focused on the study of fluorocarbene reactions.
He is a co-author of the study "Discovery of a New Organic Synthesis
Reagent with High Application Potential in Medicinal Chemistry,” which is
included in the list of the Latvian Academy of Sciences’ most significant
scientific achievements of 2019. In 2023, he received the Latvian Acade-
my of Sciences Young Scientist Award for his Master's Thesis “lIron-Cata-
lysed Transfer of the Fluoromethylene Group from Sulfonium Salts”. He is
a co-author of eight publications and one review article.





