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Problémas biuittba un aktualitate

Dzivajos organismos sastopams daudz alkilidénaizvietotaju saturoSu dabasvielu. Pie
§is klases savienojumiem pieder pirolobenzodiazepinu grupas pretvéza agenti, ka ari daudzas
citas dabasvielas. So savienojumu augsta biologiska aktivitate padara tos par atraktiviem
mérkiem no medicinas kimijas viedokla. Lai gan miusdienas zinamas daudzas metodes
stereoselektivai dubultsaites ievadiSanai, tieSi eksocikiskas dubultsaites stereoselektiva sintéze
biezi vien ir problematiska. Ka zinams, [3,3] sigmatropas pargrup&Sanas noris ar augstu
stereoselektivitati gan attieciba uz jaunizveidoto hiralo centru, gan dubultsaites geometriju.
Ieprieks veiktajos pétijumos izstradajam jaunu metodi etilidénprolina 11l iegtiSanai Airlenda-

Klaizena pargrupéSanas reakcija no laktona I.

Bu,BOTf o Airlenda - Klaizena y
~—O_ o DIPEA :( OBBu, pargrupésanas H
(e ——— / L
:(f DCM )/ tad MeOH MeO,C~
N \ EDC, HOB o
PMB PMB

| ] i
57% iznakums divas stadijas
E-/Z- 30:1

Jaatzim€, ka reakcija v€lamais produkts veidojas ar augstu stereoselektivitati un
iegiitais prolina atvasinajums lll ir potenciali pielietojams vairaku dabasvielu totalajas sint€zes.
Sadu un lidzigu ciklisku substratu Airlenda-Klaizena pargrupéSanas reakcijas padzilinati
petijumi lautu labak izprast §is parvertibas mehanistiskos aspektus, pielietojuma robezas, ka
arT uzlabot reakcijas iznakumu un stereoselektivitati. ST parvertiba varétu arf kalpot ka atslégas

stadija citu alkilidénaizvietotaju saturoSu dabasvielu totalajas sint€zes.



Darba merki

Apkopot literatiiru par Airlenda-Klaizena pargrup&sanas reakcijas pielietojumiem
dabasvielu totalajas sintezes.

Turpinat pétijumus par 6-alkilidén-1,4-oksazepan-2-ona atvasinajumu un citu ciklisku
substratu Airlenda-Klaizena pargrupésanas reakcijam.

Paplasinat Airlenda-Klaizena pargrupésanas reakcijas pielietojumu dabasvielu totalajas

sintézes.



Darba rezultati

1. Realizéta barmumicina un limazepina E totala sinteze

Izstradajot magistra darbu, atklajam, ka laktona 3 Airlenda — Klaizena pargrup&sanas

reakcija ar labu iznakumu veidojas attiecigais etilidénprolins 4 (1. att.).

4 OH
: Bu,BOTf, DIPEA y
N COzMe tad MeOH, EDC, HOBt H
- = f MeOzC N
“>CO,tBu 85% dlvas stadijas 4 PMB
2 ElZ >95:5

1. att. Etilidénprolina 4 iegtiSana

Optimizgjot reakcijas apstaklus, izdevas paaugstinat gan reakcijas iznakumu, gan
stereoselektivitati, un reakcija veidojas tikai vélamais prolina 4 E- izomérs. Jaatzimé, ka
laktonu 3 &rti sintez€jam vairaku gramu apjoma no I&tam un viegli pieejamam izejvielam —
metillaktata 1 un brometikskabes estera 2. Iegiito prolina esteri 4 s stadiju sekvence parvértam

barmumicina (2. att.).

1) o ¢l
Cl)ko)\

DCM 3
tad MeOH, variSana

»/ 2)Vanilinskabe
H BOP, Et;N, DMF L|BH4
MeOC™ ™ 5 >
) 41% 2 stadijas THF

PMB 71%
4 Barmumlclns

[alp -51.2° (c =0.25, DCM)

Lit. -49.6° (c = 0.25, DCM)

2. att. Barmumicina totala sintéze

Slapekla atoma aizsarggrupu savienojuma 4 €rti noSkélam ar a-hloretilhlorformiatu 5

un, iegiito prolina esteri acil§jot ar vanilinskabi, ieguvam amidu 6. Visbeidzot reduc&jam



estera funkciju Iidz spirtam, ta ieglistot barmumicinu. legiita sint€tiska parauga Ipatngjas
grieSanas vertiba un zime, ka art KMR spektri sakrita ar literatira dotajiem.

Etilidénprolina buvbloks 4 kalpoja arT ka stratégiska izejviela limazepina E totalaja
sintéz€ (3. att.).

1) 5, DCM
tad MeOH vérTéana

OMe
}(_% Ph)\OMe
H COOH MeO k
at. TsOH
MeO,C N BOP, Et;N, DMF 150°C
4 PMB 64% 2 stadijas

61%
Ph OH
0 o NaBH; MeOH Ne.
MeO N H 0°C Iidz ist. temp.
0,
N - 13%
O
9 @ Limazepins E

3. att. Limazepina E totala sintéze

Lidzigi ka ieprieks slapekla atoma aizsarggrupu €rti noSkélam ar a-hloretilhlorformiatu
5 un ieguto prolina esteri talak acilgjam ar antranilskabi 7, ta ar labu iznakumu iegistot
dilaktamu 8. Svarigi atzimét, ka ST prolina estera aciléSana ar neaizsargatu antranilskabi 7
literattira Iidz $im nebija aprakstita. Talako limazepina E totalo sintézi veicam péc analogijas

ar litetrattru.

2. Veikti pétijumi par lucentamicinu sintézes iespéjam

P&tijam ari iesp&ju pielietot misu izstradato metodi lucentamicinu totalaja sintéze. Sim
mérkim nepiecieSsamo etilidénprolinu 10 (4. att.) planojam iegiit no attieciga laktama E-11

(5. att.).



\I&NH N

\fNH
HN N\
H\/CozH HN ) H
\ N COzH
© ~ NH T \(
O
R/NH

WNH

0 .
Lucentamicins B Lucentamicins A R = C(O)Ph
\ \ / Lucentamicins C R = C(O)--Bu
Lucentamicins D R = C(O)CHC(Me),
CO,H
10 N ?

4. att. Lucentamicinu retrosintétiska analize

Tapat ka ieprieks, sintézi sakam no komerciali pieejamiem reagentiem - metillaktata 1
un brometikskabes estera 2 - kurus talak vairaku stadiju sint€z€ parveértam nepiecieSamaja
laktona E-11. Savienojuma E-11 Airlenda — Klaizena pargrupéSanas deva tikai vienu
etilidénprolina stereoizoméru (28, 35)-12 ar pareizas konfiguracijas dubultsaiti, bet nevélamo
C3 pozicijas hirala centra konfiguraciju. Pétjjam ar1 izoméra laktona Z-11 pargrup&Sanas

reakciju (1. tabula).

1) Bu,BOTf, DIPEA

2 )
1 OH "0 DCM
= O  2)BnOH, HBTU :
/\002Me —_— /\(f ) -
+ N 45% 2 stadijas ~ BnO2C"(s) N
Br”_ CO,fBu paq VB PMB
2 (28, 35)-12

5. att. Etilidénprolina (2, 35)-11 iegtsana

Atskiriba no laktona E-11 S$aja gadijuma pargrupéSanas bija 1pasi jutiga uz attiecigas
bazes un triflata kombinaciju. Pieméram, vieniga no izmé&ginatajam bazém, kura deva kaut cik
veéra nemamu rezultatu, bija trietilamins (Nr. 2 un Nr. 5). Problematisks aspekts bija ar1
reakcijas stereoselektivitate, jo, izmantojot dibutilbora triflatu (Nr. 5), parsvara radas
nevélamais anti-12 izomérs, un tikai dietilbora triflata gadijuma noveérojam nelielu

selektivitati v€lama izoméra symn-12 veidoSanas virziena. Ta ka laktona E-11 gadijuma



veidojas nevé€lamais izomers (28, 35)-12, bet Z-11 gadijuma pat p&c reakcijas optimizacijas
neizdevas sasniegt ne véra nemamu stereoselektivitati, ne reakcijas iznakumu, petijumus Saja

virziena neturpinajam.

1) Triflats, Baze

tBUOzC DCM “ /
f 2) BnOH HBTU o o o + Bno,c
|
/\COZtBu PMB PMB
Z-11 syn-12 anti-12
1. tabula
Laktona Z-11 pargrupéSanas reakcijas petijumi
Nr. | Triflats Baze syn-12 : anti-12' Iznakums, %
1 Me,NEt nm zimes
2 Et,BOTf Et;N 3:2 23
3 DIPEA nm zimes
4 Me,NEt nm zimes
5 Et;N 1:2 40
6 Bu,BOTf NMM nm zimes
7 2,6-Lutidins | nm zimes
8 DIPEA nm zimes
9 c-Hex,BOTf | EtzN nm ZImes
"Pec '"H KMR
3. Veikti petijumi par eleganina A sintézes iespéjam

Paplasinot musu izstradata Airlenda — Klaizena pargrup&sanas varianta pielietojuma
robezas, pievérsamies eleganina A totalajai sintézei. Strat€giskais buivbloks $aja gadijuma bija
attiecigais etilideénprolins 15 (6. att.).

OMe BnO,

MGOZC“\" N
15 PMB

Eleganins A

6. att. Eleganina A retrosint€tiska analize
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Ieguvam laktonu 20, no kura Airlenda — Klaizena pargrup€sanas reakcija radas mis
interes€josais biivbloks 15 (7. att.).
1) NaHMDS, Tf,NPh, THF

BrM OBn * *
OH TBDPSO  Me A N OTBDPS 2) CO, PdCl,*dppf*DCM
/\ =N 17 . _O DIPEA, MeOH
CO,Me ——= “OM ” =
Me /\g © THF 84% 2 stadijas
1 16 91% 18
OBn
COZMe 2) HBTU, MeOH
= MeO,C" N
64% 2 stadijas I
20 PMB PMB

7. att. Biivbloka 15 iegtiSana

Ka izejviela laktona 20 iegiiSanai ka izejvielu izmantojam metillaktatu 1, kuru vairakas
stadijas parvértam attiecigaja Vainreba amida 16. Apstradajot savienojumu 16 ar Gripjara
reagentu 17, ar augstu iznakumu veidojas ketons 18. Enola triflata sintéze ar tai sekojosu
palladija katalizetu karboniléSanu deva akrilatu 19 ar abiem nepiecieSamajiem stereokimijas
elementiem: S- konfiguracijas hiralo centru un Z- konfiguracijas dubultsaiti. Biivbloku 19
talak parvértam attiecigaja laktona 20. Savienojuma 20 Airlenda — Klaizena pargrup@sanas
noritgja ar labu iznakumu, un reakcija veidojas tikai viens, miis interes€josais stereoizomers

15. Paslaik veicam pétijumus par talaka sint€zes cela izstradi eleganina A iegtiSanai.

4. Pétita septinloceklu laktonu Airlenda - Klaizena pargrupésanas

stereoselektivitate

Lai labak izprastu 6-alkilidén-1,4-oksazepan-2-ona atvasinajumu Airlenda — Klaizena
pargrupésanas reakcijas norisi, sadarbiba ar Latvijas Organiskas sint€zes institlita asistentu
Arti Kinénu veicam datoraprékinus par minétas parvertibas parejas stavokliem, izmantojot
B3LYP/6-311++g(3dpf,2p)//B3LYP/6-31+g(d,p) metodi (8. att.). Lai vienkarSotu aprékinus,

dibutilbora triflatu aizstajam ar dimetilbora triflatu.

11



Z Me | H
:(0)40 2 ekv. Me,BOTY o oy
> ' _  »
" MeB” H | \ HO,C™ N
N— )
PMB O g0 PMB PMB
3 ~ 21 Me; . 22

8. att. in silico Izskaitlota bora keténacetdla 21* konformacija parejas stavokli

Energetiski izdevigakais izradijas parejas stavoklis 21%, kura viena bora triflata
molekula veido keténacetalu, bet otra, kompleks€joties starp laktona cikla skabekla un
slapekla atomiem, notur parejas stavokli konformacija, kura talak veido vélamo produktu 22.

Ar1 eksperimentalie dati apstiprindja izvirzito hipot€zi, jo reakcijas sekmigai norisei

tieSam bija nepiecieSami divi ekvivalenti attieciga bora triflata (9. att.).

1 ekv. Bu,BOTf
DIPEA HOC™ ™

—O_ o 1 ekv. Bu,BOTf ~—O__oBBu, /o' PMB
f DIPEA j/ 22
'.“ ' H)k(

PMB PMB T o0
3 L 23 - 63%

i-Pr

9. att. Keténacetala 23 iegiiSana un talakas parvertibas

Interesanti, ka, apstradajot laktonu 3 ar vienu ekvivalentu bora triflata, pargrupéSanas
nenotiek un process apstdjas ar keténacetala 23 veidosanos. ST starpprodukta 23 veidosanos
noverojam ari ar KMR palidzibu. Apstradajot keténacetalu 23 ar bora triflata parakumu,
veidojas velamais produkts — prolins 22, savukart ket€nacetala 23 reakcija ar izo-butiraldehidu
izolgjam aldolas kondensacijas produktu 24, kas v€lreiz netiesi apstiprinaja ST keténacetala 23

strukturu.

12



5. Veikta 8-dezoksipumiliotoksina 193H totala sinteze

Planojam pielietot musu jaunatklato metodi arT citu dabasvielu totalajas sintézés. Mis
ieinteres€ja pumiliotoksini, jo lielai dalai §1s klases savienojumu cikla ir alkilidénaizvietotajs.
Ka izejviela 8-dezoksipumiliotoksina 193H totalajai sintézei bija nepieciesams laktons 28. So

stratégisko izejvielu ieguvam vairakstadiju sintéz€ no valina un homoprolina 26 (10. att.).

O\/COZtBu O\/COztBu
N

OH OH "N
'%'HZ — H 26
- Br =
Y coon T
L-Valins 25 90% 27
1) TFA, DCM N
2) HBTU, DMAP
0.01M, DCM
> o)
83% 2 stadijas O
28

10. att. Laktona 28 sintéze

P&c literatiira aprakstitas metodes ieguvam alilbromidu 25, ar kuru talak alkilgjam
homoprolina esteri 26. legiito alilspirtu 27 divu stadiju sekvencé ar augstu iznakumu
parvértam produkta 28. P&tot laktona 28 Airlenda — Klaizena pargrupéSanas reakciju,
atklajam, ka $aja gadijuma reakcija noris tikai paaugstinata temperatiira un optimala reagentu
kombinacija ir dietilbora triflats un dimetiletilamins (11. att.). legtito esteri 29 talak divu

stadiju sekvenc€ parvertam par tozilatu 30, kuru apstradajot ar superhidridu, ar labu iznakumu

izolgjam 8-dezoksipumiliotoksinu 193H.

13



1) Et,BOTf, Me,NEt 1) DIBAL-H

DCM, 50°C MW -78°C, DCM
N 2) EDC, HOBt, Et3N 2) TsCl, EtsN
DMF DCM
_—
@] 69% 2 stadijas
(0]
28
Superhidrids
THF
66%

8-Dezoksipumiliotoksins 193H

11. att. 8-Dezoksipumiliotoksina 193H totala sintéze

6. Veikti dubultsaites migracijas pétijumi

Promocijas darba ietvaros analiz€jam iesp€jas veikt arT limazepina A totalo sintezi.
Eksperimentali atradam, ka limazepina E sintézes starpprodukta 9 iesp&jams veikt dubultsaites

migracijas reakciju, ta iegtstot dilaktamu 31 (12. att.).

Ph Ph
OH 4 o
co)5 MeO N H
THF, 150°C N,
71% o]

Limazepins A
12. att. PEtfjumi par dubultsites migraciju dilaktama 9

Optimizgjot reakcijas apstaklus, atklajam, ka migracijas rekaciju katalizé dzelzs
pentakarbonils paaugstinata temperatiira. Turpmakie petijumi par STm dubultsaites migracijas
reakcijam notiek Latvijas Organiskas sinte€zes institita ieks$ga granta [G-2014-05

»,Dubultsaites migracijas p&tijumi pirolo[ 1,4]benzodiazepinos” ietvaros.

14



Secinajumi

Disertacijas darba rezultata esam noskaidrojusi, ka
1. laktona 3 Airlenda-Klaizena pargrupéSanas reakcija ar augstu iznakumu un
stereoselektivitati veidojas attiecigais prolins 22. Model€jot reakcijas norisi datora,
atradam, ka, visticamak, laktona kete€nacetals parejas stavoklt 21% ir kompleksgjies ar
vél vienu molekulu bora triflata, kas nosaka reakcijas augsto stereoselektivitati. So
hipot&zi apstiprina ar1 eksperimentu rezultati, kuri rada, ka rekacijas sekmigai norisei
nepiecieSami vismaz divi ekvivalenti bora triflata. Ar KMR palidzibu vispirms
noverojam attieciga keténacetala 23 veidoSanos, kas tikai péc otra triflata ekvivalenta

pievieno$anas parvertas vélamaja produkta 22.

- %
1 ekv. 1 ekv. Me )
OBUQBOTf OBBu; Bu,BOTS %\ %
)/ BuzBO _,\ — H
H \ HO.C™ >y
O N\ |
PMB ™ E/ PMB PMB
3 23 L 21f v . 22

2. etilidénprolins 22 sekmigi izmantojams limazepina E un barmumicina iegiiSanai.

REN P, My

Barmumlcms 22 leazepms E

3. limazepina E totalas sint€zes starpprodukts 9 stajas dzelzs pentakarbonila katalizéta
dubultsaites migracijas reakcija, veidojot dilaktamu 31, kuru var€tu izmantot
limazepina A totalaja sinteze.

Ph Ph

eO T Fe(CO); MeO N
N I
9 O 31 o

=

Limazepins A
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4. laktona E-11 Airlenda-Klaizena pargrup&sanas reakcija ar vidéju iznakumu veidojas
etilidénprolins (25,35)-12.

1) Bu,BOTf, DIPEA
DCM /

/\( f 2) BnOH, HBTU
BnO,C™

45% 2 stadijas

N
PMB

E-11 (25,35)12

5. laktona Z-11 Airlenda-Klaizena pargrupéSanas reakcija nav stercoselektiva, un taja
veidojas syn- un anti- etilidénprolinu 12 maisijums.

1) Bu,BOTf, DIPEA

DCM /
2) BnOH, HBTU
> BnO.C™ >y

45% 2 stadijas I
PMB

Z-11 12
syn:anti 1:2

6. laktona 20 Airlanda-Klaizena pargrup€Sanas reakcija ar labu iznakumu un augstu
stereoselektivitati veidojas attiecigais etilidénprolins 15, kas potenciali izmantojams
eleganina A totalaja sintéze.

1) Bu,BOTF
DIPEA, DCM  BnO

/\/\( )40 2) HBTU, MeOH
PMB

64% 2 stadijas Me02C“

15

Eleganins A

7. laktona 28 Airlenda-Klaizena pargrupéSanas reakcija ar labu iznakumu veidojas

attiecigais esteris 29, kur§ ir izmantojams 8-dezoksipumiliotoksina 193H totalaja

sintéze.

16



28

1) Et,BOTf
Me,NEt, DCM

2) HBTU, MeOH
DMF

69% 2 stadijas

Oé\OBn
29
EIZ1:4

8-Dezoksipumiliotoksins
193H

17



Introduction

Many natural products possess an exocyclic double bond, for example —
pyrrolobenzodiazepine anti cancer antibiotics as well as many others. Due to their biological
activity, they are interesting targets from medicinal chemistry point of view. Although
nowadays many methods for stereoselective synthesis of double bonds are known, a
stereoselective introduction of exocyclic double bond still remains a considerable challenge. It
is well known that [3,3] sigmatropic rearrangement proceeds with high degree of
stereoselectivity both in respect to newly generated double bond and chiral centers. In our
previous studies we developed a new method for the synthesis of ethylideneproline 1l by the

Ireland-Claisen rearrangement of lactone 1

Bu,BOTf .
o o) Ireland-Claisen Y/
{fo DIPEA {j/OBBUZ rearrangement H
> MeO,C
N DCM N then MeOH & N
BMB PMB EDC, HOBt PMB

| | 1]
57%Yield in 2 steps
E-IZ- 30:1
This transformation proceeds with high degree of stereoselectivity and the obtained
ethylideneproline 1ll could serve as a crucial building block for the total synthesis of a number
of natural products. Investigation of the Ireland-Claisen rearrangement of such cyclic
substrates would allow to understand the mechanism as well as the scope and limitations of

this reaction. This transformation could also serve as a crucial step in the total syntheses of

many other alkylidene substituent containing natural products.
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Objectives of the Work

To compile the scientific literature about the application of the Ireland-Claisen
rearrangement in the total syntheses of natural products.

To continue the investigation of Ireland-Claisen rearrangement of 6-alkylidene-1,4-
oxazepan-2-one derivatives and other cyclic substrates.

To broaden the application of Ireland-Claisen rearrangement in the total syntheses of

natural products.
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Results

1. Accomplished total syntheses of Barmumycin and Limazepine E

In our previous studies we discovered that the Ireland-Claisen rearrangement of

lactone 3 results in ethylidene proline 4 (Fig.1).

Bu,BOTf, DIPEA p
/\COZMe O then MeOH, EDC, HOBt H
— f ~ MeO,C™ N
|
Br COztBu 85% in 2 steps 4 PMB
2 EIZ >95:5

Figure 1. Synthesis of ethylideneproline 4

By optimizing the reaction conditions we were able to increase both the yield and
stereoselectivity of the reaction. Notably, lactone 3 could be easily prepared in multi gram
scale starting form cheap and readily available starting materials — methyl lactate 1 and
bromoacetic ester 2. Furthermore, the obtained ethylidene proline was converted into two

natural products — Barmumycin and Limazepine E (Fig.2 and 3).

1) 5 Q0 ¢
CI)J\O)\

DCM
then MeOH, reflux OMe OMe OMe OH
// 2) Vanillic acid HO o} H HO H

H BOP, Et;N, DMF LiBH,
M802C N . > N > N
| 41% in 2 steps S THE .
PMB o] 71% 0]

4 6 Barmumycin

Figure 2. Total synthesis of Barmumycin

The nitrogen protecting group was easily cleaved by a-chloroethylchlorformate and the
intermediate proline was acylated with vanillic acid to give the desired amide 6. Finally,
treatment of ester 6 with lithium borohydride gave Barmumycin, the spectra of witch as well

as the specific rotation agreed with those reported in the literature.
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Ethylideneproline 4 also served as a crucial building block in the total synthesis of

Limazepine E (Fig. 3).

1) 5, DCM
then MeOH, reflux
2) OH OMe
MeO NH2
y Y4 7
COOH MeO cat. TsOH
MeO,C BOP, Et;N, DMF o
l>l . 150 C
PMB 64% in 2 steps .
4 61 /
Ph
O{N 0 NaBH,, MeOH oH \
MeO N H 0°C to rt MeO = H
N S 13% N S
9 © Limazepine E

Figure 3. Total synthesis of Limazepine E

The nitrogen protecting group was again easily cleaved by a-chloroethylchlorformate
and the intermediate proline was acylated with anthranilic acid 7 to give the desired dilactam
8. It is worth noting that this acylation step by using unprotected anthranilic acid was not
previously reported in the literature. Dilactam 8 was then converted into Limazepine E in

close analogy to the literature precedent.

2. Investigations towards the total synthesis of Lucentamycins

In the course of our studies we considered the application of our newly developed
method for the total synthesis of Lucentamycins. The ethylidene proline necessary for this

purpose (Fig. 4), was planned to be obtained from lactone E-11 (Fig. 5).
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o o) _\(
I - R,NH
Lucentamycin B Lucentamycin A R = C(O)Ph
\ \ / Lucentamycin C R = C(0O)-i-Bu
Lucentamycin D R = C(O)CHC(Me),
N COzH
H

10

Figure 4. Retrosynthetic analysis of Lucentamycins

The desired lactone E-11 was easily synthesized in multigram scale starting from

cheap and readily available starting materials - methyl lactate 1 and bromoacetic ester 2
(Fig. 5).

- 1) Bu,BOT, DIPEA
1 oH —O0 DCM
= O  2)BnOH, HBTU
~Co,Me — = /\( f ) |
+ N 45% in 2 stadijas BnOZC“‘es.)N
Br/\COztBu E11 PMB PMB
2 ) (2S, 35)-12

Figure 4. Synthesis of ethylidene proline (25, 35)-12

It turned out that the Ireland-Claisen rearrangement of lactone E-11 proceeds with high
degree of stereoselectivity towards the (2S5, 35)-12 isomer, however the C3 chiral center
possessed the opposite configuration to that of natural product.

Furthermore we also investigated the Ireland-Claisen rearrangement of lactone Z-11
with the opposite double bond geometry. In sharp contrast to the rearrangement of E-11, the
reaction was extremely sensitive to the combination of the base and triflate used (Table 1).
The only base suitable for the rearrangement was triethylamine (Entry 2 and 5). Unfortunately,
the reaction proceeded with low degree of stereoselectivity and only in case of Et;BOTT, a

slight selectivity towards the desired isomer syn-12 was observed. Since neither lactone E-11
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nor Z-11 gave sufficient results in the Ireland-Claisen rearrangement, further studies were

discontinued.
tBquC 1) Bu,BOTf, DIPEA % p
e gcng HBTU
+ f S TR Bnose™ *Bnoc Ny
| |
COo,tBu PMB PMB
13 2 Z-11 syn-12 anti-12
Table 1.
Rearrangement of lactone Z-11
Entry | Triflate Base syn-12 : anti-12' Yield, %
1 Me,NEt nm trace
2 Et,BOTf Et;N 3:2 23
3 DIPEA nm trace
4 Me,NEt nm trace
5 Et;N 1:2 40
6 Bu,BOTf NMM nm trace
7 2,6-Lutidine nm trace
8 DIPEA nm trace
9 c-Hex,BOTf | EtsN nm trace
! Judged by NMR
3. Investigations towards the total synthesis of Eleganine A

To broaden the scope of our developed method, we turned our attention towards

Eleganine A. The key building block for this purpose would be the ethylideneproline

derivative 15 (Fig. 6).

Eleganine A

Figure 6. Retrosynthetic analysis of Eleganine A
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The necessary lactone 20 for the studies of the Ireland-Claisen rearrangement was

prepared starting from methyl lactate 1 (Fig. 7).

B o8 1) NaHMDS, Tf,NPh, THF
r n * %

OH 17 " O DIPEA, MeOH R
ScoMe ——= /\f( “OMe THF 84% in 2 steps
1 91% 18
OBn
oTeDPS 1) Bu,BOTf BnO

DIPEA, DCM

Cone 2) HBTU, MeOH
" Me0C™ Ny
PMB

64% in 2 steps
15 PMB

Figure 7. Synthesis of building block 15

The Weinreb amide 16 was treated with the Grignard reagent 17, to give the
intermediate ketone 18 in good yield. The enol triflate formation followed by the
carbonylation afforded acrylate 19, possessing both necessary elements of stereochemistry — a
Z- configuration double bond and S- configuration chiral center. The building block 19 was
further converted into the necessary lactone 20. The Ireland-Claisen rearrangement of lactone
20 gave the desired ethylideneproline 15 in good yield and excellent stereoselectivity. Our
ongoing studies are focused on the conversion of building block 15 into the natural product —

Eleganine A.

4. Mechanistic investigations of the Ireland-Claisen rearrangement

To better understand the Ireland-Claisen rearrangement of 6-alkylidene-1,4-oxazepan-
2-ones we decided to perform in silico calculations of these transformations in collaboration
with a research assistant of the Latvian Institute of Organic Synthesis Artis Kinéns. The
B3LYP/6-311++g(3dpf,2p)//B3LYP/6-31+g(d,p) method was used for this purpose and to

simplify the calculations, dimethylboron triflate was used instead of dibutylboron triflate.
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be T o A .
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PMB O g—e VB PMB
3 2t Me, - 22

Figure 8. in silico Proposed transition state for boron ketene acetal 21*

A plausible transition state for the Ireland-Claisen rearrangement turned out to be 21
(Fig. 8), in which the first molecule of boron triflate forms the appropriate boron ketene acetal,
and the second one complexes between the nitrogen and oxygen atoms, stabilizing the
transition state.

This hypothesis was strengthened with experimental data, since for successful

rearrangement two equivalents of dibutylboron triflate was necessary. (Fig. 9).

1 eq Bu,BOTf
DIPEA HO.C™ ™\

\

T
4€:O
N
N

—O_ 5 1eqBu,BOTf ~—O__oBBu,
:(f DIPEA :{j/
y w
PMB PMB T o0
3 - 23 . 63% {
i-Pr

N
PMB OH
24

Figure 9. Synthesis of ketene acetal 23 and its further transformations

Interestingly, that after addition of one equivalent of dibuthyboron triflate the process
stops at the stage of intermediate 23 and the Ireland-Claisen rearrangement products are not
observed. The formation of intermediate ketene actal 23 was also observed by proton NMR.
However, after addition of the second equivalent of dibuthyboron triflate the rearrangement
proceeds to give proline 22. Furthermore, treatment of ketene acetal 23 with isobutyric

aldehyde, gave the aldol product 24, which further strengthens the hypothesis.
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5. Total synthesis of 8-deoxypumiliotoxin 193H

To broaden the scope of our developed methodology, we turned our attention towards
pumiliotoxins, since most of them contain an alkylidene substituent. We started the total

synthesis with preparation of the necessary lactone 28 (Fig. 10).

'%'HZ - - ?H N 26 OH N
COOH Br g :
Y DIPEA, THF
L-valin 25 90% 27
1) TFA, DCM N
2) HBTU, DMAP
0.01M, DCM
> o)
83% in 2 steps o)
28

Figure 10. Synthesis of the lactone 28

According to the literature procedure, we first synthesized the necessary allylic
bromide 24, which was further used for the alkylation of homoproline 26. The intermediate
allylic alcohol was converted into the corresponding lactone 28 via a two step sequence. We
further investigated the Ireland-Claisen rearrangement of lactone 28 and it turned out that the

optimal combination of reagents for this transformation was diethylboron triflate and

dimethyletylamine (Fig.11).

1) Et,BOTf, Me,NEt 1) DIBAL-H
N DCM, 50°C MW -78°C, DCM
2) EDC, HOBt, Et3N 2) TsCl, EtsN
DMF DCM z
° - R Tom T GH
0] 69% in 2 steps Oé\OBn o TsO~
28 29 29% in 2 steps 30
Superhydride® E/Z1:4
THF
66%

T

8-Deoxypumiliotoxin 193H

Figure 11. Total synthesis of 8-deoxypumiliotoxin 193H
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The obtained ester 29 was further converted into tosylate 30 via a reduction/tosylation
sequence. Finally, treatment of intermediate 30 with Superhydride® gave the natural product

8-deoxypumiliotoxin 193H.

6. Double bond migration studies

In the course of our studies, we also analyzed an opportunity to synthesize Limazepine
A. We found that it is possible to migrate the exocyclic double bond of dilactam 9 into the
cycle (Fig. 12).

MeO N { CO)5 MeO
N. e THF, 150°C
0 1% 0

9 Limazepine A
Figure 12. Double bond mlgratlon studies

After optimizing the reaction conditions, we found that this transformation smoothly
proceeds by iron pentacabonyl catalysis at elevated temperature. Further investigations of this
type of migration reactions are being conducted supported by Latvian Institute of Organic
Synthesis internal grant 1G-2014-05 ,Dubultsaites migracijas petijumi

pirolo[ 1,4]benzodiazepinos”.
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Conclusions

In the course of our studies we found that:

1.

B 1 eq £ 1 eq Me
O \
{ fo Bu,BOTf {Oj/ossuz BUBOTY | M ! /
_— > [E—. Us > ___\
N N H [ \ HO2C™ >

2.

eO N H Fe(CO)s MeO N
— >
N
9 O 31 0

the Ireland-Claisen rearrangement of lactone 3 proceeds with a high degree of
stereoselectivity, both in respect to the newly generated chiral center and double bond
geometry. Computational studies suggested that the reaction proceeds via transition
state 21%, and the most important factor affecting the stereochemical outcome is
coordination of boron to both nitrogen and oxygen atoms of the lactone cycle. This
hypothesis was supported by experimental data — the reaction proceeds only using at
least 2 eq of boron triflate and the formation of intermediate boron ketene acetal 23

was observed by NMR.

O-p—N~pmB PMB

3 23 S - 22

the etylidenproline building block 22 can be successfully used in the total synthesis of

Barmumycin and Limazepine E.

REN N S ¢ o'

Barmumycm 22 L|mazep|ne E

the double bond in the intermediate 9 used in the total synthesis of Limazepine E could
be migrated into the cycle and the obtained dilactame 31 could serve an intermediate in

the total synthesis of Limazepine A.
Ph Ph

=

Limazepine A
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4. 1in the Ireland-Claisen rearrangement of lactone E-11 gives etylideneproline (25,35)-12

in moderate yield.
1) Bu,BOTf, DIPEA

DCM y
/\( f 2) BnOH, HBTU
45% in 2 steps BnO,C™ 1
PMB
E-11 (25,35)12

5. the Ireland-Claisen rearrangement of lactone Z-11 is unselective and formation of both
ethylidenprolines syn-12 and anti-12 is observed.
1) Bu,BOTf, DIPEA

0 DCM /
= fo 2) BnOH, HBTU
BnO,C'"
N . 2C" N
PMB

45% in 2 steps I
PMB

11
syn:anti 1:2

Z-10

6. the Ireland-Claisen rearrangement of lactone 20 proceeds with good yield and
outstanding stereoselectivity, and the obtained ethylideneproline 15 could serve as a
crucial building block in the total synthesis of Eleganine A.

1) Bu,BOTf
DIPEA, DCM  BnO

/\/\<fo 2) HBTU, MeOH
64% in 2 steps  MeO,C"™

20 15 Eleganine A

7. the Ireland-Claisen rearrangement of lactone 20 proceeds with good yield and the

obtained ester 30 could successfully transformed into 8-Deoxypumiliotoxin 193H.

1) Et,BOTE
N Me,NEt, DCM
2) HBTU, MeOH
DMF
O 69% in 2 steps I H
29 8-Deoxypumiliotoxin
193H
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