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KOPSAVILKUMS

Jaunu C-C saiSu veidoSana aziridin-2-karbonskabes atvasinajumos,
saglabajot trisloceklu slapekla heterociklus. Strumfs B., zinatniskais vaditajs Dr.
kim. Trapencieris P. Promocijas darbs, 165 lappuses, 6 attéli, 3 tabulas, 100 literatiiras

avoti. LatvieSu valoda.

AZIRIDINI, AZIRIDIN-2-KARBONSKABE, KARBANJONI, ENOLATI,
DEPROTONESANA, ANJONU ALKILESANA, LITIJORGANISKIE REAGENTI,
STIPRAS BAZES, ELEKTROFILAS REAKCIJAS, ACILGRUPU MIGRACIJA

Darba pétitas aziridinu karbanjonu pasibas un aziridinu anjonu metodologijas
pielietojums  aziridin-2-karbonskabes atvasinajumu sintéz€. leglta virkne
funkcionalizétu aziridin-2-karbonskabes atvasinajumu. Paradita diaziridnilketonu un
aziridin-2.2-dikarbonskabes esteru veidoSanas kondensacijas un acilgrupas 1-2
migracijas reakcijas. legiiti C(2) alkiléti aziridin-2-karbonskabes esteri un amidi.
Pirmo reizi ieguti un alkileéti stabilizéti 1-N.N-dialkilkarbamoilaziridin-2-

karbonskabes esteru anjoni.



ABSTRACT

Formation of new C-C bonds in the derivatives of aziridine-2-carboxylic
acid with retention of aziridine ring. Strumfs B., supervisor Dr. chem. Trapencieris

P. PhD thesis, 165 pages, 6 figures, 3 tables, 100 literature references. In Latvian.

AZIRIDINE, AZIRIDINE-2-CARBOXYLIC ACID, CARBANIONS,
ENOLATES, DEPROTONATION, ANION ALKYLATION, ORGANOLITHIUM
REAGENTS, STRONG BASES, ELECTROPHILIC REACTIONS, ACYL GROUP
MIGRATION

In this thesis were studied properties of aziridine carbanions and application of
aziridine anion methodology for the synthesis of dervatives of aziridine-2-carboxylic
acid. A series of functionalised derivatives of aziridine-2-carboxylic acid were
obtained. Formation of diaziridinyl ketones and esters of aziridine-2.2-dicarboxylic
acid in the intermolecular condensation reactions and intramolecular acyl 1-2
migration werw observed. C(2) Alkylated aziridine-2-carboxylic esters and amides
were obtained. For the first time were obtained and succesfully alkylated stabilized

aziridinyl anions of 1-N.N-dialkylcarbamoylaziridine-2-carboxylates.
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Satsinajumi

AAM - aziridinu anjonu metodologija

AESH — augstas efektivitates kidruma hromatografija
AIMS — augstas izskirsp€jas masspektrometrija
AG — aizsarggrupa

DCM — dihlorometans (metilénhlorids)

DMAP — 4-dimetilaminopiridins

DME - dimetoksietans

DMF — dimetilformamids

DMPU — N,N"-dimetilpropilénurinviela
DMSO - dimetilsulfoksids

EA — elementanalize

ekv. - ekvivalents

EtOAC — etilacetats

EtOH — etanols

GH — gazu hromatografija

IT — istabas temperatiira

KMR - kodolmagnétiska rezonanse

kt — kuSanas temperatiira

LDA — litija diizopropilamids

LTMP — litija 2,2,6,6-tetrametilpiperidids
MeOH — metanols

SH-MS — $kidruma hromatografija — masspektrometrija
TBDMSCI — terc-butildimetilsililhlorids
TBDPSCI —terc-butildifenilsililhlorids

TFA - trifluoretikskabe

THF — tetrahidrofurans

TMEDA - tetrametiletiléndiamins

TMS — tetrametilsilans

TMSCI — trimetilsililhlorids



IEVADS

Aziridina cikla elektrofilas dabas d€l aziridin-2-karbonskabes atvasinajumi ir
érti substrati aminoskabju, aminospirtu, ka ari dazadu heterociklisku savienojumu
sintézei. [1,2]. Aziridin-2-karbonskabes atvasinagjumiem =zinama pretvéza un
imunomodul&josa biologiska aktivitate [3,4]. Ta, pieméram, imeksons 2 un
azimeksons 1 inhib& multiplo mielomu, izsaucot mitohondriju funkciju traucjumus

mielomas $iinas un to apoptozi.

(@) N
CN H, pH O NH,
A HN& I
N%N //l'\N HN
(0]
Azimeksons Imeksons Leakadins
1 2 3

Lidzigas struktiiras un iedarbibas preparats Leakadins 3 radits Latvijas Organiskas
sintézes institita.

Aziridin-2-karbonskabes atvasinajumiem ir bitiskas atSkiribas no citu
aminoskabju atvasinajumiem, kas nosaka to sintetiska pielietojuma specifiku:
1) Briva aziridin-2-karbonskabe ir nestabila aziridina N proton€$anas un sekojoSas
aziridina cikla uzskel3anas dél. ST iemesla dé| aziridinu gadijuma ne vienmér ir
lietojamas parastas peptidu sintézes metodes — karboksilgrupas aktivésana aktivéto
esteru, halogénanhidridu, jaukto anhidridu u.c. veidos, kuras reakcijas notiek skaba
videé vai nukleofilu klatbatne.
2) Atskiriba no citu aminoskabju esteriem, aziridinkarbonskabju esteri ir stabili un
nedimeriz€jas. Lidz ar to aziridinkarbonskabju esteri ir pieejami ka izejvielas
funkcionalizésanai, izmantojot paresterifikacijas, aminolizes procesus, ka ar1 reakcijas
ar metalorganiskajiem reagentiem pa karbonilgrupu.
stipram bazém un talakam reakcijam ar elektrofiliem.

Izejot no Siem datiem par aziridin-2-karbonskabes atvasinajumu ipasibam,
literatiira mekl&jam tadas aminoskabju funkcionalizé$anas metodes, kuras ir tolerantas

attieciba pret aziridina ciklu. Izmantojot ka izejvielu aziridin-2-karbonskabes



metilesteri, $adas metodes ir baziska paresterifikacija, esteru aminolize un Davidsen
amidu aktivacija, ka ari esteru un amidu reakcijas ar metalorganiskajiem C-
nukleofiliem. P& S$im metodém iegiitos aziridinus lietojam ka substratus

aziridinilanjonu generésanai un to Tpasibu noskaidroSanai.



Darba meérkis:

Paplasinat zinaSanas par aziridinilanjonu dabu, reag€tsp&ju un stabilitati
aziridin — 2 — karbonskabes esteriem un amidiem. Saja noliika sintez&t ar anjonu
stabiliz€josam grupam aizvietotus aziridinu tipa substratus. Parbaudit AAM (aziridine
anion methodology) metodes piclietojamibu vienkarSu aziridin-2-karbonskabes
atvasinajumu un analogu (esteri, amidi, ketoni) modificéSanai. Noskaidrot izvéleto

substratu deprotonésanas reakciju norisi (karbanjonu vai enolatu mehanisms).

Augstak izvirzito meérku sasniegSanai formuléti sekojoSi darba uzdevumi:

1) Parbaudit perspektivas, prognozgjami ar aziridiniem savietojamas substratu
aktivéSanas un funkcionaliz€Sanas metodes: bazisko paresterifikaciju, aminolizi,
acilimidodikarbinatu (Davidsen) amidu aktivé$anu, ka ari aziridin-2-karbonskabes
esteru un amidu reakcijas ar litijorganiskajiem reagentiem

2) Izmantojot augstak minétas metodes, sintezét N-alikilétus un N-aciletus
aziridin-2-karbonskabes esterus, amidus un hidrazidus, ka ar1 2-aziridinilketonus.

3) Veikt sintez&to aziridinu substratu deprotonésanu AAM metodes apstak]os.

Iegtt attiecigos aziridinilanjonus un veikt to reakcijas ar elektrofiliem.

Promocijas darba zinatniska novitate formuléjama sekojosi:

Darba gaita izstradatas vairaki jauni zinamo metozu pielietojumi aziridin-2-
karbonskabes atvasinajumu funkcionalizé$anai. Paradits, ka 2-aziridinilketonu sintézé
Veinreba amidus var aizstat ar N.N-dimetilamidiem. Optimizétas diaziridi-3,3-
dikarbonskabes atvasinajumu sint€zes metodes un iegiti jauni bi-un tricikliski
diaziridini. Paradits, ka acilgrupas 1-2 migracija notiek ne tikai N-acilaziridiniem
LTMP klatbiitng, bet arT N-acilaziridin-2-karboksilatiem LDA klatbiitng. Paradits, ka
deprotonét un alkilét iespgjams ne tikai aziridin-2-karboksilatus, bet ar1 aziridin-2-
karboksamidus un pirmo reizi iegtti un alkiléti N-karbamoilaziridin-2-karboksilatu

anjoni.
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1 LITERATURAS APSKATS

Ar aziridiniem 4 metalorganiskie reagenti var iedarboties ka nukleofili un ka
bazes. Ja metalorganiskais reagents iedarbojas ka nukleofils, tad ka elektrofils reagé
kada grupa aziridina substrata sanu k&dg€, visbiezak karbonilgrupa, vai ari aziridina
cikls. Pirmaja gadijuma veidojas ketoni 6a vai Kkarbinoli 6b, otraja gadijuma —

aziridina cikla atvérSanas produkti 5.

X Mx MX 7 M
M* N - R ~— AG” N R - _N vai N
AG H Cikla H  Reakejas  AG™ | X aG” X

atverSana sanu kede H
3 R=Alk, Ar 4
: = R=CO,R vai fa 6b
CONR’,

Reakcijas gaitu jeb virzienu nosaka ne tikai metalorganiska reagenta daba (baziskums,

nukleofilitate), bet ar1 aziridinu saturo$a substrata daba. To nosaka ar1 pie aziridina

cikla atvérSanas reakcijam, iedarbojoties ar nukleofiliem.

1.1 Aziridin-2-karbonskabes atvasinajumu reakcijas ar metalorganiskajiem C-

nukleofiliem
Ja metalorganiskais reagents ir ar parak zemu baziskumu deprotonéSanai,

aziridin-2-karboksilatu 7 un 8 gadijjuma tas var reagét ka nukleofils un dot

aizvietosanas produktus pie karbonilgrupas — karbinolus 9 vai ketonus 10 [5].

11



LiOH )
N 0] — N O Li*
tBu - %’( ~ 94%, tBu -

10 8§ ©
PhMgBr 73%, PhLi l 62%
(2ekv.)

N Ph

Ph  Ph (0]

9 10

Sada veida reakcijas ir piemérotas asimetriskai sint€zei, jo racemizacija

nenotiek [6]. Hiralais esteris 11 dod hiralu &teri 12, konfiguracijai saglabajoties.

A 1. RMgBr, THF
Pho N~ ]/OMnth 2. KH, MelTHF thNﬁ.% R
: | > : OMe
: 0 80-85% : R
11 R =Et, i-Bu 12

Lidzigi, ka aziridin-2-karboksilats 7 un aziridin-2-karbonskabes litija sals 8, ar

arillitijiem 14 reage ari Veinreb amidi 13 un 16 [7].

R
3
R

R ST e Li R, THF,0°C30C, Ry, R

I + 10-20min &

T N—-,, N\OM - = N—-.,

S i ¢ MOMO 36-93% Ts 1
0 O OMOM
13 R, =H, Me 14 15
R, =H, n-Pr

Izmantojot ka substratus Veinreba amidus 13, iesp&jams iegiit dazadus (2-aziridinil)
ketonus 15. Atskiriba no esteriem 7 un 11, Sajas reakcijas veidojas tikai ketoni 15 vai
17, bet neveidojas karbinoli. Karbinoli neveidojas, jo amida aduktam ar
metalorganisko reagentu nevar pievienoties otrs §1 reagenta ekvivalents, bet adukts

sabriik tikai hidrolizgjot reakcijas maisijumu.

12



N/A | R-Li Nﬁ

Phj/ ..,T ~OMe —_— Ph .""]/
; T

R

(0]
16 # R Izn.(%) 17
1  Me 92
2 i-Pr 95
3  n-Bu 88
4  tBu 87
5 Bn 96
6 Ph 99

Aizvietotajs pie N var bt gan elektronakceptors, gan donors [8]. Ja N-aizvietotaja ir

hiralais centrs, iesp&jams hromatografiski sadalit ieglito diastereom&ru maisijumu.

1.2 Aziridina cikla atveérSanas reakcijas ar C-nukleofiliem

Metalorganiskie reagenti var reagét art ar aziridina ciklu ka elektrofilu, dodot
nukleofilas aziridina atvérSanas produktus — piem&ram, aminospirtus 19, 22 [9].
Trisloceklu cikliem, taja skaita aziridinam, tendenci uz cikla atvérSanas reakcijam
pastiprina ar1 cikla spriegums un zemaks elektronu blivums cikla, ko dod
elektronakceptorais aizvietotajs, pieméram, tozilgrupa substratos 18, 20. Aziridinu
atveérSana ir veicama ar dazadiem nukleofiliem, taja skaita litijorganiskajiem C-

nukleofiliem un var bit regio — un stereoselektiva [10-13].

q
—
N
PG 70-90% R
18 19

=  PG=Ts, Bus
R= n-Bu, i-Bu, #-Bu, Ph, CH,SiMe,, 2-furil

s-BuLi (2.9¢kv.), sparteins, RMgX
Et,0, -78°C, 4h

TSNH\@ Q Cu (OTf),, L* TSNH\O
- —_—
67% (38%ee) _ N R

s 28 - 89%
21 20 R=Me, i-Pr, Ph, , pentil 2

L*=hirals ligands

13



Tapat paradita aziridina cikla atvérSanas litijéjot aziridina o-eliminé$anas procesa
iegtitu karbénu, kas dod produktu 21 [14].
Ja metalorganiskais reagents iedarbojas ka baze, nevis ka nukleofils, veidojas

aziridinil anjons, kurs talak var reagét ar elektrofiliem.

1.3 Aziridinu deprotong$ana, aziridinilanjoni

Aziridina 4 cikls var deprotonéties, iedarbojoties ar stipri baziskiem
metalorganiskajiem reagentiem, kuriem ir pietickami zema nukleofilitate, lai nestatos
reakcija ar pasu aziridina ciklu ka elektrofilu. Veidojas piramidals aziridinilanjons 25
vai metaléts aziridins 24. Ja tas veidojas no karbonilgrupu saturosa substrata 23, tad
teorétiski tas var pastavét ka C-aciléts aziridinilanjons 26, kas ar saglaba piramidalo
strukttiru vai arT ka eksociklisku dubultsaiti saturos$s enolats 27. Uz iesp&ju pastavet
enolatam netie$i norada 2-metilénaziridinu eksistence. Metal&tais substrats 24, anjoni
25 un 26 vai enolats 27 talak var reageét iekSmolekulari, dodot migracijas vai
reciklizacijas produktus 28, starpmolekulari, veidojot dimerizacijas produktus 29 vai
arT ar kadu reakcijas vidé ievaditu elektrofilu, dodot elektrofilas aizvietoSanas
produktus 30. Anjona vai enolata reag€tsp&ja un attiecigi — stabilitate atkariga no
izejas aziridina 4, 23 N un C aizvietotajiem, to stabiliz&josa, kompleksgjosa efekta,
Skidinataja un kompleksgjosam piedevam. Florio [15] runa par aptuvenu iedalijjumu
stabiliz&tajos un nesatbilizétajos aziridinilanjonos. Stabiliz&ti anjoni ka aizvietotaju
parasti satur kadu elektronakceptoru grupu, ka substratu 23 gadijuma karbonilgrupu.
Stabiliz&josu efektu dod arT aromatiskie aizvietotaji pie aziridina cikla.

Papildu probléma ir deprotongjosa reagenta tolerance pret substrata eso$ajam
blakus grupam, pieméram, karbonilgrupu aziridinu esteru un amidu gadijumos, ka ari
N-acilétu substratu gadijumos. Tadu substratu deprotonéSanai var izmantot tikai
amidu tipa bazes (LDA, LTMP), bet ne alkil- un arilmetalus. P&dgjie reage ar
karbonilgrupu ka nukleofili, dodot 9, 10, 12, 15, 17 veida produktus, ka ari
iespejamus cikla atvérSanas blakusproduktus. Jo elektroniem nabadzigaks substratu 4
un 23 aziridina cikls, jo vieglak norisinas deproton&S$anas reakcija, bet piecaug ari

aziridina jutigums pret nukleofiliem.

14



N&H _
_N H . X=OR, SR, NR,,
AG AG 2
07 X

23

M-E | Deprotonésana
jeb metalésana

a
!
M - N - M+ —
N N/ - M < -
AG AG M AG AG
24 25

o Y
6

I8

/N|
0O Y
27 M7

l Migracija Din}er@z?i:ij a, Elelitroﬁlﬁ aizvietoSanas
reciklizéSanas cikla
H@AG N E
AG
28 30

Hipotéze par aziridinilanjonu eksistenci pirmo reizi tika izvirzita, skaidrojot

trans-aziridinil ketonu 31 izomerizaciju par cis-produktiem 32 [16].

Ar
Ar\_éO 0
; R'ONa
Nﬁ 0 —_— _N O
R” Y R Y
Ar Ar
31 32

Pirmo reizi aziridinilanjons tika iegtts, deprotongjot elektrondeficitu 2.2-
dihloraziridina atvasinajumu 33 [17]. Reakcija notiek ar vidgji stipru bazi — natrija
hidridu polara $kidinataja. Anjona 34 rasanas pieradita, deiter&jot to un raksturojot
iegtto produktu 35 spektroskopiski.
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NO NO, NO
NaH, HMPA vai

DME D,0, HMPA
Nat - D
N Cl
Ph/N Cl Ph” Ph/N Cl
Cl Cl Cl
33 34 35

1.3.1 Nestabilizéti aziridinilanjoni

Nestabilizétus (elektroniem bagatus) aziridinus tieSi litijet neizdodas, bet
iesp&jams veikt alvas - litija apmainu, izmantojot substratus 36 un iegistot litijétus
aziridinus 37, kurus izdodas parvérst par elektrofilas aizvietoSanas produktiem 38
[18]. Ta ka litijetais intermediats 37 ir tetraedrisks, novérojama konfiguracijas
saglabasanas. Izmantojot ka elektrofilu benzaldehidu, rodas produkta 38

diastereoméru pari 1.4:1 un 1.9:1 attiecibas.

R n-BuLi, THF, R E*, THF, R
& 780C & 780C &
/N —_— /N —_— /N
Ph,C”  SnBu, Ph,C”  YLi | geopo  PhCT YE
36 37 38
R=Me, CH,OMOM E = H, D, Cl, COOEt, PHCH(OH)

Alvas — litija apmaina ir rta metode litija ievadiSanai molekula. Reakcijai netraucé
alifatisku &teru, ariléteru un esteru grupu klatbiitne molekula. Metode izmantota
mitomicina analogu sintéz& [19]. Alvas — litija apmainas reakcija no substrata 39
iegiitu nestabilizétu aziridinil anjonu 40 iesp&jams ari iekSmolekulari acilét, iegtistot
biciklisku aziridinu 41 [20].

SnB n-BulLi . @)
OYOEt B (2ekv)  Os OEt I CO(OE),
.Y — > HN
HN_ _A=N. LiN_ _/=N_ 65% N~
CPh, CPh, CPh,
39 40 41
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1.3.2 Ar C-fenil-, alkenil- un trifluormetil- aizvietotajiem stabilizeti

aziridinilanjoni

Arilaizvietotu aziridinu 42 gadijuma novérojama tieSa deprotoné$anas [21].
Paradits, ka produkta konfiguracija ir atkariga no Skidinataja kompleks€josajam
ipaSibam. Ta, tetrahidrofurana rodas cis-produkts 43a, bet komplekséties nesp&jigaja
toluola — termodinamiski kontroltais trans-produkts 43b. Paradita ari elektrofila
dabas un anjonu kompleksét sp&jigas piedevas (15-krauns-5) ietekme uz produkta

konfiguraciju. Veikti anjonu KMR pétijumi [22], un pieradita anjonu 48a un 48b

konfiguracija.
1. s-BuLi, TMEDA,
Ph -78°C, 3h Ph Ph
& 2. D,0 & &
N— >~ epn T NS=D

R = R=Et, n-Pr,i-Pr,n-Bu g7 : R™ :
Ph D Ph

cis- trans-

42 43a 43b

Arilaizvietotu aziridinu gadijuma aziridinil anjona veido$anas reakcijai
konkurenta reakcija ir orto-litijesanas. [23]. Dalgju regioselektivitati $ajas reakcijas,
lietojot trans-konfiguracijas substratu, iesp&jams panakt ar $kidinataja izvéli un
kompleks€josam piedevam, pieméram, TMEDA [24]. Deprotongjot substratu 44
toluola TMEDA Kklatbiitné iegtist trans-produktu 45, savukart toluola un THF

maisijuma - cis-produkta 46 un orto-litijésanas produkta 47 maisijumu.

I.s-BuLiTMEDA, I.s-BuLi, THF, PhMe,
Ph PhMe,-78°C.4h -78°C,3h E
E! 2.E+ % 2.E Ph""/& +
- _—) - N— D
Pr/N H D pr” = Pr” = P/N f_D
Ph Ph Ph f Ph
a5 44 46 47
70- 84% 20-32% 50-80%

Seit a-litijésanas ir termodinamiski kontroléts process, bet orto-litijésanas

arilaizvietotaja — kinétiski kontrol&ts process.
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K
J
T,>T,

R

3
¥

48a

Termodinamiska
kontrole

\

R
ﬁ
R R,
H
44
I
K, |T, Kinétiska
kontrole
Li
* R
‘N
R R

Veiktajas reakcijas novérota temperatiiras ietekme. Zema (-78°C) temperatiira

parsvara iegust orto-litijéSanas produktu 47 (kinétiska kontrole), bet izdarot reakciju

pie 0°C, ka pamatproduktu iegiist termodinamisko a-litijésanas produktu 46 [24]. cis-
Substrats, reakciju izdarot THF $kiduma pie -78°C ar TMEDA piedevu, dod tikai

orto-litijésanas produktu 47, savukart pie 0°C - orto-, a- un (orto + a) litijesanas

produktu maistjumu.

Vélaka So pasu autoru darba [25] konfiguracijas saglabasanas toluola TMEDA

piedevas gadijuma skaidrota ar homobhirala diméra trans- konfiguracijas anjona 42a

veido$anos.
Ph pr L s-BulLi,
“—N~ | L TMEDA,
\V; -
_______ Li PhMe,
Il)};\ L. py -78°C4h
Lieeeen . & -
L7 | _N—
L Pr =
¢ E"  L=TMEDA
Ph
E |I|.!
Pr/N —P
45 Ph

s-BulLi,
Ph THF,PhMe, Li
& T8C3h by &
N L

f
ey

ﬁ
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Polaraka s$kidinataja (THF) bez kompleks&josas piedevas veidojas monomérs Cis-
konfiguracijas anjons 42b.
Ar fenilgrupu stabiliz&tus hiralus konfiguracionali stabilus aziridinilanjonus 50

(metal&tus aziridinus) var iegut ari sulfoksida - metala (Li, Mg) apmainas reakcija no

aziridinil sulfoksida 49 [26].

N=~p RM, -78°C N ~n
. Q —’Q

49
R = Me, n-Decil M=MgBr vai Li EX = Mel, n-Decil (MfMgBr)
RM = EtMgBr vai MeMgBr+#-BuLi 94-98%
EX = CICOOEt (M=Li)
64%

Apmainot sulfoksida funkciju ar Grinjara reagentu, iegiist Mg metalétu
aziridinu 50, kuru iespgjams alkilét ar labiem iznakumiem, saglabajot konfiguraciju
produkta 51. Veicot divpakapju parmetalésanu, iedarbojoties uz izejas sulfoksidu 49
vispirms ar MeMgBr un péc tam ar terc-BuLli, iegust litijetu aziridinu 50 jeb
aziridinilanjonu, ko izdodas acilét [27, 28]. legutie aziridini talak izmantoti
enantioselektiva a- un - aminoskabju sinteze.

Aziridinilanjonu var stabilizét arT eksocikliska dubultsaite metilénaziridina 52,
nodrosinot deproton&sanu un alkilésanu B-stavokli [29, 30]. Produkta 53 konfiguraciju

nosaka hiralais N-aizvietotajs.

R R | sBuLi, THF, TMEDA,
| _78C, 5-7h |
2. E*, -789C-IT
Ph _N Ph. _N

H\r 80-90%(de) HT

Vieglak deprotongjas un anjonus veido aziridini ar elektronakceptoriem

aizvietotajiem. Labi aziridinilanjonu stabilize trifluorometilgrupa [31, 32].
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1. n-BuLi, THF

CF, -102°C--40°C CF,
] 2.E E*&
N J— . N
. N
s N 60 - 85% Ts
54 55

E = ArCHO, PhCOMe, PhCOPh, HCOCOOEt, CICOPh, CICOOMe, BnBr

Anjoni, kas iegtti no aziridina 54, tika ,,dz&sti’ ar aldehidu un ketonu tipa
elektrofiliem, iegiistot attiecigos aziridinil karbinolus 55. Labakus rezultatus ka

benzilbromids dod metilhlorformiats (13 un 85 % iznakumi attiecigi). Tatad Saja

gadijuma acil&josais elektrofils ir reagéts€jigaks, neka alkil&josais.
Autori atzimée, ka optimalais N-aizvietotajs §1 tipa deproton€Sanas substratam

54 ir elektronakceptora tozilgrupa. Izmantojot ka bazi n-BuLi, orto-litijésanas tipa
blakusreakcijas N-aizvietotaja nenovéro.

1.3.3 Boranu kompleksi ka aziridinilanjonu stabilizacijas lidzeklis

Interesanta aziridinilanjonu stabilizacijas metode ir boranu kompleksu

lietosana. [33]. Tos iegist, attiecigajam aziridinam reaggjot ar BH3*Et,0.

H,B 1. s-BuLi

H.B _
n 3 + H,B
Ny 2-E \N/_§_ . 3
—_— z
H

\-i—
N—==H

J N
E

TBSO 56 TBSO 57a b

>

T

TBSO S7b
82-95% pédas
TBS=SiMe,t-Bu 1) s-BuLi
2)D,0
E=D, Me, TMS, SnBu,
- H D

. - D H
HB 4 § HBy +§
N H E + N—r=E
f H j i
TBSO~  58a b

TBSO 58b
90-95% (E=Me) 90-95% (E=SiMe,)

Aziridinu boranu kompleksa 56 B-N saite ir konfiguracionali stabila, tapec N

centra konfiguracija nosaka izveidota anjona centra konfiguraciju un pamata rodas
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produkts 57a ar saglabatu N-konfiguraciju, invertéta aziridina cikla produkta 57b
daudzums ir nenozimigs. N-BHj3 saitei piemit syn-virzo$ais efekts, kas novérojams
atkartota deprotongSana un reakcija ar elektrofilu. Ja aziridina cikla B-pozicijas
aizvietotaji ir telpiski mazi, pieméram, metilgrupa, veidojas syn-produkts 58a. Ja $is
aizvietotajs ir telpiski liels (SiMes), stériskie faktori noved pie anti-produkta 58b
veidosanas. Aziridinu boranu kompleksu deprotonésana veiksmigi pielietota cukuru

kimija [34].

BH 1. BuLi, -78°C, BH. E
I!I+ .37 THF vai kumols ../ I%EI_{

' 2.EX NG NG
BnO/\Q —_— BnO/\Q +  BnO E
SHS S
BnO OBn BnO OBn BnO OBn
39 60 61

Saja gadijuma uzmaniba tika pievérsta $kidinatdja izvélei, jo deprotongjot un
deitergjot kompleksu 59, THF gadijuma D,0O ka elektrofils deva tikai 10% produkta
60. Skidinataju nomainot pret kumolu un pievienojot (-)-sparteinu ka litiju helatgjosu
agentu, izdodas iegiit abu produktu 60 un 61 maisijumu attiecibas 1:1 ar 80% kopigo
iznakumu D,0O gadijuma. Telpiski lielaku elektrofilu gadijuma selektivi var iegit

produktu 61.

1.3.4 Aziridinilanjonu stabilizéjoSi N-aizvietotaji
Citi elektronakceptori aizvietotaji pie aziridina N atoma arf stabiliz€ aziridinil

anjonu, bet dod dazadas pargrup@&Sanas reakcijas. Ta, 1-tozilaziridins 62 deprotongjas,

apstradajot to ar dazadiem litijorganiskajiem reagentiem —78°C temperatiira [35].
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HPh

Os N
S:O B, -78°C, \S\
THEF, 15m1n
L 28-44% E
0o, 0,

62 64 65

B=AllilSiMe,Li, s-BuLi/TMEDA, n-BuLi
E=H, Me, Et

legtitais anjons 63 iekSmolekulari parmetal€jas tozilgrupas orto-pozicija ar
sekojosu iekSmolekularu ciklizaciju, izveidojot triciklisku anjonu 64, kur$ talak reagé
ar elektrofilu, dodot triciklisku aziridinu 65. ST metode ir optimizéta un pielictota
vairaku triciklisku sulfonamidu 65 sintéz€, izmantojot pliismas mikroreaktorus. [36].
Interesanti, ka zemakas temperatiiras (-102°C) & parmetaléSanas nenotiek un
elektrofils stajas azirid;ina cikla.

Sada veida pargrupsanas ir izslégta, ja par stabiliz&joso aizvietotdju pie
aziridina N atoma izmanto terc-butilsulfonil (Bus) grupu. [37, 38].

Paradits, ka N-Bus-aizvietots aziridins ar aizvietotaju 2. vieta 66 [37, 38] vali
bez ta [39] viegli deprotongjas bazei pieejamakaja B-pozicija, kuru neekrané substrata
N — un a-aizvietotaji. Deproton&Sanai izmanto litija amida tipa bazi LTMP [37], vai
art n-butillitiju [38]. Paraditas ieglita anjona reakcijas ar dazada tipa elektrofiliem —
halogenidiem, aldehidiem, ketoniem, amidiem — ari DMF ka formil&josu elektrofilu,
iegtstot 67 veida trans - produktus. Divstadiju procesa izdodas ievadit metilestera
grupu, lietojot CO, ka elektrofilu un in situ pievienojot diazometanu. Reakcija
nenotiek ar substrata sanu k&dé esosu dubultsaiti (homoalil) un sililgrupu (TBS), ka

ar1 terminalu halogénu.

1.LTMP,
R 2.E R
& -78°C, 1.0-1.5h g
_—
_N
= 38-92% AG
66 67 E

R = H [38], alkil, cikloalkil [38], fenil [37]
E = TMS, Bu,Sn, RCH(OH), R,C(OH) un citi.
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Interesanti, ka reakcijas apstaklos (-78°C/THF) baze LTMP Iidzeksisté ar
elektrofilu — Me3SiCl. Tas lauj sagatavot LTMP un elektrofila maistjumu un péc tam
§im maisTjumam pievienot substratu 66. Sada apgriezta pievienosanas seciba lauj
izvairities no blakus reakcijam.

Gan Musio [37], gan Hodgson [38] parada konfiguracijas saglabasanos $ajas
reakcijas. Zinots tiek arl par anjona dimerizaciju, atsildot no substrata 66a iegitu
reakcijas maisTjumu bez elektrofila pievienosanas [38]. ST blakusreakcija izmantota

dazadu simetrisku alkénu 68 sintézei [40].

R.. R LTMP (3ekv.), THF-heksani

‘}iz ~780C - 0°C, 80 min
- Bus
N r

Bus” 41-97%, 7 pieméri Bus
66a

R,, R, - alkil, cikloalkil

~
2L

=

0°C-IT, 1 Iidz 16h

AG/NW 23-98%, 28 pieméri

PG = Bus, Ts B = LDA, LTMP, LiNCy,

B (2-3¢kv.), -BuOMe, 29
[, ’:'\’r
69

Cita interesanta §T tipa anjona pargrup&sanas ir deproton&ta homoalilaizvietota
substrata 66b iekSmolekulara ciklopropanésana [41], dodot biciklo[3,1,0]heksanu 69.
Reakcija veidojas art 5-44% dimeéra.

Bus grupas vieta lietojot tas hiralo analogu - terc-butilsulfinil grupu, iesp&jams
deproton&sanas — alkiléSanas reakcijas panakt asimetrisko indukciju [39].

Plasi izplatita un &rti nonemama aizsarggrupa — terc-butiloksikarbonil (Boc)
grupa ar1 ir parbaudita ka aktivéjoSs N-aizvietotajs aziridinos deproton€Sanas —

elektrofilas aizvietoSanas reakcijas.
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s-BuLi, TMEDA, Me,SiCl,

& Et,0, -78°C, 30min
N 80% ~N

70a 71

7
Boc

N-Boc Aizvietota aziridina 70a, deprotongjot ar s-BuLi TMEDA klatbutng [42]
izdodas ievadit TMS grupu. Saja gadijuma produkta 71 konfiguracijas saglabasanas

nav noveérojama.

1.3.5 N-aizvietotaja 1-2 migracija

Ja aziridina 70b, 70c vai 73 anjonu papildus nestabilizé ar kompleks&josu
piedevu (TMEDA) novéro Boc un fosfono grupu 1-2 migraciju [43,44], iegustot

esterus 71, 72a un 74.

1. s-BuLi, THF, 1. LTMP, THF,
-98°C, <5min Ph -78°C, 90min Boc
2.D,0, H,O/H" & 2. H,O/H* :
_ = ‘"' Boc ﬁ A
Boe” N 80% HN Boc” SR 79-90% HN&R
10b 1 70¢ 72a

= R = alkil, homoalil ===

Redzams, ka fosfono grupas 1-2 migracija notiek gan izmantojot par deprotongjo$o
agentu litija amida bazi (LTMP), gan n-butillitiju. P&€d&ja gadijuma autori nenovéro
blakusreakcijas P=0O saité. Reakcija notiek arT ar s-BuLi un terc-BuLi, bet ar

zemakiem iznakumiem.
A. LTMP (5¢kv.), THF,

-78°C, 2h
B. n-BuLi (1.5ekv.), THF, O\\P/OEt
/A -78°C, 4h - ~OEt
EtO\P/N N - A
EtO” I 79-91% HN&
0 R
73 R=alk, Ph 74

Paradits, ka vairuma gadijumu N-Boc-aizvietota C-alkilaizvietota aziridina 81
reakcijas ar litija vai litija amidu bazém dod Boc grupas 1-2 vai 1-3 migraciju, nevis

stabilu aziridinil anjonu un ta sekojoSas reakcijas ar elektrofiliem [45]. Uz optiski
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aktiviem fenil 70b [43] un homoalil 70c [45] aizvietotiem terminala aziridina

piemériem paradits, ka migracija notiek ar konfiguracijas saglabasanos, pic kam

fenilaizvietota substrata gadijuma novéro 1-2, bet alkilaizvietota substrata gadijuma -

1-3 migraciju, iegiistot attiecigi produktus 71 un 72a. P&c autoru uzskata, vispirms

notiek trans-deprotonésanas, aziridina N-aizvietotajam stabiliz&jot aziridinil anjonu

un péc tam - S§1 aizvietotaja 1-2 migracija, saglabajot trans-konfiguraciju.

Fenilaizvietotaja gadijjuma notiek deprotonésanas 2. vieta fenilgrupas m-elektronu

sistémas stabilizgjosas ietekmes d&l.

Izdarot crossover eksperimentu ar substratu 70d un 75 maisijumu, konstatets,

ka reakcija notiek iekSmolekulari, jo veidojas tikai produkti 72b un 76.

Boc

[~
=
(=¥

COOt-Bu

HN&/\/\
Cl
72

Cl +

LTMP, THF
-78°C, 90min

89%

|

+

76 82%

Lidzigi ka Boc grupa 1-3 migracijas produktu 74 dod ar1 1-fosfonataziridinu

73 reakcijas ar LTMP [41]. Sava vélaka darba [46] autori optimiz&jusi aziridin-2-

karboksilatu 72c iegiiSanu no N-Boc-aziridina 70e.

e

I+
™

s-BuLi
LDA
LiNCy,
LTMP
LTMP
LTMP
LTMP

N A W~

$kid.

THF
THF
THF
Et,0
pentans
THF
THF

3

(0]
n-Bu
2¢

T(°C) laiks (min) Izn.(%)

-98
=78

=78
-78
=78
=78
0

5
90
90
90
90
90

90

56
0
0
0
24
90
60
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Redzams, ka bitisks ir deproton&josa agenta baziskums. Ta, LDA un LiNCy;
gadijuma reakcija nenotiek. Baziskako agentu s-BuLi un LTMP gadijumos esteri 72¢
izdodas iegut. Labakus rezultatus dod LTMP, acimredzot ta salidzino$i zemakas
nukleofilitates dél, jo s-BulLi gadijuma rodas ari neidentificéti blakusprodukti.
Reakciju iespéjams veikt ari 0°C temperatiird, tomér ta notiek ar zemaku iznakumu.
Parbaudot dazadus N-Boc aziridinus 70e, autori Konstat&jusi, ka reakcijas apstakliem
toleranti ir dubultsaites, halogénu (Cl) un sililgrupas saturosas sanu k&des, ka ar1 2.2-
divaizvietoti substrati, dodot iesp&ju iegiit citadi griti pieejamo esteri 77. P&dgjais
rodas, tikai atsildot reakcijas maistjumu, -78°C reakcija nenotiek. Konkurgjosa alil- un

benzil- poziciju deprotonés$ana sanu kédes netiek novérota.

O
17

P&tot reakcijas kinétiku, autori noskaidrojusi, ka reakcijas atrumu noteicosa
stadija ir litijésana — anjona veidoSanas. Sekojo$a migracija, salidzinot ar
deproton&sanu, notiek atri.

1.3.6 Aziridinilanjonu stabilizéjoSie akceptorie C — aizvietotaji.

Pirmais karbonilgrupas stabilizetais elektrondeficitais aziridinilanjons iegiits

no aizvietota aziridinilfenilketona 78a [47, 48]

LiN(Me)Ph vai LDA,

Ph g Et,0-heksans, Ph g
M -78°C, 3h M
N PR N Ph
H 80%
78a 19a
Ph Ph
H D
N Ph N Ph
o) 0
78b 79b
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Paradits, ka cis-substrats 78a veido anjonu un deiteréto produktu 79a, savukart
trans-substrats 78b — neveido anjonu un produktu 79b. Labas aziridinilanjonus
stabiliz€joSas grupas ir 2-fenilsulfonil [49] un 2-fosfonata [50] aizvietotaji. Abos
gadijumos, ka bazi lietojot LDA, iegiist anjonus, kuri stajas reakcijas ar elektrofiliem.
2-Fenilsulfonilaziridinu gadijuma apstradajot substratu 80 ar LDA, rodas tumsi zalas
krasas anjona $kidums, kur§ ir stabils -78°C temperatiira un reakcijas ar elektrofiliem
dod 2,2-aizvietotus sulfonilatvasinajumus 81 ar labiem iznakumiem un konfiguracijas

saglabasanos.

R LDA, THF R
-78°C, 10min
—_—

71-100%

SO,Ph g—Me, Bn, Alil

7
Ph H R=McO, CI Ph E

80 81

2-Aziridinilfosfonatu 82 gadijuma novéro anjona (83a un 83b) izomerizaciju un
izdodas to hlorét, par elektrofilu izmantojot tetrahloroglekli. Reakcija veidojas
racemisks produkts 84. Paradits, ka deproton&$anas reakcija notiek ar 1 ekv. n-BuLi
vai LDA, bet ar alkoholatiem (EtOK, t-BuOK) ta nenotiek.

Ar1
LDA i)'/OEt
vai n-BulLi, _N ~OFt
Ar, THF Ar; Li Ar,
W or 78C 83a CCl,, -78°C
P_ 10min -4h I 4 RAVIE
A OBt —— = Ay b OEt
? H Ar, || OEt
82 84 O
N Li
Ar”” _~OEt
2 Pl
[ OEt
83b o
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1.3.6.1 Oksazolinilaziridini

Ka labi anjonu stabiliz&josi akceptori C-aizvietotaji aziridinilanjonu iegiiSanai
paraditas oksazolinil (substrats 85) un tiazolil grupas [52-57]. Substrata 85
deprotonésanai a-pozicija lieto n-butillitiju un iegiito anjonu iesp&jams deiterét un

alkil&t, iegnistot produktus 86a.

1. n-BuLi, THF,

~78°C
2.E* Vai, ja E*=RCHO,
N ——— N E R-Me, Ph,mCICH, pp

m vai p-MeOC,H,
Z
N” O E=D,Me, TMS,

N7 "o
Alil, Me,C(OH) ﬁ_/

85 86a 86b

oo
N

70-98% 55-90%
Ja ka elektrofilus izmanto aldehidus, paradas reakcijas anti-diastereoselektivitate,
ieglistot karbinolus 86b. Gadijuma, ja 2-oksazolinilaizvietotam aziridinam a-pozicija
jau ir otrs aizvietotajs (substrati 87a un 87b), deprotonésanas un reakcija ar elektrofilu
var notikt B-pozicija. [52]. Paradits, ka no N-fenilsulfonilaizvietota substrata iegiita
anjona ipasibas un reag€tsp&ja atkarigas no ta konfiguracijas. Lidz ar to redzams, ka

anjona konfiguracija ir stabila.

Ph s-BuLi, TMEDA, Ll" Mel Ph
THF, -98°C, 1-1.5h
Ph\\\ N Ph\\\ C9BCIT NL/O
( || Me N R\
“ Me N Me N
88a 8 -

Mel £0a o

Ph vai D,0 2-9%
E,, 75%-kvant.

o Mel Mel Me,CO (atsildot)

O .
\ D,0
Ph\\ﬁ /N% l vai D, OH
e
O N B -,
O

90

21% (E=Me)
41% (E=D)

69% 22% (E=Me)
37% (E=D)
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cis-Anjons 88a reakcija ar acetonu dod B-pievienoSanas produktu 93 ar 21%
iznakumu, bet trans-konfiguracijas anjons 88b dod triciklisku pievieno$anas —
ciklizacijas produktu 94. DeiteréSanas un metiléSanas reakcijas ka pamatproduktu
ieglist dianjona (aziridina [-vieta un tozilgrupas fenila orto-vieta deprotonéta
substrata) elektrofilas aizvietoSanas produktus 91 (cis-anjona 88a gadijuma) un 9la

(trans-anjona 88b gadijuma).

H ; Li Ph
Ph,, s-BuLi, TMEDA, L089C.IT
o & o THF.98C I-Lsh OPh"u 98°C A
Mel O
Ph.l _N— > Phoil N 0 N
NNT( NN j — ~
I Me N— I Me N Me N
O : 0 N :
87b 88b . )
D,0 89
2-9%
Ph, D 75%-kvant.
o o (atsildot)
W _N—
ﬁ/ l\ﬁ
c
o) N ™~
D - =
dla 94

Trans-konfiguracijas substrata 87b (anjons 88b) gadijuma deiter&jot anjonu ar
D,O rodas tikai bis-produkts 9la, tatad anjona 88b vieta veidojas dianjons,
deprotongjoties ari fenilgrupas orto-pozicijai. Savukart cis-substrata 87a gadijuma ar
vid&ju iznakumu veidojas mono-aizvietosanas produkts 90, bet pamatprodukts tomér
ir bis-alkilésanas produkts 91. Rodas ari triciklisks produkts 92, kas veidojas,
ciklizgjoties dianjonam. Atsildot anjonu Skidumus, notiek elimin&Sanas process,
veidojoties azirinam 89.

Deprotonésanas reakcijas parbauditi ari 2-oksazilinilaziridini ar citiem N-
aizvietotajiem, ka fosfinoil un Bus (terc-butilsulfonil) grupas [53]. N-fosfinoil un N-
Bus substratu gadijuma tiek izslégta orto- litijéSana, jo N-aizsarggrupa nav aromatiska
gredzena, kur§ var staties Saja blakusreakcija. Konstatéts, ka 1-fosfinoil-2-
oksazolinilaziridina 95 gadijuma nozimiga ir deproton&josas bazes izvéle: LDA dod
fosfonoilgrupas 1-3 migracijas blakusreakciju, veidojoties NH aziridinam 98, s-BuL.i
to nedod un TMEDA piedeva samazina anjona izomerizaciju (produkti 96 un 97).
Pedgjie deprotonésanas apstakli lauj iegtit no anjona 99 virkni reakciju produktu 100

ar parastajiem elektrofilajiem reagentiem.

29



H 1. B, THF, D Ph Ph—P
Phr -98°C, 1.5h Phie D Ph
AN —_— Ph™ 1l PN Ph™ Ii AN A
O N7 O O N” "o O N“ "o N? o
95 9% L 98
s-BuLi/TMEDA 90%(>98%D) 10%(>98%D) 0%
s-BuLi 85%(>98%D) 15%(>98%D) 0%
LDA 10%(80%D) 60%(85%D) 25%
H Li E
Phlln- ‘ Ph“" Ph“"
Ph . s-BuLi,TMEDA, THF,
Ph>1|)I/N ?Me -980C, 15h Ph:P/N 'E"Me E+ il;:”/N ?Me
2N > = A
0 N o PRl o 0 N0
95 99 100
# E* E Izn. (%)
1 Mel Me 50%
2  BnBr Bn 58
3 alilBr alil 30
4  cikloheksanons,TMSCl CyC(OH) 40
5  PhCHO,TMSCI vai BF; PhCH(OH) 24

*(+ fosfinoil Ph gredzena o-metiléts prod.)

Eksperimenti ar N-sulfinil aizvietota 2-oksazolinilaziridina 101 deproton&$anu
noveda pie sulfinilgrupas noskelSanas deprotonéSanas apstaklos, dodot NH aziridinu
102 (pamatprodukts), sec-butilaizvietotu produktu 104 un sulfoksidu 103 ka
piemaistjumus. Savukart N-Bus aizvietota substrata 105 deprotongSana svariga ir
bazes izvéle, ta s-BuLi-TMEDA dod anjonu un lidz ar to deiteréto produktu 106
kvantitativi, kamér LDA noved pie eliming&Sanas, rodoties ari azirinam 89. Pie C(3)
sec-butilaizvietotais produkts 104 acimredzot rodas, elimin€Sanas procesa
izveidotajam azirinam 89 pievienojot s-BuLi. D,O vieta dz&Sot anjonu ar Mel vai
PhCHO, §1 blakusreakcija ir nozimiga, 3-aizvietoti blakusprodukti rodas attiecigi ar

45 un 55% iznakumiem.
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Ph
H,

‘

(0]
tBU.‘\\ N

@ &Q

1. sec-Buli,

TMEDA,
THF, -98°C, u Ph <Bu
1.5h 1, Ph
2.D,0 D
HN E\/O + tBu_ + HN— 0
—_— YAl S z
Me Il ND\/
N 0 N
102 103 104
Pamatprodukts Detekteti ar GC
sec-Buli
1. B, THF, Ph Ph
-98°C, 1.5h D,,) &
2.D,0 0 7
- Bul N™O0 + N 5\,0
I Me \l Me \\)
0 N N

106

B=sec-BuLi, TMEDA
B=LDA

kvant. (>95%D)
37% (98%D)

63%

N-Alkilaizvietotu oksazolinilaziridinu 107a,b gadijumos virkné pieméru

paradita substrata aziridina N-aizvietotaja sterisko izm&ru ietekme uz deprotonéSanas

un sekojoso alkiléSanas vai pievienoSanas reakciju norisi.

Ph Ph
L.s-BuLi (2ekv.), . s-BuLi, TMEDA, D.--&
THF, -78°C, 1h N THF, -98°C, 1.5h NG
2.D,0 R” I™Me 2.D,0 Br /E\ Me
- >
N7 0 N o
107a. b 108b
R=Me, Bn kvant.
1. s-BuLi,TMEDA,
THF, -78°C, 1h
2. RCHO o
Me
I\I/Ie /\ |
Me, N Ph Me, N .Ph
N ‘\‘\\ + “‘\\\
(0]
109 110
RCHO 109(%) 110(%) dr
PhCHO 68 98 >98/2
p-CIC,H,CHO 48 98 80/20
MeCHO - 75 64/36
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Salidzinot N-metil (107a) un N- benzil (107b) substratus [53], konstatéts, ka telpiski
maza (Me) aizvietotaja gadijuma Li sp& komplekséties ar oksazolina slapekli,
veidojoties anjonam un deiterétajam produktam 108a, kamér lielaka -
benzilaizvietotaja gadijuma nepiecieSama kompleksgjosa piedeva TMEDA (produkts
108b). No substrata 107a generétajam anjonam reag€jot ar aldehidiem, lidz ar
pievienoSanos anjonam notiek pievienosanas pie oksazolina dubultsaites, rodoties
spiro-tricikliskiem starpproduktiem 109, kurus hidrolizgjot, iegiistami bicikliski
aziridinillaktoni 110. Stériski liela tritil aizvietotaja gadijuma substratam 111 nov&rota
deprotoné$anas un alkiléSanas vai elektrofila pievienosanas aziridina B-pozicija [54],

dodot produktus 112 ar dazadiem alkil&tajiem.

1. s-BuLi, 1. s-BuLi,
TMEDA, TMEDA,

H E THF, -70°C, 2h THF, -70°C,2h 1y %R,
& 2 B A  FRRCO ! on
N0 N—XU _0 3.H FrANGR

PRCT ANy e P TN s i N
N er>98:2 N er>99:1 H N7i
dr>98:2
112 111 113
E* Izn.(%) R R, Izn.(%) dr
D,0 90 Et Et 60
TMSCI 70 4-BrCH, H 80 90/10
Mel 75 Ph H 80 90/10
BnBr 55 4-MeO-CH, H 70 95/5
Bu,;SnCl 75 2-furil H 70 90/10
AlilMe,SiCl 70 t-Bu H 75 75/25
Etl 60 Ph Me 50 50/50
AlilBr 66
PhCON(Me)OMe 70
PhSSPh 50

Reaggjot ar karbonilsavienojumiem, no §T paSa substrata 111 generéts anjons dod
tapat B-pozicija aizvietotus karbinolus 113.

Paradits ari, ka ta paSa tipa substrats 114a, bet ar mazaku (benzil) N-
aizvietotaju dod tikai normalo a-pozicija aizvietoto produktu 117, bet substrats 114b
ar vidgja lieluma N-aizvietotaju — abu (o un ) produktu 115 un 116 maisijumu. Tatad
N-aizvietotaja steriskais izmers nosaka deprotonéSanas un elektrofila pievieno$anas

poziciju un varigjot N-aizvietotaju, var virzit $adu reakciju regioselektivitati.
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1. s-BuLi/TMEDA,
THF, -98°C,2h

2. B N Y >< ﬁ\N\/O
N * 1e

R : 0
EN E=D 34% 66%
N E=FEt 18% 36%
E=PhCHOH 22% 44%
114a R=CH,Ph 1. n-BuLi, THF,
14b R=CMe,Ph -98°C,2h ﬁ
2.E* Ph __N— 0
B uz N
E=D 97%
E=Me 50%
E=Et 70%

Ja 2-oksazolinil aziridinam 3. vieta ir ar litijorganisko reagentu komplekséties sp&jiga
grupa, piem&ram, 2-piridil- (118) vai 2-tiazolil- (120), var novérot tas virzoso darbibu
[55], attiecigi veidojoties produktiem 119 un 121.

S %
NP2 1. n-BuLi, N — NS 1.»r-Buli,
THF,-78°C THF, 78°C
*3 2 E* *3  2.E*
—_—
p ] 2 ph "2
7 0 7

N7 N 7 N N
118 m 120 121
Substrats E* 1zn.(%) dr Substrats E* Izn.(%) dr
(RS/RR) (RS/RR)

2R3S MeOD 75 100/0 2R3S MeOD 80 70/30
2R3S Mel 70 100/0 2R3S Mel 80 70/30
2R3R MeOD 65 10/90 2R3R MeOD 80 30/70
2R3R Mel 65 0/100 2R3R Mel 75 30/70
2R3S allilBr 65 0/100

2R3S BnBr 70 0/100

2R3R  allilBr 70 0/100

2R3R  BnBr 75 0/100

Redzams, ka 3 stavokli eso$a grupa darbojas ka reakciju virzosa, dodot
attiecigas konfiguracijas produktus. Piridilgrupas virzoSais efekts ir izteiktaks ka
tiazolil grupai, tapéc produktus 119 vairuma gadijumu iesp&jams iegit ka tirus

diastereomeérus.
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Ja substrata aziridina 2. vieta ir blokéta (aziridini 119b, 121b, 122),

deprotonésanas un elektrofila pievienoSana notiek 3. vieta. Virzosas grupas ietekme
atkariga no 3. pozicijas oglekla centra konfiguracijas, 2-piridil un metiltiazolil
aizvietotaji darbojas 1idzigi, dodot produktus 123 un 124.

Na S NS
%3 ) 1. n-BulLi,
*2 vai THF,-78°C
/ Me _N Me ——
Ph 2. D+
N7 N7 o N? o

B C
19b 121b 122

D Het Het D
/I\%:Me h/%:M

z z

N N

h + P ©
(0] (0]
123 124

Substrats  Izn.(%) dr(RS123/RR124) D(%)

2R3S 119b 75 100:0 75
2R3R 119b 75 70:30 70
2R3S 121b 65 100:0 83
2R3R 121b 70 65:35 70
2R3S 122 65 100:0 81

Savukart, ja 3. pozicija ir 4-piridil aizvietotajs (para-aizvietots piridins,
substrats 125), tad litija komplekséSanas nav iesp&jama un elektrofila pievienoSanos

pavada eliminé8anas, iegtstot val&jas keédas produktu 126.
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N
| N
1. n-BuLi,
THF,-78°C 7
2.E* Phe - E
_— N
Me Me
65% (E=D)
o 70% (E=Me) N7 "o
S 126

VirzoSo grupu efekti paraditi art 1.2.3-tri-heteroaril aizvietotos substratos 127,

129, 128a un 132. [56]. Paradits, ka oksazolins ir stipraka elektronakceptora grupa,

neka piridins un Iidz ar to nosaka deprotonéSanas un deiteréSanas vai alkiléSanas

regioselektivitati aziridina cikla 2. vieta substratos 127 un 129

B B
N
N A 1. n-BuLi, =
3 THF, -78°C
N 2.E* N e
N * 2 > N
I I
~Z N7o ~ N7 0
E+ 1zn.(%) dr(RS/RR) %—/
D,0 85  0/100
127 (2R3S) Mel 80 0/100 128

Atskiriba no iepriek§ minétajiem piemé&riem ar konfiguracijas saglabaSanos, no
substratiem 127 un 129 generétajiem anjoniem notiek pilniga konfiguracijas inversija.

Péc deiteréSanas vai alkiléSanas iegtstot produktus 128 un 130 ar apgrieztu

o}

konfiguraciju pie C(2) centra.

1. n-BuLi,
THEF, -78°C
2.D,0

N

90%,100%(2R,3R) I

w

129 (2R3S)
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Lidzigi ka iepriek$gjos gadijumos, blokétas C(2) vietas gadijuma (substrati
128a, 132) deprotonéSanas un reakcija ar elektrofilu notiek brivaja C(3) vieta.

Reakcija notiek ar dal&ju vai pilnigu konfiguracijas apgriesanos.

1. n-BuLi,
THF, —78°C

| 72 ’ 2
~ N
Z XN 0 Substrats 2R3S
E* 1zn.(%) dr(RS/RR)
D,0 99 70/30

Mel 91 25/75
alilBr 75 0/100

Noverota arT elektrofila reagenta ietekme. Ta, piridil aizvietota substrata 128a
gadfjuma invertétais produkts 131 rodas stercoselektivi alilbromida ka elektrofila
gadfjuma. Tiazolil aizvietota substrata 132 gadijuma pilniga inversija notiek ar
metiljodidu (produkts 133), kamér deiteré$anas gadijuma konfiguracijas inversija ir

dalgja.

NS N .S
1. n-Buli, E
THEF, 78°C N M
e
e
~ N7"o
ﬁ 133

Substrats E*  Izn.(%) dr(RS/RR)
2R3S  D,0 80 72/28

2R3S  Mel 75 0/100
2R3R  D,0 &5 30/70

Konfiguracijas inversiju Sajas reakcijas autori skaidro ar iekSmolekularu litija

helatésanos aziridinil anjonos 127a, 129a un 128b, 132a. Helatésanos nodro$ina
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aziridina N atoma nedalitais elektronu paris un elektrofila uzbrukums notiek no

kompleksétajam Li jonam pret&jas puses.

H
Het/,,&
Het, ~\

Y
3 Li
N

1

0
|
N
27a, 1292 128b, 132a

Deprotonét un alkilét iesp&jams ari 2-tiazolilaziridinus [57] 134 un 135 (anjoni
134a, 135a). Paradits, ka ari $aja gadijuma konfiguracijas saglabasanos veicina
komplekséties sp&jigs N-aizvietotajs, dodot deiteréto (137) un alkiléto (138) produktu.
Savukart komplekséties sp€jigu heteroatomu nesaturoSa N-aizvietotaja gadijuma

reakcija rodas diastereoméru maistjums 136 .

Ph Ph

N L NS
Mo AN T Y
\/Z Ph N /
135

l n-BuLi, THF, -78°C, 1h

Ph
Ph H,,)

H,,) i Ph
& D,0 RN YS D,0 &
(N \\/S - Li 1\\1 \/{ - o, N S
p Il / MeO” Y

a Y

Ph N D
134a, 135 /
, Ph N
136 137
90% (95%D), Mel 90% (90%D)
dr 4:1, nedalas

S, B S
MeO PE l\bl\\l/\/%
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Apkopojot datus par oksazolinilaziridinu anjonu stabilitati un reag&tsp&ju
autori [58] norada, ka doto aziridinilanjonu stabilitati nodrosina oksazolinil grupas
stabiliz€josa ietekme, kas wveicina regioselektivu a-litijéSanu bez karboksilatu
gadijuma novérojamas paSkondensacijas. Anjonu var stabiliz€t gan oksazolidina
slapeklis, gan arT aziridina slapeklis, ta dodot konfiguracionali stabilus anjonus A vai
B. Deprotonésanas celu a vai b varbiitibu nosaka iesp€ja invertomeriem A un B pariet
vienam otra, kas ir atkarigs no deprotonéianas temperatiiras. Pie -98°C inversija ir
praktiski apstadinata un tadel stabiliz§josSo lomu spélé oksazolidina N atoms, nevis
aziridina N atoma nedalitais elektronu paris. Savukart, ja inversija ir iesp&jama, un
invertom@rs B deprotongjas atrak, reakciju kontrole aziridina N atoma nedalitais

elektronu paris.

Li N N -
R : \ \.. \
eIV oW
:' [} R
0" N A B 0" N

Oksazolidina slapeklis var komplekséties ar Li jonu ari -deprotonéSanas
gadijuma, stabilizjot attiecigo anjonu C, kur deprotonéSanas vietu nosaka N-

aizvietotaja steriskie izmeri.
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Seit vérojama atikiriba no a-litijetiem oksiraniem, kuri analogiskos reakcijas
apstaklos racemizgjas [59-61]. Si atikiriba norada uz aziridina slapekla fikseéta
stavokla lomu reakcijas virziSana.

Kaut arl oksazolinil- tipa aizvietotaji paraditi ka labakie aziridinilanjonu
stabiliz€taji, to 1pasibas ir literatura labi =zinamas. Tad€l mis interesgja
aziridinilkarboksilatu un karboksamidu reagltsp&ja, t0 anjonu stabilitate un
blakusreakcijas deprotonésanas apstaklos. Par $ada veida substratiem un no tiem

generétajiem aziridinil anjoniem literatiira ir mazak datu.

1.3.6.2 Aziridin-2-karboksilati

Pirmie karboksilatu tipa aziridinu atvasinajumi, kurus ir izdeviens deprotonét,
ieguistot stabilus aziridinilanjonus un alkil&t tos, ir aziridin-2-karboksitiolati 139 [62],

kuri dod stabilu aziridinil anjonu un 2-aizvietotus elektrofilo reakciju produktus 140 .

E
1. LDA, THF, -78°C
N SPh ’ ’
N %( 5 B R/N%(SPII

139 © = 140 O
R=/Bu, Bn

(=Y

Anjons viegli reagé ar aldehidiem un B-nitrostirolu ka elektrofiliem un dod

attiecigo diastereoméru parus 140b/140c, 140d/140e un 140f/140qg, pie tam novéro

viena diastereoméra ievérojamu parsvaru. DMPU klatbiitn€ izdodas arT alkilét anjonu
ar metiljodidu, iegtstot produktu 140a. Acimredzot DMPU kompleksgjosi stabilize

anjonu.
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Mel+DMPU PhCHO

Me SPh 0
_N Sph  R=-Bu 60% OH HO o
R R=Bn 62% N pn +  LDA Ph=— =0

0 Ph £~ —> /

140a RN N—=
140c¢ R 141
R=Bn 64% 7% 16%
R=Bn (+CITi(NMe,),) 57% 4% <1%

R=t Bu 70% 88:12

ph N0
MeCHO

ﬁ/N““ N— N_"‘
! T —
140d 140e 140g
75% 72:28 70% 88:12

Deprotongjot un deitergjot  (2R)-fenil-N-benzilaziridin-2-karboksitiolata
enantiomé&ru 1393, iegiist deiterétu un alkilétu produktu 140h. Pirmo reizi novérota
konfiguracijas saglabasanas 2-aziridinil tioestera gadijuma, kas liecina par anjona
piramidalo struktiiru un konfiguracionalo stabilitati [63]. Blakusprodukts 142 rodas
paresterificéSanas rezultata, bet ari taja C(2) konfiguracija saglabajas.

Lidzigus rezultatus iegust, deprotongjot un alkil&jot N-a-fenilmetil- aizvietotus
substratus 139b un 139c. Saja gadijuma ieprieks tika hromatografiski sadaliti
diastereoméri 139b un 139c un no atseviskajiem diastereom@riem iegiiti un metiléti
anjoni. 2-Metilaziridinil esteri 140i un 140j uzrada konfiguracionalo stabilitati. Seit
gan iespgama arl o-fenilmetilgrupas hirala indukcija. Paradita ari substrata
konfiguracijas ietekme, ta trans- substrats 139b dod tikai vienu produktu 140i dazadu
elektrofilu gadijuma, kamér cis- substrats 139c dod tikai produktu ar dal&ju

konfiguracijas saglabasanos, veidojot diastereomé&ru 140j un 140i maisijumu.
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1. LDA, THF,

-75°C, 20 min
2. n-BuLi E
H 3.E* D
thN/A./,,, SPh =~ Ph _ ﬁ/ ]/SPh + thNﬁ{” 0CD,
139 ([l/ E=D (ED,0D), 140h (I) g/
2 Me (Mel+DMPU) == 142
E=D: 39-42%, 84-85%ee 19-20%, 80-82%ee
1'7 EDCA’ngF ; Eletrofils Izn.(%)
-/5°C, 20 min 1 enantiomérs
Ph NQ/H SPh 2. E', DMP, Ph NS/E SPh ( )
\‘/ ﬂ/ 100°C-60°C > \r n/ CH,OD 55
0 (0] (kopa ar metilesteri)
139b 140i Mel 62
Etl 51
AlilBr 59
BnBr 60
—nitro-
1. LDA, THF, stirols 79
-75°C, 20 min
H 2. E*, DMP, E E
Ph N%( SPh -100°C--60°C - PhTN%(SPh + Ph Nﬁ{[ﬂ/sph
\r 0O O T . O
139¢ 140i 140§
CH,0D 60% 2 : 1( kopa ar metilesteri)
Mel 51% 4:1
BnBr 57% 2:1

Mgginajumi iegtt konfiguracionali stabilus aziridinilanjonus no parastajiem

2-aziridinilkarboksilatiem sakotn&ji veikti ar substratiem 143, kuri satur
komplekseties sp€jigu N-aizvietotaju lidzigi ka iepriek§ minétais substrats 134.
Deprotongjot  aziridin-2-karboksilatus 143 LDA klatbiitné, novéro anjona
dimerizaciju, veidojoties diaziridinilketoniem 144 [64, 65]. So blakusreakciju izsledz
DMPU piedeva (2S)-substrata 143a gadijuma, ka ari 3ekv. TMEDA piedeva
(alilboromida gadijuma) vai skidinataja nomaina no THF uz DME-Et,0 (2R)-substrata
143b gadijuma. Deprotongsana ir iespgjama, lietojot LDA ka bazi, citas bazes (NaH,
LiIHMDS, terc-BuLi) deprotonésanos nedod, bet KHMDS gadijuma novéro tikai
substrata epimerizaciju. Tiek izvirzita hipotéze, ka 2-aziridinilesteru anjonu stabilitati
(salidzinot ar Vedgja grupas [33] aprakstitajiem nestabilizétajiem aziridinilanjoniem)
nosaka helatéties sp&jiga grupa. Autori norada, ka svariga loma no aziridin-2-
karboksilata generéta anjona stabilitaté ir N-aizvietotajam. Anjonu stabilizé N-
aizvietotajs ar koordinéties sp&jigu metoksigrupu. Alkiléto produktu iznakumus

palielina 3ekv. DMPU piedeva, bet ne tik nozimigi, ka iepriek§ min&to karbotiolatu
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gadijuma. Noverots, ka metoksi grupu nesaturo$a N-aizvietotaja gadijuma (substrats
146) reakcija nenotiek. Tapat bitisks ir estera grupas stériskais efekts. Piemérots
substrats ir terc-butilesteris, bet metilestera gadijuma novéro tikai paskondensaciju.
Konfiguracijas saglabasanas novérota gan (2S)-, gan (2R)-substratu gadijuma,
veidojoties produktiem 145a un 145b. Sajos gadfjumos konfiguracijas saglabasanos
var noteikt gan anjona stabilitate, gan hirala N- aizvietotaja asimetriska indukcija.

Izdarot (2S)- un (2R)-substratu C-H spinu mijiedarbibas konstan$u mé&rfjumus,
izreékinata aziridina N inversijas energija, kas ir aptuveni 16 kcal/mol, tatad ir
pietickama, lai N atoms darbotos ka stereogéns centrs. No zemas temperatiras IS
spektriem autori secina, ka deprotonésanas produktam drizak ir enolata daba, neka
karbanjona daba. Konfiguracijas saglabaSanas attiecigi tick skaidrota ar elektrofila
tuvoSanos anti pozicija attieciba pret aziridina N nesadalito elektronu pari.

Summejot var secinat, ka sp&u deprotonéties nosaka substrata kinétiskais
skabums un anjonu stabilizé helatéties sp&jiga grupa substrata, helat€josa piedeva

(DMPU) vai anjonu kompleksgjoss skidinatajs (DME).

1. LDA, THF, -78°C

CO,R
2.E*"
Ph N%(OR > Ph NWN wPh
T T T )
OMe MeO
144

0 R=Et, tBu

1. LDA, THF, -78°C

H 2. E+DMPU(3eq) ~E
Ph _N—X_ OtBu > Phy N—_ _OtBu
\[ dr>98/2 \[ 0
0]

Me

O
OMe
143a 145a

E* Izn.(%) 1zn(%) ar DMPU konfig.
TMSCI 37 41 2R
Mel 47 59 2S
AlilBr 44 64 2S5
BrCOOtBu - 54 2S
BnBr - 28 28
cikloheksanons 21 - 2S
PhCHO 35 - dr 61:39
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1. LDA, DME/Et,0, -78°C

H E
/A/ oBu Nﬁ/ OtBu

Ph\[N ([l/ _ Ph\E (Il/

OMe OMe
143p E' Izn.(%) dr(%) konfig.  145b
TMSCI 38 89/11 2S
Mel 48 98/2 2R
AlilBr 49 94/6 2R
BrCOOtBu 30 95/5 2R

1. LDA, THF, -78°C
H 2.E*

Zinots ari par konfiguracionali stabila 2-aziridinilestera anjona iegiisanu un
rakcijam ar elektrofiliem, ja N-aizvietotajs ir difenilmetil grupa (substrats 147) [66].
Produkta 148 iznakumi ir vidgji lidz augsti, pie tam visaugstakos iznakumus dod
aldehidu tipa elektrofili (pieméri 6 un 7). N-Benzil aizvietota substrata 149 gadijuma
anjona alkiléSanas produktu neiegiist, bet ar zemu iznakumu izdala tikai reciklizacijas

produktu — aizvietotu pirolu 150.
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=

1. LDA, DME, Et,0 (5:1), -78°C

2. E*, -78 -+25°C ~E
PhYN YOEt . PhYN YOEt
Ph 0] Ph 0]
m # R E* IZH(%) 148
1 Ph Mel 82
2 Ph n-CgH;J 50
3 Ph AllilBr 61
4 Ph BnBr 33
5 Ph MOMCI 63
6 Ph PhCHO 95 (1:1diastereomeri)
7 Ph n-C;H,CHO 89 (1:1diastereomeri)
8 Ph Bu,SnCl 73 (18% O-alkil)
9 2-naftil  Mel 70
10 p-PhC,H, Mel 64
11 p-BrCH, Mel 86
12 cikloheksil Mel 70
13 +-Bu MOMCI 66
Ph
0]
1. LDA, DME, Et,0 (5:1) , -78°C (
2. Mel, -78 -+25°C N OEt
Ph\/N YOEt - - \ |
0 3% OH
149 150

Paradits, ka anjona paskondensaciju, veidojot diaziridinilketonu, vajina C(3)
aizvietotajs aziridina cikla. Ta, 3. pozicija neaizvietots N-difenilmetilaziridin-2
karbonskabes esteris 151 deproton&jot un metil§jot dod parsvara paSkondensacijas

produktu 153, bet alkiléSanas produkts 152 ir minorais.

1. LDA, DME,
Et,0 5:1,-78°C

M CO,Et
ph NS or 2E TS _+25°C=PhYN/A\rFOEt L Ph NSH%AN Ph
T Y N

o] Ph 0 Ph 0 Ph
151 152 153
Piev. laiks Reakc. laiks mono ee (mono) bis
(min) (min) (%) (%) (%)
2 30 15 81 74
2 2 29 73 44
30 30 29 78 48
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Optimizejot difenilmetil tipa N-aizvietotaju un ievadot taja komplekseties spéjigas
metoksigrupas (substrats 154), izdodas paaugstinat alkilé$anas reakcijas produkta 155

iznakumu Iidz 91% ar konfiguracijas saglabasanos [67].

MeO Ph MeO
o A ke
N OEt | LDA (2¢kv.), THF, -78°C N \F(OEt

\f( 2. Mel (3ekv.), -78 —+25°C

O _ O
) )

Lidzigi ka aziridin-2-karboksilati, stabilus anjonus dod arT 2.3-aziridino-y-laktoni 156
[68].

TBDPSO

TBDPSO
1. B, $id. -78°C
2. 5Mel, -78 +25°C

Y

DMB
B=LDA, LTMP
156 $kid. =THF, DME-Et,0 (5:1),
ar vai bez DMPU OTBDPS
TBDPS = tBuPh,Si-
25-35%

DMB = 3.4 (Me0),C H,CH, -

Lietojot ka elektrofilu metiljodidu, iegiist tikai dimerizacijas produktu 157, bet
citu elektrofilu, pieméram, aldehidu un ketonu, gadijjumos anjona stabilitate un

reagétspeja ir lidziga ka iepriek$ apskatitajiem aziridin-2-karbonskabes esteriem,

dodot laktonus 158.
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1. LDA (2¢kv.),
THF, -78°C-RT, 2h

2. EX
DMB %
158
Izn.(%) Izn.(%)
(R=CPh,) (R=TBDPS)

1 Mel 0 10

2  BnBr 25 25

3 PhCHO 51

4  tBuCHO 66

5 iPrCHO 30

6 nPrCHO 15

7  PhCH=CH-CHO 28

8  ciklopentanons 44 33

9  cikloheksanons 56

10 Et,CO 45 40

11 PhSO,F 62

12 Bu,ySnCl 55 48

13 1, 41

14 TMSCI (30min) 80 85

Analizgjot literatiiru, var secinat, ka:

1. Aziridinilanjoni ir viegli iegiistami aziridinu substratu reakcijas ar stipram bazeém,
visbiezak litija amidu bazém (LDA un LTMP). Atskiriba no oksiranil anjoniem, tie
var saglabat substrata konfiguraciju aziridina N atoma inversijas barjeras d¢l.

2. Anjonus stabilizé dazadi elektronakceptori un arT negativo ladinu delokalizgjosi jeb
kompleks€josi aizvietotdji pie aziridina cikla N vai C atomiem. Ka efektivakais
stabilizétajs paradita oksazolinil grupa, bet salidzinoSi labus rezultatus dod ari
karbonilgrupa (karboksilati, tiokarboksilati) pie aziridina C atoma, ja aziridina N
atoms ir aizsargats ar alkiltipa grupu. Redzams, ka vairuma gadijumu stabilus
aziridin-2-karboksilatu anjonus iegiist no tadiem aziridin-2-karboksilatiem, kuriem ir
komplekséties sp&jigs aizvietotajs pie aziridina N atoma. Izpémumi ir Seebach
izmantotie karboksitiolatu anjoni, kur, iesp&jams, stabiliz€joSo funkciju pilda séra
atoms un Wulff deprotoné&tie N-difenilmetil aizvietotie substrati, bet ar $aja gadijuma
labakus rezultatus dod N-(4-metioksidifenil) metil aizvietots substrats.

3. Aldehidi ka elektrofili (benzaldehids un citi arilaldehidi) parada labaku reagétsp&ju

pret aziridinilanjoniem, neka halogenidu tipa elektrofiliem (Mel, BnBr, u.c.).
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Nemot véra Sos datus, redzams, ka ir interesanti izpétit dazadu N-aizvietotu (ar
donoram un akceptoram aizsarggrupam) aziridin-2-karbonskabes atvasinajumu
substratu anjonu stabilitati un reagétsp&ju litija amidu bazu gadijuma. Literattra ir
salidzino$i maz datu par aziridinilesteru anjoniem, to gener&Sanu, stabilitati un nav
datu par anjoniem, kas generéti no aziridin-2-karbonskabes amidiem. Siki pétiti tikai
2-oksazolinilaziridini. Acilgrupu 1-2 migracija paradita tikai N-acilétiem aziridiniem

LTMP apstaklos, bet ne aziridin-2-karbonskabes atvasinajumiem.
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2. REZULTATI UN TO IZVERTEJUMS

2.1. Aziridin-2-karbonskabes atvasinajumu sintéze

Lai veiktu deprotonéSanas pétijumus, mums bija nepiccieSsams aizvietotu
(skabos protonus nesaturosu) aziridin-2-karbonskabes atvasinajumu klasts. Visértak
tos sintez€t no lielakos apjomos iegustamas izejvielas — aziridin-2-karbonskabes
metilestera 163. Planotajiem eksperimentiem bija nepiecieSami noteikta veida
aizvietotaji pie aziridina N atoma un pie karbonilgrupas. Aizvietotajiem pie aziridina
N atoma jabiit izturigiem pret paredzetajiem stipru bazu apstakliem. Ta ka planojam
salidzinat substratus ar dazadu elektronu blivumu aziridina cikla, nepiecieSami gan
alkil, gan acil veida N aizvietotaji. Lai atvieglotu reakciju produktu analizi ar
hromatografijas metodém, aizvietotajos vélami aromatiske gredzeni (benzil, tritil,
benziloksikarbonil grupas). Interesantas ir ari telpiski lielas grupas (terc-butil, tritil)
un grupas ar komplekséties sp&jigiem heteroatomiem (dialkilkarbamoil). N-tritil -
aizvietotus aziridinus ir vieglak kristalizét, kas atvieglo to attiriSanu un reakciju

maisijumu sadaliSanu.

0]
164, 165, 166 168
HN%(O\
o)
163
& R,
|
R] \[rN%(O\RZ % R] YN%\/N\
o) 0 o o
167 169

Aizvietotajam pie karbonilgrupas arl ir jaiztur stipru bazu apstakli un
jasamazina savienojumu polaritate izdaliSanas atviegloSanai.
Ievérojot mingtas prasibas pret nepiecieSamo aziridinu substratu 1- un 2-

aizvietotajiem, funkcionaliz€jam iegiitos metilesterus, izmantojot paresterifikacijas,



aminolizes, N-alkiléSanas un aciléSanas reakcijas, ka art aktivétu amidu reakcijas ar
nukleofiliem p&c Davidsen [92] metodes. Tada veida sintez&jam nepiecieSamos

aziridin-2-karbonskabes esterus un amidus 164-169.
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2.1.1 Ciklizacija

Talakiem pétijumiem sintez&jam racemiskus un optiski aktivus aziridin-2-
karbonskabes atvasinajumus. Ka izejvielu racemisko produktu sint€zei mes
izvélgjamies racemisko metilesteri 163, kuru ieguvam péc misu izstradatas metodes
[69], pievienojot metilakrilatu 160 N,N-dimetilhidrazinam 159 Mihaela reakcija |,
iegiito hidrazinoesteri 161 kvaterniz€jot un cikliz&jot bazes — kalija karbonata —
parakuma klatbutng *"virstoSaja slani . Reakcija "'virstosaja slani " notiek heterogeni,
kvaternizétajam produktam 162 kiistot un reaggjot ar bazi K,COjz uz tas kristalu
virsmas. Reakcijas produkts tiek atdestilets. Sada veida var iegit esteri 163 kilogramu

apjoma.

o 80°C, 2h H
\N/NH2 N A]/ ~N \N/N\/\H/O\
80%
| 0 o | o
159 160 161
K,CO, (5¢ekv.)
MeBr, Et,0 - 100°C, 2h,
IT, 6h QAP o.  roticija
— > N N HN 0
95%  Br| o 60% ~
162 163 O

Optiski aktivos aziridin-2-karbonskabes atvasinajumus ieguvam no optiski
aktiviem aziridin-2-karbonskabes metilesteriem (R)-163a un (S)-163a. Pedgjos
ieguvam no L- un D-serinu metilesteriem Mitsunobu reakcija. Mitsunobu reakciju
izvelgjamies ka ertu vienstadijas procesu, kas uzreiz dod vajadzigos NH-aziridin-2-

karbonskabes metilestera 163a enantiomérus bez nepiecieSamibas aizsargat N atomu

un péc tam noskelt aizsarggrupas. legiitos metilesterus (S)-163a un (R)-163a talak

funkcionaliz&jam analogiski ka racemisko esteri 163a.
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1. NH,, skid.

O 2. Ph,P, AD, skid.
» HN (0]
L Ao

+5°C -IT

z + -~

NH; 1 0
(R)-SerOMe*HCI1 (S)-163a

#  skid. AD Laiks (h) Iznak. (R)-163a (%)

1 CHCl; DEAD 12 15-35%

2 CH,Cl, DEAD 12 40 -44 **

3 CH,Cl, DIAD 12 45

4 CH,Cl, DEAD 6 40 - 61***

5 CH,Cl, DIAD 6 43 - 62**

* 2 eksperimenti
** 4 eksperimenti
**k 3 eksperimenti

1. NH,, CH,Cl,
0 2. Ph,P, DIAD, CH,Cl,.
» HN'" O
H O/\Hk O/ /\( ~
+ +5°C - IT, 6h
NH; 1 50% O
(S)-SerOMe*HCI1 (R)-163a

Ieksmolekulara Mitsunobu reakcija dod iesp€ju iegiit attiecigos aziridinus 163
viena stadija ar vidg€jiem iznakumiem. Process tika optimizéts, izvéloties piemérotako
Skidinataju un atrodot labakos reakcijas apstaklus (laiks, temperatiira). Ta, veicot
reakciju hloroforma, iznakumi ir nedaudz zemaki, neka metilénhlorida gadijuma. Tas
izskaidrojams ar hloroforma esoSo HCI piemaisijumu. Metilénhlorids gaisma sadalas
mazaka meéra neka hloroforms, turklat to iesp&jams atbrivot no skabju pedam,
destilgjot no CaH,. Noskaidrojam, ka optimals reakcijas laiks ir 6h, veicot reakciju
ilgak, uzkrajas blakusprodukti, kas apgriitina esteru 163 izdaliSanu.
Dietilazodikarboksilats (DEAD) un diizopropilazodikarboksilats (DIAD) uzrada
lidzigu reag€tspeju. Brivi serina metilesteri ir nestabili, tapéc tos jaieglst no
hidrohloridiem in situ. Mg&ginajumi veikt reakciju, izmantojot polimg&rsaistito
trifenilfosfinu, tapat ari méginajums veikt reakciju “‘virsto$a slani’’ bez $kidinataja
metilesterus 163 nedeva. Secinajam, ka Mitsunobu reakcija ir piem&rota brivu optiski
aktivu aziridin-2-karbonskabes metilesteru ieglisanai. Ka procesa trilkumus atzimgjam
zemo atomu ekonomiskumu un sameéra sarezgito produkta izdaliSanu, ka arT vid€jus

kimiskos iznakumus.
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2.1.2.Paresterifikacija

Aziridin-2-karbonskabes esteru paresterifikacija literatiira nav aprakstita, bet §1
metode dod labus rezultatus citu klasu savienojumiem [70] izmantojot skabo vai
bazisko katalizi [70-73], ka ar1 Kkatalizi ar Luisa skabeém: alvas [74],
titanorganiskajiem [75] savienojumiem un indija trijodidu [76]. Aziridinu specifisko
ipasibu dé] to funkcionaliz€Sanai ir derigas baziskas paresterifikacijas metodes bez
Luisa skabju katalizes. Paredzams, ka metilesteru 163 un 166 paresterifikacijai,
ieglistot produktus 164-167 optimala varétu but Meth-Cohn aprakstita metode [71],
lictojot litija alkoholatus. NepiecieSamos alkoholatus viegli iegtt in situ no

attiecigajiem spirtiem un litijorganiskajiem reagentiem.

0] (0)
163,166 164 - 167

Ka metodes prieksrociba minéta otr&jo un tres€jo spirtu reagétsp&ja [71],
(labak reagé baziskakie alkoholati), bet ka trikums — reakcija nenotiek ar
polifunkcionaliem spirtiem, kuru molekulas ir vairak par vienu OH, NH, vai citu
kompleksg&ties sp&jigu grupu.

No literatira zinamajam  paresterifikacijas metodem  pielietojam
paresterifikaciju baziskos apstaklos: Meth-Cohn litija alkoholatu metodi [71] ( metode
B) un paresterifikaciju, ka katalizatoru lietojot kalija karbonatu ( metode A). Litija
alkoholatus ieguvam, iedarbojoties uz attiecigajiem spirtiem ar n-BuLi. Metilestera
163 N-alkil- un acilatvasinajumus ieguvam péc zinamajam aminoskabju N-

aizsargasanas metodém.

N o A ROH.20mol %>K,CO; 90-120°C "
N B:ROH, n-BuLi, THF, -20°C-IT. o
o)

1

Y

o O

164a—h
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Mzgs ieguvam rindu NH - aziridin-2-karboksilatu 164a-h, izmantojot pirméjos,
otr&jos un tresgjos spirtus. Salidzinajam metodes A un B. Produkti iegiiti ar vid€jiem

iznakumiem.

NO,
HN%(O\/Ph HN%(O\/O/
(0]

0
164a 164b
Hhﬁs\\ﬁ/o\»/‘§> H}éS\\W/O\V/J::::T/M\\
0 0
164c 164d

Produkts Metode Reakcijas laiks (h) Izn. (%)

164a A 24 41
164a B 1 30
164b A 2 32
164b B 40 <1
164c A 2 40
164c B 5 4
164d A 24 78%
164d B 2 45

* Péc GH datiem

Salidzinot abas metodes A un B, var secinat, ka vajas bazes (K,CO3) katalize
(metode A) dod apmierinoSus esteru iznakumus tikai pirmg&jo benzil- un allil- tipa
spirtu gadijuma (esteri 164a-d). Benzilesteris 164a ir viegli atdestilé§jams no reakcijas
maisijuma, tadel metode A ir érta ta lielaku daudzumu iegtiSanai. 4-Nitrobenzilesteris
164b nav iegustams ar metodi B, jo nitrogrupas klatbitne traucé iegit attiecigo litija
alkoholatu. Perillilspirta gadijuma (esteris 164d) reakcija notiek péc metodes A,
(iznakums péc gazu hromatografijas datiem 78%), bet esteris nav izdalams no
reakcijas maisijuma blakusproduktu veidosanas dgl.

Stériski apgritinato spirtu gadijuma (esteri 164e-h) paresterifikacija notiek
tikai pec metodes B, jo otr€jo un tresgjo spirtu alkoholati ir stiprakas bazes par K,COs3
Reakcija notiek 1h laika. Metode atlauj acilét alifatiskas OH grupas sarezgitas

molekulas, pieméram, steroidos, ka estradiola atvasinajumi (esteri 164g,h).
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~
HN%(O : HN%(O
; T

lode 164f
67% 80%

HN%( 0
0 :
OR

lo4g (R=H)  164h (R=Me)
39% 57%

Estradiola gadijuma (esteris 1644) acilé$ana notiek regioselektivi tikai pie alicikliskas,
bet ne pie aromatiskas hidroksilgrupas, lai gan abu hidroksilgrupu deprotongSanai
izmantoti 2 ekvivalenti n-BulLi.

Mgéginajumi veikt paresterifikacijas reakcijas ar polioliem (glicerinu,
pentaeritritu, diacetonilglukozi) nedeva gaiditos reakcijas produktus. Lietojot Sos
spirtus, metode A deva aziridina cikla SkelSanas produktu maisijumus, bet veicot
reakcijas ar attiecigajiem litija alkoholatiem (metode B), izdalijjam tikai izejvielas.
Neizdodas veikt paresterifikaciju ari ar fenoliem (fenolu, anisolu, rezorcinu,
hidrohinonu), jo fenolati ir parak vajas bazes.

Paresterifikacija ar litija alkoholatiem lauj iegtt arT N-aizvietotus aziridin-2-

karboksilatus165a-d, 167a-g no atiecigajiem metilesteriem 166a-j.

N O\ ROH, n-BuLi, THF, -20°C-IT _ N O.
X | - X R

(0) o
166a—d (X=alkil) 165a-d (X=alkil),
166e-j (X=acil) 167a-g (X=acil)

Litija alkoholatu reakcijas ar N-alkilaziridin-2-karbonskabes metilesteriem

165a-d notiek gludi, dodot esterus 166a-d ar 41-88% iznakumiem.

54



/o\/N%O(o7< pth%(O%

0
165a 165b
1h, 8% Ih, 79%
~
Ph N O - Ph
o T~
Ph 0
165¢ 165d
3h, 48% 3h, 41%

N-aizvietotaja stériskie izméri S§1s reakcijas bitiski neietekm&. Metilesteru 166
paresterifikacija ir labaks celS esteru 165c¢, 165d iegtisanai salidzinot ar esteru 164e un
164f alkilésanu, izmantojot benzil-un tritilhloridus kalija karbonata vai trietilamina
klatbiitne. Pedgjas reakcijas notiek léni un ar blakusproduktu veidoSanos. Attiecigo
alkilbromidu lietoSana nav efektiva bromidjona augstakas nukleofilitates del, kas
noved pie aziridina cikla SkelSanas jau istabas temperatura.

Paradijam, ka N-benzilaziridin-2-karbonskabes (-)-mentilestera  165c
diastercomérus ir iesp&jams sadalit hromatografiski. NH-mentilestera 164e
diastereom@rus hromatografiski sadalit nav iesp€ams. Tapat noskaidrojam, ka
aziridina cikla C(2)centrs neracemiz&jas paresterificéSanas apstaklos. Optiski tirs
esteris (S)-163, kas iegiits no L-serina metilestera Mitsunobu reakcija [69],
paresterificgjot ar litija terc-butilatu péc metodes B dod esteri (S)-164f. Salidzinot p&c
standarta metodes, paresterificgjot un acilgjot, iegiito N-
benziloksikarbonilatvasinajumu (S)-167b ar racemisko esteri 167b izmantojot HPLC
metodi, ar hiralo kolonu, (enantiomé&ru aiztures laiki 9.3 un 10.5 min.) paradits, ka
esteris (S)-167b (aiztures laiks 9.3min) ir optiski tirs.
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HI\Iﬁ °
O tBuOH, n-BuLi, THF, -20°C—IT HN
Y

0 80%
(S)-163a (S)-164f
CBz-Cl, BN,
CH,Cl,, -5°C —1IT, 1 h @\/
96% ﬁ/
o
(S)-167b

N-acilaziridin-2-karbonskabes metilesteru 166e-j paresterificéSana tapat lauj
iegtt rindu N-acilétu esteru 167a-f. ApmierinoSus produktu iznakumus (65 un 71%)
novérojam, ja N-aizvietotdjs ir identisks estera grupai (benzilesteris 167a un terc-
butilesteris 167d).

@vo\L@rN%O(ov@ @Vo\gﬂ%{og{

167a 167b
1h, 65% 1h, 15% (+15%4h)
%OTN%(O\/Q %OTN%(OX
0 0 0 0
167¢ 167d
1h, 21% 1h, 71%
ﬁ/o %(o 111 N%(o\/O
\H/N NN N P e \n/
0 0 0 0
167¢ 167f
2h, 76% 2h, 56%

Paresterificéjot N-benziloksikarbonilaziridin-2-karbonskabes metilesteri 165f ar litija

terc-butilatu, rodas esteru 167b un 167d maisijums 1:1. Esteris 167d veidojas

paraciléSanas procesa pie aziridina cikla N atoma. Tadgjadi, esterus 167b un 167c
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¢rtak iegut attiecigo NH esteru 164f and 164a N-aciléSana. Karbamoilatvasinajuma

167f gadijuma paresterifikacija notiek gludi (56%). Estera 165e gadijuma terc-
butilkarbamata grupa arT nestajas paraciléSanas reakcija, tapéc izdodas iegut esteri
167e ar labu iznakumu.

Mgéginot veikt metilesteru 163 un 166 paresterifikacijas reakciju ar
trifenilkarbinolu un ta litija un kalija alkoholatiem, attiecigos trifenilmetilesterus 167
ieglit neizdevas. Acimredzot, trifenilmetilkarbinola vai ta alkoholatu telpiskie izmeri

nelauj tam tuvoties reakcijas centram.

B. +-BuOH, n-Buli,

/l( ) THF, -20°C — IT Ph N/A(E) o
~ C. +-BuOK, THF, Q 'ﬂ/
H*‘ ﬂ/ -20°C—IT _ H o
> 0
(I) 70% (B) |
(S)-166k
B. -BuOH, #n-Buli,
on AR THF, -20°C — IT
\ N O\ C ~BuOK, THF, /A(R)
H o -20°C —IT Y
O >
| 29% (B)
0
R)-166k 74%(© R)-167

Lai parbauditu, vai paresterifikacijas reakcijas saglabajas aziridina C(2)
konfiguracija N-aizvietotos substratos 166, mes ar divam metodém B un C (lietojot
kalija terc-butilatu ka bazi) paradijam, ka paresterificgjot diastereoméros esterus (S)-

166k un (R)-166K, iegist diastereoméros esterus (S)-167g un (R)-167g.

Var secinat, ka aziridin-2-karbonskabes metilesteru paresterificéSana ir &rta
metode dazadu aziridin-2-karboksilatu iegiiSanai, bet Sai metodei ir virkne
ierobezojumu. Labus rezultatus dod tikai paresterifikacija ar vienvertigajiem
alifatiskajiem spirtiem un no to alkoholatiem. Ka metodes priekSrociba jaatzimé

iesp€ja ievadit telpiski lielas esteru grupas.
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2.1.3 Alkilesanas, acileSanas un aminolizes reakcijas

Dimetilamidu 168a un N-aizvietotos aziridin-2-karbonskabes amidus 168b,c
un 169a ieguvam péc literatiira [69] zinamam aminolizes metodém. N-Benzilaziridin-
2-karbonskabes metilesteris 166b gludi reagé ar dimetilaminu jau pazeminata
temperatiira, dodot amidu 168b ar 73% iznakumu. Savukart, metilesteri 166c
(X=CPh3) un 1l66a (X=COOtBu) reakcija ar dimetilaminu dod griti sadalamus
maistjumus, tade] amidu 169a un 168c ieglsSanai izv€lgjamies alternativu shému ar
dimetilamidu 168a ka izejvielu. P&c §is metodes iegiitos dimetilamidus 169a un 168c

vieglak izdalit un iznakumi, attiecigi 71 un 91%, ir pienemami talako reakciju

veikSanai.
a) Boc,0, DCM,
+5°C-IT, 1h
b) Ph,CCl, Et,N,
Me,CO, IT, 12h
¢) PhCH,C, K,CO
Me,NH, MeOH 25 Bt
el eOH, DMF, IT, 24h |
+5°C - IT, 48h | . N N
(@)

O © 169a X= COOtBu
163 1682 168b X=CH,Ph
a) Boc,0, DCM, 168c X=Ph,C

+5°C-IT, 1h
A
b) Ph,CCl, Et,N,
Me,CO, IT, 12h

¢) PhCH,Cl, K,CO, Me,NH, MeOH,

DMF, IT, 24h N%(O +5°C - RT, 48h
L X’ >

0)
166a X= COOtBu
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2.1.4 Aziridin-2-karbonskabes hidrazida kondensacijas produkti

Vielas, kuru racemati kristaliz€jas konglomeratos (katrs enantiomérs

kristaliz€jas atsevisSki), nevis racemiskajos savienojumos, ir viegli sadalamas
enantiomeéros, ka arT izmantojamas spontanas deracemizacijas p&tijumiem.
Ar rentgenstruktiiranalizes metodi noskaidrots [97], ka bicikliskais hidrazids 172a (R1
= Me, R; = Me) kristalizgjas telpiskaja grupa P2;. Tas nozimég, ka Sis savienojums
kristaliz§joties veido konglomeratu. Lai pétitu konglomeratu sadaliSanu un
deracemizaciju, un lai noskaidrotu hidrazida 172a absoliito konfiguraciju, bija
nepiecieSams sintez&t racemisku un optiski akttvu hidrazidu 172a.

Racemiskos bicikliskos hidrazidus 172a iegist no aziridin-2-karbonskabes
hidrazida 171 reakcijas ar aldehidiem un ketoniem [95]. Lidzigi ka aziridin-2-
karboksilatu 163 aminolize notiek ar1 to hidrazinolize, ar to atSkiribu, ka hidrazins ir
labaks nukleofils un polaru $kidinataju (tidens, spirti) gadijuma blakus reakcija estera
hidrazinolizei ir aziridina cikla atvéranas, veidojot blakusproduktu 170 [95]. ST
iemesla dél hidrazida 171 iegii$anai jalieto beziidens hidrazins. Reakciju veic pie 0°C

bez $kidinataja, to pievienojot tikai reakcijas gaita.

O H,NNH,*H,0O H,NNH, H

HN O - = N

HZN/\/[(N/NHZ - ~ HN%(N NH,
H o (@)

0 163 171

1

R,
" T
N H
. 0O /= HN%(N\N/)\RZ
0

A

R, N-N
H H R,~H, alkil
172a 172b R,=alkil, aril

legiitais hidrazids 171 viegli reagé ar aldehidiem un ketoniem, dodot
bicikliskus hidrazidus 172a vai val€jus hidrazonus 172b. Dazos gadijumos pastav
savienojumu 172a un 172b lidzsvars. Lidzigi iesp&jams aminolizét un hidrazinolizet

arT diaziridin-3.3-dikarbonskabes diesterus [96] .
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Izmantojot Mitsunobu reakcija iegito optiski aktivo (S)-(-)-aziridin-2-
karbonskabes metilesteri  (S)-163, sintez€jam  (S)-(-)-aziridin-2-karbonskabes
hidrazidu (S)-171 un ta biciklisku aduktu ar acetonu — (S)-(-)-2,2-dimetil -1,3,4 —
triazabiciklo[4,1,10]heptan-5-onu (S)-172a, lai salidzinatu to ar racemisko produktu
172a un noskaidrotu ta absoliito konfiguraciju.

Aziridin-2-karbonskabes hidrazidu (S)-171 sakotngji ieguvam péc zinamas
metodes [95] izmantojot beziidens hidrazinu (metode a). ST metode lauj iegiit mazus
produkta 171 daudzumus, jo beztidens hidrazins ir higroskopisks un spradzienbistams.
Tadel metode tika optimizéta, nomainot beziidens hidrazinu pret 1M hidrazina
Skidumu THF (metode b). Iegiito hidrazidu (S)-171 apstradajot ar acetona parakumu,
ieguvam hiralu biciklisku hidrazidu (S)-172al.

AH,NNH,, -10°C,1.5h,
tad Et,0,20°C, 5h

B.H,NNH, (1M THF),
HN O IT,12h HN
NH2 —_
O
171

S)-163 8)-171 Me,CO,
550C,
20h

MeOH u
\< <— HN N \N/
o]

(S)-172a S)-172b

Produkta (S)-(-)-172a kusanas temperatiira ir 135-136 °C, kas ir augstaka ka
racematam 172a (126-127°C). Tas norada uz konglomeratu, nevis racémisko
savienojumu racemata 172a gadijuma.

Produkta (S)-(-)-172a optiskas griesanas lenkis (MeOH) mainas no -87° Iidz -
68.1° 2.3h laika, sasniedzot konstantu vértibu -59.8° péc 24h. Péc NMR datiem,
Skiduma (CDCIl3) savienojums  (S)-(-)-172a dalgji  izomeriz€jas par
izopropilidénhidrazidu (S)-(-)-172b, sasniedzot lidzsvaru pie attiecibas 4:3 = 1:4. Tas

izskaidro noveroto mutarotaciju.
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2.1.5 Diaziridin-3,3-dikarbonskabes dihidrazids un ta reakcija ar acetonu

Turpinot mekl&t savienojumus, kas varétu kristalizéties konglomeratos un lidz
ar to tikt sadaliti enantioméros kristaliz&jot, nolémam izpétit savienojuma 171 bis-
analoga - diaziridin-3,3-dikarbonskabes dihidrazida 177 reakciju ar acetonu. Sadas
reakcijas sagaidamais produkts ir triciklisks bis-hidrazids 178c. Sadai molekulai
piemit C, simetrija un $ads savienojums varétu kristaliz&ties monoklinas singonijas
zemas simetrijas (P2;) grupa.

Sada tricikla sintézes noliika bija jaiegiist un jaattira dizairidin-3,3-
dikarbonskabes diesteris 176. Diaziridinu 176 ieguvam péc zinamam metodém
[96,100] no dimetilmalonata 173, attirijam sublim&jot un parvértam hidrazida 177.

Savienojums 176 ir stipri higroskopisks, tadel tika lietots nakamaja stadija bez papildu

attiriSanas.
NaNO,, TsCl,

o 0 AcOH-H,0 T NEt,, Et,0 Q@ 0
WP = S W U O
0 o -5°C-IT, 6h Nl 50C-IT, 4h o N| o

“OH ~OTs
173 174 175
o o H,NNH, o o 2ekv. NH; | -40°C,
N i, (IMTHF siid) MeCN 1.5h
\E E/ \OMO/
HN—NH IT, 12h HN—NH
177 176
(0] (0)
Me,CO parak., M
varot, 1.5h HN NH +
H5<N_NH N§|/ HN N NH
0] 0] 178a m
HN NH Me,CO parak., varot, 10h l

Hidrazidam 177 reaggjot ar acetonu, gaidita tricikla 178c vieta radas biciklu

178a un 178b maisijums. Sakotngji radusas nogulsnes satur abus izomérus 178a un

178b, bet péc parkristalizé$anas no acetona izdalits tikai izomérs 178b.
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MgEginajumi parvérst hidrazonu 178a un 178b maisijumu tricikliskaja

hidrazida 178¢c nedeva rezultatus. Ta, varot 178a,b $kidumu acetona-Dg pie 60 °C 10h
un tira CD30D, ka ari CD30D ar 10mol% DABCO piedevu nedeva nekadas izmainas
'H NMR spektros.

Biciklisko hidrazonu 178a un 178b struktira noskaidrota ar KMR
spektroskopijas palidzibu. Skidinot parkristalizéto izoméru 178b DMSO-Ds, 'H KMR

spektra novérojami abu izoméro hidrazonu 178a un 178b signali lidzsvara attiecibas
3:2. Abas struktiiras identificétas ar bitiskajam 'H — **C sadarbibam HMBC spektra

un novérotajiem Overhauzera efektiem (NOE).

\)S VS

178b

Mazorais Minorais

Nozimigas 'H-13C sadarbibas HMBC spektra

HN I}JH\‘

178a 178b

Mazorais Minorais

Noverotie Overhauzera efekti

Péc Siem novérojumiem, abi izoméri atSkiras ar N-acilhidrazona E/Z
geometriju un ar konfiguraciju pie diaziridina NH atoma. Konfiguracija pie
diaziridina NH atoma ir noteikta tadel, ka diaziridina N inversijas barjera ir butiski

augstaka salidzinot ar vienkarSu aziridinu.
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2.1.5.1.att. Bicikliska hidrazida 178 strukttra

Bicikliska hidrazina 178 struktiira apstiprinata ar rentgenstruktiiranalizes
datiem (2.1.5.1.att.).

Ta ka pievienojot acetonu hidrazidam 177, neizdevas iegiit triciklisko
produktu 178c, meklgjam citu celu analogiska tricikliska diaziridina sintézei.

Ir zinams [Kostyanovsky, nepublicéti rezultati], ka aziridin-2-karbonskabes
amidam 3 reaggjot ar dimetilformamida dimetilacetalu, viegli rodas biciklisks adukts
179. Tas paver iesp&ju sintez&t attiecigo triciklisko diaziridinu no diaziridin-3,3-

dikarbonskabes diamida 181.

\ O

/N—< 0

O_
NH
HN N
H, L
MeCN, IT, 12h N
0
3

/

3 179

Turpinot tricikliska diaziridina sintézes iesp&ju mekl&jumus, sintez&jam
diaziridin-3,3-dikarbonskabes diamidu 181 un izpétjam ta reakciju ar

dimetilformamida dimetilacetalu.
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(0) (0) 1.5ekv. NH;, MeCN O (0] (0)

0
-10°C, 1h L~
s o e LI IS

N\OTs HN—-NH HN—NH
175 176 180
NH, ( parak.)
EtOH (abs.)
-5°C, 30min

N
N —(O_ (2ekv.) Y

HNMNH MeCN O O
IT, 168h
NH,
182 181

Saja noliika bija nepiecieSams iegiit aziridin-3,3-dikarbonskabes diamidu 181.
Ja toziléta oksima 175 reakciju ar amonjaku izdara, lietojot nelielu (3ekv.) amonjaka
parakumu acetonitrila, iegiist estera 176, monoamida 180 un toluolsulfonamida
maisijumu ar diamida 181 p&dam. Monoamids 180 atSkiriba no diestera 176
nesublimgjas, tadel to nav iesp&ams izdalit un attirit. ledarbojoties uz oksimu 175 ar
lielu amonjaka parakumu, tapat ieglst sarezgitu maisijumu. Tapéc diamida 181
sintézei tika izveléta divpakapju shéma, vispirms reakcija ar 1.5 ekv. amonjaka
iegiistot diestera 176 un monoamida 180 maistjumu, tad to nesadalot apstradajot ar
amonjaka parakumu absoliitaja etanola. Sadi izdodas iegiit diamidu 181 ar 60%
iznakumu.

legiitais  aziridin-3,3-dikarbonskabes diamids 181 pilniba reagé ar
dimetilformamida dimetilacetalu 1 stunda varot vai 168 stundas istabas temperattra
acetonitrila Skiduma, veidojot triciklisko savienojumu 182. Veicot reakciju istabas
temperattra, iegtits produkts ar 70% iznakumu. Varot 6 stundas ir 61% iznakums, bet
triciklam 182 ir zemaka tiriba.

Savienojuma 182 struktiira noskaidrota ar KMR metodém. No *H un **C KMR
spektriem redzams, ka molekula ir simetriska un taja nav diaziridina NH protonu, bet
ir tikai amida NH protoni. Tas norada uz savienojuma 182 triciklisko strukttru.

Sakara ar to, ka savienojums 182 kristalizgjas siku (0.5mm) adatveida kristalu

forma, neizdevas iegiit ta struktiiras ainu ar rentgenstruktiiranalizes metodi. Tomer
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izdevas noskaidrot, ka savienojums kristaliz€jas monoklinaja singonija P, simetrijas

grupa.

2.1.6 Aziridin-2-karboksamidu un karboksilatu sintéze pec Davidsen metodes

Literatiira zinams ierobezots skaits pieméru aziridin-2-karbonskabes
atvasinagjumu aktivacijai un esteru un amidu saiSu veidoSanai ar zinamajiem
aktivgjosajiem un kondensacijas reagentiem, ka DCC [77-79], EDC [80], NCS [81],
aziridin-2-karbonskabes salu alkiléSana [82], anhidrids [83], jauktais anhidrids [84,85]
hloranhidrids aziridin 2.2 dikarbonskabes diesteru gadijuma [86-88]. Izmantota ari
cietas fazes peptidu sintézes metode [89, 90]. Sis metodes ierobeZoti pielietojamas
gadijumos, kad ir pieejama briva karboksilgrupa vai metala karboksilats aziridinos.

Aziridin-2-karbonskabes otréjie amidi 183,190 un tre$gjie amidi 168 viegli
rodas, tieSi aminoliz€jot attiecigos esterus 166 tikai vienkarSu aminu (metilamins,

etilamins, dimetilamins, allilamins) gadijuma.

H,N-R vai HNR, H R
_N (0] = _N N vai N N.
R; > MeOH R; R R %{ R
0

0
166 183. 190 168

R=Me, Et; R,=H, Bn, Trt, Boc, Cbz

Vairak funkcionaliz&ti un telpiski trauc€ti amini, ka arT anilini tie$i ar aziridin-
2-karbonskabes esteriem 166 reagé 1éni vai nereagé. Tad€] nepiecieS$ama substrata
aktivacija. Var paredzet, ka deriga biis amidu 184 aktivéSana caur N-
acilimidodikarbonatiem 185 [91, 92], ieglistot funkcionalizétus amidus 186. Si
metode nav aprakstita aziridinus saturoS§iem amidiem, bet literatlira minétie reakcijas

apstakli ir paredzami savietojami ar aziridina ciklu.
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)()J\ ZBOCZO )()L R-NH2 0]
- _Boc — >
R "NH,  DMAP RN RIJJ\N/R
H
184 185 Bo° 186

R, R, =alkil, aril, hetaril

Metode izmantota sarezgitu, dazadas funkcijas saturos$u (indols, nepiesatinats esteris,
amids) amidu iegisanai [93] un ar1 ka aizsardziba hidrogengjot [94]. Tas lauj
prognozet, ka $1 veida aktivacija bus toleranta ari pret aziridina ciklu.

Mgs ieguvam bis-Boc aktivétos amidus 187a un 187b ar labiem iznakumiem,
lietojot Davidsen [92] aprakstito Boc;O — DMAP metodiku. Ka izejvielu izmantojam

aziridin-2-karboksamidus 3 un 168d.

N NH,
Boc Boc,0 (2¢kv.),
Boc,0, DCM, 0 DMAP (0.1ekv.)
IT, 3h 169d DCM,+10°C-IT, 3h
88% 92%

Boc,0 (3ekv.),
HN N DMAP (0.1ekv.) Boc
, DCM, +5°C-IT, 3h |
- ~N NJ
0 . ~ Boc Boc
3 95% 0
94% 187a
CPh,Cl, K,CO;,
DMF, IT, 12h
Boc,0O (2ekv.),

DMAP (0.1ekv.)

DCM,+10°C- IT, 3h ]|30C
+10°C-
Ph C/N NH, . o _N N.
3 - Ph3C Boc
e 88% o
168d
187b

Nepievienojot reakcijas maisijumam DMAP, no amida 3 ieguvam tikai N-Boc
amidu 169d, ka arT nenovérojam reakciju izejvielas 168d gadijuma. Tatad bez DMAP
katalizes notiek tikai aziridina N atoma aciléSana, neskarot amida funkciju.

Aktivétos amidus 187a un 187b parbaudijam reakcijas ar spirtiem,

alkoholatiem, fenolatiem un tiofenolatiem, pirmé&jiem un otr&jiem aminiem, aniliniem,
hidraziniem un hidroksilaminiem. Metanols un etanols nereagé ar aktivétajiem

amidiem 187a un 187b, savukart natrija un kalija metil un terc-butilalkoholati

reakcijas ar aktivétajiem amidiem dod attiecigos esterus 165, 166 un 167. Reakcija ar
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baziskako kalija terc-butilatu dod augstakus esteru iznakumus, neka reakcija ar natrija

metilatu.

Boc MOR,, $kidinatajs, IT, 3h
_N N. = _N O.
R %( Boc - HNBoc, R R,

0) O
187a R=Boc 165-167
187b R=CPh,

2.1.6.1 tabula. Produktu 165-167 iznakumi.

Esteris MOR; Skidinatajs R R1 Izn., %
166a NaOMe MeOH Boc Me 63
166¢ NaOMe MeOH CPh; Me 66
167d KOtBu DCM Boc tBu 85
165d KOtBu DCM CPhs tBu 98

terc-Butanols DMAP katalizes apstaklos reagé ar aktivéto amidu 187a, dodot
esteri 167d. Esteri 167d novérojam ka blakusproduktu aktivéta amida 187a iegisana
no amidiem 3 un 169d, tiem reaggjot ar Boc,O DMAP katalizes apstaklos. Ta ka
nukleofilu reakcijas ar Boc,O izdalas terc-butanols, pienémam, ka tas varétu reaget ar
aktivéto amidu 187a, dodot esteri 167d. Lai parbauditu So piepémumu, veicam
aktivéta amida 187a reakciju ar terc-butanolu DMAP katalizes apstaklos, iegistot
esteri 167d. Redzams, ka esteris 167d rodas ar lidzigiem augstiem iznakumiem gan t-
BuOH gan t-BuOK gadijuma, tatad t-BuOH ir pietickami nukleofils, lai reagétu ar

aktiveto amidu 187a.

A. +-BuOH, DMAP (0.1¢kv.)
DCM,+60°C, Sh

Boc B. tBuOK, THF, IT, 5h
N N. > N o
Boc” %( Boc Boc”
90% (A) o

0 88% (B)
187a 167d

Secinajam, ka aziridin-2-karboksamida reakcija ar 3 ekv. Boc,O sildot DMAP
katalizes apstaklos ir erts veids N-Boc aizsargata aziridin-2-karbonskabes terc-

butilestera iegtiSanai viena stadija.

67




Boc,O0 (3ekv.), — —
DMAP(0.1ekv.)

DCM.+60°C, 5h Boc t-BuOH
HN N - N No _— N 0
%( . 60 - 80% Boc” Boc Boc” %( ﬁ/
O -3 +-BuOH (6] O
3 L

Lai noskaidrotu Davidsen metodes pielietojuma robezas aziridin-2-
karbonskabes atvasinajumu sintéz€, aktivétos amidus 187 izmantojam reakcijas ar
dazada tipa nukleofiliem. Parbaudijam spirtus, alkoholatus, fenolatus, pirm&jos un
otrgjos aminus, hidrazinus un hidroksilaminus.

Natrija fenolati reakcijas ar aktivéto amidu 187b dod fenilesterus 188. Natrija
fenolatus ieguvam no attiecigajiem fenoliem ar natrija hidridu THF skiduma. Ar labu
iznakumu veidojas fenilesteris 188a. Stériski traucEtais natrija 2,6-di-terc-
butilfenolats veido esteri 188c ar vid&ju iznakumu. Rezorcina un floroglucina Na
fenolati dod monoesterus 188e un 188f ar nelicliem iznakumiem. Attiecigos bis-un
tris-produktus iegit neizdodas ari, ja lieto NaH parakumu. Iesp&jams, ka reakcijas
gaitu, Iidzigi ka paresterifikacijas gadijuma, traucé papildus OH grupu
kompleksésanas ar aktivéto amidu 187b. Hidrohinons ari dod monoesteri 188d
neatkarigi no reakcija lietota hidrohinona fenolata (ar 1 vai 2ekv. NaH ). Tomér esteri
188d velreiz apstradajot ar NaH un pievienojot iegiitajam fenolatam vélreiz aktivéto
amidu 187b, rodas bis-produkts 188g. No sarezgitakas struktiiras fenoliem reakcija ar
aktivéto amidu 187b parbauditi kumarini. Ar zemu iznakumu (13%) izdodas iegiit
esteri 188h, bet CFs-aizvietota kumarina gadijuma attiecigais esteris 188i neveidojas.
Aziridinu cikla atveérSanas produktus Sajas reakcijas nekonstatgéjam.

Ta ka fenolatu reakcijas ar aktivéto amidu 187b nenovérojam nukleofilas
aziridina cikla atvérSanas pazimes, $ada pasa reakcija parbaudijam ar1 litija

tiofenolatu. Art Saja gadijuma ar labu iznakumu (84%) ieguvam produktu 188b.
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Boc ArXM, THF, IT, 12h
-N AN > N X.
R %( Boc - HNBoc, R %( Ar
0
188

0 X=0, S
187b M=Na, Li
R =Boc, CPh,
N 0] _N S
Ph,C %( Ph,C %( Php“%(o
O (6] (0]
188a, 88% 188b, 84% 188¢, 50%
(ar PhSLi)
N 0] OH N (0] OH
Ph3C %( \©\ Ph3C’N%(O\©/ Boc/ %(
(0]
OH (6] (0]
188d, 91% 188e, 13% 1881, 19% oOH
25, NaH,
THF, 3h

188h, 13% (R=Me)
188, 0% (R=CF,)

Atskiriba no aktivéta amida 187b, attiecigais metilesteris 166¢ , apstradajot to
ar fenolatiem, produktus 188 neveido. Tiofenols un tiofenolati ar aziridin-2-
karboksilatiem un karboksamidiem reagé ka nukleofili, dodot cikla atvérSanas

produktus - cisteina atvasinajumus 189 saturo$us maisijumus.

ArOLi, THF \ /
a N O\
vara, 48h > PhC %( Ar

0]

Ar=Ph, p-C,H,0H /\
_N 0
Ph,C N 188

O PhSH vai PhSLi, THF
166¢ IT, 24h N 9
"~ SPh OMe
NHCPh,
189
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Pirm&jie amini ar aktivétajiem amidiem 187a un 187b reage viegli, dodot

amidus 190. Sajas reakcijas var iegit ari tadus aziridin-2-karboksamidus 190a-d, kuri

tie$a metilesteru 166 aminolizes cela nav ieglistami.

Boc H N-R, DCM,12h, IT H
_N N< - pN N
R Boc R,

0
187a R=Boc
187b R=CPh,

H\Q
N N
Ny

(6]

190a 60% (R=Boc)
190b 63% (R=CPhy)

H
N N
R%(ﬁ/
(0)

190d 79% (R=Boc)

N

H
_N N OMe
(6]
OMe
190c 75% (R=Boc)

g Ph
N N Ph
R

O Ph
190e 0% (R=Boc, CPh,)

H
N \/\N/\/NHz

190f 54% (R=CPh,) ( neattirits)

Amidus 190 dod benzil- un aizvietoti fenetilamini (produkti 190a-c), ka ari

terc-butilamins (amids 190d). Stériski traucétakais trifenilmetilamins Saja reakcija

nestajas. Dimetiléntriamins regioselektivi dod mono produktu 190f, bet to neizdodas

attirit no blakus reakciju produktiem.

Anilini ar aktivétajiem amidiem 187a un 187b dod attiecigos anilidus 191.

Labi produktu 191 iznakumi novérojami 3- un 4-aizvietotu anilinu gadijuma, bet ar

orto-izvietotiem aniliniem reakcija nenotiek. Aziridin-2-karbonskabes metilesteri 166

ar Siem pasiem aniliniem nereag€ vai art 1€ni (varot un Luisa skabju klatbiitng) dod

cikla atvérSanas produktus.
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Boc ArNH,, DCM,12h, IT H
o N N, - N N\Ar
°  _HNBoc,

0O O
187a R=Boc 191a-l
187b R=CPh

i N N N N
R,N N\© R, \©\ R’ \©\
0
0 0 NEt,

19 63% (R=Boc) 191¢ 68% (R=Boc) 191e 32% (R=CPh,)
68% (R=CPh,) 191d 65% (R=CPh,)
H
,N%(N %( g
(6] \©\
Br
191f 63% (R=CPhy) 191g 0% (R=Boc,CPh,; 191h 0% (R=CPhy,)
X=Cl, Br)
H CO,H
,N%(N OMe %(H %(H '
N N N N
R R
0 : 0 \©\ 0
CONH,
OMe
191i 67% (R=Boc) 191j 57% (R=CPh,) 191k 0% (R=CPh,)

H

_N N
%( @
© N
H

1911 30% (R=CPh,)

Amidu 1911 ar nelielu iznakumu izdodas iegit ari reakcija ar 5-aminoindolu. Selektivi
reagé tikai pirm&ja anilina aminogrupa, bet reakcijas produktu neizdodas attirit. Ar
ganidinu, aminoguanidinu un 3-amino-1.2.4-triazolu reakciju veikt neizdodas.
Iespgjams, ka tie ir parak vaji nukleofili.

Otréjo aminu gadijuma aktivétie amidi 187a un 187b dod reakcijas produktus
168 un 169 DMAP Kkatalizes apstaklos. Pretruna ar literatliras [27] datiem tresgjos
amidus 168 un 169 izdodas iegiit reakcijas ar maz (dimetilamins, produkti 169a un
168b) un vidgji (diizopropilamins, produkts 169b) stériski traucétiem aminiem. Ar
metil-terc-butilaminu, ka ari elektrondeficitako difenilaminu un aziridin-2-

karboksilatu 163 reakcija nenotick. Cikliskie otréjie amini - piperidins, morfolins un
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pirolidins — dod amidus 168 f-h ar labiem iznakumiem. Otr&jos amidus 168 un 169 ir
vieglak izdalit no reakciju maisijumiem neka pirmé&jos amidus 190, jo tie péc
polaritates stiprak atSkiras no reakcijas galvena blakusprodukta HNBoc, un citiem
polarajiem piemaisijumiem. Aziridin-2-karbonskabes diizopropilamids 169b nav
iegiistams tie$a metilestera aminolizes reakcija, ka ari péc Gabriela metodes un
ciklizéjot 2-hidrazinpropionskabes diizopropilamidu, acimredzot stérisku trauc€jumu

dal.

Boc  (R)NH,DCM.I2h,IT, R,
[ DMAP (0.1ekv.) '
N LN > N AN
°©  _HNBoc, !
0O (0]
187a R=Boc 168, 169
187b R=CPh

| h
R,N%(N\ R’N%)(Nw/ R,N%?Nf

0
6 A (380 b 87% (R=Boc) 169c, 168e 0% (R=Boc, CPhy)
14% (R=CPh,) 168d 0% (R=CPh,) 2
Ph
N N N N o
6] ¢ o
169d, 168f 0% (R=Boc, CPhy,) 169e 0% (R=Boc)
At % ®
R’ %( \) R’N%(N
0 o !
168g 91% (R=CPh,) 168h 86% (R=CPh,) 168i 86% (R=CPh,)

Tomer ne visas reakcijas ar slapekla nukleofiliem norit gludi. Ta reakcijas ar
hidraziniem (hidrazins, N,N-dimetilhidrazins, fenilhidrazins) aktivétais amids 187a
dod tikai nukleofilas atvérSanas produktu maisijumus, bet aktivéta amida 187b
gadijuma izdodas tikai konstatét hidrazida 192d klatbatni reakcijas maisijuma.

Labakus rezultatus izdodas iegtt reakcijas ar aizsargatiem hidroksilaminiem.
O-Benzilhidroksilamina un O-tetrahidropiranilhidroksilamina gadijumos rodas
aizsargatas (2-aziridinil) hidroksamskabes 192f-i. Lidzigi reagé ari O-TBDMS

aizsargats hidroksilamins, bet iegatais produkts 192] nav stabils. Ar brivu
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hidroksilaminu izdodas iegut hidroksamskabi 192K tikai ka 1:1 kompleksu ar DMAP.

Ciklisks hidroksilamins no aizsargatu oksazinu rindas ari dod analogisku reakcijas
produktu 192I.

H,N-X, DCM,
Boc DMAP(0.1ekv),12h, IT u
N N
- ~ > - N
R B R
°“  _HNBoc, 5 X
0
187a R-Boc  X=NH,, NHPh, NMe,, 192

187b R=CPh;  OH, OTHP, OCH,Ph, OTBDMS

H H
R’N%}/N\Nﬂz R,N%(N\N/ R,N%(E\N,Ph

0 o | O Ph
192a 0% (R=Boc) 192¢ 0% (R=Boc) 192¢ 0% (R=CPh,)
192b 0% (R=CPh,) 192d 5% (R=CPh,)

H O A

R'N%fN\O/\Ph R’N%(N‘o 0 R’N%(N\OTBDMS
0 0

192f 33% (R=Boc) 192h 10% (R=Boc) 192i - ;
L2 92j 12% (R=Boc) ( nestabils
1929 69% (R=CPh,) 192i 33% (R=Chz) b ) ( )
OTBDPS
N Q&‘k
R” “OH RfN%(N 0
0 0
192k 10% (R=CPh,) 1921 29% (R=CPh,)

Mgéginot ieglt N-neaizvietotu aktivétu aziridin-2-karbonskabes amidu 193,
sintez§jam N-Cbz aziridin-2-karboksamidu, acilgjam to DMAP klatbiitneé péc
Davidsen metodes, iegilistot aktivéto amidu 187c un p&c tam hidrogenolitiski
noskélam Cbz aizsarggrupu no aziridina N atoma. Gaidita NH-aziridina 193 vieta

ieguvam monoacilétu amidu 194.
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1.Cbz-Cl, K,CO,
EtOAc - H,0
2.Boc,0 (2ekv.),
DMAP (0.1¢kv.),

DCM I I
HN N > N No % HN No
%1/ H, Cbz” %( Boc %( Boc

(0] (0] (0]
3 187¢ 193

No eksperimentiem ar aktiveto aziridin-2-karbonskabes amidu reakcijam ar
nukleofiliem var secinat, ka:
1. §1 metode lauj iegiit aziridin-2-fenilesterus un anilidus, kuri nav iegiistami tie$as
aziridin-2-karboksilatu paresterificéSanas un aminolizes reakcijas;
2. daZzos gadijumos iesp&jams iegiit ari reakcijas produktus ar vidgji steriski
treucétiem spirtiem un aminiem, lai gan stérisko trauc&jumu loma reakcijas gaita ir
noveérojama;
3. nukleofilie reagenti, piem&ram, fenolati, tiofenolats, aizsargati hidroksilamini reagé
selektivi, nomainot aktiveto amidu un neskarot aziridina ciklu;
4. metodes galvenais trikums ir reakcijas produktu attiriSanas griitibas, ja to polaritate
ir tuva rekacijas blakusprodukta — bis-Boc-amida polaritatei;

5. piemérotaks substrats ir elektroniem bagatakais N-tritilamids 187b, jo tas mazak

iesaistas blakus reakcijas pa aziridina ciklu.

2.2 Aziridin-2-karbonskabes atvasinajumu reakcijas ar litijorganiskajiem

reagentiem

Ar paresterifikacijas, aminolizes un Davidsen metodém iegiitos un pie
aziridina N atoma aizsargatos aziridin-2-karbonskabes atvasinajumus izmantojam ka
substratus reakcijas ar litijorganiskajiem reagentiem — alkillitijiem, arillitijiem un litija

amida bazi LDA. Pirmajos eksperimentos konstat§jam, ka deproton€Sanas p&tijumiem
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LDA apstaklos neder aziridini, kas satur N-benziloksikarbonil (Cbz) funkciju un
benzilestera funkciju (esteri 167a-c). Sadu substratu apstrade ar LDA deva
maistijumus, no kuriem izdevas izol&t tikai benzilspirtu. Ka perspektivus substratus
izvélgjamies N-benzi, N-tritil un N-Boc aizsargatus aziridin-2-karbonskabes esterus,

pieméram, 167d, 165b un 165d un tre§gjos amidus 169a un 168 b.c. Sadus substratus

izvel€jamies tapec, ka to molekulas nav cita C-H protona, kas péc sava skabuma biitu
salidzinams ar aziridina cikla C(2) atoma esoSo protonu, tatad ir sagaidams tikai viens

deprotonéSanas reakcijas centrs.

2.2.1 Reakcijas ar litijorganiskajiem C-nukleofiliem

Zinams, ka C-nukleofili ar aziridin-2-karbonskabes atvasinajumiem var reagét
divos veidos: atverot aziridina ciklu vai arT sanu k&dé pie karbonilgrupas C-atoma, ja
pie ta ir laba aizejosa grupa. Saja gadijuma pirmais nukleofila ekvivalents dod ketonu,
nakamais, ja iedarbojas uz izdalitu ketonu — veido karbinolu. Literatiira [7] ka laba
aizejosa grupa minéts Veinreba amida fragments -NHMe(OMe).

Mes paradijam, ka salidzinamus rezultatus ar Veinreba amidu aziridin-2-
karbonskabes atvasinajumu rinda (regioselektivitate, iznakumi) dod N-aizsargati N,
N-dimetilamidi 168b, 169a, kuri ir viegli iegistami no attiecigajiem metilesteriem,
tatad ir vieglak sintez€ami par Veinreba amidiem. Ka nukleofilus izmantojam
litijorganiskos reagentus, iegiistot aziridinil-2-ketonus 195 un 197. Novérojam, ka
visaugstakos iznakumus dod steriski mazakais metillitijs (ketons 195a), steriski
traucétakie alkillitiji dod mazakus ketonu 195b-d iznakumus. Reakcijas laika
palielinasana ketonu iznakumus nepaaugstina. Novérojam, ka litijorganiska reagenta
parakums ar1 ketonu iznakumus nepaaugstina un blakus reakcijas nedod. Tas
izskaidrojams ar dimetilamida 168b un litijorganiska reagenta adukta veidoSanos,
kur§ izskel ketonu 195 tikai reaggjot ar tdeni reakcijas maisijuma sadaliSanas
(hidrolizes) procesa. Fenillitijs ar amidu 168b reage 1eénak neka alkillitiji un palielinot
reakcijas laiku lidz 12h, ketona 195e iznakums palielinas no 51 lidz 79%. Talaka
reakcijas laika un fenillitija parakuma palielinasana ketona 195e iznakumu
nepalielina. Novérojam, ka dotajos reakcijas apstaklos (-78°C) nukleofilas aziridina
cikla atverSanas blakus reakcijas nenotiek, tatad dimetilamida grupa ir daudz

reagetspejigaka par aziridina ciklu.
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| RLi, THF
— = _N R
Ph C/N%(N\ Ph,C %(
3 -70°C-IT

0 O
168b 195
N N
Ph,C %\/ Ph,C %1/\/\ o C,N%\)i
0 0 3
195a 195b 1950
i Lai 9 kv.RLi Laiks(h) Izn.(%
ckv.RLi - Laiks(h) - Izn.(%) ckv. RLL Laiks(h) Tn(%) 0 010 Laiksh) Tzn.(%)
1 2 77 1 2 39
2.5 2 93 2 2 41 1 24 36
2.5 24 70
N N
Ph,C %?k Ph,C N :
0 0
195d 195e
ekv. RLi Laiks(h) Izn.(%) ekv. RLi Laiks(h) Izn.(%)
1 2 30 1 2 51
2 2 32 1 12 79
2 24 29 4 24 78

Ja uz iegiitajiem un izdalitajiem ketoniem 195 iedarbojas ar litijorganisko
reagentu (RLi) veélreiz, notiek litijorganiska reagenta pievieno$anas karbonilgrupai un
péc reaakcijas maisijumu neitraliz€Sanas ieglist attiecigos simetriskos un
nesimetriskos karbinolus 196. Sos karbinolus iespgjams iegiit arT telpiski lielo terc-
butilgrupu (terc-BuLi ka reagents) gadijuma (produkts 196¢) Sis produkts rodas ari
vienam stadija no metilestera 166¢ ar 69% iznakumu, tam reaggjot ar 2ekv. tBuLi.
Ketonu reakcijas ar MeLi, PhLi un terc-BuLi reakcijas laika palielinasana dod
lielakus karbinolu 196a-c iznakumus. Karbinola 196c struktira pieradita ar

rentgenstruktiranalizi (2.2.1.1.att).
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XLi, THF
70°C-IT HO
—_—

N
Ph,C Ph,C

[
7]
[
(=}

0] HO Q
N M ) N Bu
Ph,C &»/ ¢ Ph,C N%/Ph Ph,C &k

Me Ph tBu
196a 196b 196¢
ekv. R|Li Laiks(th) Izn.(%) ekv.R|Li Laiks(h) Izn.(%) ekv.R|Li Laiks(th) Izn.(%)
1 1 33 4 12 79 1 1 30
3 12 32 4 24 98 1 12 68

(69% no estera 166¢)

(0]
Ph _N Me
Ph,C

-

s~
u':"
a
\
Z
ﬁ
<
(¢}
Z
_ég

Ph,C

196d tBu tBu Ph

196d 196e 196f
ekv.R,Li Laiks(h) Izn.(%) ekv.R|Li Laiks(h) Izn.(%) ekv.RiLi  Laiks(h) Izn.(%)
4(Me) 12 32 4(Ph) 12 100 1(Me) 12 88
2(BBu) 12 52 4(Me) 12 61

.‘ (3
' /

Cc(14)
cmﬁ \, ~N A

0(51
c(z2) c(15)
N 4 c(8)

2.2.1.1.att. Karbinola 196¢ struktura.

Elektrondonora aziridina N-aizvietotaja (CPhs) (substrati 168b un 195)
gadfjuma blakus reakcijas aziridina cikla ar ta atvérSanos nenovérojam, lidz ar to

reakcija norisinas regioselektivi. Ja aziridina N-aizvietotajs ir elektronakceptors
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(substrats 169a), aziridina cikls ir elektroniem nabagaks un reagétspéjigaks attieciba

pret nukleofiliem, dodot ar cikla atvérsanas produktus 199 .

RLi, THF
| 78°C O
) N R HN R +
Boc/N%}/N\ > Boc” " R/\HLN/
Boc, O
(0] O 2 (0]
DCM NHBO(,J
169a 197 >~ 198 199
78% (R=Ph) i
# R ekv.RLi Laiks(th) 197(%) 198(%) 199(%)
1 Ph 4 24%* - 66 15
2 Ph 1 1* 7 - 20
3 Ph 4 1 51 35 -
4 Ph 1 1* 60 - -
5 Me 1 1* 42 - -
6 MZ 4 1 8 _ _ *Atsilda lidz IT
7  n-Bu 4 1 11 44 . pirms H,0
8 +Bu 4 1 15 - _ pievienosanas

Izmantojot Boc-aizsargato substratu 169a, bez sagaidama ketona 197 rodas
ar deblok&tais ketons 198 (pieméri 1, 4, 7), karbamatam reaggjot ar litijorganisko
reagentu ka tres€jam amidam. Atsildot reakcijas maisijumu, novéro ari atverta
produkta 199 veidosanos, ja lieto fenillitiju (pieme&ri 1 un 2). Tas pats notiek ari bez
atsildiSanas n-butillitija gadijuma (piemérs 7). No shémas redzams, ka reagétsp&jigaka

vieta substrata 169a ir dimetilamida karbonilgrupa, reakcija pie kuras veidojas ketoni

197. Mazak aktiva (iesp&jams, telpisku traucg€jumu de]) ir karbamata grupa, reakcija
pie tas dod deblokétos ketonus 198. V&l neaktivaks ir pats aziridina cikls, ta
atveérSanas reakcijas notiek, tikai atsildot maisijumu un ka reagentu lietojot fenillitiju
(pieméri 1 un 2).

ledarbojoties uz ketonu 197a ar lekv. PhLi, ieguvam Boc aizsargatu karbinolu
200, ko izdodas deblokét ar PhLi parakumu, iegtistot NH-karbinolu 201.

PhLi, THF PhLi (4ekv.), THF
-78°C-IT, 1h ~78°C-IT, 1h
N Ph L . /N&Ph > HN Ph
pe - Boc
Boc %( 47% Ph 44% Ph
0 OH OH
197a 200 201
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Ja ka substratu izmanto nevis aziridin-2-karbonskabes dimetilamidu 169a, bet

benzilesteri 167Kk, rodas attieciga ketona 197a un karbinola 200 maisijums.

PhLi, THF
O\H/N%(O\/Ph —_—
0 0 -78°C
167k
(0]
(0] N Ph O N Ph
*wrkm CYOYTER - e e
o o o OH OYNH
197a 200 WQO 202
# ekv. Laiks 197a 200 202
PhLi (h) (%) (%) (%)
1 1 1 26 5 -
2 2 1 10 40 -
3 4 1 8 12 -
4 2 12* - - 48

*Atsilda pirms H,O pievienoSanas

PhLi parakuma rodas vairak karbinola 200. Savukart atsildot reakcijas maisijumu,
ieglst termodinamiski kontroléto produktu - atvérto aminoketonu 202.

Tatad, varigjot reakcijas apstaklus un substratu, iesp&jams regioselektivi iegiit
2-aziridinilketonus, simetriskus un nesimetriskus karbinolus, ka ari valgjas k&des
ketonus. Pie tam reakcija norisinas tirak, ka substratu lietojot aziridin-2-karbonskabes
N,N-dimetilamidus, jo tad dimetilamida un litijorganiska reagenta adukts nelauj

veidoties karbinoliem 196 un 200 reizg ar ketoniem 195 un 197.

2.3 Aziridin-2-karbonskabes atvasinajumu deprotonéSana

Analizgjot literatiru, secinajam, ka aziridinus iesp&jams deprotonét, iegiistot

in situ stabilus aziridinilanjonus, kurus var izmantot reakcijas ar elektrofiliem. Ka
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substrati minéti oksazolidinilaziridini (Florio), tioesteri (Seebach), esteri, (Husson,
Wulff), bet nav datu par aziridin-2-karbonskabes dialkilamidu deproton&$anu. Tapat
nav datu par aziridinu substratiem ar parastam N-aizsarggrupam gan esteru, gan
amidu gadijumos. legiitie aziridin-2-karbonskabes esteri un amidi tika izmantoti ka
substrati, lai izpétitu to izturéSanos litijorganisko reagentu un litija amidu bazu

klatbatng - deprotonésanas (aziridinu anjonu metodologijas) apstak]os.

2.3.1 Starpmolekulara kondensacija

Sakot deprotonéSanas pétijumus, més veicam amidu 169a un 168b.c

deproton&sanu un iegiito anjonu apstradi ar vienkar$ako elektrofilu — metiljodidu, lai
iegitu 2-metilaizvietotos produktus 203. Tomér deprotongjot amidu 169a un
pievienojot reakcijas maisijumiem metiljodidu, izdevas iegtt tikai aziridinu 2049
(iznakums 33%). Sis pats produkts 2049 (iznakums 58%) tika iegiits arT, bez papildus
elektrofila klatbutnes apstradajot reakcijas maisijumu ar tdeni un sadalot raduSo
produktu maistjumu.

Sos reakcijas apstaklus m&s izmantojam substratu 165-169 deprotongsanai. No

N-benzilaizvietotajiem esteriem 165b un 166b veidojas attiecigie diaziridinilketoni

204a un 204b. Diaziridinilketonus 204 griiti iegtit ar citam metodém.

Ne visos gadijumos miisu izmantoto esteru deproton&$anas reakcijas noritéja
ar viennoziimigu aziridinilketonu 204 veidosanos. Ta, N-terc-butoksikarbonilaziridin-
2-karbonskabes dimetilamids 169a deva ketonu 204g maistjuma ar aziridinu 206i. ST
tipa migracijas produktu veidosanas tiks apskatita nakoSaja nodala. Méginajuma iegut
ketonu 204e veidojas hromatografiski nesadalams maisijums, kur$ satur ketonu 204e,
izejvielu 166¢c un nelielu daudzumu (<5%) 1-tritilaziridin-2-karbonskabes
diizopropilamida. Karbanjoni, kas iegiti no amida 168b un terc-butilestera 165d
(deprotongjot paradas raksturigais oranzsarkanais reakcijas maisjjuma krasojums),
‘dzésot’ reakcijas maisijumu ar tdeni, produktu 204c un 204d vieta dod attiecigas

izejvielas 168b un 165d. Savukart, ketons 204f veidojas tikai, atsildot reakcijas

maisijumu lidz istabas temperatirai 3h laika un "dzéSot to ar Gdeni péc atsildiSanas.
Varam secinat, ka telpiski lielais tritil aizvietotajs pie slapekla atoma samazina
substratu  165-169 reagétsp&ju. Pie kam  N-tritilaizvietotiem  substratiem

diaziridinilketonu veidosanas notiek tikai dimetilamida 168c gadijuma, bet ne steriski
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traucétaka 1-tritilaziridin-2-karbonskabes terc-butilestera 165d gadijuma. Savukart N-
benzilamida 168b nesp&ju paSkondenséties, iesp&jams, nosaka nevis stériskie, bet

elektroniskie efekti un tap€c tas var€tu bt perspektivs substrats deprotonéSanas

pétijumiem.
1. LDA, THF, 1. LDA, THF,

-78°C, 15-50 min -78°C, 15-120 min R

g 2E 2. H,0 !

N R, = -N R - ©
R/ | R - N NJ
0 R R
O  E=Me, CH,COOEt, SiMe, 0
203 165-169 204

< \ \
O O N—
(0] (0] (0]
Ph N N\/Ph Ph __N N__-Ph Ph _N N.__-Ph
0] o) 0

204a 204b 204c
46% (15min) 45% (50min) 0% (120min)
0
E \ \
(6] 0 N—
o 0 0
Ph Ph
PWN&?ANX% Qr%jax PhYNQANXPh
Ph o Phpy Ph Ph
Ph 0 Ph Ph 0 Ph
204d 204e 204f
0% (120min) ~5% (120min) 58% (60min)
\
N_
%Oja
YO YO
0 0 0
204g
61% (50min)

Produkts 2049 pastav divu izoméru 2049l un 20492 forma, ka ari reakcijas

maisijuma var konstatét nelielu daudzumu (0.5-1.0%) Boc 1-2 migracijas produkta

206i. Hromatografiski sadalot $o maistjumu, izdodas ieglit produktu 20491 un 20492

maisijumu 1:1, bet 1-2 migracijas produktu 206i tira veida iegit neizdodas.
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LDA, -78°C

/
—N
| 1. 5h 0
Boc
(0]

0 Boc
169a 204¢g 206i

#  LDA (ekv.) Skidinatajs 204¢g (%) 206i(%)

1 THF 30 pedas

2 : Et,0 22 0

3 1.1 MTBE 40 ~1

4 2.0 THF 45% 5

5 1.1 THF+TMEDA 29 0

* Vienu no 204¢ izomériem izdodas iegit kristalisku.

Apstradajot produkta 2049 izom@ru maisijumu ar petrol&teri un kristaliz&jot no
ta, izdodas iegiit vienu no 204g izomériem kristaliska veida. Ar
rentgenstruktiiranalizes palidzibu noskaidrots, ka tas ir produkts 20491 (2.3.1.1.att.).
No skiduma izdodas iegiit maistjumu, kas bagatinats ar otru izom&ru 20492, bet $o

izomeéru kristalizét neizdodas.

C(27)

O\Cé(c )

2.3.1.1att. Diaziridinilketona 20491 struktiira
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MgEginajumi mainot reakcijas apstaklus, S$kidinataju un pievienojot
kompleks€josu piedevu TMEDA novirzit reakcijas gaitu produkta 206i veidoSanas

virziena nedeva gaiditos rezultatus. Visos gadijumos rodas pamatprodukts 204Q.

LDA, -78°C
Y s
N N
Boc w/ 73% HN
O
169

Apstradajot ar LDA telpiski traucétako diizopropilamidu 169b,
starpmolekularas kondensacijas procesu izdodas novérst. Ar labu (73%) iznakumu
veidojas nesimetriskais acilgrupas 1-2 migracijas produkts 206j.

Dimetilamids 168b un terc-butilesteris 165d diaziridinilketonus 204c un 204d
neveido, p&c apstrades ar LDA izdalijam tikai izejvielas. Tas nozimg, ka dimetilamida
168b un estera 165d anjoni varétu but stabili LDA apstaklos un izmantojami ka

substrati anjonu generésanai un reakcijas ar elektrofiliem.

2.3.2 Acilgrupas 1-2 migracija

Ieprieksgja nodala veiktie eksperimenti deva N-acilaizvietotaja (Boc) 1-2
migracijas produktu 206i ka starpmolekularas kondensacijas reakcijas blakus
produktu un aziridinu 206j ka reakcijas pamatproduktu. Talak vélgjamies noskaidrot
Sada veida produktu rasanas mehanismu un §is reakcijas pielietojuma robezas.

ledarbojoties uz 1-Boc-aziridin-2-karbonskabes esteriem 166, 167 ar LDA un
elektrofilu, gaidito a-alkiléSanas produktu 205 vieta ieguvam N-alkil&tus aziridin-2.2-
dikarboksilatus 206, notiekot Hodgson [45] aprakstitajai acilgrupas 1-2 migracijai.
Reakcija ievaditais elektrofils stdjas pie aziridina N atoma. legiita diestera 206a

(E=Me) struktiira pieradita ar rentgenstrukttranalizes metodi (2.3.2.1att.).
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1. LDA, THF, 1. LDA, THF, >T
-78°C )/ R -78C
)/ ERO2.BX o 2.EX 0
0. _N 0 —>&— \n/ S ©
Y Ao
0 0

E R

205 166, 167 o

== = 206
=t-Bu, EX= Mel, 62%; R = t-Bu, EX= PhCH,Br, 43%; R = 1-(S) Mentil, EX= Mel, 55%.

2.3.2.1att. Diestera 206a struktiira

Noverotas migracijas pielietojuma robezas parbaudijam uz virkni iegtito
aziridi-2-karbonskabes esteru N-acilatvasinajumiem. Deprotongjot 1-
alkiloksikarbonilaziridin-2-karboksilatus 166, 167 ar LDA un neitraliz&jot iegiitos
anjonus ar ddeni, ieguvam rindu simetrisku un nesimetrisku aziridin-2.2-

dikarboksilatu 207.

/R2
1. LDA, THF, -78°C O
2.H,0 Y
_O_ _N O. 2
oo . HN@Q
0 0
166, 167 207

Reakcijas izdarijam ar 1.0-1.1 ekv. in situ pagatavota LDA. Atskiriba no
eksperimentiem, kur notiek otras molekulas karbonilgrupas uzbrukums anjonam (
kondensacija), raksturigais dzelteni oranzais krasojums nav novérojams, kas norada

uz loti atru migracijas produkta veidoSanos.
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2.3.2.1.tabula. Migracijas produktu iznakumi.

R R, Substrats | Produkts Lzngkums,
(%)
Me t-Bu 166a 207a 20*

Et t-Bu 1671 207b 4

i-Pr t-Bu 167m 207c 49
(1-S) mentil t-Bu 167n 207d 77
t-Bu t-Bu 167d 207e 80
Me (1-S) mentil 1670 207f Shis
Et (1-S) mentil 167p 2079 10
i-Pr (1-S) mentil 167r 207h 33
t-Bu (1-S) mentil 167s 207d 80
t-Bu Et 167t 207b 76
(1-S) mentil Et 167u 2079 72

*ar DMPU piedevu. **Produkts detektets ar GC-MS, nav izdalits

Lai pieraditu nesimetriska dikarboksilata 207c struktiiru, tam pagatavojam

kristalisku 3,5—dinitrobenzoilatvasinagjumu 209 un veicam ta rentgenstruktiiranalizi

(2.3.2.2att.).

O EtN(i- Pr)2
o Q\K ﬁé(
92% j/

Wi 208
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2.3.2.2att. Diestera 209 struktura

Analizgjot ieglitos rezultatus, m&s atradam, ka estera grupas telpiskais liclums
ietekmé migracijas produkta iznakumu. Telpiski liela estera grupa (COOtBu un
COO(-)-mentil) dod labakus migracijas produktu 207 iznakumus, bet neliclas estera
grupas dod zemu iznakumu etilestera 1671 gadijuma vai ari nedod migracijas
produktu, ka metilestera 166a gadijuma. M@s pienemam, ka Sis efekts ir skaidrojams
ar E- un Z-enolatu raSanos deprotonéSanas reakcijas. Ir zinams, ka telpiski
neapgritinati alifatiskie esteri (COOMe un COOE?t), deprotongjot ar LDA, dod
parsvara E-enolatu, bet telpiski lielu estera grupu gadijuma — Z-enolatu. 1-
alkoksikarbonilaziridin-2-karbonskabes estera Z-enolata gadijuma litijs var
koordinéties ar N-aizvietotaja karbonilgrupu un $1 koordinacija var stabilizet enolatu.

Tas izskaidro augstakus iznakumus terc-butil 167h un mentilestera 167n gadijuma.

Li
0. _N—x. _ O, '
Rz/ \“/ k( R] RZ/O\H/NKKO
(0] 0
Li (0] O.
Rl
Z E

Tatad, lai paaugstinatu produktu 207 iznakumus metilestera 166a un etilestera
1671 gadijuma, jastabilizé radies E-enolats vai arT jageneré stabils Z-enolats. Lai

stabiliz€tu E-enolatu, més veicam deprotonéSanu DME un Et,O maisijuma, ka art
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THF ar TMEDA piedevu. Lietojot DME un Et;0 maisijumu ka $kidinataju, ka
pamatprodukts tika izdalits starpmolekularas kondensacijas produkts 204h.
Stabiliz&josa TMEDA piedeva deva migracijas produktu 207b ar 26% iznakumu.
Literattira [65] zinams, ka selektivai Z-enolatu generéSanai telpiski nelielu
alifatisko estera grupu gadijuma var lietot DMPU piedevu. Substrata 1671 gadijuma
LDA deprotonésana ar DMPU piedevu deva biitiski augstaku migracijas produkta
iznakumu - 56%. Ari metilestera 166a gadijuma ar DMPU piedevu izdevas iegit

migracijas produktu 207a ar 20% iznakumu.

/Boc
N
—
1. LDA, -78°C o)
2. HZO (@) + (0]
O N%(O\/ » HN O N O\/
\ﬂ/ Boc
0 0 o) o)
1671 207b 204h
2.3.2.2 tabula. Produktu 207b un 204h iznakumi
. Produkta 207b | Produkta 204h
Skidinatajs
iznakums(%) | iznakums(%)
DME / Et,0 (5:1) 22 31
THF 4 0
THF / TMEDA (3ekv.) 26 0
THF / DMPU (3ekv.) 56 0

Ta ka acilgrupas 1-2 migracijas reakcijas atrums ir lielaks, neka elektrofila
pievienoSanas atrums, m&s pienémam, ka migracijas process notiek iekSmolekulari.

Lai to parbaudttu, m&s apstradajam divu substratu 167s un 167n maistjumu ar LDA.
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Starpmolekulari

\ﬁo 0”7 o
| Teksmolekulari {
W 82% o O /\

Reakcija tika ieguts tikai produkts 207d, bet iesp&jamie starpmolekularas aciléSanas
produkti 207k un 207e konstatéti netika. Tatad acilgrupas 1-2 migracija notiek
iekSmolekulari.

Migracijas produktu iznakumu atkariba no estera grupu telpiskajiem izmériem
un no enolatus stabiliz€joSam piedevam netieSi norada uz to, ka aziridin-2-
karboksilata o-deprotonéSanas rezultata veidojas enolats, nevis piramidalais
karbanjons, ka minéts literatara [88-90].

Lai parbauditu konfiguracijas saglabasanas iesp&ju, tika izmantoti sintez&tie

optiski aktivs t-butoksikarbonilaziridin-2-karbonskabes izopropilesteris (S)-167m.

SO,Cl, NEt,

LiOi-Pr, THF
toluols
Ph C/N%(O\ — PQC/NS\[(O
78% 3 60%
0 0

(S)-166¢ (S)-165e
N-Tr-L-serOMe 1. TFA, DCM 81%

2. Boc,0, DCM, NEt, | (2 stadijas)

0
o LDA, THF
HN O - _N (@)
Boc T/
o 0

56%

207¢ (8)-167m
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Izdarot optiski aktiva estera (S)-167m reakciju ar LDA, iegiist racemisku migracijas
produktu — diesteri 207c. Racemizacija notiek tadel, ka no estera (S)-167m iegitais

anjons, iesp&jams, pastav stabiliz€ta enolata veida.

e
oj(jrtlﬁ;oj/

Sada gadijuma substrata (S)-167m C(2) konfiguracija nesaglabajas.

2.3.3 Aziridinilanjonu alkilésana

Ka redzams no ieprieks€jiem eksperimentiem, gandriz visos ariridin-2-
karbonskabes esteru deproton€Sanas gadijumos ieguvam starpmolekularas
kondensacijas vai acilgrupas 1-2 migracijas prduktus. Iedarbojoties uz N-
benzilaziridin-2-karbonskabes dimetilamidu 168b ar LDA, starpmolekularas
kondensacijas produktu neieguvam, iedarbojamies uz §i substrata anjonu, izmantojot

literattira [86-88] min&tos vienkarsos elektrofilus — Mel, BnBr, ka ari Me3SiCl.

1. LDA, THF, 1. LDA, THF,
SiMe, -78°C,. 15m1n0 -78°C, 15min
| 2. Me,SiCl, -78°C, | 2. Me;SiCl, -78°C, SiMe, |
30min i
N NG = R/N%(N\ o N LN
3-5% T 16% R
O — .
R=CPh, R=CH,Ph 0
210 168b,c 203a

N-Benzilaizvietota amida 168b gadijuma Izdodas iegiit a-silileétu amidu 203a
un (- silileta amida 210 zimes telpiski lielaka N-tritilaizvietotaja (amids 168c)
gadijuma, lietojot MesSiCl. Sie rezultati sakrit ar Florio grupas novérojumiem
oksazolinilaziridinu rinda [78]. Izmantojot Mel un BnBr, attiecigos alkilétos
produktus iegtit neizdodas.

Zinot, ka aziridin-2-karbonskabes atvasinajumi, kur pie aziridina slapekla ir
elektroniem bagataki aizvietotaji, tadi ka benzil, tritil, dod galvenokart kondensacijas
produktus - diaziridinilketonus 204, bet acil tipa N aizsargati substrati dod

galvenokart acil 1-2 migracijas produktus 207, izvelgjamies sintezét un parbaudit
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substratus ar tadiem acil tipa aizvietotajiem, kas bitu elektroniem bagataki par N-
acilétajiem aziridin-2-karbonskabes esteriem, bet ar mazaku elektronu blivumu ka N-
alkilaizvietotajos aziridin-2-karbonskabes esteros un amidos. Ka $adu N-aizvietotaju

izvelgjamies N,N-dialkilkarbamoilgrupas.

CICONE,
i-Pr,NEt, Me,CO t-BuOLi,
-10°C-IT, 12h THF
HN%(O\ T OYN%(O\ I ¢ N%W/O
49% -90°
N 0 65 -90% _N. 0
’/ j Rl R]
163 211 212

B

CICON(R,), ,
i-Pr,NEt, Me,CO

(-)-MnthOLi, THF HN%( 0 -10°C-IT, 12h
0

65-67% 65 - 90%

0 N%(O
0N 0. '
T U o=y N
NS N 0]

M) ° N
212a S)-212b (R)-212b
65% 46% 74%

ﬁﬁ(,
\M/

(8)-212¢
90%

Sintezgjam attiecigos N.N-dialkilkarbamoilaziridinus 211 un 212 no
racemiska un optiski aktiva AzyOMe 163a, tos acilgjot ar attiecigajiem
karbamoilhloridiem un p&c tam paresterificgjot peéc Meth-Cohn metodes [71] ar litija
terc-butilatu vai ar1 acilgjot ar karbamoilhloridiem ieprieks paresterifikacijas procesa

ieglitos (-)-mentilesterus 164e. Izdarot esteru (S)-212b un (R)-212b augsti efektivas

hromatografijas analizes, noveérojam, ka tie sastav no individualiem diastereomériem,

aiztures laiki produktam (S)-212b un (R)-212b ir 9.6 un 9.3min attiecigi. Esteru 212b

diastereoméra tiriba parbaudita ar hiralo hromatografiju, izomeru aiztures laiki 6.1 un

9.1min attiecigi.
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Iegiitos esterus 212 (R1 = Me, Et, i-Pr, R, = terc-Bu) deproton€jam ar LDA un
“"dz€sam' " iegiito anjonu ar tdeni, atgiistot izejvielas 212. No ta secinajam, ka anjons
ir stabils un veicam deprotonéSanu un reakcijas ar vienkarSiem alkil&josajiem
elektrofiliem — metiljodidu, benzilbromidu un alilbromidu. Izmantojam parastos

deprotonésanas reakciju apstaklus - -78°C temperatiiru un 15min lidz 1h reakcijas

laiku.
E E
LDA, THF,
OYN%(O\RZ ~78C, 15min-1h OYN%(O\RQ
_N. 0 = NG 0
R] R] Rl Rl
212 213
Ph J
oG o5 Mm
(6] N (0%
NSO y _N_ © Y
2132 213b AN O
&2 £ 213¢
72% o (S)-212b 64% no (S) _b 60% no (S)-212b
71% no (R)-212b 60% no (R)-212b

64% no (R)-212b

213d 213e
75% 53%

4

1 O N O.,.
Ne ~ O Y
Y j/ : YNW/ 0
213f 213¢g
80% 76%
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2.3.3.1 att. Estera 213f struktiira

leguvam a-alkiléSanas produktus 213a-g ar labiem iznakumiem. Redzams, ka
nedaudz lielaki iznakumi ir N,N-diizopropilkarbamoil aizvietotaja gadijuma (produkti
213f, 2130). Produkta 213f struktiira noteikta ar rentgenstruktiiranalizi (2.3.3.1 att.).

Novérojam, ka ari substrats 212c ar telpiski lielu N-aizvietotaju un estera
grupu deprotongjas un alkilgjas C(2) vieta, atSkiriba no N-tritil substrata 168c.

Péc KMR datiem redzams, ka deprotongjot un alkilgjot izejvielas (S)-212b un
(R)-212b, rodas vieni un tie pa$i diastereom&ru maisijumi 213a-C neatkarigi no
izejvielu 212b konfiguracijas. Augsti efektiva hromatografija parada, ka C(2)
benzilaizvietotie produkti 213b, kas iegiti no izejvielam (S)-212b un (R)-212b abos

gadijumos satur vienu un to pasu diastereoméru maisijumu (izoméru aiztures laiki 8.1
un 9.4min). C(2) Alilaizvietotie produkti 213c arT uzrada vienadus diastereoméru
maisijumus neatkarigi no lietota substrata 212b konfiguracijas (izoméru aiztures laiki
7.2 un 7.6min).

KMR un augsti efektivas hromatografijas dati liek secinat, ka iegiitie anjoni
nav konfiguracionali stabili. Tas norada uz enolatu, nevis piramidalu karbanjonu

raSanos, deprotongjot substratus 212.
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3 EKSPERIMENTALLA DALA

3.1 Pielietotas metodes un aparatiira

'H NMR un C NMR spektri registréti ar Varian Mercury 200 (200MHz) un
Varian Mercury plus 400 (400MHz) spektrometriem, ar TMS (8kidinatajs CDCl3) vai
HMDSO (skidinatajs dsDMSO) ieksgjo standartu.

Elementanalizes veiktas ar Carlo Erba EA-1108 aparatu.

Kus$anas temperatiiras noteiktas ar Gallenkamp iekartu.
Rentgenstruktiiranalizes veiktas ar Bruker-Nonius Kappa CCD iekartu -100°C
temperatura.

Optiskas grieSanas lenki noteikti ar Atago AP-100 automatisko polarimetru.

Planslana hromatografija veikta ar DC Alufolien plaksném, parklajums
Kieselgel 60, attistitaji — ninhidrins, fosformolibdénskabe, joda kamera, UV lampa
210 un 254nm.

Kolonnu hromatografija veikta ar sorbentu Kieselgel (Acros), 0.023 — 0.070
mm, poru diametrs apm. 6 nm.

Metilénhlorids un DMPU destiléti no CaH,. Tetrahidrofurans un dietil&teris
destiléti no Na/benzofenona. TMEDA destiléts no Na.

Augsti efektiva Skidruma hromatografija esteriem 212 un 213 izdarita ar
Waters hromatografisko sistému uz kolonnas LiChrospher CN 4.6X250mm ar eluentu
sistému heksans — etanols 99:1, plisma 1.5ml/min, detektors UV 210nm.

Hirala hromatografija esteriem 212 un 213 izdarita ar Gilson hromatografisko
sisttmu uz kolonnas Chiralpak 1A 4.6X250mm ar eluentu sistému heksans — etanols
90:10, plisma 1.5ml/min, detektors UV 210nm.

Hirala hromatografija esteriem 167b izdarita ar Gilson hromatografisko
sisttmu uz kolonnas Chiralcel OD (Daicel) 4.6X250mm ar eluentu sistému heksans —
metanols 95:5, plisma 1.0ml/min, detektors UV 254nm.

Skidruma hromatografija — masspektrometrija veikta ar Alliance Waters 2695
hromatografijas moduli uz kolonnas Waters XBridge C18 3.5um, 2.1X50mm ar
eluentu sistému 0.1% HCOOH tdent — acetonitrils ar gradientu 5-100% acetonitrila
15 min.,, plisma 0.6ml/min. Masas detektors Micromass Waters 3100
elektroizsmidzinasanas jonizacijas rezZima, konusa spriegums 40V, spriegums uz

kapilara 3.5kV.
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Augstas izSkirtsp&jas masspektrometrija veikta ar Q-TOF micro (Micromass)
augstas izSkirtsp&jas masspektrometru elektroizsmidzinasanas jonizacijas rezima,

pilna jonu strava m/z 100-1000, konusa spriegums 45V, spriegums uz kapilara 3kV.

3.2 Sintézu apraksti

Visparéja metode aziridin-2-karbonskabes esteru iegiiSanai, ciklizéjot 3-(2.2.2-

trimetilhidrazinij)propionskabes esteru bromidus ?virsto$aja slani”’[69]

Apalkolba sajauc 1.0 ekv. sausu, sasmalcinatu alkil 3-(2.2.2-
trimetilhidrazinij)-propionata bromidu ar 2.5 — 5.0 ekv. zavéta K,COj3. Kolbu savieno
ar rotacijas ietvaicétaju, kura uztveérgjkolbu dzese ar ,,sauso ledu”. Ietvaicg, sildot ellas
vanna 140°C temperatiira. Kad strauja reakcija beigusies, temperatiiru vanna pacel
Iidz 160°C un savac destilatu. Produktu zavé virs CaH, vai Na,SO,, ja H,O saturs
parauga ir lielaks par 5%. Produktu pardestile pie tdensstriiklas stkna, pirms
destilésanas pievienojot 50-100mg hidrohinona, vai ari attira ar kolonnu

hromatografiju.

Aziridin-2-karbonskabes metilesteris 163a

6.00g (23.5mmol) 3-(2.2.2-trimetilhidrazinij) propionskabes metilestera
bromida 162 sajauc ar 8.13g (58.8mmol) kalija karbonata. Produktu atdestilé
vakuumeé (p = 15mbar), iegiist 1.14g (42%) bezkrasas skidruma. 'H KMR (200 MHgz,
CDCl3, TMS, m.d.) 6 1.19 (pl.s, 1H); 1.82-1.89 (m, 1H); 1.99-2.05 (m, 1H); 2.49-2.55
(m, 1H); 3.78 (s, 3H).

Aziridin-2-karbonskabes etilesteris 163b

6.00g (23.5mmol) 3-(2.2.2-Trimetilhidrazinij) propionskabes etilestera
bromida 162b sajauc ar 8.13g (58.8mmol) kalija karbonata. Produktu atdestile
vakuumé (p = 15mbar), ieglist 1.14g (42%) bezkrasas §kidruma ar vt 70-72°C
(40torr). *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.05 (s, 1H); 1.31 (t, 3H, J = 7.2
Hz); 1.86 (m, 1H); 2.00 (m, 1H); 2.52 (m, 1H); 4.23 (kv, 2H, J = 7.2 Hz) [69].
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Optiski aktivo aziridin-2-karbonskabes metilesteru iegiiSana no L- un D- serinu

metilesteru hidrogenhloridiem Mitsunobu reakcija.
Esteri (R)-163a un (S)-163a
L- vai D-Serina metilestera hidrogenhloridu (15.56g, 100.0mmol) suspendé

50ml CH,Cl, un atdzese Iidz 0--5°C. Suspensiju piesatina ar sausu NH3, maisa 30min
-5°C temperatiira, tad ievaicé pazeminatd spiediend, temperatiirai neparsniedzot
+10°C, atlikumu $kidina 50ml CH,Cl, , atdzes@ lidz -5°C, izpli§ ar argonu, pievieno
26.23g (100.00mmol) PPh3 50mg hidrohinona un 15min laika piepilina 100.00mmol
DEAD vai DIAD skidumu 10ml CH,Cl,. Reakcijas maisijumu iztur 12h maisot
argona atmosfera istabas temperatiira. Skidinataju ietvaicé lidz % sakotngja tilpuma,
pievieno 250ml dietilétera, nofiltré izkrituSas nogulsnes un no filtrata atdestilé
$kidinataju, sildot Iidz 60°C pie atmosféras spiediena. Atlikumu pardestile pie

pazeminata spiediena, savac frakciju ar vt 70-72°C (40torr).

(S)-Aziridin-2-karbonskabes metilesteris (S)-163a

legiist 36% bezkrasas kidruma ar vt 72°C (40torr), 'H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 1.19 (pl.s, 1H); 1.82-1.89 (m, 1H); 1.99-2.05 (m, 1H); 2.49-2.55
(m, 1H); 3.78 (s, 3H).
[a]p(20) =-23.1° (c = 1.0, MeOH)

(R)-aziridin-2-karbonskabes metilesteris (R)-163a

legiist 33% bezkrasas $kidruma ar vt 72°C (40torr), 'H KMR (200 MHz,
CDCls, TMS, m.d.) § 1.19 (pl.s, 1H); 1.82-1.89 (m, 1H); 1.99-2.05 (m, 1H); 2.49-2.55
(m, 1H); 3.78 (s, 3H).
[a]p(20) +23.1° (c = 1.0, MeOH)

(2S)-N-trifenilmetilaziridin-2-karbonskabes metilestera (S)-166¢ iegiiSana no N-

trifenilmetil-L -serina metilestera

N-Trifenilmetil-L-serina metilesteri (5.00g, 13.83mmol) suspendé toluola
(60ml), pievieno 4.20g (41.50mmol) trietilamina, atdzes€ maisot argona pliisma lidz -
50°C, tad 15min laika piepilina 2.24g (16.60mmol) sulfurilhlorida. Reakcijas
maistjumu atslida Iidz IT 2h laika, tad izlej 100ml @idens un 100ml EtOAc maisijuma,
tdens slani ekstrahé ar EtOAc (2x40ml), apvienotos EtOAc ekstraktus skalo ar

piesatinatu NaCl tidens Skidumu, zave virs Na;SO,, nofiltré caur silikagelu (50ml),
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ietvaic€ un parkristalizé no PE. legiist 3.71g (78%) baltas kristaliskas vielas, kt = 132-
133°C. *H KMR (200 MHz, CDCl;, TMS, m.d.) § 1.41 (dd, 1H, J = 1.9, 6.0Hz); 1.89
(dd, 1H, J = 2.6, 6.0Hz); 2.26 (dd, 1H, J = 1.9, 2.6Hz); 7.15-7.34 (m, 9H); 7.45-7.53
(m, 6H).

EA. Aprekinats uz Cp3H1NO, C 80.87, H 6.79, N 7.86. Atrasts C 80.48, H
6.77, N 7.88

[a]p(20) -18.8° (¢ = 1.0, MeOH)

Visparéja metode A paresterifikacijai

Metilesteri 163 (10.1g, 100mmol) sajauc ar 100mmol spirta, 20°C temperatiira
maisot pievieno 41.4g (300mmol) kalija karbonata. Iegiito maistjumu silda Iidz 150°C
maisot argona pliisma, atdestil§jot metanolu. Kad metanola izdaliSanas beigusies,
reakcijas maisjjumu atdzesé lidz IT, izlej 50ml H,O un ekstrah€ ar dietiléteri (3 x
20ml). Etera ekstraktus apvieno, skalo ar H,O (2 X 20ml) un 20 ml piesatinata NaCl
tidens Skiduma, zave virs Na,SO,4 un &teri ietvaic€ vakuuma. legiitos esterus attira ar
kolonnu hromatografiju uz silikagela, elugjot ar sistemu petrol&teris-etilacetats vai

pardestilé vakuuma.

Visparéja metode B paresterifikacijai

Apalkolbu (100ml) karsé 5h pie 150 °C un atdzese argona pliisma Iidz istabas
temperatiirai. Sagatavotaja kolba sajauc 1 ekvivalentu spirta ar sausu THF (2ml THF
uz lmmol spirta). legiito $kidumu argona pliisma atdzesé lidz -20°C un piepilina 1
ekvivalentu n-BuLi (2.5M s$kidums heksanos). Péc 15min iegiitajam alkoholata
Skidumam pievieno 1 ekvivalentu aziridin-2-karbonskabes metilestera 163 Skidumu
absoliita THF (1ml THF uz 1mmol substrata). legiito $kidumu maisa 1-5h pie -20°C,
tad atsilda Iidz IT, izlej Gideni un ekstrahg ar dietiléteri (3 x 20ml). Ekstraktus apvieno,
skalo ar piesatinatu NaCl §kidumu tdeni, zavé (Na,SO,), filtré un ietvaice. Atlikumu

hromatograf€ uz silikagela ar PE — EtOAc 1:1 eluentu .

Visparéja metode C paresterifikacijai

Apalkolbu (100ml) karsé 5h pie 150 °C un atdzese argona pliisma Iidz istabas
temperatiirai. Taja ievieto 100mol kalija terc-butilata un pievieno 15ml absoltita THF.
Iegiito $kidumu argona pliisma atdzesé Iidz -20°C un piepilina 100 mmol metilestera
165k $kiduma 15ml absoliita THF. legiito $kidumu maisa 1.5h -20°C temperatiira,
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atsilda Iidz IT, izlej 25ml Gdens-ledus un ekstrah€ ar dietiléteri (3 x 25ml). Ekstraktus
apvieno, skalo ar tdeni (2 x 25ml) piesatinatu NaCl $kidumu tdeni (25ml), zave
(NazSO,), filtré un ietvaice. Atlikumu hromatografé uz silikagela ar PE — EtOAc 4:1

eluentu.

Aziridin-2-karbonskabes benzilesteris 164a

Metode A. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.07g (9.89mmol) benzilspirta, 3.86g (27.95mmol) K,COgs, reakcijas laiks 24h.
Produktu pardestilé vakuuma (p=15mbar). legiist 0.72g (41%) bezkrasaina Skidruma.
'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.09 (pl.s, 1H); 1.74-1.93 (m, 1H); 1.93-
2.08 (m, 1H); 2.47-2.63 (m, 1H); 5.18 (s, 2H); 7.30-7.41 (m, 5H).

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.07g (9.89mmol) benzilspirta, 3.96ml (9.89mmol) n-BuLi (2.5M $kidums heksanos),
reakcijas laiks 1h. Produktu pardestile vakuuma (p=15mbar). Iegtst 0.53g (30%)

bezkrasaina Skidruma.

Aziridin-2-karbonskabes 4-nitrobenzilesteris 164b

Metode A. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.51g (9.89mmol) 4-nitrobenzilspirta, 3.86g (27.95mmol) K,COs, reakcijas laiks 2h.
Produktu attira ar kolonnu hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu.
legast 0.70g (32%) gaisi dzeltena pulvera, kt = 115-117°C. *H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 1.11 (pl.s, 1H); 1.71-2.06 (m, 2H); 2.40-2.64 (m, 1H); 5.22 (s,
2H); 7.76 (d, 2H, J = 9.0 Hz); 8.22 (d, 2H, J = 9.0 Hz).

EA. Aprekinats uz C1oH1oN204 C 54.06, H 4.54, N 12.61. Atrasts C 52.69, H
4.64,N 12.16

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.51g (9.89mmol) 4-nitrobenzilspirta, 3.96ml (9.89mmol) n-BuLi (2.5M S§kidums
heksanos), reakcijas laiks 48h. Produktu attira ar kolonnu hromatografiju uz silikagela

ar PE — EtOAc 1:1 eluentu. legiist 0.02g (1%) gaisi dzeltena pulvera, kt = 115-117°C.

Aziridin-2-karbonskabes alilesteris 164c

Metode A. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 1633,
0.57g (9.89mmol) alilspirta, 3.86g (27.95mmol) K,COs3, reakcijas laiks 2h. Produktu
pardestilé vakuuma (p=15mbar). Iegist 0.50g (40%) bezkrasaina skidruma. ‘*H KMR
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(200 MHz, CDCl3, TMS, m.d.) 6 1.08 (pl.s, 1H); 1.78-2.12 (m, 2H); 2.48-2.65 (m,
1H); 5.22 (s, 2H); 4.63-4.71 (m, 2H); 5.24-5.43 (m, 2H); 5.84-6.06 (m, 2H).

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
0.57g (9.89mmol) alilspirta, 3.96ml (9.89mmol) n-BuLi (2.5M skidums heksanos),
reakcijas laiks 5h. Produktu pardestileé vakuuma (p=15mbar). Iegist 0.05g (4%)

bezkrasaina skidruma.

Aziridin-2-karbonskabes izopropilesteris 163c

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.19g (19.80mmol) izopropanola, 7.90ml (19.80mmol) n-BuLi (2.5M 8kidums
heksanos). Iegiist 0.44 g (35%) bezkrasaina $kidruma. *H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.01 (s, 1H); 1.19 (d, 6H, J = 5.0 Hz); 1.69-1.81 (m, 1H); 1.84-1.94 (m,
1H); 2.33-2.47 (m, 1H); 4.98 (heptets, 1H, J = 6.4 Hz) [3]

Aziridin-2-karbonskabes perillilesteris 164d

Metode A. No 3.00g (29.67mmol) aziridin-2-karbonskabes metilestera 163a,
4.53¢g (29.67mmol) perillilspirta, 11.58g (83.85mmol) K,COs3, reakcijas laiks 24h.
Produktu pardestilé vakuuma (p=15mbar). legtist 2.22g (34%) bezkrasaina Skidruma.
'H KMR (200 MHz, CDCl3, TMS, m.d.) & 1.07 (pl.s, 1H); 1.35-2.26 (m, 9H); 1.74 (s,
3H); 2.50-2.60 (neizskirts d, 1H); 4.47-4.64 (m, 2H); 4.68-4.80 (m, 2H); 5.75-5.86
(m, 1H).

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
1.51g (9.89mmol) perillilspirta, 3.96ml (9.89mmol) n-BuLi (2.5M s$kidums
heksanos), reakcijas laiks 2h. Produktu pardestileé vakuuma (p=15mbar). legiist 0.98g
(45%) bezkrasaina skidruma.

Aziridin-2-karbonskabes (-)mentilesteris 164e

MetodeB. No 3.94g (38.97mmol) aziridin-2-karbonskabes metilestera 163a,
6.70g (42.87mmol) (-)mentola, 17.00ml (42.50mmol) n-BuLi (2.5M s$kidums
heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE — EtOAc 1:1
cluentu. Tegist 5.88g (67%) bezkrasainas ellas. 'H KMR (200 MHz, CDCls, TMS,
m.d.) 8 0.77 (d, 3H, J = 6.9 Hz); 0.91 (d, 6H, J = 5.2 Hz); 0.95-2.05 (m, 11H); 2.43-
2.54 (m, 1H); 4.66-4.83 (m, 1H) [2].
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(2S)-Aziridin-2-karbonskabes (-)mentilesteris (S)-164e

MetodeB. No 4.00g (39.56mmol) (2S)-aziridin-2-karbonskabes metilestera
(25)-163a, 6.80g (43.52mmol) (-)mentola, 22.00ml (43.52mmol) n-BuLi (2.5M
Skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAC 1:1 eluentu. Iegist 5.88g (67%) bezkrasainas ellas. Rf = 0.25 (PE-EtoAc 2:1).
'H KMR (200 MHz, CDCl;, TMS, m.d.) & 0.77 (d, 3H, J = 7.0 Hz); 0.91 (d, 6H, J =
6.6 Hz); 0.82-2.07 (m, 11H); 2.43-2.54 (m, 1H); 4.75 (dt, 1H, J = 4.4, 10.8Hz). *C
KMR (400MHz, CDCl;, ppm) 6 16.4, 20.9, 22.1, 23.5, 26.4, 27.3, 29.3, 31.5, 34.3,
40.9,47.1,75.7,172.7.

(2R)-Aziridin-2-karbonskabes (-)mentilesteris (R)-164e

MetodeB. No 0.55g (5.44mmol) (2R)-aziridin-2-karbonskabes metilestera
(2R)-163a, 0.94g (5.98mmol) (-)mentola, 2.80ml (5.98mmol) n-BuLi (2.5M $kidums
heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE — EtOAc 1:1
cluentu. Tegtist 0.80g (65%) bezkrasainas ellas. Rf = 0.27 (PE-EtoAc 2:1). 'H KMR
(200 MHz, CDCl3, TMS, m.d.) 8 0.76 (d, 3H, J = 7.0Hz); 0.91 (d, 3H, J = 7.0Hz);
0.92 (d, 3H, J = 6.7Hz); 0.82-2.08 (m, 11H); 2.42-2.55 (m, 1H); 4.68-4.85 (dt, 1H, J =
4.4,10.9Hz).

Aziridin-2-karbonskabes terc-butilesteris 164f

Metode B. No 4.00g (39.56mmol) aziridin-2-karbonskabes metilestera 163a,
2.93g (39.56mmol) terc-butanola, 16.00ml (40.00mmol) n-BuLi (2.5M skidums
heksanos). legist 4.53g (80%) bezkrasaina $kidruma. 'H NMR (200 MHz, CDCls,
TMS, m.d.) 6 0.96 (s, 1H); 1.48 (s, 9H); 1.70-1.84 (m, 1H); 1.86-1.98 (m, 1H); 2.33-
2.48 (m, 1H) [2].

(2R)-Aziridin-2-karbonskabes terc-butilesteris (R)-164f

Metode B. No 4.00g (39.56mmol) aziridin-2-karbonskabes metilestera (R)-
163a, 2.93g (39.56mmol) terc-butanola, 16.00ml (40.00mmol) n-BuLi (2.5M skidums
heksanos). Iegtst 4.53g (80%) bezkrasaina Skidruma. 'H KMR (200 MHz, CDCls,
TMS, m.d.) 3 0.96 (s, 1H); 1.48 (s, 9H); 1.70-1.84 (m, 1H); 1.86-1.98 (m, 1H); 2.33-
2.48 (m, 1H)
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Aziridin-2-karbonskabes 9-estradiolilesteris 1649

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 1633,
2.69g (9.89mmol) estradiola, 3.96ml (9.89mmol) n-BuLi (2.5M s§kidums heksanos),
reakcijas laiks 1h. Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 1:1 eluentu. legast 1.32g (39%) bezkrasainu kristalu, kt = 129-130°C. *H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 0.85 (s, 3H); 1.08-2.38 (m, 15H); 2.55 (dd,
1H,J = 3.0, 5.4 Hz); 2.71-2.88 (m, 3H); 4.68-4.82 (m, 1H); 4.52-5.53 (pl.s, 1H); 6.55
(d, 1H,J = 2.4 Hz); 6.61 (dd, 1H, J = 2.4, 8.3 Hz); 7.14 (d, 1H, J = 8.3 Hz).

EA. Aprekinats uz C1H,7NO3 C 73.87, H 7.97, N 4.10. Atrasts C 73.63, H
8.24, N 3.50

Aziridin-2-karbonskabes 9-(3-metoksi)estradiolilesteris 164h

Metode B. No 1.00g (9.89mmol) aziridin-2-karbonskabes metilestera 163a,
2.83g (9.89mmol) estradiola, 3.96ml (9.89mmol) n-BuLi (2.5M $kidums heksanos),
reakcijas laiks 1h. Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 3:1 eluentu. leguist 2.00g (57%) bezkrasainu kristalu, kt = 135-136°C. H
KMR (200 MHz, CDCl3, TMS, m.d.) 8 0.86 (s, 3H); 1.05 (pl.s, 1H); 1.17-2.08 (m,
12H); 2.12-2.38 (m, 3H); 2.47-2.59 (m, 1H); 2.79-2.93 (m, 2H); 3.78 (s, 3H); 4.69-
4.84 (m, 1H); 6.63 (d, 1H, J = 2.8 Hz); 6.71 (dd, 1H, J = 2.8, 8.6 Hz); 7.20 (d, 1H, J =
8.6 Hz).

EA. Aprekinats uz C;HyNO; C 74.33, H 8.22, N 3.94. Atrasts C 74.14, H
8.28, N 3.92

1-Metoksimetilaziridin-2-karbonskabes terc-butilesteris 165a

Metode B. No 1.50g (10.33mmol) 1-metoksimetilaziridin-2-karbonskabes
metilestera, 0.77g (10.33mmol) terc-butanola, 4.13ml (10.33mmol) n-BuLi (2.5M
$kidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 1:1 eluentu. leguist 1.70g (88%) bezkrasaina $kidruma. *H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 1.47 (s, 9H); 1.81 (dd, 1H, J = 1.2, 6.8 Hz); 2.07 (dd, 1H, J =
1.2, 3.0 Hz); 2.27 (dd, 1H, J = 3.0, 6.8 Hz); 3.43 (s, 3H); 3.93 un 3.97 (AB sistéma,
1H un 1H, J =7.9Hz).

100



1-Benzilaziridin-2-karbonskabes terc-butilesteris 165b

Metode B. No 2.00g (10.46mmol) 1-benziilaziridin-2-karbonskabes
metilestera 166b, 0.78g (10.46mmol) terc-butanola, 4.18ml (10.46mmol) n-BuLi
(2.5M skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar
PE — EtOAc 1:1 eluentu. legist 1.93g (79%) bezkrasainas ellas. *H KMR (200 MHz,
CDCl3, TMS, m.d.) & 1.46 (s, 9H); 1.64 (neizskirts dd, 1H, J = 6.3 Hz); 2.07 (dd, 1H,
J=3.2,6.3Hz);2.19 (dd, 1H, J = 1.3, 3.2 Hz); 3.54 un 3.57 (AB sistéma, 1H un 1H, J
= 13.7 Hz); 7.19-7.38 (m, 5H).

1-Benzilaziridin-2-karbonskabes (-)-mentilesteris 165¢

Metode B. No 2.00g (10.46mmol) 1-benzilaziridin-2-karbonskabes metilestera
166b, 1.63g (10.46mmol) (-)-mentola, 4.18ml (10.46mmol) n-BuLi (2.5M skidums
heksanos). legiist 1.58g (48%) bezkrasains ellas. Diastereomérus dala ar kolonnu
hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu.

Diastereomérs 165c1 iegiits ka 0.75g bezkrasainu kristalu, kt = 107-109°C. Rf
= 0.63. '*H KMR (200 MHz, CDCls, TMS, m.d.) & 0.60-2.27 (m, 21H); 3.37 un 3.73
(AM sistema, 1H un 1H, J = 13.8 Hz); 4.73 (dt, 1H, J = 4.4, 10.7 Hz); 7.11-7.40 (m,
5H).

EA. Aprékinats uz CyHxNO, C 76.15, H 9.27, N 4.44. Atrasts C 75.44, H
9.60, N 3.97

Diastereomérs 165¢2 iegits ka 0.71g bezkrasainu kristalu, kt = 111-112°C. Rf
= 0.57. '*H KMR (200 MHz, CDCls, TMS, m.d.) & 0.46-2.33 (m, 21H); 3.26 un 3.85
(AM sisteéma, 1H un 1H, J = 13.7 Hz); 4.75 (dt, 1H, J = 4.4, 10.9 Hz); 7.04-7.48 (m,
5H).

EA. Aprékinats uz CyHxNO, C 76.15, H 9.27, N 4.44. Atrasts C 76.00, H
9.23, N 4.36

1-Trifenilmetilaziridin-2-karbonskabes terc-butilesteris 165d

Metode B. No 2.50g (7.28mmol) 1-trifenilmetilaziridin-2-karbonskabes
metilestera 166¢, 0.54¢g (7.28mmol) terc-butanola, 2.91ml (7.28mmol) n-BuLi (2.5M
Skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 9:1 eluentu. legtist 1.15g (41%) bezkrasainu kristalu, kt = 146-147°C. *H
KMR (200 MHz, CDCl3, TMS, m.d.) ¢ 1.31 (dd, 1H, J = 1.6, 6.1 Hz); 1.49 (s, 9H);
1.77 (dd, 1H, J = 2.6, 6.1 Hz); 2.20 (dd, 1H, J = 1.6, 2.6 Hz); 7.46-7.56 (m, 15H).
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EA. Aprekinats uz CzH7NO, C 81.01, H 7.06, N 3.63. Atrasts C 80.89, H
7.05, N 3.65

(2S)-1-Trifenilmetilaziridin-2-karbonskabes izopropilesteris (S)-165e

Metode B. No 0.78g (2.27mmol) (2S)-1-trifenilmetilaziridin-2-karbonskabes
metilestera (S)-166¢, 0.41g (6.81mmol) izopropanola, 4.30ml (6.81mmol) n-BuLi
(2.5M skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar
PE — EtOAC 9:1 eluentu. Iegist 0.51g (60%) bezkrasainu putu. Rf = 0.40 (PE-EtOACc
9:1). SH-MS m/z: 372 [M+H]*. *H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.26 (d,
3H, J = 6.2Hz); 1.28 (d, 3H, J = 6.2Hz); 1.37 (dd, 1H, J = 1.6, 6.1Hz); 1.84 (dd, 1H, J
= 2.8, 6.1Hz); 2.25 (dd, 1H, J = 1.6, 2.8Hz); 5.13 (heptets, J = 6.2Hz); 7.15-7.34 (m,
9H); 7.44-7.59 (m, 6H).

[a]p(20) = -11.8° (c = 1.0, MeOH)

1-Benziloksikarbonilaziridin-2-karbonskabes benzilesteris 167a

Metode B. No 1.00g (4.25mmol) 1-benziloksikarbonilaziridin-2-karbonskabes
metilestera, 0.46g (4.25mmol) benzilspirta, 1.70ml (4.25mmol) n-BuLi (2.5M
Skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 4:1 eluentu. leglist 0.86g (65%) bezkrasainas ellas. 'H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 2.47 (dd, 1H, J = 1.2, 5.6 Hz); 2.62 (dd, 1H, J = 1.2, 3.1 Hz);
3.14 (dd, 1H, J = 3.1, 5.6 Hz); 5.02-5.21 (m, 4H); 7.32-7.38 (m, 10H).

1-Benziloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167b

Metode B. No 1.00g (4.25mmol) 1-benziloksikarbonilaziridin-2-karbonskabes
metilestera, 0.32g (4.25mmol) terc-butanola, 1.70ml (4.25mmol) n-BuLi (2.5M
Skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAcC 4:1 eluentu. Iegtist 0.18g (15%) bezkrasainu kristalu, kt = 137.5-138.5°C. *H
KMR (200 MHz, CDCls, TMS, m.d.) & 1.45 (s, 9H); 2.40 (dd, 1H, J = 1.3, 5.0 Hz);
2.55 (dd, 1H, J = 1.3, 3.1 Hz); 3.00 (dd, 1H, J = 3.1, 5.0 Hz); 5.11 un 5.17 (AB
sistéma, 1H un 1H, J = 12.1Hz); 7.32-7.40 (m, 5H).

EA. Aprékinats uz Ci5H19NO4 C 64.97, H 6.91, N 5.05. Atrasts C 64.94, H
6.89, N5.11
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Hirala AESH izdarita Gilson hromatografisko sistému uz kolonnas Chiralcel
OD (Daicel) ar eluentu sistému heksans — metanols 95:5, plisma 1.0ml/min, detektors

UV 254nm. Enantioméru iznak$anas laiki 9.3 un 10.5 min.

1-Benziloksikarbonilaziridin-2-karbonskabes terc-butilesteris (R)-167b

No 1.00g (4.25mmol) 1-benziloksikarbonilaziridin-2-karbonskabes
metilestera, 0.32g (4.25mmol) terc-butanola, 1.70ml (4.25mmol) n-BuLi (2.5M
Skidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar PE —
EtOAc 4:1 eluentu. Tegiist 1.15g (96%) bezkrasainu kristalu, kt = 137.5-138.5°C. 'H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 1.45 (s, 9H); 2.40 (dd, 1H, J = 1.3, 5.0 Hz);
255 (dd, 1H, J = 1.3, 3.1 Hz); 3.00 (dd, 1H, J = 3.1, 5.0 Hz); 5.11 un 5.17 (AB
sistéma, 1H un 1H, J = 12.1Hz); 7.32-7.40 (m, 5H).

Hirala AESH izdarita Gilson hromatografisko sistému uz kolonnas Chiralcel
OD (Daicel) ar eluentu sistému heksans — metanols 95:5, plisma 1.0ml/min, detektors

UV 254nm. Enantiomeéra iznakSanas laiks 9.3min.

1-terc-Butiloksikarbonilaziridin-2-karbonskabes benzilesteris 167c

Metode B. No 1.00g (4.97mmol) 1-terc-butoksikarbonilaziridin-2-
karbonskabes metilestera 166a, 0.549 (4.97mmol) benzilspirta, 1.99ml (4.97mmol) n-
BuLi (2.5M skidums heksanos). Produktu attira ar kolonnu hromatografiju uz
silikagela ar PE — EtOAcC 4:1 eluentu. Tegiist 0.29g (21%) bezkrasainas ellas. 'H KMR
(200 MHz, CDCl3, TMS, m.d.) 6 1.43 (s, 9H); 2.40 (dd, 1H, J = 1.4, 5.2 Hz); 2.55
(dd, 1H, J = 1.2, 3.3 Hz); 3.00 (dd, 1H, J = 3.2, 5.1 Hz); 5.18 un 5.25 (AB sistema, 1H
un 1H, J = 12.4Hz); 7.30-7.42 (m, 5H).

1-terc-Butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d

Metode B. No 1.00g (4.97mmol) 1-terc-butoksikarbonilaziridin-2-
karbonskabes metilestera 166a, 0.37g (4.97mmol) terc-butanola, 1.99ml (4.97mmol)
n-BuLi (2.5M 8kidums heksanos). Produktu attira ar kolonnu hromatografiju uz
silikagela ar PE — EtOAc 9:1 eluentu. Tegiist 0.86g (71%) bezkrasainas ellas. 'H KMR
(200 MHz, CDCl3, TMS, m.d.) 6 1.47 (s, 9H); 1.50 (s, 9H); 2.32 (dd, 1H,J=1.6,5.2
Hz); 2.47 (dd, 1H, J = 1.6, 3.1 Hz); 2.93 (dd, 1H, J = 3.1, 5.2 Hz).

EA. Aprékinats uz CioH,1NO, C 59.24, H 8.70, N 5.76. Atrasts C 59.07, H
8.79, N 5.57
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1-terc-Butiloksikarbonilaziridin-2-karbonskabes nonilesteris 167e

Metode B. No 1.00g (4.97mmol) 1-terc-butoksikarbonilaziridin-2-
karbonskabes metilestera 166a, 0.72g (4.97mmol) n-nonanola, 1.99ml (4.97mmol) n-
BuLi (2.5M skidums heksanos). Produktu attira ar kolonnu hromatografiju uz
silikagela ar PE — EtOAc 4:1 eluentu. Iegtist 1.18g (76%) bezkrasainas ellas. *H KMR
(200 MHz, CDCl3, TMS, m.d.) 6 0.86 (t, 3H, J=6.7Hz); 1.16-1.49 (m, 21H); 1.55-
1.73 (m, 2H); 2.38 (dd, 1H, J = 1.5, 5.5 Hz); 2.50 (dd, 1H, J = 1.5, 3.2 Hz); 3.00 (dd,
1H, J = 3.2, 5.5 Hz); 4.02-4.26 (m, 2H).

1-Dimetilkarbamoilaziridin-2-karbonskabes benzilesteris 167f

Metode B. No 1.00g (5.81mmol) 1-N,N-dimetilkarbamoilaziridin-2-
karbonskabes metilestera, 0.63g (5.81mmol) benzilspirta, 2.32ml (5.8 lmmol) n-BuL.i
(2.5M s8kidums heksanos). Produktu attira ar kolonnu hromatografiju uz silikagela ar
PE — EtOAc 1:1 eluentu. Tegiist 0.81g (56%) bezkrasainas e]las. *H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 2.48 (dd, 1H, J = 1.2, 3.2 Hz); 2.55 (dd, 1H, J = 1.2, 6.3 Hz);
2.92 (s, 3H); 3.02-3.08 (neizskirts dd, 1H); 3.05 (s, 3H); 5.14-5.28 (m, 2H); 7.34-7.39
(m, 2H).

1-(2-Metoksi-1-feniletil)-aziridin-2-(S)-karbonskabes terc-butilesteris (S)-167g

Metode B. No 1.00g (4.25mmol) 1-(2-Metoksi-1-feniletil)-aziridin-2-(S)-
karbonskabes metilestera (S)-166k, 0.32g (4.25mmol) terc-butanola, 1.70ml
(4.25mmol) n-BuLi (2.5M skidums heksanos). Produktu attira ar kolonnu
hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu. Iegtst 0.83g (70%)
bezkrasainu kristalu.

Metode C. No 1.00g (4.25mmol) 1-(2-Metoksi-1-feniletil)-aziridin-2-(S)-
karbonskabes metilestera (S)-166k, 0.48g (4.25mmol) kalija terc-butilata. Produktu
attira ar kolonnu hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu. Iegast 0.979
(82%) bezkrasainu kristalu, Rf = 0.59; kt = 128-129°C. *H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.42 (dd, 1H, J = 1.0, 6.3 Hz); 1.50 (s, 9H); 2.01 (dd, 1H, J=1.0, 3.4
Hz); 2.38 (dd, 1H, J = 3.4, 6.3 Hz); 2.69 (dd, 1H, J = 4.8, 7.7 Hz); 3.37 (s, 3H); 3.61
(dd, 1H,J =4.8, 9.8 Hz); 3.70 (dd, 1H, J = 7.7, 9.8 Hz); 7.25-7.45 (m, 5H).

EA. Aprékinats uz Ci6H23NO3; C 69.29, H 8.36, N 5.05. Atrasts C 69.30, H
8.40, N 4.99
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1-(2-Metoksi-1-feniletil)-aziridin-2-(R)-karbonskabes terc-butilesteris (R)-167g

Metode B. No 1.00g (4.25mmol) 1-(2-Metoksi-1-feniletil)-aziridin-2-(R)-
karbonskabes metilestera (R)-166k, 0.32g (4.25mmol) terc-butanola, 1.70ml
(4.25mmol) n-BuLi (2.5M s$kidums heksanos). Produktu attira ar kolonnu
hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu. Iegist 0.34g (29%)
bezkrasainu putu.

Metode C. No 1.00g (4.25mmol) 1-(2-Metoksi-1-feniletil)-aziridin-2-(R)-
karbonskabes metilestera (R)-166k, 0.48g (4.25mmol) kalija terc-butilata. Produktu
attira ar kolonnu hromatografiju uz silikagela ar PE — EtOAc 1:1 eluentu. Tegtst 0.87g
(74%) bezkrasainu putu, Rf = 0.46. '"H KMR (200 MHz, CDCls, TMS, m.d.) & 1.40
(s, 9H); 1.87 (dd, 1H, J = 3.3, 6.4 Hz); 1.98 (dd, 1H, J = 1.0, 6.3 Hz); 2.39 (dd, 1H, J
=1.0,3.3Hz); 2.75 (dd, 1H, J = 4.5, 7.9 Hz); 3.34 (s, 3H); ); 3.54 (dd, 1H,J=4.8, 9.8
Hz); 3.72 (dd, 1H, J = 7.9, 9.8 Hz); 7.23-7.42 (m, 5H).

EA. Aprekinats uz C15H23NO3 C 69.29, H 8.36, N 5.05. Atrasts C 69.11, H
8.51, N 5.03.

1-terc-Butiloksikarbonilaziridin-2-karbonskabes etilesteris 167|

Metode B: No 2.33g (11.56mmol) aziridin-2-karbonskabes metilestera 163a,
9.64g (13.87mmol) etanola, 5.60ml (13.87mmol) n-BuLi (2.5M skidums heksanos).
legist 0.46g (19%) bezkrasainas ellas. 'H KMR (200 MHz, CDCls, TMS, m.d.) &
1.22-1.35 (m, 3H); 1.46 (s, 9H); 2.38 (neizskirts dd, 1H); 2.51 (neizskirts dd, 1H,);
2.98 (neizskirts dd, 1H); 4.07-4.33 (m, 2H).

1-Dietilkarbamoilaziridin-2-karbonskabes terc-butilesteris 212a

Metode B: No 2.57g (7.84mmol) 1-dietilkarbamoilaziridin-2-karbonskabes
metilestera 211, 0.64g (8.63mmol) terc-butanola, 4.10ml (8.63mmol) n-BuLi (2.5M
Skidums heksanos). Iegist 1.23g (65%) bezkrasainas ellas. Rf = 0.40 (PE-EtOAc 4:1).
SH-MS m/z: 243 [M+H]". *H KMR (200 MHz, CDCl3, TMS, m.d.)  1.12 (t, 3H, J =
7.2Hz); 1.19 (t, 3H, J = 7.2Hz); 1.49 (s, 9H); 2.34 (dd, 1H, J = 1.5, 3.7Hz); 2.52 (dd,
1h,J = 1.5, 6.5Hz); 2.84 (dd, 1H, J = 3.7, 6.5Hz), 3.21-3.71 (m, 4H).

Visparéja metode esteru aminolizei ar dimetilaminu

Aziridin-2-karbonskabes metilesteri (100mmol) Skidina absoliita metanola

(10ml). Iegiito Skidumu atdzese lidz 5°C un 20min laikd piesatina ar sausa
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dimetilamina parakumu. legiito $kidumu maisot (argona atmosféra) atsilda lidz IT un
turpina maisit 48h. Metanolu ietvaicé pie pazeminata spiediena. Atlikumu attira ar
kolonnu hromatografiju uz silikagela (200ml uz 1 g maisijuma) ar hloroforms —

metanols 9:1 vai petroléteris — etilacetats 1:1 eluentu.

Aziridin-2-karbonskabes dimetilamids 168a

No 10.1g (100.00mmol) aziridin-2-karbonskabes metilestera 163a, iegist
10.0g (88%) $kidruma ar vt 85-87°C (15mbar). *H KMR (200 MHz, CDCl;, TMS,
m.d.) 6 1.40 (pl.s, 1H); 1.67-1.83 (m, 2H); 2.55-2.68 (m, 1H); 2.95 (s, 3H,); 3.13 (s,
3H).

1-Benzilaziridin-2-karbonskabes dimetilamids 168b

No 5.0g (26.15mmol) 1-benzilaziridin-2-karbonskabes metilestera 166b [99],
iegist 3.90g (73%) bezkrasainas ellas. "H KMR (200 MHz, CDClz, TMS, m.d.) 6 1.69
(neizskirts dd, 1H, J = 6.2Hz); 2.23-2.35 (m, 2H); 2.94 (s, 3H,); 2.99 (s, 3H); 3.50 un
3.65 (AB sistéma, 1H un 1H, J = 13.4Hz); 7.22-7.43 (m, 5H).

Aziridin-2-karbonskabes metilestera reakcija ar hidrazinu

Metode A [95]: 50mmol aziridin-2-karbonskabes metilestera 163a sajauc ar
60mmol beziidens hidrazina. Temperatiiru uztur -10--15°C robezas. Maisa 10 — 15
min, kad reakcijas maisijums sak sabiez&t, pievieno 100ml sausa dietilétera, atsilda
lidz IT un maisa Sh. IzkrituSos kristalus nofiltré, zavé vakuuma, parkristalizé no
EtOH.

Metode B: 50mmol aziridin-2-karbonskabes metilestera 163a sajauc ar 60ml
IM hidrazina THF $kiduma. Reakcijas maisfjumu iztur argona atmosféra maisot IT

12h. Skidinataju ietvaicé pie pazeminata spiediena. Atlikumu parkristalizé no EtOH.

(S)-Aziridin-2-karbonskabes hidrazids (S)-171

No 5g (0.05mmol) estera (S)-163a. legiist 2.75g (55%) (metode A) un 4.05g
(81%) (metode B) baltas kristaliskas vielas."H KMR (400 MHz, D,0, m.d.) 1.81-1.95
(m, 2H); 2.54 (dd, 1H, J = 3.5, 5.5Hz).[a]p(20) = -27.8° (c = 1.0, MeOH)
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(S)-Aziridin-2-karbonskabes hidrazida (S)-171 reakcija ar acetonu
2.2-Dimetil-1.3.4-triazabiciklo[4.1.10]heptan-5-ons (S)-172a
(S)-Aziridin-2-karbonskabes hidrazidu (S)-171 (2.00g, 19.78mmol) sajauc ar

10ml sausa acetona un maisot vara zem atteces dzesinataja argona atmosfera 2h. Tad
reakcijas maistjumu atdzes€ un acetona parakumu ietvaic€ pie pazeminata spiediena.
Atlikumu parkristalizé no acetona. Iegtst 2.40g (86%) baltas kristaliskas vielas, kt =
135 — 136°C. [a]p(20) = -87.0° (c = 2.1, MeOH); [a]p(20) = -92.2° (¢ = 1.2, EtOH);
[]p(20) = -40.8° (¢ = 0.9, CHCI3). *H KMR (400 MHz, CDCl3, TMS, m.d.) 6 1.29 (s,
3H); 1.40 (s, 3H); 2.13 (dd, 1H, J = 1.0, 5.9Hz); 2.25 (dd, 1H, J = 1.0, 3.0Hz); 2.65
(ddd, 1H, J = 2.7, 3.0, 5.9Hz); 3.94 (s, 1H); 6.82 (s, 1H). **C KMR (100MHz, CDCls,
ppm) & 24.1, 25.0, 25.1, 32.7, 67.8, 169.5.

Aziridin-2-karbonskabes izopropilidénhidrazids (S)-172b

Eksisté Iidzsvara attiecibas 1:4 ar biciklisko hidrazidu (S)-172a MeOH
skiduma. Kristaliska veida iegiist, kristalizgjot Iidzsvara maistjumu no benzola. Balta
krsitaliska viela, kt = 117 — 118°C. [a]p(20) = -6.7° (¢ = 0.2, MeOH). *H KMR (400
MHz, CDCl3, TMS, m.d.) 6 1.68 (pl.s, 1H); 1.87 (s, 3H); 1.90 (m, 1H); 2.06 (s, 3H);
2.09 (m, 1H); 2.83 (m, 1H); 8.51 (pl.s, 1H).

2-Toziloksiminomalonskabes dimetilesteris 175

Produktu 175 sintezé péc literatira [100] aprakstitas metodes, iegiist 5.22g
(73%) baltas kristaliskas vielas, '"H KMR (400 MHz, dsDMSO, m.d.) & 2.47 (s, 3H);
3.84 (s, 3H); 3.94 (s, 3H); 7.33-7.44 (m, 2H); 7.83-7.94 (m, 2H).

Diaziridin-3.3-dikarbonskabes dimetilesteris 176
Produktu 176 sintez€ péc literatira [96] aprakstitas metodes, izdala no
reakcijas maisijuma subliméjot, iegtst ka stipri higroskopisku bezkrasainu kristalisku

vielu, iznakums 39% un izmanto nakamajas reakcijas bez attiriSanas.

Diaziridin-3.3-dikarbonskabes dihidrazida 177 iegiiSana un reakcija ar acetonu.
Bicikliskie adukti 178a, 178b.
Svaigi ieglitu un sublimétu diaziridin-3.3-dikarbonskabes dimetilesteri 176

(170mg, 1.06mmol) skidina 10ml sausa THF un pievieno 2.20ml 1M hidrazina THF

Skiduma. Iegiito maisijumu iztur maisot argona atmosféra IT 12h. Izkritusas baltas
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vara zem atteces 1.5h. Tad reakcijas maisijumu atdzese lidz IT, izkrituSas nogulsnes
nofiltré, zavé vakuuma un parkristaliz€ no acetona. legiist S0mg (20%) adukta 178Db.
SH-MS m/z: 263 [M+Na]"

Adukts 178a (skiduma) *H KMR (600 MHz, dsDMSO, HMDSO, m.d.) & 1.12
(s. 3H); 1.32 (s, 3H); 1.80 (s, 3H); 1.83 (s, 3H); 3.76 (s, 1H); 4.85 (s, 1H); 8.90 (s,
1H); 10.62 (s, 1H). *C KMR (150MHz, d¢DMSO, m.d.) & 17.7, 21.8, 24.9, 25.3,
52.5,71.3,159.1, 161.0, 167.9.

Adukts 178b (3kiduma) *H KMR (600 MHz, dsDMSO, HMDSO, m.d.) § 1.16
(s. 3H); 1.17 (s, 3H); 1.87 (s, 3H); 1.94 (s, 3H); 4.10 (s, 1H); 5.16 (s, 1H); 9.42 (s,
1H); 11.32 (s, 1H). *C KMR (150MHz, dsDMSO, m.d.) & 18.0, 21.5, 24.9, 25.3,
57.7,71.8, 151.1, 165.2, 167.7.

Diaziridin-3.3-dikarbonskabes diamids 181

2-Toziloksiminomalonskabes dimetilesteri 175 (4.07g, 12.91mmol) $kidina
sausa acetonitrila (20ml). Iegiito $kidumu atdzesg Iidz -10°C (NaCl-ledus) un 1min
laika pievieno Sml NH3-MeCN (0.09g/ml) Skiduma. Reakcijas maisijumu iztur maisot
-10°C temperatiira argona atmosfera 1h. Tad maistjumu atsilda Iidz IT, izkritusas
nogulsnes nofiltré un filtratu ietvaic€ pie pazeminata spiediena. Atlikumu Skidina
sausa dietiletert (2ml), skidumu nofiltré un filtratu ietvaice. legiist 2.27g dzeltenas
ellas, kas kristaliz&jas 1h laika IT — diestera 176 un monoamida 180 maisijumu. 1.29g
ST maistjuma $kidina abs. EtOH (30ml) un $kidumu atdzesé lidz -5°C (NaCl-ledus).
Atdzes€tajam Skidumam barboté cauri NH3 parakumu 30min. Izkritu$as nogulsnes
nofiltré un 7avé vakuuma. legiist 0.63g (60%) balta pulvera. SH-MS m/z: 131
[M+H]*. 'H KMR (400 MHz, dsDMSO, HMDSO, m.d.) & 3.50 (s, 2H); 7.69 (pl.s,
4H). 1*C KMR (150MHz, dgDMSO, m.d.)  55.6, 169.6.

EA. Aprekinats uz C3HgN3O, C 27.70, H 4.65, N 43.06. Atrasts C 27.95, H
4.67,N 42.73

Diaziridin-3.3-dikarbonskabes diamida 181 reakcija ar dimetilformamida

dimetilacetalu
Tricikliskais adukts 182
Diaziridin-3.3-dikarbonskabes diamidu 181 (0.11g, 0.85mmol) suspende sausa

acetonitrila (5ml) un pievieno 0.22ml (1.70mmol) DMF-DMA. Iegiito maisijumu
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iztur maisot IT argona atmosfera 168h. Izkritusas nogulsnes nofiltré un zave. Iegast
0.14g (70%) balta pulvera. SH-MS m/z: 241 [M+H]*. *H KMR (400 MHz, dsDMSO,
HMDSO, m.d.) & 2.33 (s, 2H); 4.98 (s, 2H); 8.82 (pl.s, 2H). **C KMR (150MHz,
dsDMSO, m.d.) 6 37.5, 62.5, 90.2, 165.1.

EA. Aprekinats uz CgHiNgO, C 44.99, H 6.71, N 34.98. Atrasts C 44.97, H
6.75, N 35.18

Visparéja metode aziridin-2-karbonskabes esteru, amidu un ketonu N-aciléSanai

ar Boc-anhidridu

1 Ekvivalentu aziridin-2-karbonskabes atvasinajuma $kidina metilénhlorida
(2ml metilénhlorida uz 1mmol substrata), reakcijas maistjumu atdzesé Iidz 0°C. Tad
maisot piepilina 1-1.1 ekv. Boc-anhidrida skiduma metilénhlorida (1ml metilénhlorida
uz 1mmol Boc anhidrida). Reakcijas maisijumu atsilda lidz IT un maisa 3-5h. Tad
$kidumu ietvaicg un iegito ellu hromatografé uz silikagela (200 cm? silikagela uz 1g

maisijuma) ar PE — EtOAc 1:1 vai 4:1 eluentu.

1-terc-Butiloksikarbonilaziridin-2-karbonskabes metilesteris 166a

No 1.04g (10.29mmol) aziridin-2-karbonskabes metilestera 163a, 2.47g
(11.32mmol) Boc-anhidrida. legiist 1.76g (85%) bezkrasainas ellas ‘H KMR (200
MHz, CDCl3, TMS, m.d.) 6 1.46 (s, 9H); 2.42 (dd, 1H, J = 1.3, 5.4 Hz); 2.53 (dd, 1H,
J=1.3, 3.2 Hz); 3.05 (dd, 1H, J = 3.2, 5.4 Hz); 3.79 (s, 3H).

1-terc-Butiloksikarbonilaziridin-2-karbonskabes etilesteris 1671

No 0.51g (4.46mmol) aziridin-2-karbonskabes etilestera 163b, 0.97g
(4.46mmol) Boc-anhidrida. Tegiist 0.95g (99%) bezkrasainas ellas. 'H KMR (200
MHz, CDCl;, TMS, m.d.) ¢ 1.31 (t, 3H, J = 7.2 Hz); 1.46 (s, 9H); 2.40 (dd, 1H, J =
1.3, 5.4 Hz); 2.52 (dd, 1H, J = 1.3, 3.2 Hz); 3.02 (dd, 1H, J = 3.2, 5.4 Hz); 4.21-4.37
(m, 2H). *C KMR (400MHz, CDCl3, m.d.) & 14.0, 14.1, 27.7, 27.8, 30.8, 31.1, 34.8,
35.6, 61.6, 62.6, 81.9, 82.5, 159.5, 160.9, 167.1, 168.3.

1-terc-Butiloksikarbonilaziridin-2-karbonskabes izopropilesteris 167m

No 0.73g (5.65mmol) aziridin-2-karbonskabes izopropilestera, 1.36g
(6.22mmol) Boc-anhidrida. leglist 1.24g (96%) bezkrasainas ellas. 'H KMR (200
MHz, CDCl3, TMS, m.d.) 8 1.20-1.30 (m, 6H); 1.47 (s, 9H); 2.38 (dd, 1H, J=1.5,5.5
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Hz): 2.51 (dd, 1H, J = 1.5, 3.4 Hz); 2.99 (dd, 1H, J = 3.4, 5.5 Hz); 5.08 (heptets, 1H,
6.4 Hz). [98]

(2S)-1-terc-Butiloksikarbonilaziridin-2-karbonskabes izopropilesteris (S)-167m
no izopropilestera (S)-165e

(2S)-1-Trifenilmetilaziridin-2-karbonskabes izopropilesteri (S)-165e (0.76g,
2.05mmol) skidina 20ml CH.Cl, un 5ml MeOH maisfjuma, pievieno 0.47g
(4.09mmol) trifluoretikskabes, iztur maisot IT argona atmosfera 1h, tad pievieno
0.62g (6.14mmol) trietilamina, iztur IT maisot 30min, Skidinatajus ietvaicg pie
pazeminata spiediena, atlikumu $kidina 20ml CH,Cl, un pievieno 0.89g (4.09mmol)
Boc anhidrida. Iegiito skidumu iztur maisot IT argona atmosfera 12h, tad skidinataju
ietvaic€ pie pazeminata spiediena, atlikumu sadala ar kolonnu hromatografiju uz
150ml silikagela ar PE-EtOAc 5:1 eluentu. Iegtist 0.38g (81%) bezkrasainas ellas. Rf
= 0.50 (PE-EtOAc 5:1). SH-MS m/z: 230 [M+H]". *H KMR (200 MHz, CDCls, TMS,
m.d.) & 1.20-1.30 (m, 6H); 1.47 (s, 9H); 2.38 (dd, 1H, J = 1.5, 5.5 Hz); 2.51 (dd, 1H, J
= 1.5, 3.4 Hz); 2.99 (dd, 1H, J = 3.4, 5.5 Hz); 5.08 (heptets, 1H, 6.4 Hz).

[a]p(20) = -22.4° (c = 1.0, CHCly)

1-terc-Butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d

No 0.41g (2.86mmol) aziridin-2-karbonskabes terc-butilestera, 0.62g
(2.86mmol) Boc-anhidrida. Tegiist 0.63g (90%) bezkrasainas ellas. 'H KMR (200
MHz, CDCl3, TMS, m.d.) 8 1.46 (s, 9H); 1.50 (s, 9H); 2.31 (dd, 1H, J = 1.6, 5.2 Hz);
2.47 (dd, 1H, J = 1.6, 3.1 Hz); 2.92 (dd, 1H, J = 3.1, 5.2 Hz).

1-terc-Butiloksikarbonilaziridin-2-karbonskabes (-)-mentilesteris 167n

No 0.28g (1.22mmol) aziridin-2-karbonskabes (-)-mentilestera 164e, 0.29g
(1.34mmol) Boc-anhidrida. legiist 0.31g (79%) bezkrasainas ellas. "H KMR (200
MHz, CDCl3, TMS, m.d.) 6 0.77 (t, 3H, J = 6.9 Hz); 0.90 (d, 3H, J=6.8 Hz); 0.96-1.22
(m, 4H); 1.27-1.56 (m, 2H); 1.46 (s, 9H); 1.61-1.78 (m, 2H); 1.79-2.12 (m, 1H); 2.37
(dd, 1H, J =1.5, 5.3 Hz); 2.49 (dd, 0.5H, J=1.5, 3.1Hz); 2.50 (dd, 0.5H, J=1.5, 3.1Hz);
3.00 (dd, 1H, J = 3.1, 5.3 Hz); 4.76 (tdd, 1H, J=2.0, 4.4, 10.9Hz). *C KMR (400MHz,
CDCl3, m.d.), (abi diastereoméri) 6 16.2, 16.3, 20.5, 20.5, 21.75, 21.8, 23.3, 26.0,
27.6, 27.7, 30.9, 31.0, 31.2, 31.2, 33.9, 34.8, 34.9, 40.5, 40.7, 46.7, 46.7, 75.6, 75.6,
81.6, 81.6, 159.3, 159.4, 167.9, 167.9.
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AIMS. Atrasts m/z 348.2378 [M+Na] . C1gH31NO4. M+Na = 348.2151

1-terc-Butiloksikarbonilaziridin-2-karbonskabes dimetilamids 169a

No 11.40g (100.00mmol) aziridin-2-karbonskabes dimetilamida 168a, 21.80g
(100.00mmol) Boc-anhidrida. legiist 15.20g (71%) bezkrasainas ellas. "H KMR (200
MHz, CDCl3, TMS, m.d.) 6 1.25 (s, 9H); 2.15 (dd, 1H, J = 1.2, 5.3 Hz); 2.42 (dd, 1H,
J =12, 3.1 Hz); 2.79 (s, 3H); 3.05 (dd, 1H, J = 3.1, 5.3 Hz); 3.79 (s, 3H); 3.08 (s,
3H).

1-terc-Butiloksikarbonilaziridin-2-karbonskabes amids 169d

Aziridin-2-karbonskabes amidu 3 (0.14g, 1.63mmol) suspendé CH,Cl, un
maisot pievieno 1.05g (4.80mmol) Boc anhidrida. Reakcijas maisijumu iztur 2h IT
argona atmosfera. Tad nogulsnes nofiltré, zavé un parkristalizé no EtOAc. legiist
0.27g (88%) baltas kristaliskas vielas, kt = 53°C. Rf = 0.35 (PE-EtOAc 1:1). 'H KMR
(200 MHz, CDCl3, TMS, m.d.) & 1.45 (s, 9H); 2.31 (neizskirts dd, 1H, J = 3.2Hz);
2.51 (neizskirts dd, J = 6.8Hz); 2.96 (dd, 1H, J = 3.2, 6.8Hz); 5.47 (pl.s, 1H); 6.17
(pl.s, 1H).

(1-terc-Butiloksikarbonil)aziridin-2-il-fenil metanons 197a

No 0.51g (3.45mmol) ketona 198a, 0.90g (4.13mmol) Boc-anhidrida, 30ml
CH,Cl,. Produktu attira ar kolonnu hromatografiju uz 170 silikagela ar PE — EtOAC
2:1 eluentu. Tegist 0.67g (78%) bezkrasainas ellas. Rf = 0.70 (PE-EtOAc 2:1). 'H
KMR (200 MHz, CDCls, TMS, m.d.) & 1.45 (s, 9H); 2.54 (dd, 1H, J = 1.5, 5.3Hz);
2.70 (dd, 1H, J = 1.5, 3.3Hz); 3.94 (dd, 1H, J = 3.3, 5.3Hz); 7.46-7.71 )m, 3H); 8.05-
8.16 (m, 2H).

Visparéja metode A aziridin-2-karbosnkabes esteru un amidu N-alkiléSanai ar

alkilhloridiem

Aziridin-2-karbonskabes esteri vai dimetilamidu (50mmol) $kidina acetona
(20ml) un pievieno 50mmol trietilamina. P&c tam piepilina 50 mmol alkilhlorida
Skidumu acetona (10ml). Iegiito maisijumu iztur maisot argona atmosfera IT 12h. Tad
maisijumu izlej uz 20ml ledus/ fidens un ekstrahé ar dietiléteri (3x20ml). Etera
ekstraktus apvieno, skalo ar tideni (2x20ml), piesatinatu NaCl tidens skidumu (20ml)

un zave virs NapSO,, tad nofiltré un $kidinataju ietvaic€ pie pazeminata spiediena.
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Iegiito produktu atira ar kolonnu hromatografiju uz silikagela (200ml silikagela uz 1g

maisijuma) ar eluentu petrol&teris — etilacetats 3:1.

Visparéja metode B aziridin-2-karbosnkabes esteru un amidu N-alkiléSanai ar

alkilhloridiem

Aziridin-2-karbonskabes esteri vai amidu (lekv.) sajauc ar DMF ( 15ml uz
19), K;COs3 (2ekv.) un alkilhloridu (1ekv.) Reakcijas maisijumu iztur maisot argona
atmosfeéra IT 96h. Tad reakcijas maistjumu izlej ident (15ml/mmol) un ekstrah@ ar
etilacetatu (2 x 15ml/mmol). Apvienotos etilacetata ekstraktus skalo ar tideni
(2x15ml/mmol) un piesatinatu NaCl tdens Skidumu (15ml/mmol), tad zave virs
Na;SOs un ietvaice. Atlikumu kristaliz€é no etilacetata vai atira ar kolonnu

hromatografiju.

1-Benzilaziridin-2-karbonskabes metilesteris 166b

Metode B: No 10.0g (98.8mmol) aziridin-2-karbonskabes metilestera 163a,
50.0g (361.6mmol) K,CO3; un 12.52g (98.8mmol) benzilhlorida. Produktu attira ar
kolonnu hromatografiju uz 2000ml silikagela ar PE-EtOACc 4:1, tad 1:1 eluentu. legtst
17.6g (93%) bezkrasainas ellas. Rf = 0.25 (PE-EtOAc 4:1). SH-MS m/z: 192 [M+H]".
'H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.76 (dd, 1H, J = 1.2, 6.5Hz); 2.21 (dd,
1H,J = 3.1, 6.5Hz); 2.27 (dd, 1H, J = 1.2, 3.1Hz); 3.53 un 3.56 (AB sistéma, 1H un
1H, J = 13.3Hz); 3.72(s, 3H); 7.24-7.37 (m, 5H). *C KMR (400MHz, CDCl3, m.d.) &
34.9,37.7,52.6, 64.3, 127.7, 128.4, 128.8, 138.0, 171.5.

1-Trifenilmetilaziridin-2-karbonskabes metilesteris 166¢

Metode A: No 2.90ml (32mmol) aziridin-2-karbonskabes metilestera 163a,
4.50ml (32mmol) trietilamina un 9.00g (32mmol) trifenilmetilhlorida. Iegtst 10.00g
(91%) bezkrasainu kristalu, kt = 133°C. 'H KMR (200 MHz, CDCl3, TMS, m.d.) 6
1.41 (dd, 1H, J = 1.9, 6.0Hz); 1.89 (dd, 1H, J = 2.6, 6.0Hz); 2.26 (dd, 1H, J = 1.9,
2.6Hz); 7.16-7.33 (m, 9H); 7.46-7.54 (m, 6H).

EA. Aprékinats uz Cy3H;NO, C 80.87, H 6.79, N 7.86. Atrasts C 80.44, H
6.79, N7.71
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1-Trifenilmetilaziridin-2-karbonskabes amids 168d

Metode B: No 5.00g (58.08mmol) aziridin-2-karbonskabes amida 3, 16.04g
(116.16mmol) K,CO3, 16.20g (58.08mmol) trifenilemetilhlorida. Produkts izkrit no
EtOAc ekstrakta, to nofiltré un kristalizé no EtOAc. legiist 8.95g (47%) baltas
kristaliskas vielas, kt = 88°C. Rf = 0.45 (PE-EtOAc 1:2). *H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.51 (neizskirts dd, 1H, J = 7.0Hz); 1.98 (neizskirts dd, 1H, J = 7.0Hz);
2.07 (neizskirts dd, 1H); 5.43 (pl.s., 1H); 6.68 (pl. s., 1H); 7.18-7.50 (m, 15H).

EA. Aprékinats uz CpH2oN,O C 80.46, H 6.14, N 8.53. Atrasts C 79.12, H
6.16, N 8.33

1-Trifenilmetilaziridin-2-karbonskabes dimetilamids 168c

Metode A: No 5.70g (50mmol) aziridin-2-karbonskabes dimetilamida 168a,
7.00ml trietilamina un 13.90g (50mmol) trifenilmetilhlorida. legiist 16.20g (91%)
bezkrasainu kristalu, kt = 141°C. *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.35
(neizskirts dd, 1H, J = 6.0Hz); 1.94 (dd, 1H, J = 2.9, 6.0Hz); 2.36 (neizskirts dd, 1H);
2.80 (s, 3H); 2.99 (s, 3H); 7.15-7.34 (m, 9H); 7.50-7.59 (m, 6H).

EA. Aprekinats uz CpH24N,0 C 80.87, H 6.79, N 7.86. Atrasts C 80.44, H
6.79,N7.71

Visparéja metode N-aciléSanai ar hlorformiatiem

1 Ekvivalentu aziridin-2-karbonskabes atvasinajuma S$kidina acetona (2ml
acetona uz Immol substrata) un pievieno 2.5 ekvivalentus diizopropiletilamina.
Reakcijas maisijumu atdzesé Iidz 0°C un tad pievieno 1 ekv. alkilhlorformiata. legiito
maistjumu maisa pie IT 3-5h. Nogulsnes nofiltre, filtratu ietvaic€ un atlikumu
hromatografé uz silikagela (200 cm® silikagela uz 1g maisijuma) ar PE — EtOAc 4:1

eluentu.

1-(-)Mentiloksikarbonil-aziridin-2-karbonskabes metilesteris 1670

No 5.06g (50.05mmol) aziridin-2-karbonskabes metilestera 163a, 12.04g
(55.05mmol) (+)mentilhlorformiata, 16.17g (125.12mmol) diizopropiletilamina.
legiist 5.38g (76%) baltas kristaliskas vielas, kt = 35°C. *"H KMR (200 MHz, CDCls,
TMS, m.d.) 6 0.75-0.85 (m, 3H); 0.86-0.94 (m, 6H); 0.94-1.25 (m, 4H); 1.27-1.56 (m,
2H); 1.58-1.75 (m, 2H); 1.79-2.12 (m, 1H); 2.41-2.49 (m, 1H); 2.52-2.59 (m, 1H);
3.07 (dd, 1H, J = 3.2, 5.5 Hz); 3.78 (s, 3H); 4.59 (heptets, 1H, J = 5.2Hz). *C KMR
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(400MHz, CDCl3, m.d.), (diastereoméru paris) & 16.1, 16.2, 20.7, 20.8, 21.9, 22.00,
23.2, 23.3, 25.9, 26.1, 31.2, 31.3, 31.4, 34.1, 34.6, 34.8, 40.6, 40.7, 46.9, 47.1, 52.6,
52.6,77.1, 77.3, 160.5, 160.6, 168.6, 168.8.

EA. Aprekinats uz C1sHpsNO, C 63.58, H 8.89, N 4.94. Atrasts C 63.53, H
9.01, N 4.82

1-(-)Mentiloksikarbonil-aziridin-2-karbonskabes etilesteris 167p

No 0.44g (3.82mmol) aziridin-2-karbonskabes etilestera 163b, 0.92g
(4.20mmol) (+)mentilhlorformiata, 1.24g (9.55mmol) diizopropiletilamina. legtist
1.13g (99%) baltas kristaliskas vielas, kt = 62°C. 'H KMR (200 MHz, CDCl3, TMS,
m.d.), (diastereoméru paris) 6 0.77 (d, 1.5H, J = 6.9Hz); 0.79 (d, 1.5H, J = 6.9Hz);
0.86-0.94 (m, 6H,); 0.94-1.20 (m, 3H); 1.31 (t, 3H, J = 7.2 Hz); 1.36-1.56 (m, 2H);
1.59-1.75 (m, 2H); 1.79-2.16 (m, 2H); 2.42 (dd, 0.5H, J = 1.4, 2.6Hz); 2.45 (dd, 0.5H,
J=1.4, 2.6Hz); 2.52-2.59 (m, 1H); 3.06 (dd, 1H, J = 3.2, 5.4 Hz); 4.14-4.33 (m, 2H);
459 (heptets, 1H, J = 5.2Hz). **C KMR (400MHz, CDCl;, m.d.), (diastereoméru
paris) 6 14.0, 14.1, 16.1, 16.2, 20.7, 20.7 21.9, 21.9, 23.2, 23.3, 25.9, 26.0, 31.1, 31.3,
34.1,34.8, 34.9, 40.6, 40.7, 46.9, 47.1, 61.7, 77.1, 77.2, 160.5, 160.6, 168.1, 168.3.

EA. Aprékinats uz C15H2;NO,4 C 64.62, H 9.15, N 4.71. Atrasts C 64.47, H
9.36, N 4.63

1-(-)Mentiloksikarbonil-aziridin-2-karbonskabes izopropilesteris 167r

No 1.56g (12.08mmol) aziridin-2-karbonskabes izopropilestera 163c, 2.91g
(13.29mmol) (+)mentilhlorformiata, 3.90g (30.20mmol) diizopropiletilamina. legtist
2.97g (79%) baltas kristaliskas vielas, kt = 67°C. *H KMR (diastereom&ru maisijums)
(200 MHz, CDCl3, TMS, m.d.) 6 0.77 un 0.79 (d un d, 3H, J = 6.9 un 6.9 Hz); 0.84-
0.94 (m, 6H); 0.95-1.16 (m, 3H); 1.23-1.34 (m, 6H); 1.34-1.55 (m, 2H); 1.60-1.175
(m, 2H); 1.82-2.14 (m, 2H); 2.40 (dd, 0.5H, J = 1.4, 3.0Hz); 2.43 (dd, 0.5H, J = 1.4,
3.0Hz); 2.50-2.57 (m, 1H); 2.98-3.06 (m, 1H); 4.59 (heptets, 1H, J = 5.2 Hz); 5.09
(heptets, 1H, J = 6.3Hz). *C KMR (400MHz, CDCl;, m.d.), (diastereoméru
maistjums) 6 14.0, 14.1, 16.1, 16.1, 16.2, 16.2, 20.7, 20.7, 21.6, 21.7, 21.7, 21.9, 21.9,
23.2,23.2, 23.3, 23.3, 25.8, 25.89, 26.0, 26.0, 31.1, 31.1, 31.3, 31.3, 34.1, 34.1, 34.1,
34.1, 34.7, 34.8, 34.9, 35.0, 40.6, 40.6, 40.7, 40.74, 46.9, 46.9, 47.0, 47.1, 61.7, 69.45,
69.5,77.0, 77.1, 77.1, 160.5, 160.6, 160.7, 167.7, 167.8, 168.1, 168.3.
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EA. Aprekinats uz C1gH31NO4 C 65.57, H 9.39, N 4.50. Atrasts C 65.44, H
9.29,N451

1-(-)Mentiloksikarbonil-aziridin-2-karbonskabes terc-butilesteris 167s

No 0.60g (4.19mmol) aziridin-2-karbonskabes terc-butilestera 164f, 1.01g
(4.61mmol) (+)-mentilhlorformiata, 1.35g (12.48mmol) diizopropiletilamina. Iegist
1.07g (78%) baltas kristaliskas vielas, kt = 70°C. 'H KMR (diastereoméru maisijums)
(200 MHz, CDCl3, TMS, m.d.) 6 0.77 un 0.79 (d un d, 3H, J = 6.8 un 6.8Hz); 0.84-
0.95 (m, 6H); 0.94-1.19 (m, 3H); 1.28-1.45 (m, 2H); 1.49 (s, 9H); 1.60-1.75 (m, 2H);
1.84-2.14 (m, 2H); 2.34 (dd, 0.5H, J = 1.5, 5.3Hz); 2.37 (dd, 0.5H, J = 1.5, 5.3H2);
2.48 (dd, 0.5H, J = 1.5, 3.1Hz); 2.50 (dd, 0.5H, J = 1.5, 3.1Hz); 2.96 (dd, 0.5H, J =
3.1, 5.3Hz); 2.97 (dd, 0.5H, J = 1.5, 5.3Hz); 4.50-4.70 (m, 1H). *C KMR (400MHz,
CDCI3, m.d.), (abi diastereoméri) 6 16.1, 16.2, 20.74, 20.7, 21.8, 22.0, 22.0, 23.2,
23.3, 25.8, 26.1, 28.0, 28.0, 30.9, 31.1, 31.3, 34.2, 34.2, 35.6, 35.7, 40.7, 40.9, 46.9,
47.2,76.9,77.1,82.5, 82.6, 160.7, 160.8, 167.2, 167.3.

EA. Apréekinats uz C;7H29NO,4 C 66.43, H 9.60, N 4.30. Atrasts C 66.29, H
9.79,N 4.25

1-Etiloksikarbonil-aziridin-2-karbonskabes terc-butilesteris 167t

No 0.52g (3.60mmol) aziridin-2-karbonskabes terc-butilestera 164f, 0.43g
(3.96mmol) etilhlorformiata, 1.16g (8.99mmol) diizopropiletilamina. Iegast 0.70
(90%) bezkrasainas ellas. ‘H KMR (200 MHz, CDCls, TMS, m.d.) § 1.28 (t, 3H, J =
7.2 Hz); 1.49 (s, 9H); 2.38 (dd, 1H, J = 1.4, 5.2 Hz); 2.52 (dd, 1H, J = 1.4, 3.1 Hz);
2.98 (dd, 1H, J = 3.1, 5.2 Hz); 4.17 un 4.18 (kv. un kv., 2H, J = 7,2 un 7.2 Hz). **C
KMR (400MHz, CDCl3, m.d.) 6 14.2, 27.8, 30.9, 35.7, 62.6, 82.6, 160.9, 167.2.

1-Etiloksikarbonil-aziridin-2-karbonskabes (-)-mentilesteris 167u

No 1.00g (4.44mmol) aziridin-2-karbonskabes (-)-mentilestera 164e, 0.35g
(4.88mmol) etilhlorformiata, 1.43g (11.10mmol) diizopropiletilamina. Iegtst 1.109
(83%) bezkrasainas ellas. "H KMR (diastereoméru maistjums) (200 MHz, CDCls,
TMS, m.d.) 6 0.76 un 0.78 (d un d, 3H, J = 6.8 un 6.8Hz); 0.90 (d, 3H, J = 6.8H2z);
0.92 (d, 3H, J = 6.8Hz); 0.94-1.20 (m, 3H); 1.27 un 1.28 (tunt, 3H,J=7.2 un 7.2
Hz); 1.35-1.55 (m, 2H); 1.61-1.77 (m, 2H); 1.78-2.09 (m, 2H); 2.41-2.46 (m, 1H);
2.56 (dd, 1H,J = 1.4, 3.2 Hz); 3.06 (dd, 1H, J = 3.2, 5.3 Hz); 4.04-4.31 (m, 2H); 4.68-
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4.86 (m, 1H). *C KMR (abi diastereoméri) (400MHz, CDCls, m.d.) & 14.1, 14.2,
16.2, 16.2, 20.6, 20.6, 21.9, 21.9, 23.3, 26.1, 31.0, 31.0, 31.3, 31.3, 34.0, 34.9, 35.1,
40.6, 40.7, 46.8, 46.8, 62.7, 62.8, 76.0, 76.0, 160.8, 160.8, 167.8, 167.9.

AIMS. Atrasts m/z 320.2053 [M+Na] . C16H27NO4. M+Na = 320.1838

Visparéja metode N-aciléSanai ar dialkilkarbamoilhloridiem

Aziridin-2-karbonskabes atvasinajumu (10mmol) $kidina 20ml acetona vali
metilénhlorida, atdzesé lidz -10°C, pievieno 25mmol diizopropiletilamina un 0 vai
1mmol DMAP, tad maisot 1&ni piepilina 10 mmol dialkilkarbamoilhlorida. Iztur 15
min maisot -10°C temperatiira argona atmosfera, tad atsilda Iidz IT un iztur maisot
24h. Tad maisijumam pievieno 15ml H,O un ekstrahe ar EtOAc (3x10ml).
Apvienotos ekstraktus skalo ar piesatinatu NaCl Gdens $kidumu, zave virs NaySOs,
filtré un ietvaic€ pie pazeminata spiediena. Atlikumu hromatografé uz silikagela

(150ml) ar PE-EtOAC 4:1 eluentu.

1-Dietilkarbamoilaziridin-2-karbonskabes metilesteris 211

No 1.02g (17.95mmol) aziridin-2-karbonskabes metilestera 163a, 5.80g
(44.88mmol) diizopropiletilamina, 2.43g (17.95mmol) dietilkarbamoilhlorida un 20
ml acetona. Tegiist 1.77g (49%) bezkrasainas e]las. Rf = 0.20 (PE-EtOAc 4:1). SH-MS
m/z: 201 [M+H]". *H KMR (200 MHz, CDCl5, TMS, m.d.) & 1.12 (t, 3H, J = 7.2Hz);
1.19 (t, 3H, J = 7.2Hz); 2.41 (dd, 1H, J = 1.5, 3.6Hz); 2.55 (dd, 1h, J = 1.5, 6.5Hz);
3.03 (dd, 1H, J = 3.6, 6.5Hz); 3.33 (kv, 2H, J = 7.2Hz); 3.53 (kv, 2H, J = 7.2Hz); 3.78
(s, 3H).

(2S)-1-Dimetilkarbamoilaziridin-2-karbonskabes (-)mentilesteris (S)-212b

No 1.55¢g (6.88mmol) (2S)-aziridin-2-karbonskabes (-)mentilestera (S)-164e,
2.22g (17.20mmol) diizopropiletilamina, 0.08g (0.69mmol) DMAP, 0.81g
(7.57mmol) dimetilkarbamoilhlorida un 20 ml CH,Cl,. lztur maisot IT 42h, tad
reakcijas maisijumam pievieno 2g silikagela un ietvaic€ pie pazeminata spiediena.
Atlikumu sadala ar kolonnu hromatografiju uz silikagela 150ml ar PE-EtOAc 3:1
eluentu. Tegiist 0.93g (46%) bezkrasainas ellas, Rf = 0.30 (PE-EtOAc 3:1). SH-MS
m/z: 297 [M+H]". *H KMR (200 MHz, CDCls, TMS, m.d.) & 0.75 (d, 3H, J = 7.0Hz);
0.90 (d, 6H, J = 6.7Hz); 0.81-2.04 (m, 9H); 2.42 (dd, 1H, J = 1.3, 3.5Hz); 2.57 (dd,
1H,J = 1.3, 6.4Hz); 2.88-2.96 (m, 1H); 2.94 (s, 3H); 3.08 (s, 3H); 4.69-4.86 (m, 1H).
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Bc KMR (400MHz, CDCl3, m.d.) 6 16.4, 21.0, 22.2, 23.5, 26.5, 31.6, 31.6, 34.3,
36.5, 36.6, 36.7, 40.9, 47.1, 75.8, 162.9, 168.8.
AESH: Izoméra aiztures laiks 9.6min.

Hirala AESH: Izoméra aiztures laiks 9.0min

(2R)-1-Dimetilkarbamoilaziridin-2-karbonskabes (-)mentilesteris (R)-212b

No 0.70g (3.11mmol) (2S)-aziridin-2-karbonskabes (-)mentilestera (R)-164e,
1.00g (7.77mmol) diizopropiletilamina, 0.04g (0.34mmol) DMAP, 0.37g (3.42mmol)
dimetilkarbamoilhlorida un 20 ml CH.Cl,. lztur maisot IT 72h, tad reakcijas
maisijumam pievieno 2g silikagela un ietvaic€ pie pazeminata spiediena. Atlikumu
sadala ar kolonnu hromatografiju uz silikagela 150ml ar PE-EtOAc 3:1 eluentu. legiist
0.69g (74%) bezkrasainas kristaliskas vielas, kt = 118°C. Rf = 0.25 (PE-EtOAc 3:1).
SH-MS m/z: 297 [M+H]*. *H KMR (200 MHz, CDClz, TMS, m.d.) § 0.75 (d, 3H, J =
7.0Hz); 0.82-0.94 (m, 1H); 0.89 (d, 3H, J = 7.0Hz); 0.91 (d, 3H, J = 6.7Hz); 0.96-1.12
(m, 2H); 1.38-1.57 (m, 2H); 1.64-1.73 (m, 2H); 1.87 (dupletu heptets, 1H, J = 2.8,
7.0Hz); 1.95-2.03 (m, 1H); 2.42 (dd, 1H, J = 1.3, 3.4Hz); 2.56 (dd, 1H, J = 1.6,
6.5Hz); 2.92 (dd, 1H, J = 3.6, 6.1Hz); 2.95 (s, 3H); 3.10 (s, 3H); 4.76 (dt, 1H, J = 4.5,
10.9Hz).

EA. Aprékinats uz CigH2sN203; C 64.83, H 9.52, N 9.45. Atrasts C 64.93, H
9.78, N 9.46.

AESH: Izoméra aiztures laiks 9.3.

Hirala; AESH Izoméra aiztures laiks 6.1min

(2S)-1-Diizopropilkarbamoilaziridin-2-karbonskabes (-)-mentilesteris (S)-212c
No 0.55g (2.44mmol) (2S)-aziridin-2-karbonskabes (-)-mentilestera (S)-164e,
0.79g (6.10mmol) diizopropiletilamina, 0.03g (0.24mmol) DMAP, 0.44g (2.69mmol)
diizopropilkarbamoilhlorida un 20 ml CH,Cl,. Iztur maisot IT 72h, tad reakcijas
maisijumam pievieno 2g silikagela un ietvaicé pie pazeminata spiediena. Atlikumu
sadala ar kolonnu hromatografiju uz silikagela 150ml ar PE-EtOAc 3:1 eluentu. legust
0.779g (90%) bezkrasainas elas. Rf = 0.50 (PE-EtOAc 3:1), SH-MS m/z: 353 [M+H]".
'H KMR (200 MHz, CDCls, TMS, m.d.) & 0.68 (d, 3H, J = 7.0Hz); 0.82 (d, 3H, J =
7.0Hz); 0.83 (d, 3H, J = 6.7Hz); 0.74-0.86 (m, 1H); 0.88-1.05 (m, 2H); 1.10 (d, 3H, J
= 6.7Hz); 1.13 (d, 3H, J = 6.7Hz); 1.22 (d, 3H, J = 6.7Hz); 1.25 (d, 3H, J = 6.7H2);
1.31-1.48 (m, 2H); 1.57-1.65 (m, 2H); 1.80 (dupletu heptets, 1H, J = 2.7, 7.0Hz);
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1.86-1.93 (m, 1H); 2.20 (dd, 1H, J = 1.6, 3.6Hz); 2.54 (dd, 1H, J = 1.6, 6.7Hz); 2.73
(dd, 1H, J = 3.6, 6.7Hz); 3.42 (heptets, 1H, J = 6.7Hz); 4.52 (heptets, 1H, J = 6.7Hz);
4.70 (dt, 1H, J = 4.5, 11.0Hz). **C KMR (400MHz, CDCl3, m.d.) & 16.3, 20.4, 20.5,
20.9, 21.0, 22.1, 23.4, 26.2, 30.9, 31.5, 34.3, 36.5, 40.8, 45.6, 47.0, 47.9, 75.5, 161.2,
169.0.

Visparéja metode aziridin-2-karbonskabes amidu Davidsen aktiveSanai

Izkars@ta (5h, 150°C) un argona pliisma atdzes&ta 100ml apalkolba ar pilinamo
piltuvi un termometru ievieto 100mmol aziridin-2-karbonskabes amida, 10mmol
DMAP un 50ml CH,Cl,. Iegiito $kidumu vai suspensiju atdzesé 1idz +5°C un pievieno
300mmol ( amida 3 gadijuma) vai 200mmol ( pargjos gadijumos) Boc-anhidrida
Skiduma 30ml CH,Cl, pilinot 7-10min laika. PilinaSanas laika maisijumu dzesg,
uzturot temperattiru ne zem +10°C. legiito $kidumu maisot atsilda Iidz IT. Reakcijas
gaitu kontrole ar planslana hromatografiju (eluents EtOAc-PE 1:3). Péc 3h, izzudot
izejvielai, reakcijas maisjjumu ietvaic€é vakuuma, atlikumu attira ar kolonnu
hromatografiju uz silkikagela (200ml silikagela uz 1g maisijuma, eluents EtOAc — PE
1:3 [idz 1:5).

N,N-Di-(terc-butiloksikarbonil)-1-terc-butiloksikarbonilaziridin-2-karbonskabes
amids 187a

No 1.00g (11.62mmol) aziridin-2-karbonskabes amida 3, 0.14g (1.16mmol)
DMAP un 7.6g (34.85mmol) Boc-anhidrida. Parkristalizé no PE-EtOAc 5:1. legist
2.39g (54%) baltas kristaliskas vielas, kt = 67°C. Rf = 0.66 (PE-EtOAc 4:1). 'H KMR
(200 MHz, CDCls, TMS, m.d.) 3 1.45 (s, 9H); 1.54 (s, 18H); 2.48 (dd, 1H, J = 1.6,
5.5Hz); 2.59 (dd, 1H, J = 1.6, 3.2Hz); 4.01 (dd, 1H, J = 3.2, 5.5Hz). *C KMR
(400MHz, CDCl3, m.d.) 8 27.5, 27.8, 32.4, 36.0, 82.0, 85.4, 149.0, 159.8, 168.5

EA. Aprékinats uz CygH3zoN,O7; C 55.95, H 7.82, N 7.25. Atrasts C 56.06, H
7.94,N7.14

No 1.00g (5.37mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes amida
169d, 0.07g (0.54mmol) DMAP un 2.34g (10.72mmol) Boc anhidrida. Parkristalizé
no PE-EtOAc 5:1. legiist 1.24g (60%) baltas kristaliskas vielas, kt = 67°C. Rf = 0.66
(PE-EtOAC 4:1). 'H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.45 (s, 9H); 1.54 (s,
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18H); 2.48 (dd, 1H, J = 1.6, 5.5Hz); 2.59 (dd, 1H, J = 1.6, 3.2Hz); 4.01 (dd, 1H, J =
3.2, 5.5Hz).

N,N-Di-(terc-butiloksikarbonil)-1-trifenilmetilaziridin-2-karbonskabes amids
187b

No 1.00g (3.04mmol) N-trifenilmetilaziridin-2-karbonskabes amida 168d,
0.04g (0.30mmol) DMAP un 1.32g (6.08mmol) Boc anhidrida. Parkristalizé no PE-
EtOAc 5:1. Iegiist 1.43g (89%) baltas kristaliskas vielas, kt = 88°C. Rf = 0.70 (PE-
EtOAc 4:1). 'H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.41-1.49 (m, 19H); 2.39
(neizskirts dd, 1H, J = 2.7Hz); 2.87 (dd, 1h, J = 2.7, 6.2Hz); 7.15-7.34 (m, 10H); 7.47-
7.58 (m, 5H).

EA. Aprékinats uz C3H3sN2Os C 72.70, H 6.86, N 5.30. Atrasts C 73.00, H
6.92, N 5.39

N,N-Di-(terc-butiloksikarbonil)-1-benziloksikarbonilaziridin-2-karbonskabes
amids 187¢c

Aziridin-2-karbonskabes amidu 3 (9.20g, 107.00mmol) sajauc ar 100ml H,0O
un 100ml EtOAc. Maisot pievieno 14g (166.70mmol) NaHCO3; un 5min laika
piepilina 18.2g (106.70mmol) CbzCl. Reakcijas maisijumu iztur maisot péc CO;
izdalisanas beigam 24h. Tad nodala slanus dalamaja piltuvé un EtOAc slani zave virs
Na;SOs4, nofiltré un ietvaic€ pazeminata spiediena. leglist 23.08g (98%) baltas
kristaliskas vielas, kt = 125-125°C. *H KMR (200 MHz, CDCls, TMS, m.d.) & 2.40
(dd, 1H, J = 0.5, 3.4Hz); 2.59 (dd, 1H, J = 0.5, 6.6Hz); 3.05 (dd, 1H, J = 3.4, 6.6Hz);
5.12 un 5.19 (AB sistema, 1H un 1H, J = 11.9Hz); 5.63 (pl. s, 1H); 6.15 (pl. s, 1H);
7.28-7.48 (m, 5H). N-Cbz-aziridinkarbonskabes amidu lieto nakamaja stadija bez
attiriSanas.

No 2.00g (9.08mmol) N-Cbz-aziridinkarbonskabes amida, 0.11g (0.91mmol)
DMAP, 3.96 g (18.16mmol) Boc anhidrida. Atira ar kolonnu hromatografiju uz
silikagela (PE — EtOAc 4:1 eluents). legtist 2.08 g (54.5%) bezkrasas ellas. Rf = 0.70
(PE — EtOAC 4:1). *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.53 (s, 9H); 2.54-2.62
(m, 2H); 4.10 (dd, 1H, J = 3.6, 5.9Hz); 5.11 un 5.18 (AB sistema , 1H un 1H, J =
12.1Hz); 7.29-7.43 (m, 5H). **C KMR (400MHz, CDCls;, m.d.) & 27.6, 28.0, 32.7,
36.1, 68.6, 81.9, 85.5, 128.4, 128.5, 135.4, 149.0, 161.0, 168.4.
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N-terc-Butiloksikarbonil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids
194

N,N-Di-(terc-butiloksikarbonil)-1-benziloksikarbonilaziridin-2-karbonskabes
amidu 187c, (1.00g, 2.38mmol) skidina 10ml sausa THF, pievieno 100mg 10% Pd/C
un maisot hidrogené IT atmosferas spiediena 3h. Reakcijas maistjumu nofiltrg, filtratu
ietvaic€ pie pazeminata spiediena, atlikumu parkristaliz€ no PE — EtOAc 1:1. legiist
baltu kristalisku vielu, kt = 105°C. Rf = 0.3 (PE-EtOAc 4:1). 'H KMR (200 MHz,
CDCls, TMS, m.d.) 6 1.47 (s, 9H); 1.51 (s, 9H); 2.38 (neizskirts dd, 1H, J = 3.4Hz);
2.55 (neizskirts dd, J = 6.7Hz); 3.27-3.43 (m, 1H); 7.92 (pl.s, 1H).

EA. Aprekinats uz Ci3H2,N,05 C 54.53, H 7.74, N 9.78. Atrasts C 54.33, H
7.72, N 9.45

Aziridin-2-karbonskabes bis-Boc amidu 187 reakcijas ar spirtiem un

alkoholatiem
N-terc-butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d no
aziridin-2-karbonskabes amida 3

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba ievieto
8.61g (100mmol) aziridin-2-karbonskabes amida 3, pievieno 20ml CH,Cl, un 1.2 g
(10mmol) DMAP. Pievieno 65.48g (300mmol) Boc-anhidrida skiduma 20ml CH,Cl,.
Iegiito maisTjumu maisot argona atmosféra zem atteces silda Iidz 60°C 5h. Kad uz
planslana hromatogrammas redzams tikai produkts 167d (salidzina ar paresterifikacija
iegiito paraugu), maisijumu atdzese lidz IT, $kidinataju ietvaicé pazeminata spiediena
un atlikumu izSkidina minimala daudzuma PE-EtOAc 3:1 un sadala ar kolonnu
hromatografiju uz silikagela 1500ml ar PE-EtOAc 4:1 eluentu. Iegtist 19.47g (87%)
bezkrasainas e]las, Rf = 0.71 (PE-EtOAc 4:1). *H KMR (200 MHz, CDCls, TMS,
m.d.) 6 1.46 (s, 9H); 1.50 (s, 9H); 2.31 (dd, 1H, J = 1.6, 5.2 Hz); 2.47 (dd, 1H, J = 1.6,
3.1 Hz); 2.92 (dd, 1H, J=3.1, 5.2 Hz).

N-terc-butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d no N-terc-
butiloksikarbonilaziridin-2-karbonskabes amida 169d

Izkarséta (Sh, 150°C) un argona pliisma atdzeséta 10ml apalkolba ievieto
1.86g (10mmol) N-terc-butiloksikarbonilaziridin-2-karbonskabes amida 169d,
pievieno 5ml CH.CI; un 0.12 g (Immol) DMAP. Pievieno 2.45g (20mmol) Boc-

anhidrida $kiduma 5ml CH,Cl,. Ieglito maisTjumu maisot argona atmosfera zem
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atteces silda Iidz 60°C 5h. Kad uz planslana hromatogrammas redzams tikai produkts
167d (salidzina ar paresterifikacija iegiito paraugu), maisijumu atdzesé lidz IT,
Skidinataju ietvaic€ pazeminata spiediena un atlikumu izskidina minimala daudzuma
PE-EtOAc 3:1 un sadala ar kolonnu hromatografiju uz silikagela 1500ml ar PE-
EtOAc 4:1 eluentu. Iegiist 2.469 (87%) bezkrasainas ellas. Rf = 0.71 (PE-EtOAc 4:1).
.'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.46 (s, 9H); 1.50 (s, 9H); 2.31 (dd, 1H, J
=1.6,5.2 Hz); 2.47 (dd, 1H, J = 1.6, 3.1 Hz); 2.92 (dd, 1H, J = 3.1, 5.2 Hz).

N-terc-butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d no bis-

Boc-amida 187a un terc-butanola

Izkars@ta (5h, 150°C) un argona pliisma atdzeséta 30ml apalkolba sajauc 0.10g
(0.26mmol) bis-Boc-amida 187a, terc-butanolu (0.08g, 1.08mmol) un 1mg DMAP ar
2.5ml CH,ClI,. Tegiito skidumu iztur maisot argona atmosféra IT 24h. Tad $kidinataju
ietvaic€ pie pazeminata spiediena un atlikumu hromatografé uz silikagela (150ml) ar
PE-EtOAc 4:1 eluentu. legiist 0.05g (81%) bezkrasainas e]las. Rf = 0.71 (PE-EtOAc
4:1).

N-terc-butiloksikarbonilaziridin-2-karbonskabes terc-butilesteris 167d no bis-
Boc-amida 187a un kalija terc-butilata

Izkars&ta (5h, 150°C) un argona pliisma atdzeséta 30ml apalkolba sajauc 0.10g
(0.26mmol) bis-Boc-amida 187a, kalija terc-butilatu (0.03g, 0.26mmol) ar Sml sausa
THF. legiito $kidumu iztur maisot argona atmosféra -10°C temperatiira 24h. Tad
Skidumu izlej 10ml tdens-ledus un ekstrah€ ar dietiléteri (2x5ml). Apvienotos
ekstraktus skalo ar piesatinatu NaCl tdens skidumu, zaveé virs Na,SO,, filtré un
ietvaic€ pie pazeminata spiediena. Atlikumu hromatografé uz silikagela (150ml) ar
PE-EtOAc 4:1 eluentu. legiist 0.05g (85%) bezkrasainas ellas. Rf = 0.71 (PE-EtOAc
4:1).

N-Trifenilmetilaziridin-2-karbonskabes terc-butilesteris 165d no bis-Boc-amida
187b un kalija terc-butilata

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba sajauc
5.299 (10mmol) bis-Boc-amida 187b, kalija terc-butilatu (1.12g, 10mmol) ar 25ml
sausa THF. legiito $kidumu iztur maisot argona atmosfera -10°C temperatiira 24h.

Tad skidumu izlej 100ml @idens-ledus un ekstrah€ ar dietiléteri (2x50ml). Apvienotos
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ekstraktus skalo ar piesatinatu NaCl tdens skidumu, zavé virs Na,SQg, filtré un
ietvaic€ pie pazeminata spiediena. Produktu attira ar kolonnu hromatografiju uz
250ml silikagela ar PE — EtOAc 9:1 eluentu. legtist 3.78g (98%) bezkrasainu kristalu,
kt = 146-147°C. *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.31 (dd, 1H, J = 1.6, 6.1
Hz); 1.49 (s, 9H); 1.77 (dd, 1H, J = 2.6, 6.1 Hz); 2.20 (dd, 1H, J = 1.6, 2.6 Hz); 7.46-
7.56 (m, 15H).

Visparéja metode bis-Boc amidu 187 reakcijam ar alkoholatiem un fenolatiem

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 30ml apalkolba ievieto 5ml
sausa THF, pievieno 10mmol NaH vai n-BuLi (2.5M heksanu $kiduma veida), iegtito
maisfjumu argona atmosféra atdzesé Iidz -5 - -20°C un pievieno 10mmol spirta vai
fenola $kidumu 5ml THF. P&c 5min maisi$anas -20°C temperatiira pie pagatavoto
alkoholata vai fenolata Skidumu atsilda lidz IT un pievienolOmmol bis-Boc-amida
187a vai 187b skiduma 5ml THF. Reakcijas maisijumu iztur maisot argona atmosfera
12h, skidinataju ietvaic€ pazeminata spiediena un atlikumu sadala ar kolonnu

hromatografiju uz silikagela.

1-terc-Butiloksikarbonilaziridin-2-karbonskabes metilesteris 166a no bis-Boc-
amida 187a

No 3.86g (10mmol) bis-Boc amida 187a un 10mmol NaOMe (pagatavota no
0.24g (10mmol) NaH un MeOH parakuma (10ml)). Tegtist 1.27g (63%) bezkrasainas
ellas *H KMR (200 MHz, CDCl3, TMS, m.d.) & 1.46 (s, 9H); 2.42 (dd, 1H, J = 1.3,
5.4 Hz); 2.53 (dd, 1H, J = 1.3, 3.2 Hz); 3.05 (dd, 1H, J = 3.2, 5.4 Hz); 3.79 (s, 3H).

1-Trifenilmetilaziridin-2-karbonskabes metilesteris 166¢ no bis-Boc-amida 187b
No 5.29g (10mmol) bis-Boc amida 187b un 10mmol NaOMe (pagatavota no
0.24g (10mmol) NaH un MeOH parakuma (10ml)). legiist 2.27g (66%) bezkrasainu
kristalu, kt = 133°C. *H KMR (200 MHz, CDCl3, TMS, m.d.) 5 1.41 (dd, 1H, J = 1.9,
6.0Hz); 1.89 (dd, 1H, J = 2.6, 6.0Hz); 2.26 (dd, 1H, J = 1.9, 2.6Hz); 7.16-7.33 (m,

9H): 7.46-7.54 (m, 6H).

1-Trifenilmetilaziridin-2-karbonskabes fenilesteris 188a
No 0.11g (1.17mmol) fenola, 0.05g (2.08mmol) NaH un 0.61g (1.15mmol)

bis-Boc amida 187b. Pievienosanu izdara -5°C temperatiira, tad atsilda Iidz IT un iztur
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maisot argona atmosfera 12h. Maisijumu sadala starp 10ml ;udens un 10ml dietilétera.
Udens slani ekstrahé ar dietileteri (2x5ml). Apvienotos &tera ekstraktus zave Virs
Na,SOy, nofiltré un skidinataju ietvaic€ vakuma. Atlikumu hromatografe uz silikagela
(50ml) ar PE-EtOAc 4:1 eluentu. legiist 0.41g (88%) bezkrasainu kristalu, kt = 121°C.
Rf = 0.60 (PE-EtOAc 4:1). SH-MS m/z: 406 [M+H]". *H KMR (200 MHz, CDCl;,
TMS, m.d.) 6 1.53 (dd, 1H, J = 2.5, 6.3Hz); 2.11 (dd, 1H, J = 2.5, 6.3Hz); 2.44 (dd,
1H, J = 1.4, 2.5Hz); 7.06-7.66 (m, 20H).

1-Trifenilmetilaziridin-2-Karbonskabes tiofenilesteris 188b

Litija tiofenolatu (0.05g, 0.44mmol) un bis-Boc amidu 187b (0.12g,
0.23mmol) sajauc ar 7ml CH,Cl,. Maisijumu iztur maisot IT argona atmosfera 12h.
Tad skidinataju ietvaic@ pie pazeminata spiediena un atlikumu hromatografé uz
silikagela (50ml) ar PE-EtOAc 4:1 eluentu. Iegtst 0.08g (84%) bezkrasainu kristalu,
kt = 133°C. Rf = 0.55 (PE-EtOAc 4:1). SH-MS m/z: 422 [M+H]*. '"H KMR (200
MHz, CDCls, TMS, m.d.) & 1.50 (dd, 1H, J = 1.5, 6.3Hz); 2.27 (dd, 1H, H = 2.4,
6.3Hz); 2.38 (dd, 1H, J = 1.5, 2.4Hz); 7.17-7.62 (m, 20H).

1-Trifenilmetilaziridin-2-karbonskabes 2.6-di-terc-butilfenilesteris 188c

No 0.69g (1.31mmol) bis-Boc amida 187b un 1.31mmol natrija 2.6-di-terc-
butilfenolata (pagatavota no 0.052g NaH 60% dispersijas mineralella un 0.27¢g
(1.31mmol) 2.6-di-terc-butilfenola). Produktu izdala ar kolonnu hromatografiju uz
200ml silikagela ar PE-EtOAc 3:1, tad 2:1 eluentu. Iegist 0.34g (50%) gaisi dzeltenas
amorfas masas. Rf = 0.15 (PE — EtOAc 3:1). SH-MS m/z: 518 [M+H]". 'H KMR
(izom&ru maistjumam) (200 MHz, CDCl;, TMS, m.d.) 6 1.43-1.47 (m, 18H); 1.48-
1.53 (m, 1H); 2.39 (dd, 0.5H, J = 1.8, 2,8Hz); 2.50 (dd, 0.5H, J = 1.8, 2.8Hz); 2.71
(dd, 0.5H, J = 2.8, 6.3Hz); 2.87 (dd, 0.5H, J = 2.8, 6.3Hz); 7.12-7.63 (m, 18H).

1-Trifenilmetilaziridin-2-karbonskabes 4-hidroksifenilesteris 188d

No 1.50g (2.84mmol) bis-Boc amida 187b un 2.81mmol natrija 4-
hidroksifenolata (pagatavota no 0.23g NaH un 0.31g (2.81mmol) hidrohinona).
Produktu izdala ar kolonnu hromatografiju uz 200ml silikagela ar PE-EtOAc 3:1.
legiist 1.09g (91%) bezkrasainas kristaliskas vielas, kt = 154°C. Rf = 0.15 (PE —
EtOAc 3:1). SH-MS m/z: 444 [M+Na]*. *H KMR (200 MHz, CDCl;, TMS, m.d.) &
1.52 (dd, 1H, J = 1.4, 6.1Hz); 2.11 (dd, 1H, J = 2.7, 6.1Hz); 2.43 (neizskirts dd, 1H, J
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= 2.7Hz); 6.48 (s, 1H); 6.76 (td, 2H, J = 2.3, 9.0Hz); 6.91 (td, J = 2.3, 9.0Hz); 7.15-
7.35 (m, 9H); 7.49-7.61 (m, 6H).

1-Trifenilmetilaziridin-2-karbonskabes 3-hidroksifenilesteris 188e

No 0.34g (0.64mmol) bis-Boc amida 187b un 0.64mmol natrija 3-
hidroksifenolata (pagatavota no 0.025g NaH 60% dispersijas mineralella un 0.07g
(0.64mmol) rezorcina). Produktu izdala ar kolonnu hromatografiju uz 200ml
silikagela ar PE-EtOAc 3:1. Iegiist 0.04g (13%) gai$i dzeltenas amorfas masas. Rf =
0.20 (PE — EtOAc 3:1). SH-MS m/z: 444 [M+Na]*. '"H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.52 (dd, 1H, J = 1.5, 6.0Hz); 2.10 (dd, 1H, J = 2.8, 6.0Hz); 2.42 (dd,
1H,J =15, 2.8Hz); 6.20 (pl.s, 1H); 6.59-6.75 (m, 2H); 7.10-7.46 (m, 11H); 7.48-7.64
(m, 6H).

1-terc-Butiloksikarbonilaziridin-2-karbonskabes 3.5-dihidroksifenilesteris 188f

No 0.34g (0.88mmol) bis-Boc amida 187a un 0.88mmol floroglucina fenolata
(pagatavota no 0.034g NaH 60% dispersijas minerale]la un 0.11g (0.88mmol)
floroglucina). Produktu izdala ar kolonnu hromatografiju uz 200ml silikagela ar PE-
EtOAc 3:1, tad 2:1 eluentu. Iegiist 0.05g (19%) bezkrasainas ellas. Rf = 0.15 (PE —
EtOAc 3:1). SH-MS m/z: 318 [M+Na]*. *H KMR (200 MHz, CDCl;, TMS, m.d.) &
1.56 (s, 9H); 2.53 (dd, 1H, J = 1.5, 5.5Hz); 2.65 (dd, 1H, J = 1.5, 3.1Hz); 3.23 (dd,
1H,J=3.1, 5.5Hz); 6.21-6.24 (m, 3H).

1-Trifenilmetilaziridin-2-karbonskabes 4-(1-trifenilmetilaziridin -2-
oksikarbonil)-fenilesteris 188g

No 0.16g (0.30mmol) bis-Boc amida 187b un 2.81mmol natrija 4-(1-
trifenilmetilaziridin-2-oksikarbonil) fenolata (pagatavota no 0.01g NaH 60%
dispersijas minerale]la un 0.13g (0.32mmol) produkta 188d). Produktu izdala ar
kolonnu hromatografiju uz 200ml silikagela ar PE-EtOAc 3:1. Iegast 0.21g (93%)
bezkrasainas amorfas masas. Rf = 0.75 (PE — EtOAc 3:1). SH-MS m/z: 733 [M+H]".
'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.54 (dd, 2H, J = 1.5, 6.1Hz); 2.11 (dd,
2H, J = 2.5, 6.1Hz); 2.44 (dd, 2H, J = 1.5, 2.5Hz); 7.16 (s, 4H); 7.19-7.37 (m, 18H);
7.50-7.62 (m, 12H).
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1-terc-Butiloksikarbonilaziridin-2-karbonskabes 2-(4.7-dimetil-2-okso-2H-
hromén-6-il)-esteris 188h

No 0.16g (0.41mmol) bis-Boc amida 187a un 0.21mmol 6-hidroksi-4.7-
dimetil hromén-2-ona fenolata (pagatavota no 0.004g NaH 60% dispersijas
mineralella un 0.04g (0.21mmol) 6-hidroksi-4.7-dimetil hromén-2-ona). Produktu
izdala ar kolonnu hromatografiju uz 300ml silikagela ar PE-EtOAC 4:1 cluentu. Iegist
0.01g (13%) bezkrasainas e]las. Rf = 0.55 (PE — EtOAc 4:1). SH-MS m/z: 360
[M+H]* *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.47 (s, 9H); 2.30 (s, 3H); 2.38 (s,
3H); 2.59 (dd, 1H, J = 1.0, 5.5Hz); 2.70 (dd, 1H, J = 1.0, 3.0Hz); 3.32 (dd, 1H, J =
3.0, 5.5Hz); 6.27 (s, 1H); 7.21 (s, 1H); 7.30 (s, 1H).

Visparéja metode aziridin-2-karbonskabes bis-Boc amidu reakcijam ar aminiem

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba ievieto
100mmol bis-Boc amida 187a vai 187b, 50ml CHyCl,, 0 vai 10mmol DMAP un

pievieno 100mmol vai parakumu amina Skiduma 50ml CH,Cl, vai MeCN. Iegito

Skidumu iztur maisot IT vai varot ar atteci 12-24h argona atmosfera, kontrol&jot
reakcijas norisi ar planslana hromatografiju. Kad izejviela planslana hromatografija
vairs nav redzama, reakcijas maisijumu ietvaic€ pie pazeminata spiediena, atlikumu
1z8kidina minimala daudzuma PE — EtOAc 1:1 un sadala ar kolonnu hromatografiju

uz silikagela, eluents PE — EtOAc 1:1 1idz 4:1.

N,N-Dimetil-1-trifenilmetilaziridin-2-karbonskabes amids 168b

Sajauc 0.50g (0.94mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP ar
10ml CH,CI; un iegitajam $kidumam 30min laiz cauri sausa dimetilamina plismu.
Tad iegito $kidumu iztur maisot IT 12h. Skidinataju ietvaicé pie pazeminata
spiediena un atlikumu sadala ar kolonnu hromatografiju uz 200ml silikagela ar PE-
EtOAc 4:1 eluentu. Tegiist 0.05g (14%) bezkrasainu kristalu, kt = 141°C. SH-MS m/z:
357 [M+H]". *H KMR (200 MHz, CDCls, TMS, m.d.) & 1.35 (neizkirts dd, 1H, J =
6.0Hz); 1.94 (dd, 1H, J = 2.9, 6.0Hz); 2.36 (neizskirts dd, 1H); 2.80 (s, 3H); 2.99 (s,
3H); 7.15-7.34 (m, 9H); 7.50-7.59 (m, 6H).

1-Trifenilmetilaziridin-2-karbonskabes piperidids 1689
No 0.15g (0.28mmol) bis-Boc amida 187b, 0.24g (2.84mmol) piperidina un
10ml MeCN. Iztur maisot IT argona atmosféra 12h. P&c hromatografijas iegiist 0.10g
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(91%) amorfas masas. Rf = 0.25 (PE — EtOAc 4:1). SH-MS m/z: 397 [M+H]". 'H
KMR (200 MHz, CDCl3, TMS, m.d.) & 1.28-1.40 (m, 3H); 1.51-1.63 (m, 4H); 1.91
(dd, 1H, J = 3.1, 6.4Hz); 2.37 (dd, 1H, J = 1.4, 3.1Hz); 3.17-3.28 (m, 2H); 3.48-3.72
(m, 2H); 7.12-7.61 (m, 15H).

1-Trifenilmetilaziridin-2-karbonskabes morfolids 168h

No 0.20g (0.38mmol) bis-Boc amida 187b, 0.03g (0.38mmol) morfolina un
7ml MeCN. lIztur maisot IT argona atmosfeéra 48h. P&c hromatografijas iegtist 0.139
(86%) baltas kristaliskas vielas, kt = 166°C. Rf = 0.15 (PE — EtOAc 3:1). SH-MS m/z:
399 [M+H]".*H KMR (200 MHz, CDCl;, TMS, m.d.) § 1.36 (dd, 1H, J = 1.2, 6.0Hz);
1.89 (dd, 1H, J = 2.6, 6.0Hz); 2.41 (dd, 1H, J = 1.2, 2.6Hz); 3.22-3.35 (m, 2H); 3.42-
3.53 (m, 2H); 3.53-3.63 (m, 1H); 3.63-3.72 (m, 2H); 3.73-3.86 (m, 1H); 7.17-7.36 (m,
9H); 7.47-7.60 (m, 6H).

EA. Aprekinats uz CyH2sN20, C 78.36, H 6.58, N 7.03. Atrasts C 76.87, H
6.33, N 6.81.

1-Trifenilmetilaziridin-2-karbonskabes pirolidids 168i

No 0.15g (0.28mmol) bis-Boc amida 187b, 0.04g (0.56mmol) pirolidina un
7ml MeCN. Iztur maisot IT argona atmosféra 12h. P&c hromatografijas iegtst 0.10g
(86%) baltas kristaliskas vielas, kt = 158°C. Rf = 0.20 (PE — EtOAc 1:1). SH-MS m/z:
383 [M+H]". *H KMR (200 MHz, CDClz, TMS, m.d.) § 1.32 (dd, 1H, J = 1.7, 6.0Hz);
1.65-1.95 (m, 5H); 2.40 (dd, 1H, J = 1.7, 3.0Hz); 2.99-3.22 (m, 2H); 3.39-3.70 (m,
2H); 7.13-7.43 (m, 9H); 7.46-7.65 (m, 6H).

EA. Aprekinats uz CpsH2sN20 C 81.64, H 6.85, N 7.32. Atrasts C 80.62, H
7.16, N 6.91.

N,N-Dimetil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 169a

Sajauc 0.50g (1.29mmol) bis-Boc amida 187a, 0.01g (0.08mmol) DMAP ar
10ml CH,CI; un iegiitajam $kidumam 30min laiz cauri sausa dimetilamina plasmu.
Tad iegito $kidumu iztur maisot IT 12h. Skidinataju ietvaicé pie pazeminata
spiediena un atlikumu sadala ar kolonnu hromatografiju uz 200ml silikagela ar PE-
EtOAC 4:1 eluentu. Tegiist 0.06g (23%) bezkrasainas ellas. SH-MS m/z: 215 [M+H]".
'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.25 (s, 9H); 2.15 (dd, 1H, J = 1.2, 5.3

126



Hz); 2.42 (dd, 1H, J = 1.2, 3.1 Hz); 2.79 (s, 3H); 3.05 (dd, 1H, J = 3.1, 5.3 Hz); 3.79
(s, 3H); 3.08 (s, 3H).

N,N-Diizopropil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 169b

No 0.50g (1.29mmol) bis-Boc amida 187a, 0.01g (0.08mmol) DMAP un
0.13g (0.84mmol) diizopropilamina. Reakcijas maisijumu iztur maisot argona
atmosfera 12h. Iegiist 0.30g (87%) baltas kristaliskas vielas, kt = 88°C. SH-MS m/z:
271 [M+H]*. *H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.32 (d, 6H, J = 7.0Hz); 1.36
(d, 1H, J = 7.0Hz); 1.46 (s, 9H); 2.31 (dd, 1H, J = 1.1, 5.5Hz); 2.68 (dd, 1H, J = 1.1,
3.2Hz); 3.16 (dd, 1H, J = 3.2, 5.5Hz); 3.70 (heptets, 1H, J = 7.0Hz); 4.49 (heptets, J =
7.0Hz).

N-Benzil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 190a

No aktivéta amida 187a (0.12g, 0.31mmol), benzilamina (0.03g, 0.32mmol),
1mg DMAP. lztur maisot IT, reakcijas laiks 48h, produktu izdala ar kolonnu
hromatografiju uz 150ml silikagela ar PE — EtOAc 3:1 eluentu. Iegiist 0.05g (60%)
bezkrasainas ellas. Rf = 0.23 (PE- EtOAc 3:1). SH-MS m/z: 277 [M+H]* 'H KMR
(200 MHz, CDCl3, TMS, m.d.) 6 1.45 (s, 9H); 2.27 (dd, 1H, J = 0.6, 3.4Hz); 2.48 (dd,
1H, J = 0.6, 6.8Hz); 3.04 (dd, 1H, J = 3.4, 6.8Hz); 7.29-7.55 (m, 2H); 6.68 (pl.s, 1H);
7.19-7.39 (m, 5H).

N-Benzil-1-trifenilmetilaziridin-2-karbonskabes amids 190b

No aktivéta amida 187b (1.00g, 1.89mmol), benzilamina (0.20g, 1.89mmol),
DMAP (0.02g, 0.19mmol). Vara ar atteci, reakcijas laiks 15h. Ietvaiceto atlikumu
apstradajot ar PE un parkristaliz€jot no PE — EtOAc 10:1, iegiist 0.50g (63%) baltas
kristaliskas vielas, kt = 133°C. Rf = 0.17 (PE — EtOAc 4:1). SH-MS m/z: 419 [M+H]"
'H KMR (200 MHz, CDClz, TMS, m.d.) & 1.51 (neizskirts dd, 1H); 1.98-2.12 (m,
2H); 4.33 (dd, 1H, J = 5.0, 15.0Hz); 4.77 (dd, 1H, J = 7.1, 15.0Hz); 7.05 — 7.17 (m,
1H), 7.18 — 7.47 (m, 20H).

N-(3.4-Dimetoksifenil)-etil-1-terc-butiloksikarbonilaziridin-2-karbonskabes
amids 190c

No aktivéta amida 187a (0.22g, 0.57mmol), 3.4-dimetoksifenetilamina (0.10g,
0.57mmol). lztur maisot IT, reakcijas laiks 12h, produktu izdala ar kolonnu
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hromatografiju uz 150ml silikagela ar PE — EtOAc 3:1 eluentu. Iegiist 0.15g (75%)
baltas kristaliskas vielas, kt = 154°C. Rf = 0.13 (PE — EtOAc 3:1). 'H KMR (200
MHz, CDCl3, TMS, m.d.) & 1.46 (s, 9H); 2.14 (neizskirts dd, 1H, J = 3.5Hz); 2.46
(neizskirts dd, 1H, J = 7.0Hz); 2.64-2.86 (m, 2H); 2.97 (dd, 1H, J = 3.5, 7.0Hz); 3.35-
3.61 (m, 2H); 3.87 (s, 3H); 3.88 (s, 3H); 6.24-6.40 (m, 1H); 6.67-6.85 (m, 3H).

EA. Aprekinats uz CigH27N2O7 C 61.70, H 7.48, N 7.99. Atrasts C 61.74, H
7.60, N 7.84

N-terc-Butil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 190d

No aktivéta amida 187a (0.10g, 0.26mmol), terc-butilamina (0.10g,
0.27mmol). lztur maisot IT, reakcijas laiks 12h, produktu izdala ar kolonnu
hromatografiju uz 150ml silikagela ar PE — EtOAc 3:1 eluentu. Iegust 0.05g (79%)
baltas amorfas masas. Rf = 0.29 (PE — EtOAc 3:1). 'H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.34 (s, 9H); 1.47 (s, 9H); 2.22 (dd, 1H, J = 0.8, 3.2Hz); 2.43 (dd, 1H, J
=0.8, 7.0Hz); 2.88 (dd, 1H, J = 3.2, 7.0Hz); 6.06 (pl. s, 1H).

EA. Aprekinats uz C1,H2,N,03 C 59.48, H 9.15, N 11.56. Atrasts C 59.10, H
9.31, N 11.28

N-[2-(2-aminoetilamino)-etil]-1-trifenilmetililaziridin-2-karbonskabes amids 190f

No 0.51g (0.96mmol) bis-Boc-amida 187b, 0.01g (0.08mmol) DMAP, 0.05g
(0.48mmol) dietiléntriamina. Reakcijas maisijumu iztur 24h maisot argona atmosfera
IT, Skidinataju ietvaicé, atlikumu sadala ar kolonnu hromatografiju uz 200ml
silikagela ar hloroforms — metanols 9:1 eluentu un kristalizé no PE-EtOAc 1:1. legiist
0.38g (54%) baltas kristaliskas vielas, kt = 124 — 126°C. Rf = 0.33 (CHCl;-MeOH
9:1), SH-MS m/z: 437 [M+Na]"."H KMR (200 MHz, CDCls, TMS, m.d.) & 1.35-1.50
(m, 2H); 1.59 (pl.s, 2H); 1.87-2.05 (m, 4H); 2.82-2.97 (m, 4H); 3.21-3.42 (m, 1H);
3.44-3.66 (m, 1H); 7.07-7.54 (M, 16H).

N-Fenil-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 191a

No aktiveéta amida 187a (0.14g, 0.36mmol), anilina (0.03g, 0.43mmol), 1mg
DMAP. Vara ar atteci, reakcijas laiks 12h, produktu izdala ar kolonnu hromatografiju
uz 150ml silikagela ar PE — EtOAc 3:1 eluentu. Iegtst 0.06g (63%) baltas kristaliskas
vielas, kt = 139°C. Rf = 0.23 (PE- EtOAc 3:1). *H KMR (200 MHz, CDCls, TMS,
m.d.) 6 1.50 (s, 9H); 2.37 (neizskirts dd, 1H, J = 3.5Hz); 2.60 (neizskirts dd, 1H, J =
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7.0Hz); 3.13 (dd, 1H, J = 3.5, 7.0Hz); 7.08-7.14 (m, 1H); 7.26-7.37 (m, 2H); 7.51-
7.59 (m, 2H); 8.02 (pl.s, 1H).

EA. Aprékinats uz Cy4H1gN,O3 C 64.11, H 6.92, N 10.68. Atrasts C 63.76, H
6.94, N 10.54

N-Fenil-1-trifenilmetilaziridin-2-karbonskabes amids 191b

No aktivéta amida 187b (0.10g, 0.19mmol), anilina (0.02g, 0.19mmol) un 5Sml
CH,Cl,. Maisa IT argona atmosfera, reakcijas laiks 12h, produktu izdala ar kolonnu
hromatografiju uz 150ml silikagela ar PE — EtOAc 4:1 eluentu. Iegtst 0.05g (68%)
baltas kristaliskas vielas, kt = 160°C. Rf = 0.21 (PE- EtOAc 4:1). *H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 1.56-1.65 (m, 1H); 2.09- 2.20 (m, 2H); 7.08-7.68 (m, 20H);
8.68 (pl. s, 1H).

EA. Aprékinats uz CygHsN,O C 83.14, H 5.98, N 6.93. Atrasts C 80.87, H
5.90, N 6.69.

N-(4-Metilfenil)-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 191c

No aktivéta amida 187a (0.10g, 0.26mmol), 4-metilanilina (0.03g, 0.26mmol),
Img DMAP. Vara ar atteci, reakcijas laiks 12h, produktu izdala ar kolonnu
hromatografiju uz 150ml silikagela ar PE — EtOAc 3:1 eluentu. Iegiist 0.06g (82%)
baltas kristaliskas vielas, kt = 131°C. Rf = 0.44 (PE- EtOAc 3:1). 'H KMR (200 MHz,
CDCls, TMS, m.d.) 6 1.50 (s, 9H); 2.33 (s, 3H); 2.38 (neizskirts dd, 1H, J = 3.7Hz);
2.60 (neizskirts dd, 1H, J = 7.1Hz); 3.13 (dd, 1H, J = 3.7, 7.1Hz); 7.14 (d, 2H, J =
8.6Hz); 7.44 (d, 2H, J = 8.6Hz); 8.01 (pl.s, 1H).

EA. Aprékinats uz Ci5H20N203 C 65.20, H 7.30, N 10.14. Atrasts C 65.32, H
7.19, N 10.109.

N-(4-Metilfenil)-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 191d

No aktivéta amida 187b (0.10g, 0.19mmol), 4-metilanilina (0.02g, 0.19mmol).
Maisa IT argona atmosfera, reakcijas laiks 12h, produktu izdala ar kolonnu
hromatografiju uz 150ml silikagela ar PE — EtOAc 4:1 eluentu. Iegtst 0.03g (42%)
baltas kristaliskas vielas, kt = 163°C. Rf = 0.22 (PE- EtOAc 4:1). 'H KMR (200 MHz,
CDCl3, TMS, m.d.) ¢ 1.53-1.64 (m, 1H); 2.09-2.18 (m, 2H); 2.34 (s, 3H); 7.12-7.56
(m, 19H); 8.61 (pl.s, 1H)
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EA. Aprekinats uz CxHpsN2O C 83.22, H 6.26, N 6.69. Atrasts C 81.08, H
6.64, N 6.14

N-(4-Dietilaminofenil)-1-trifenilmetilaziridin-2-karbonskabes amids 191e

No 0.40g (0.76mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP un
0.12g (0.84mmol) 4-(dietilamino)-anilina. Reakcijas maisjjumu maisot argona
atmosfera silda Iidz 60°C 12h. Iegiist 0.12g (32%) baltas kristaliskas vielas, kt =
142°C. 'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.16 (t, 6H, J = 7.0Hz); 1.56
(neizskirts dd, J = 6.2Hz); 2.10-2.16 (m, 2H); 3.35 (kv, J = 7.0, 14.0Hz); 7.23-7.53
(m, 19H); 8.44 (pl.s, 1H).

N-(4-Bromfenil)-1-trifenilmetilaziridin-2-karbonskabes amids 191f

No 0.40g (0.76mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP un
0.13g (0.84mmol) 4-bromanilina. Reakcijas maisijumu maisot argona atmosféra silda
lidz 60°C 12h. Ieglist 0.23g (63%) baltas kristaliskas vielas, kt = 137°C. 'H KMR
(200 MHz, CDCl3, TMS, m.d.) 4 1.60-1.64 (m, 1H); 2.13-2.16 (m, 2H); 7.26-7.58 (m,
19H); 8.68 (pl.s, 1H).

N-(3.5-Dimetoksifenil)-1-terc-butiloksikarbonilaziridin-2-karbonskabes = amids
191i

No 0.40g (1.04mmol) bis-Boc amida 187a, 0.01g (0.08mmol) DMAP, 0.16g
(1.04mmol) 3.5-dimetoksianilina un 20ml CH,Cl,. Reakcijas maisijumu maisot
argona atmosfera vara zem atteces 12h, tad Skidinataju ietvaic€ pie pazeminata
spiediena. Atlikumu sadala ar kolonnu hromatografiju uz 150ml silikagela ar PE-
EtOAC 1:1 eluentu. legiist 0.22g (67%) baltas kristaliskas vielas, kt = 136°C. Rf =
0.25 (PE-EtOAc 1:1). SH-MS m/z: 323 [M+H]". *H KMR (200 MHz, CDCls, TMS,
m.d.) & 1.49 (s, 9H); 2.37 (neizskirts dd, 1H, J = 3.5Hz); 2.59 (neizskirts dd, J =
7.0Hz); 3.12 (dd, 1H, J = 3.5, 7.0Hz); 3.78 (s, 6H); 6.24 (t, 1H, J = 2.1Hz); 6.78 (d,
2H, J = 2.1Hz); 7.96 (pl.s, 1H).

N-(4-Karbamoilfenil)-1-trifenilmetilaziridin-2-karbonskabes amids 191j
No 0.40g (0.76mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP un
0.12g (0.84mmol) 4-aminobenzoskabes amida. Reakcijas maisjumu maisot argona

atmosfera silda lidz 60°C 12h. legiist 0.19g (57%) baltas kristaliskas vielas, kt =
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133°C. 'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.61-1.66 (m, 1H); 2.15-2.18 (m,
2H); 5.75-6.25 (m, 2H); 7.22-7.45 (m, 15H); 7.73 (d, 2H, J = 8.2Hz); 7.87 (d, 2H, J =
8.2Hz); 8.85 (br.s, 1H).

N-(5-Indolil)-1-trifenilmetilaziridin-2-karbonskabes amids 1911

No 0.40g (0.76mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP un
0.10g (0.77mmol) 5-aminoindola. Reakcijas maisijumu maisot argona atmosfera iztur
IT 16h, skidinataju ietvaicé pie pazeminata spiediena, atlikumu sadala ar kolonnu
hromatografiju uz 150ml silikagela ar PE-EtOAc 1:1 eluentu. Iegist 0.10g (30%)
amorfas, sartas, gaisa nestabilas masas. Rf = 0.70 (PE-EtOAc 1:1). SH-MS m/z: 466
[M+Na]*. *H KMR (200 MHz, dsDMSO, TMS, m.d.) & 1.14-1.25 (m, 2H); 1.92 (dd,
1H,J = 2.7, 5.6Hz); 2.20 (pl.s, 1H); 6.32-6.40 (m, 1H); 7.11-7.53 (m, 19H); 7.84 (s,
1H).

NN -dimetil-1-trifenilmetilaziridin-2-karbonskabes hidrazids 192d

No 0.14g (0.26mmol) bis-Boc amida 187b, 0.01g (0.08mmol) DMAP un
0.02g (0.26mmol) N,N-dimetilhidrazina. Reakcijas maisijumu maisot argona
atmosfera iztur IT 16h, Skidinataju ietvaicé pie pazeminata spiediena, atlikumu sadala
ar kolonnu hromatografiju uz 150ml silikagela ar PE-EtOAc 1:1 eluentu. legiist
5.0mg (5%) amorfas, gaisa nestabilas masas. Rf = 0.60 (PE-EtOAc 1:1). SH-MS m/z:
394 [M+Na]*. 'H KMR (200 MHz, CGCls;, TMS, m.d.) § 1.36 (neizskirts dd, 1H, J =
6.0Hz); 1.95 (dd, 1H, J = 2.7, 6.0Hz); 2.35-2.41 (m, 1H); 2.82 (s, 3H); 3.01 (s, 3H);

7.17-7.62 (m, 16H).

N-Benziloksi-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids 192f
Aktivéto amidu 187a (0.10g, 0.26mmol) sajauc ar O-benzilhidroksilamina
hidrogenhloridu (0.04g, 0.26mmol) un kalija karbonatu (0.04g, 0.29mmol), pievieno
5.00ml MeCN. Reakcijas maisijumu iztur maisot IT 48h. Tad Skidinataju ietvaice pie
pazeminata spiediena un atlikumu sadala starp 10ml H,O un 10ml EtOAc¢.Udens slani
ekstrah€ ar EtOAc (2x5ml). Apvienotos EtOAc ekstraktus zave virs NaySOg, nofiltré
un ietvaicé. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE —
EtOAc 4:1 eluentu. legtst 0.03g (33%) baltas glabajot IT nestabilas kristaliskas
vielas, kt = 116 - 117°C. Rf = 0.45 (PE- EtOAc 5:1). SH-MS m/z: 293 [M+H]". 'H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 1.45 (s, 9H); 2.27 (neizskirts dd, 1H, J =
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3.2Hz); 2.43 (neizskiers dd, 1H, J = 6.4Hz); 2.94 (dd, 1H, J = 3.2, 6.4Hz); 4.91 (s,
2H); 7.36-7.40 (m, 5H); 8.86 (pl.s, 1H).

N-Benziloksi-1-trifenilmetilaziridin-2-karbonskabes amids 1929

Aktivéto amidu 187b (0.10g, 0.26mmol) sajauc ar O-benzilhidroksilaminu
(0.144g, 1.17mmol) (pagatavotu no O-benzilhidroksilamina hidrogénhlorida (0.203g)
un K,CO3 (0.18g)), pievieno 5.00ml CH,Cl; un 0.014g (0.12mmol) DMAP. Reakcijas
maisjjumu iztur maisot argona atmosfera IT 12h. Izkritusas nogulsnes nofiltre, zave
vakuuma, parkristaliz€é no PE-EtOAc 1:1. legiist 0.57g (69%) baltas kristaliskas
vielas, kt = 142°C. Rf = 0.55 (PE- EtOAc 1:1). SH-MS m/z: 435 [M+H]*. '"H KMR
(200 MHz, CDCl3, TMS, m.d.) 6 1.43 (neizskirts dd, 1H, J = 6.4Hz); 1.93 (neizskirts
dd, 1H, J = 2.5Hz); 2.01 (dd, 1H, J = 2.5, 6.4Hz); 4.93-5.09 (m, 2H); 7.16-7.56 (m.
20H).

EA. Aprekinats uz CyH2sN,0, C 80.16, H 6.03, N 6.45. Atrasts C 79.43, H
5.97, N 6.50.

N-Tetrahidropiraniloksi-1-terc-butiloksikarbonilaziridin-2-karbonskabes amids
192h

No 0.30g (0.78mmol) bis-Boc amida 187a un 0.09g (0.84mmol) O-
tetrahidropiranilhidroksilamina. Reakcijas maisijumu iztur maisot argona atmosfera
IT 12h. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE — EtOAc
4:1 eluentu. Iegust 0.02g (10%) baltas amorfas masas. Rf = 0.40 (PE- EtOAc 1:1).
SH-MS m/z: 309 [M+Na]". '"H KMR (200 MHz, CDCl;, TMS, m.d.) (izoméru
maisijms) 6 1.48 (s, 9H); 1.77-1.93 (m, 6H); 2.39 (neizskirts dd, 1H, J = 3.2Hz); 2.47
(dd, 1H, J = 3.2, 6.6Hz); 3.00 (neizskirts dd, 1H, J = 6.6Hz); 3.57-3.70 (m, 1H); 3.88-
4.05 (m, 1H); 4.89-5.04 (m, 1H); 9.07 (pl.s, 1H).

N-Tetrahidropiraniloksi-1-benziloksikarbonilaziridin-2-karbonskabes amids
192i

No 2.08g (4.95mmol) bis-Boc amida 187c un 0.58g (4.95mmol) O-
tetrahidropiranilhidroksilamina. Reakcijas maisijumu iztur maisot argona atmosféra
IT 12h. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE — EtOAC
4:1 eluentu. legust 0.52g (33%) baltas amorfas masas. Rf = 0.44 (PE- EtOAc 1:1).
SH-MS m/z: 343 [M+Na]". 'H KMR (200 MHz, CDCl;, TMS, m.d.) (izoméru
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maistjms) & 1.51-1.93 (m, 6H); 2.39-2.51 (m, 1H); 2.55 (neizskirts dd, 1H, H =
6.1Hz); 2.99-3.13 (m, 1H); 3.52-3.71 (m, 1H); 3.81-4.02 (m, 1H); 4.82-4.90 (m,
0.5H); 4.92-5.01 (M, 0.5H); 5.05-5.24 (m, 2H); 7.30-7.54 (m, 5H).

N-terc-Butildimetilsililoksi-1-terc-butiloksikarbonilaziridin-2-karbonskabes
amids 192j

No 0.20g (0.52mmol) bis-Boc amida 187a un 0.08g (0.52mmol) O-terc-
butildimetilsililhidroksilamina. Reakcijas maisijumu iztur maisot argona atmosféra IT
12h. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE — EtOAC
4:1 eluentu. Iegust 0.02g (12%) baltas amorfas glabajot nestabilas masas. Rf = 0.35
(PE- EtOAC 4:1). SH-MS m/z: 317 [M+H]". *H KMR (200 MHz, CDCl;, TMS, m.d.)
0 0.96 (s, 6H); 1.51 (s, 9H); 2.30 (neizskirts dd, 1H, J = 3.0Hz); 2.49 (neizskirts dd,
1H, J =5.9Hz); 2.99 (dd, 1H, J = 3.0, 5.9Hz); 8.45 (pl.s, 1H).

N-Hidroksi-1-terc-trifenilmetilaziridin-2-karbonskabes = amida 192k  1:1
komplekss ar DMAP

Aktivéto amidu 187b (0.84g, 1.59mmol) sajauc ar hidroksilamina
hidrogenhloridu (0.11g, 1.59mmol) un kalija karbonatu (0.23g, 1.66mmol), pievieno
5.00ml CH,Cl,. Reakcijas maisijumu iztur 5min maisot IT argona atmosféra, tad
nofiltré neorganisko materialu, filtratu iztur maisot veél 12h IT argona atmosfera,
izkritusas nogulsnes nofiltré, zavé vakuuma. Iegiist 0.07g (10%) baltas kristaliskas
vielas, kt = 128-129°C. Rf = 0.15 (PE- EtOAc 1:1). SH-MS m/z: 345 [M+H]". *H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 1.37 (neizskirts dd, 1H, J = 5.8Hz); 1.91-2.05
(m, 2H); 3.01 (s, 6H); 6.49 (d, 2H, J = 5.9Hz); 7.02-7.57 (m, 17H); 8.19 (d, 2H, J =
5.9Hz).

[4-(terc-butildifenilsilaniloksimetil)-2.2-dimetiltetrahidro-1.3.5-trioksa-6-
azaindol-6-il](1-trifenilmetilaziridin-2-il)metanons 1921

No 0.06g (0.16mmol) bis-Boc amida 187b, 0.05g (0.12mmol) 4-(terc-
butildifenilsilaniloksimetil)-2.2-dimetiltetrahidro-1.3.5-trioksa-6-azaindola un 4ml
MeCN. Reakcijas maisTjumu iztur maisot argona atmosfera IT 48h, tad silda Iidz 50°C
12h. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE — EtOAC
4:1 eluentu. Iegtist 0.02g (29%) baltas glabajot IT nestabilas amorfas masas. Rf = 0.30
(PE- EtOAC 5:1). SH-MS m/z: 739 [M+H]". *H KMR (200 MHz, CDCl;, TMS, m.d.)
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(izoméru maisijms) & 1.02 (s. 9H), 1.32 (s, 1.5H); 1.36 (s, 3H); 1.40 (s, 1.5H); 2.22-
2.41 (m, 2H); 3.27-3.48 (m, 1H); 3.49-3.63 (M, 2H); 4.29-4.44 (m, 1H); 4.58-4.73 (m,
1H); 4.78-4.97 (m, 1H); 6.95-7.79 (m, 25H).

Visparéja metode aziridin-2-karbonskabes esteru un dimetilamidu reakcijam ar

litijorganiskajiem reagentiem

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba ievieto
20ml abs. THF un pievieno 10mmol aziridin-2-karbonskabes atvasinajuma. legiito
$kidumu argona pliisma atdzesé 1idz -70°C un maisot 10 min laika piepilina 10, 20, 25
vai 40 mmol litijorganiska reagenta S$kiduma heksanos vai toluola. Reakcijas
maisijumu iztur -78°C temperatiira maisot 2, 12 vai 24h, tad pievieno 20ml tidens-
THF 1:1 maistjuma, atsilda lids IT un sadala starp @ideni (50ml) un dietil&teri (50ml)
un ekstrah@ ar dietiléteri (3x20ml). Etera ekstraktus apvieno, skalo ar tideni (2x20ml),
piesatinatu NaCl tdens Skidumu (20ml) un Zavé virs NaySQO,, tad nofiltré un
skidinataju ietvaic€ pie pazeminata spiediena. legiito produktu atira ar kolonnu
hromatografiju uz silikagela (200ml silikagela uz 1g maisjjuma) ar eluentu

petrol&teris — etilacetats.

1-(1-Trifenilmetilaziridin-2-il)-etanons 195a
No 2.04g (5.72mmol) dimetilamida 168c, 8.90ml (14.31mmol) MeLi 1.5M

skiduma heksanos, 25ml THF. Produktu izdala ar kolonnu hromatografiju uz 400ml
silikagela ar PE-EtOAc 4:1 eluentu. legtst 1.75g (93%) bezkrasainas kristaliskas
vielas, kt = 100°C. Rf = 0.50 (PE- EtOAc 4:1). *H KMR (200 MHz, CDCls, TMS,
m.d.) 6 1.44 (dd, 1H, J = 0.9, 6.3Hz); 1.98 (dd, 1H, J = 2.6, 6.3Hz); 2.21 (d, 1H, J =
0.9, 2.6Hz); 2.86 (s, 3H); 7.17-7.36 (m, 9H); 7.39-7.52 (m, 6H).

EA. Aprékinats uz C3H21NO C 84.37, H 6.46, N 4.28. Atrasts C 83.53, H 6.44,
N 4.09.

1-(1-Trifenilmetilaziridin-2-il)-pentan-1-ons 195b

No 2.26g (6.57mmol) dimetilamida 168c, 2.63ml (6.57mmol) terc-BuLi 2.5M
Skiduma heksanos, 10ml THF. Produktu izdala ar kolonnu hromatografiju uz 400ml
silikagela ar PE-EtOAc 4:1 eluentu. legist 1.07g (44%) bezkrasainas amorfas vielas.
Rf = 0.55 (PE- EtOAc 4:1). *H KMR (200 MHz, CDCls, TMS, m.d.)  0.93 (t, 3H, J =
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7.1Hz); 1.25-1.45 (m, 3H); 1.52-1.69 (m, 2H); 2.00 (dd, 1H, J = 2.9, 6.3Hz); 2.17-
2.22 (m, 1H); 2.39-2.80 (m, 1H); 7.16-7.34 (m, 15H).

2-Metil-1-(1-trifenilmetilaziridin-2-il) butan-1-ons 195¢

No 0.54g (1.50mmol) dimetilamida 168c, 1.20ml (1.50mmol) s-BuLi 1.25M
Skiduma heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 150ml
silikagela ar PE-EtOAc 9:1 eluentu. Iegiist 0.20g (36%) bezkrasainas amorfas vielas.
Rf = 0.50 (PE- EtOAc 10:1). 'H KMR (200 MHz, CDCl;, TMS, m.d.) (izoméru
maisijumam) ¢ 0.86 (dt, 3H, J = 2.4, 7.4Hz); 1.02 un 1.06 (d un d, 1.5H un 1.5H, J =
7.0 un 7.0Hz); 1.36 (dupletu heptets, 1H, J = 2.4, 7.4Hz); 1.43 (dd, 1H, J = 1.7,
6.2Hz); 1.65 (nonets, J = 7.0Hz); 2.03 (dd, 1H, J = 2.8, 6.3Hz); 2.18-2.25 (m, 1H);
2.68 (heptets, 1H, J = 7.0Hz); 7.15-7.35 (m, 9H); 7.40-7.56(m, 6H).

2.2-Dimetil-1-(1-trifenilmetilaziridin-2-il)-propan-1-ons 195d
No 2.14g (6.00mmol) dimetilamida 168c, 8.00ml (12.00mmol) terc-BuLi

1.5M skiduma heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz
300ml silikagela ar PE-EtOAc 10:1 eluentu. ITegast 2.58g (79%) bezkrasainas
kristaliskas vielas, kt = 135°C. Rf = 0.35 (PE- EtOAc 10:1). 'H KMR (200 MHz,
CDCls, TMS, m.d.) 3 1.04 (s, 9H); 1.44 (d, 1H, J = 2.4, 6.1Hz); 2.16-2.29 (m, 2H);
7.15-7.37 (m, 9H); 7.42-7.57 (m, 6H).

EA. Aprékinats uz CyH2;NO C 84.51, H 7.37, N 3.79. Atrasts C 84.43, H 7.51,
N 3.73

(1-Trifenilmetilaziridin-2-il)-fenil-metanons 195e
No 3.00g (8.42mmol) dimetilamida 168c, 16.80ml (33.66mmol) PhLi 2.0M

Skiduma toluola, 25ml THF. Produktu izdala ar kolonnu hromatografiju uz 400ml
silikagela ar PE-EtOAc 10:1 eluentu. legiist 2.58g (79%) bezkrasainas kristaliskas
vielas, kt = 129°C. Rf = 0.30 (PE- EtOAc 10:1). *H KMR (200 MHz, CDCls, TMS,
m.d.) 8 1.60 (dd, 1H, J = 2.0, 6.3Hz); 2.43 (neizskirts dd, J = 2.0Hz); 2.74 (dd, 1H, J =
2.8, 6.3Hz); 7.11 — 7.91 (m, 20H).

EA. Aprékinats uz CsH23sNO C 86.34, H 5.96, N 3.60. Atrasts C 86.08, H 5.92,
N 3.49.
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(1-terc-Butiloksikarbonilaziridin-2-il)-fenil-metanons 197a no estera 167c
No lekv. estera 167c, 1, 2 vai 4 PhLi 2.0M skiduma toluola, 20ml THF.

Reakcijas laiks 1h. Produktu izdala ar kolonnu hromatografiju uz 300ml silikagela ar
PE-EtOAc 1:1, tad MeOH eluentu. Iegtst 8, 10 vai 26% bezkrasainas kristaliskas
vielas, kt = 55°C. Rf = 0.70 (PE-EtOAc 2:1). *H KMR (200 MHz, CDCl3, TMS, m.d.)
6 1.45 (s, 9H); 2.54 (dd, 1H, J = 1.5, 5.3Hz); 2.70 (dd, 1H, J = 1.5, 3.3Hz); 3.94 (dd,
1H, J = 3.3, 5.3Hz); 7.46-7.71 )m, 3H); 8.05-8.16 (m, 2H).

EA. Aprekinats uz C14H17NO5; C 68.00, H 6.93, N 5.66. Atrasts C 68.23, H 5.56,
N 6.88.

Difenil-(1-terc-butiloksikarbonilaziridin-2-il)-metanols 200 no estera 167¢c

No lekv. estera 167c, 1, 2 vai 4 PhLi 2.0M $kiduma toluola, 20ml THF.
Reakcijas laiks 1h. Produktu izdala ar kolonnu hromatografiju uz 300ml silikagela ar
PE-EtOAc 1:1, tad MeOH eluentu. Iegtist 5, 40 vai 12% bezkrasainas e]las. Rf = 0.55
(PE- EtOAc 4:1). SH-MS m/z: 348 [M+Na]*. *H KMR (200 MHz, CDCls, TMS,
m.d.) & 1.45 9s, 9H); 2.26 (neizskirts dd, 1h, J = 6.3Hz); 2.36 (neizskirts dd, J =
3.8Hz); 2.76 (s, 1H); 3.38 (dd, 1H, J = 3.8, 6.3Hz); 7.20-7.42 (m, 8H); 7.3-7.72 (m,
2H).

(1-terc-Butiloksikarbonilaziridin-2-il)-metil-metanons 197b

No 0.51g (2.38mmol) dimetilamida 169a, 1.50ml (2.38mmol) MeLi 1.5M
skiduma heksanos, 10ml THF. Produktu izdala ar kolonnu hromatografiju uz 100ml
silikagela ar PE-EtOAC 2:1 eluentu. Iegist 0.18g (42%) bezkrasainas e]las. Rf = 0.55
(PE- EtOAC 2:1). SH-MS m/z: 186 [M+H]*. *H KMR (200 MHz, CDCl;, TMS, m.d.)
0 1.40 (s, 9H); 2.15 (s, 3H); 2.35 (dd, 1H, J = 0.9, 3.3Hz); 2.40 (dd, 1H, J = 0.9,
6.0Hz); 3.06 (dd, 1H, J = 3.3, 6.0Hz).

(1-terc-Butiloksikarbonilaziridin-2-il)-n-butil-metanons 197c

No lekv. dimetilamida 169a, 1 vai 4ekv. n-BuLi 2.5M skiduma heksanos,
10ml THF. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar PE-
EtOAc 3:1 eluentu. legiist 11 vai 54% bezkrasainas amorfas vielas. Rf = 0.70 (PE-
EtOAc 3:1). SH-MS m/z: 228 [M+H]". *H KMR (200 MHz, CDCls, TMS, m.d.) &
0.83 (t, 3H, J = 7.3Hz); 1.14-1.33 (m, 2H); 1.36 (s. 9H); 1.43-1.60 (m, 2H); 2.28-2.35
(m, 2H); 2.35-2.56 (m, 2H); 3.01-3.10 (m, 1H).
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(1-terc-Butiloksikarbonilaziridin-2-il)-terc-butil-metanons 197d

No 0.58g (2.71mmol) dimetilamida 169a, 1.80ml (2.72mmol) terc-BuLi 1.5M
Skiduma heksanos, 20ml THF. Produktu izdala ar kolonnu hromatografiju uz 40ml
silikagela ar PE-EtOAC 3:1 eluentu. Iegist 0.09g (15%) bezkrasainas ellas. Rf = 0.70
(PE- EtOAcC 3:1). SH-MS m/z: 228 [M+H]*. *H KMR (200 MHz, CDCl;, TMS, m.d.)
0 1.23 (s, 9H); 1.42 (s, 9H); 3.33 (dd, 1H, J = 1.9, 5.1Hz); 2.42 (dd, 1H, J = 1.9,
3.3Hz); 3.43 (dd, 1h, J = 3.3, 5.1Hz).

Aziridin-2-il-fenil-metanons 198a

No 1.28g (5.96mmol) dimetilamida 169a, 11.90ml (23.84mmol) PhLi 2.0M
skiduma toluola, 20ml THF. Produktu izdala ar kolonnu hromatografiju uz 300mi
silikagela ar PE-EtOAc 1:1, tad MeOH eluentu. Iegust 0.58g (66%) bezkrasainas
ellas. Rf = 0.15 (PE- EtOAc 1:1). SH-MS m/z: 170 [M+Na]". *H KMR (200 MHz,
CDCl3, TMS, m.d.) 6 1.89-1.99 (m, 1H); 2.04 (dd, 1H, J = 1.4, 5.7Hz); 2.14 (pl.s,
1H); 3.50 (dd, 1H, J = 2.9, 5.7Hz); 7.45-7.71 (m, 3H); 7.99-8.18 (m, 2H).

1-Aziridin-2-il-pentan-1-ons 198b

No 0.45g (2.08mmol) dimetilamida 169a, 3.30ml (8.31mmol) n-BuLi 2.5M
Skiduma heksanos, 10ml THF. Produktu izdala ar kolonnu hromatografiju uz 100ml
silikagela ar PE-EtOAc 3:1 eluentu. legiist 44% bezkrasainas amorfas vielas. Rf =
0.10 (PE- EtOAC 3:1). SH-MS m/z: 159 [M+Na]". *H KMR (200 MHz, CDCl;, TMS,
m.d.) 6 0.79-0.96 (m, 1H); 0.91 (t, 3H, J = 7.0Hz); 1.09-1.71 (m, 6H); 1.71-1.90 (m,
2H); 2.55-2.70 (m, 1H).

N-terc-Butiloksikarbonilfenilalanina dimetilamids 199

No 0.81g (3.78mmol) dimetilamida 169a, 1.90ml (3.78mmol) PhLi 2.0M
$kiduma toluola, 20ml THF. Reakcijas maisTjumu iztur maisot 15min pie -78°C, tad
atsilda Iidz IT. Produktu izdala ar kolonnu hromatografiju uz 200ml silikagela ar PE-
EtOAc 3:1, tad 1:1. Tegiist 0.22g (20%) bezkrasainas amorfas vielas. Rf = 0.20 (PE-
EtOAc 1:1). SH-MS m/z: 324 [M+Na]*. *H KMR (200 MHz, CDCl;, TMS, m.d.) &
1.41 (s, 9H); 2.39 (s, 6H); 3.40-3.68 (m, 2H); 4.26 (dd, 1H, J = 5.3, 7.8Hz); 4.85-5.06
(m, 1H); 7.34-7.64 (m, 3H); 7.98-8.13 (m, 2H).
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(1-Benzil-2-okso-2-feinil-etil)-karbaminskabes terc-butilesteris 202

No 0.36g (1.30mmol) estera 167¢, 1.30ml (2.60mmol) PhLi 2.0M $kiduma
toluola, 20ml THF. Reakcijas maistjumu iztur maisot 5min pie -78°C, tad atsilda lidz
IT un iztur maisot 12h. Produktu izdala ar kolonnu hromatografiju uz 200ml
silikagela ar PE-EtOAc 7:1. Iegiist 0.20g (48%) bezkrasainas amorfas vielas. Rf =
0.30 (PE- EtOAC 1:1). SH-MS m/z: 348 [M+Na]*. *H KMR (200 MHz, CDCls, TMS,
m.d.) & 1.43 (s, 9H); 2.71-2.90 (m, 1H); 3.32-3.53 (m, 1H); 3.60 (dd, 1H, J = 4.3,
6.9Hz); 4.59-4.80 (m, 1H); 7.23-7.46 (m, 10H).

Visparéja metode (2-aziridinil) ketonu reakcijam ar litijorganiskajiem

reagentiem
Izkarsgta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba ievieto

20ml abs. THF un pievieno (2-aziridinil) ketona. Iegiito $kidumu argona plisma
atdzesé Iidz -70°C un maisot 10 min laika piepilina 10, 20, 30 vai 40 mmol
litijorganiska reagenta Skiduma heksanos vai toluola. Reakcijas maistjumu iztur -78°C
temperatiira maisot 1, 12 vai 24h, tad pievieno 20ml tGdens-THF 1:1 maisijuma,
atsilda Iids IT un sadala starp @ideni (50ml) un dietiléteri (50ml) un ekstrah& ar
dietileteri (3x20ml). Etera ekstraktus apvieno, skalo ar Gideni (2x20ml), piesatinatu
NaCl @idens skidumu (20ml) un zave virs Na,SO,, tad nofiltré un $kidinataju ietvaice
pie pazeminata spiediena. legiito produktu atira ar kolonnu hromatografiju uz

silikagela (200ml silikagela uz 1g maisijuma) ar eluentu petroléteris — etilacetats.

2-(1-Trifenilmetilaziridin-2-il)-propan-2-ols 196a

No 0.44g (1.34mmol) ketona 195a, 2.52ml (33.66mmol) MeLi 1.6M §kiduma
heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 140ml silikagela
ar PE-EtOAc 10:1 eluentu. legiist 0.15g (33%) bezkrasainas kristaliskas vielas, kt =
120°C. Rf = 0.350 (PE- EtOAc 10:1). *H KMR (200 MHz, CDCls, TMS, m.d.) &
1.07-1.14 (m, 1H); 1.11 (s, 3H); 1.17 (s, 3H); 1.38 (dd, 1h, J= 3.3, 6.5Hz); 1.89
(neizskirts dd, 1H, J=3.3Hz); 3.10 (s, 1H); 7.16-7.58 (m, 15H).

EA. Aprekinats uz CaHsNO C 83.93, H 7.34, N 4.08. Atrasts C 83.52, H
6.42, N 4.20.
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Difenil-(1-trifenilmetilaziridin-2-il)-metanols 196b

No 0.50g (1.28mmol) ketona 195e, 2.60ml (33.66mmol) PhLi 2.0M $kiduma
toluola, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 170ml silikagela ar
PE-EtOAc 10:1 eluentu. Iegiist 0.59g (98%) bezkrasainas kristaliskas vielas, kt =
154°C. Rf = 0.45 (PE- EtOAc 10:1). *H KMR (200 MHz, CDCls, TMS, m.d.) 5 1.36
(neizskirts dd, 1H, J = 6.2Hz); 2.11 (neizskirts dd, 1H, J = 3.0Hz); 2.39 (dd, 1H, J =
3.0, 6.2Hz); 4.46 (s, 1H); 7.03-7.69 (m, 25H).

EA. Aprekinats uz CssHNO C 87.33, H 6.25, N 3.00. Atrasts C 85.03, H
6.11, N 2.85.

2.2.4.4-tetrametil-(1-trifenilmetilaziridin-2-il)-pentan-3-ols 196¢

No 1.03g (3.00mmol) estera 166¢, 4.00ml (6.00mmol) terc-BuLi 1.5M
Skiduma heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 200mi
silikagela ar PE-EtOAc 10:1 eluentu. Iegust 0.88g (69%) bezkrasainas kristaliskas
vielas, kt = 167°C. Rf = 0.50 (PE- EtOAc 10:1). 'H KMR (200 MHz, CDCls, TMS,
m.d.) 6 0.86 (s, 9H); 0.93 (s, 9H); 1.31-1.42 (m, 2H); 2.31 (neizskirts dd, 1H, J =
3.0Hz); 2.89 (s, 1H); 7.10-7.33 (m, 9H); 7.46-7.62 (m, 6H).

EA. Aprekinats uz C3oH3;NO C 84.25, H 8.72, N 3.28. Atrasts C 83.93, H
8.98, N 3.27.

3.3-Dimetil-1-(1-trifenilmetilaziridin-2-il)-butan-1-ols 196d

No 0.15g (3.00mmol) ketona 195d, 1.02ml (1.62mmol) MeLi 1.6M s§kiduma
heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 50ml silikagela ar
PE-EtOAc 10:1 eluentu. Iegust 0.059 (52%) bezkrasainas amorfas vielas, Rf = 0.20
(PE- EtOAC 10:1). *H KMR (200 MHz, CDCls, TMS, m.d.) & 0.84 (s, 9H); 1.11 (s,
3H); 1.31 (neizskirts dd, 1H, J = 6.0Hz); 1.89-2.00 (m, 2H); 2.15 (s, 1H); 6.68-6.80
(m, 2H); 7.04-7.20 (m, 2H); 7.22-7.40 (m, 8H); 7.45-7.57 (m, 3H).

2.2-Dimetil-1-fenil-(1-trifenilmetilaziridin-2-il)-propan-1-ols 196e

No 0.15g (0.41mmol) ketona 195d, 0.81ml (1.62mmol) PhLi 2.0M skiduma
toluola, 10ml THF. Produktu izdala ar kolonnu hromatografiju uz 100ml silikagela ar
PE-EtOAc 10:1 eluentu. Ieguist 0.18g (100%) bezkrasainas kristaliskas vielas, kt =
170°C. Rf = 0.50 (PE- EtOAc 4:1). *H KMR (200 MHz, CDCls, TMS, m.d.) 8 0.70 (s,
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9H); 1.32 (neizikirts dd, 1H, J = 7.0Hz); 1.39 (neizskirts dd, J — 3.6Hz); 2.14 (dd, 1H,
J=23.6, 7.0Hz); 455 (s, 1H); 7.04-7.65 (m, 20H).

EA. Aprékinats uz CsHssNO C 85.87, H 7.43, N 3.13. Atrasts C 85.98, H
7.17,N 2.97.

1-Fenil-(1-trifenilmetilaziridin-2-il)-etanols 196f

No 0.78g (2.00mmol) ketona 195e, 5.00ml (33.66mmol) MeLi 1.6M skiduma
heksanos, 15ml THF. Produktu izdala ar kolonnu hromatografiju uz 150ml silikagela
ar PE-EtOAc 4:1 eluentu. legiist 0.49g (61%) bezkrasainas kristaliskas vielas, kt =
151°C. Rf = 0.60 (PE- EtOAc 4:1). 'H KMR (200 MHz, CDCls, TMS, m.d.) & 1.25
(neizskirts dd, 1H, J = 6.2Hz); 1.37 (s, 3H); 1.90 (dd, 1H, J = 3.0, 6.2Hz); 2.03
(neizskirts dd, 1H, J = 3.0Hz); 3.61 (s, 1H); 7.05-7.48 (m, 20H).

EA. Aprekinats uz CHp7NO C 85.89, H 6.71, N 3.45. Atrasts C 84.88, H
6.68, N 3.43.

Difenil-(1-terc-butiloksikarbonilaziridin-2-il)-metanols 200 no ketona 197a

No 0.40g (1.62mmol) ketona 197a, 0.80ml (1.62mmol) PhLi 2.0M §kiduma
toluola, 10ml THF. Produktu izdala ar kolonnu hromatografiju uz 150ml silikagela ar
PE-EtOAc 4:1 cluentu. Iegist 0.49g (61%) bezkrasainas ellas. Rf = 0.55 (PE- EtOAC
4:1). SH-MS m/z: 348 [M+Na]*. '"H KMR (200 MHz, CDCls, TMS, m.d.) & 1.45 9s,
9H); 2.26 (neizskirts dd, 1h, J = 6.3Hz); 2.36 (neizskirts dd, J = 3.8Hz); 2.78 (s, 1H);
3.38 (dd, 1H, J = 3.8, 6.3Hz); 7.20-7.42 (m, 8H); 7.3-7.72 (m, 2H).

Aziridin-2-il-difenil-metanols 201

No 0.10g (0.29mmol) difenil-(1-terc-butiloksikarbonilaziridin-2-il) metanola
200, 0.60ml (1.17mmol) PhLi 2.0M Skiduma toluola, 10ml THF. Produktu izdala ar
kolonnu hromatografiju uz 20ml silikagela ar PE-EtOAc 4:1 eluentu. Iegiist 0.03g
(44%) bezkrasainas ellas. Rf = 0.15 (PE- EtOAc 4:1). SH-MS m/z: 248 [M+Na]*. *H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 0.94 (pl.s, 1H); 1.75 (neizskirts dd, 1H, J =
3.6Hz); 1.87 )neizskirts dd, J = 6.1Hz); 2.92 (dd, 1H, J = 3.6, 6.1Hz); 3.57 (plL.s., 1H);
7.21-7.51 (m, 10H).
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Visparéja metode aziridin-2-karbonskabes esteru un dimetilamidu

starpmolekularas kondensacijas reakcijam

Izkarséta (5h, 150°C) un argona pliisma atdzeséta 100ml apalkolba ievieto
10ml abs. THF un pievieno 0.51g (5.00mmol) sausa diizopropilamina. Iegito
$kidumu argona atmosfera atdzesé lidz -20°C un piepilina 2.00ml (5.00mmol) n-BuLi
(2.5M 8kidums heksanos). Iegiito LDA $kidumu maisa 15min -20°C temperatiira, tad
argona pliisma atdzesé Iidz -78°C un piepilina 5.00mmol aziridin-2-karbonskabes
estera vai dimetilamida Skidumu 5ml THF. Tad reakcijas maisijumu iztur maisot -
78°C temperatiira 15-60min, maisijums iegiist oranzsarkanu krasu. P&c tam pievieno
10ml H,O-THF 1:1 maisijuma un péc krasojuma izzuSanas atsilda lidz IT. Tad
maistjumu izlej uz 20ml ledus - Gdens un ekstrahé ar dietiléteri (3x20ml). Etera
ekstraktus apvieno, skalo ar tideni (2x20ml), piesatinatu NaCl tdens skidumu (20ml)
un zave virs NapSO,, tad nofiltré un $kidinataju ietvaicé pie pazeminata spiediena.
legiito produktu atira ar kolonnu hromatografiju uz silikagela (200ml silikagela uz 1g

maisTjuma) ar eluentu petrol&teris — etilacetats 3:1.

1-Benzil-2-(1-benzilaziridin-2-karbonil)aziridin-2-karbonskabes terc-butilesteris
204a

No 0.96g (5.00mmol) 1-benzilaziridin-2-karbonskabes terc-butilestera
165b.Reakcijas laiks 15min. Iegiist 0.90g (46%) bezkrasainas ellas. 'H KMR (200
MHz, CDCl3, TMS, m.d.) 6 1.41 (s, 9H); 1.71 (dd, 1H, J = 1.2, 6.5Hz); 2.15-2.19 (m,
1H); 2.25-2.28 (m, 1H); 2.30 ( neizskirts dd, 1H); 2.52 (dd, 1H, J = 3.0, 6.5Hz); 3.41
un 3.55 (AB sist€éma, 1H un 1H, J = 13.9Hz); 3.78 un 3.96 (AB sistéma, 1H un 1H, J
= 13.8Hz); 7.17 — 7.50 (m, 10H).

AIMS. Atrasts m/z 393.2165 [M+H]". C24H2sN203. M+H = 393.2178

1-Benzil-2-(1-benzilaziridin-2-karbonil)aziridin-2-karbonskabes metilesteris
204b

No 0.96g (5.00mmol) 1-benzilaziridin-2-karbonskabes metilestera 166b.
Reakcijas laiks 50min. Iegiist 0.79g (45%) bezkrasainas ellas. *H KMR (200 MHz,
CDCl3, TMS, m.d.) & 1.75 (neizskirts dd, 1H, J = 6.5Hz); 2.13-2.17 (m, 1H); 2.26-
2.29 (m, 1H); 2.37 ( neizskirts dd, 1H); 2.59 (dd, 1H, J = 2.7, 6.5Hz); 3.41 un 3.56
(AB sistéma, 1H un 1H, J = 13.4Hz); 3.64 (s, 3H); 3.79 un 3.95 (AB sist€ma, 1H un
1H, J = 13.6Hz); 7.20 — 7.38 (m, 10H).
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AIMS. Atrasts m/z 350.1736 [M+H]". C21H22N203. M+H = 350.1756

1-Trifenilmetil-2-(1-trifenilmetilaziridin-2-karbonil)aziridin-2-karbonskabes
dimetilamids 204f

No 1.78g (5.00mmol) 1-trifenilemtilaziridin-2-karbonskabes dimetilamida
168c. Reakcijas laiks 3h (ar atsildiSanu lidz IT). legist 1.94g (58%) bezkrasainas
ellas. '"H KMR (200 MHz, CDCls, TMS, m.d.) & 1.44 (dd, 1H, J = 1.6, 6.6Hz); 1.91
(neizskirts dd, 1H); 2.05 (d, 1H, J = 6.8Hz); 2.38 (s, 3H); 2.50 (d, 1H, J = 6.8Hz);
2.54 (s, 3H); 2.89 (dd, 1H, J = 2.3, 6.6Hz); 7.05-7.28 (m, 20H); 7.36-7.54 (m, 10H).

AIMS. Atrasts m/z 690.3132 [M+Na] . C4sH41N203. M+Na = 690.3096

1-terc-Butiloksikarbonil-2-(1-terc-butiloksikarbonilaziridin-2-karbonil)aziridin-
2-karbonskabes dimetilamids (kristaliskais izomeérs) 2049
No 2.28g (10.64mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes

dimetilamida 169a, 4.71ml (11.70mmol) 2.5M n-BuLi $kiduma heksanos un 1.18g
(11.70mmol) diizopropilamina. Reakcijas laiks 5min. Reakcijas maisijumu sadala ar
kolonu hromatografiju uz 250ml silikagela ar EtOAc-PE 1:1 eluentu. Hromatografiski
homogéno frakciju kristalizé no heptana. Iegiist 0.929 (23%) bezkrasainas kristaliskas
vielas, kt = 135°C. Rf = 0.40 (PE- EtOAc 1:1). *H KMR (200 MHz, CDCls, TMS,
m.d.) & 1.42 (s, 9H); 1.44 (s, 9H); 2.43 (dd, 1H, J = 1.8, 5.4Hz); 2.49 (dd, 1H, J = 1.8,
3.0Hz); 2.63 (d, 1H, J = 1.8Hz); 2.78 (d, 1H, J = 1.8Hz); 3.03 (s, 3H); 3.25 (s, 3H);
3.43 (dd, 1H, J = 3.0, 5.4Hz).

EA. Aprekinats uz CigH29N30 C 56.38, H 7.62, N 10.96. Atrasts C 56.41, H
7.68, N 10.97.

Visparéja metode A deprotonéSanas reakcijam

Diizopropilaminu (1.1ekv.) $kidina sausa THF (5ml THF uz Immol amina),
$kidumu atdzesé argona atmosfera Iidz -20°C . legiitajam $kidumam pievieno 1.1ekv.
n-BuLi (2.5M $kidumu heksanos). Péc 5 min $kidumu atdzesé lidz -78°C un pievieno
1.0ekv. aziridin-2-karbonskabes estera Skidumu sausa THF ( 0.5ml THF uz 1mmol
estera). MaisTjumu iztur -78 °C temperatiira 15 min, tad dz&§ ar THF-H,O maistjumu.
Emulsijai lauj uzsilt lidz istabas temperatiirai un to ekstrahé 3x ar Et,O. Ekstraktus
apvieno, skalo ar pies. NaCl tidens skidumu, zave ar Na;SOs, filtré un ietvaice.

Atlikumu hromatografé uz silikagela (150cm®) ar PE — EtOAc 4:1 eluentu.
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Visparéja metode B deprotonéSanas reakcijam

Diizopropilaminu (1.1ekv.) skidina sausa DME-Et,0O 5:1 (5ml $kidinataja uz
Immol amina), $kidumu atdzes& argona atmosfera lidz -20°C . legiitajam $kidumam
pievieno 1.1ekv. n-BuLi (2.5M skidumu heksanos). Péc 5 min $kidumu atdzesg lidz -
78°C un pievieno 1.0ekv. aziridin-2-karbonskabes estera Skidumu sausa DME-Et,0
5:1 (0.5ml $kidinatdja uz 1mmol estera). Maistjumu iztur -78 °C temperatiira 15 min,
tad dz&§ ar THF-H,0O maisijumu. Emulsijai lauj uzsilt 11dz istabas temperatiirai un to
ekstrah€ 3x ar Et;O. Ekstraktus apvieno, skalo ar pies. NaCl tidens skidumu, Zave ar
Na,S0,, filtré un ietvaicé. Atlikumu hromatografé uz silikagela (150cm®) ar PE —
EtOAcC 4:1 eluentu.

Visparéja metode C deprotonéSanas reakcijam

Diizopropilaminu (1.1ekv.) skidina sausa THF (5ml THF uz 1mmol amina),
$kidumu atdzes@ argona atmosfera Iidz -20°C. legiitajam $kidumam pievieno 1.1ekv.
n-BuLi (2.5M $kidumu heksanos). P&c 5 min $kidumu atdzesg Iidz -78°C un pievieno
1.0ekv. aziridin-2-karbonskabes estera skidumu DMPU (3¢kv.). Maisijumu iztur -78
°C temperatiira 15 min, tad dze$ ar THF-H,O maistjumu. Emulsijai lauj uzsilt Iidz
istabas temperatiirai un to ekstrah& 3x ar Et,O. Ekstraktus apvieno, skalo ar pies. NaCl
tidens Skidumu, zave ar NaySOy, filtré un ietvaice.

Atlikumu hromatografé uz silikagela (150cm?®) ar PE — EtOAc 4:1 eluentu.

Visparéja metode D deprotonésanas reakcijam

Diizopropilaminu (1.1ekv.) §kidina sausa THF (5ml THF uz Immol amina),
$kidumu atdzesé argona atmosfera lidz -20°C. Iegiitajam §kidumam pievieno 1.1eq n-
BuLi (2.5M $kidumu heksanos). Péc 5 min $kidumu atdzesé lidz -78°C un pievieno
1.0eq aziridin-2-karbonskabes estera skidumu TMEDA (3ekv.) Maisijumu iztur -78
°C temperatiira 15 min, tad dz&$ ar THF-H,O maistjumu. Emulsijai lauj uzsilt lidz
istabas temperatiirai un to ekstrahé 3x ar Et,O. Ekstraktus apvieno, skalo ar pies. NaCl
tdens Skidumu, zave ar Nay,SQg, filtré un ietvaice.

Atlikumu hromatografé uz silikagela (150cm®) ar PE — EtOAC 4:1 eluentu.
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1-terc-Butiloksikarbonilaziridin-2-karbonskabes metilestera reakcija ar LDA
2-terc-Butil-2-metilaziridin-2,2-dikarboksilats 207a

No 0.46g (2.29mmol) 1-Boc-aziridin-2-karbonskabes metilestera 166a, 1.02ml
(2.52mmol) 2.5M n-BuLi, 0.25g (2.52mmol) diizopropilamina, 0.88g (6.86mmol)
DMPU. Iegiist baltu kristalisku vielu, kt = 48°C. Iznakums: Metode A — 0%, metode
C - 0.09g (20%). *H KMR (200 MHz, CDCls, TMS, m.d.) 5 1.50 (s, 9H); 1.68-1.85
(m, 1H); 2.17-2.29 (m, 2H); 3.82 (s, 3H). *C KMR (400MHz, CDCls, m.d.) 27.8,
32.5,40.8, 52.8, 83.6, 167.8.

EA. Aprékinats uz CgH1sNO4 C 53.72, H 7.51, N 6.96. Atrasts C 54.04, H 7.58,
N 6.78

1-terc-Butiloksikarbonilaziridin-2-karbonskabes etilestera reakcija ar LDA
2-terc-Butil-2-etilaziridin-2,2-dikarboksilats 207b

legiits ka bezkrasaina ella.

MetodeA: No 0.48g (2.23mmol) 1-Boc-aziridin-2-karbonskabes etilestera
1671, 1.00ml (2.45mmol) 2.5M n-BuLi, 0.26g (2.45mmol) diizopropilamina.
Iznakums: 0.02g (4%),

MetodeB: No 0.18g (0.84mmol) 1-Boc-aziridin-2-karbonskabes etilestera
1671, 0.40ml (1.00mmol) 2.5M n-BuLi, 0.10g (1.00mmol) diizopropilamina.
Iznakums: 0.04g (22%),

MetodeC: No 0.27g (1.34mmol) 1-Boc-aziridin-2-karbonskabes etilestera
1671, 0.60ml (1.48mmol) 2.5M n-BuLi, 0.15g (1.48mmol) diizopropilamina, 0.52g
(4.03mmol) DMPU. Iznakums: 0.15g (56%),

MetodeD: No 0.25g (1.16mmol) 1-Boc-aziridin-2-karbonskabes etilestera
1671, 0.50ml (1.28mmol) 2.5M n-BuLi, 0.13g (1.28mmol) diizopropilamina, 0.41g
(3.49mmol) TMEDA. Iznakums: 0.07g (26%).

'H KMR (200 MHz, CDCl3, TMS, m.d.) 5 1.32 un 1.33 (tun t, 3H, J = 7.2 un
7.2Hz); 1.50 (s, 9H); 1.64-1.85 (m, 1H); 2.15-2.30 (m, 2H); 4.10-4.43 (m, 2H).
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1-Etiloksikarbonil -aziridin-2-karbonskabes terc-butilestera reakcija ar LDA
2-terc-Butil-2-etilaziridin-2,2-dikarboksilats 207b

No 0.52g (2.42mmol) 1-etiloksikarbonilaziridin-2-karbonskabes terc-
butilestera 167t, 1.10ml (2.66mmol) 2.5M n-BuLi, 0.27g (2.66mmol)

diizopropilamina. legiist bezkrasainu e]lu. Iznakums: Metode A — 0.39g (74%), H
KMR (izom&ru maisijums) (200 MHz, CDCl3, TMS, m.d.) 6 1.31 un 1.33 (tun t, 3H,
J=7.2un 7.2Hz); 1.50 (s, 9H): 1.65-1.85 (pl.s, 1H); 2.15-2.29 (m, 2H); 4.11-4.43 (m,
2H). °C NMR (izom&ru maisijums) (200MHz, CDCl;, m.d.) 5 14.0, 27.8, 27.8, 32.3,
32.6,40.9,41.1, 61.6, 62.5, 82.4, 83.7, 166.0, 167.3, 168.2, 169.8.

AIMS. Atrasts m/z 238.1660 [M+Na]". C1o0H17NO4. M+Na = 238.1055

1-terc-Butiloksikarbonil-2-(1-terc-butiloksikarbonil-aziridin-2-karbonil)aziridin-
2-karbonskabes etilesteris 204h

Iegiits ka bezkrasaina ella. Iznakums: Metode A — 0%, metode B, no 0.18g
(0.84mmol) 1-Boc-aziridin-2-karbonskabes etilestera, 0.40ml (1.00mmol) 2.5M n-
BuLi, 0.10g (1.00mmol) diizopropilamina -31%, metode C — 0%, metode D — 0%. *H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 1.32 (t, 3H, J = 7.2 Hz); 1.44 (s, 9H); 1.49 (s,
9H); 2.51 (dd, 1H, J = 1.8, 5.7 Hz); 2.64 (d, 1H, J = 1.4 Hz); 2.68 (dd, 1H, J=1.8, 3.1
Hz); 2.94 (d, 1H, J = 1.4 Hz); 3.58 (dd, 1H, J = 3.1, 5.6 Hz); 4.16-4.42 (m, 2H,). **C
KMR (400MHz, CDCl3, m.d.) 8 14.0, 27.8, 27.9, 28.2, 33.8, 36.0, 38.5, 48.7, 62.9,
88.1, 88.9, 157.5, 159.5, 165.2, 195.7.

AIMS. Atrasts m/z 407.1625 [M+Na] . C1gH2sN,07. M+Na = 407.1794

1-terc-Butiloksikarbonilaziridin-2-karbonskabes izopropilestera reakcija ar
LDA
2-terc-Butil-2-izopropilaziridin-2,2-dikarboksilats 207c

No 0.22g (0.96mmol) 1-Boc-aziridin-2-karbonskabes izopropilestera, 0.40ml
(1.00mmol) 2.5M n-BuLi, 0.11g (1.06mmol) diizopropilamina. Iegtst baltu
kristalisku vielu, kt = 45°C. Iznakums: Metode A — 0.11g (49%). 'H KMR (200 MHz,
CDCls, TMS, m.d.) 6 1.30 (d, 6H, J = 6.3Hz); 1.50 (s, 9H); 1.65-1.80 (pl.s, 1H); 2.13-
2.27 (m, 2H); 5.10 (heptets, 1H, J = 6.3Hz). *C KMR (400MHz, CDCls, m.d.) 5 21.6,
27.8,32.2,32.4,41.12,41.2,69.3, 70.4, 82.3, 83.6, 166.1, 166.8, 168.4, 169.3.

EA. Aprékinats uz C1;H;9NO4 C 57.63, H 8.35, N 6.11. Atrasts C 57.42, H
8.37, N 5.97.

145



2-terc-Butil-2-izopropilaziridin-2,2-dikarboksilats 207c no izejvielas (S)-167v

No 0.16g (0.70mmol) (2S)-1-Boc-aziridin-2-karbonskabes izopropilestera (S)-
167v, 0.31ml (0.77mmol) 2.5M n-BuLi, 0.08g (0.77mmol) diizopropilamina. Iegtst
baltu kristalisku vielu, kt = 44-45°C. |znakums: Metode A — 0.09g (56%). *H KMR
(200 MHz, CDCl3, TMS, m.d.) & 1.30 (d, 6H, J = 6.3Hz); 1.50 (s, 9H); 1.65-1.80
(pl.s, 1H); 2.13-2.27 (m, 2H); 5.10 (heptets, 1H, J = 6.3Hz).

[a]p(20) = 0° (c = 1.0, CHCly)

2-terc-Butil-2-izopropil-1(3,5-dinitrobenzoil) aziridin-2,2-dikarboksilats 209

0.02g (0.09mmol) aziridin-2,2-dikarboksilata 207¢ $kidina 2ml metilénhlorida
(dest. no CaH) un pievieno 0.03ml (0.22mmol) trietilamina. Reakcijas maisijumu
atdzesé Iidz 0°C un pievieno 0.02g (0.09mmol) 3,5-dinitrobenzoilhlorida. Reakcijas
maisijumu maisa Sh pie IT, tad izlej Gdeni (Sml) un ekstrah& ar metilénhloridu
(3x10ml). Ekstraktus apvieno un skalo ar piesat. NeCl tdens $kidumu (2x15ml), zave
uz NaySQ,, filtré un ietvaice. Atlikumu attira ar kolonnas hromatografiju uz silikagela
(50 cm®) ar PE-EtOAc 4:1 eluentu. legiist bezkrasainu kristalisku vielu. Iznakums
0.03g (92%), kt = 115°C. *H KMR (200 MHz, CDCl;, TMS, m.d.) §1.27 (d, 3H, J =
6.4 Hz); 1.32 (d, 3H, J = 6.4 Hz); 1.37 (s, 9H); 2.98 (s, 1H); 3.04 (s, 1H); 5.12
(heptets, 1H, J = 6.3Hz); 9.20 (d, 1H, J = 2.2Hz); 9.21 (d, 1H, J = 2.2Hz); 9.33 (d, 1H,
J = 2.2Hz). °C KMR (400MHz, CDCls, m.d.) & 21.3, 21.4, 27.6, 34.6, 49.6, 71.5,
77.2,85.4,121.9, 128.6, 136.9, 148.7, 164.2, 171.6.

EA. Aprékinats uz C1gH21N309 C 51.07, H 5.00, N 9.92. Atrasts C 51.55, H
4.98, N 9.78

1-terc-Butiloksikarbonilaziridin-2-karbonskabes (-)mentilestera reakcija ar LDA
2-terc-Butil-2-(-)mentilaziridin-2,2-dikarboksilats 207d

No 0.20g (0.62mmol) 1-Boc-aziridin-2-karbonskabes (-)-mentilestera 167n,
0.30ml (0.68mmol) 2.5M n-BuLi, 0.07g (0.68mmol) diizopropilamina. legtst baltu
kristalisku vielu, kt = 53°C. Iznakums: Metode A — 0.14g (71%). 'H KMR
(Diastereoméru maisijums) (200 MHz, CDCl;, TMS, m.d.): 6 0.77 (d, 3H, J = 6.8
Hz); 0.86-0.96 (m, 6H); 0.96-1.20 (m, 3H); 1.32-1.46 (m, 2H); 1.49 (s, 9H), 1.59-1.78
(m, 3H); 1.78-2.12 (m, 2H); 2.12-2.27 (m, 2H); 4.67-4.89 (m, 1H).
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1-(-)Mentiloksikarbonilaziridin-2-karbonskabes terc-butilestera reakcija ar LDA
2-terc-Butil-2-(-)mentilaziridin-2,2-dikarboksilats 207d

No 0.10g (0.31mmol) 1-(-)-mentiloksikarbonilaziridin-2-karbonskabes terc-
butilestera 167s, 0.14ml (0.34mmol) 25M n-BuLi, 0.1ml (0.34mmol)

diizopropilamina. legiist baltu kristalisku vielu, kt = 53°C. Iznakums: Metode A —
0.14g (71%). *H KMR (Diastereoméru maisijums) (200 MHz, CDCls, TMS, m.d.): &
0.76 un 0.78 (d un d, 3H, J = 6.8 un 6.8Hz); 0.86-0.96 (m, 6H); 0.97-1.19 (m, 3H);
1.32-1.44 (m, 2H); 1.49 (s, 9H), 1.61-1.78 (m, 3H); 1.78-2.11 (m, 2H); 2.12-2.27 (m,
2H); 4.68-4.88 (m, 1H). **C KMR (diastereoméru un rotaméru maisijums) (400MHz,
CDCl3, m.d.) 15.6, 15.9, 16.3, 16.3, 20.6, 20.8, 20.9, 21.9, 21.9, 22.7, 23.0, 23.4, 25.4,
25.7, 26.0, 26.2, 27.7, 27.78, 27.9, 31.3, 32.2, 32.3, 32.4, 32.6, 34.0, 34.1, 34.1, 34.1,
40.4, 40.5, 40.6, 40.7, 41.3, 41.4, 41.5, 46.8, 46.9, 47.0, 47.1, 75.5, 75.7, 76.9, 77.2,
82.3,82.4, 83.6, 83.8, 166.0, 166.1, 166.9, 166.9, 168.4, 168.5, 169.5.
EA. Aprékinats uz C1gH33NO4 C 66.43, H 9.60, N 4.30. Atrasts C 66.47, H

9.72,N 4.28

1-terc-Butiloksikarbonilaziridin-2-karbonskabes terc-butilestera reakcija ar
LDA
di-terc-Butilaziridin-2,2-dikarboksilats 207e

No 0.44g (1.81lmmol) 1-Boc-aziridin-2-karbonskabes terc-butilestera 167h,
0.90ml (2.17mmol) 2.5M n-BuLi, 0.22g (2.17mmol) diizopropilamina. Iegtist baltu
kristalisku vielu, kt = 70°C. Iznakums: Metode A — (80%). *H KMR (200 MHz,
CDCls, TMS, m.d.) § 1.50 (s, 9H); 1.51 (s, 9H); 1.66 (neizskirts d, 1H); 2.12 (dd, 1H,
J = 1.4, 10.4Hz); 2.19 (dd, 1H, J = 1.4, 9.3Hz). *C KMR (400MHz, CDCl;, m.d.) &
27.8,32.1,41.8,82.1, 83.3, 166.4, 168.7.

EA. Apréekinats uz C1oH;NO4 C 59.24, H 8.70, N 5.76. Atrasts C 59.51, H
8.98, N5.74

1-(-YMentiloksikarbonil -aziridin-2-karbonskabes etilestera reakcija ar LDA

2-etil-2-(-)mentilaziridin-2,2-dikarboksilats 2079

No 0.51g (1.70mmol) 1-(-)-mentiloksikarbonilaziridin-2-karbonskabes
etilestera 167p, 0.80ml (1.87mmol) 2.5M n-BuLi, 0.19g (1.87mmol)
diizopropilamina. legist bezkrasainu e]lu. Iznakums: Metode A — 0.05g (10%). H
KMR (200 MHz, CDCl3, TMS, m.d.) 6 0.77 (d, 3H, J = 6.9 Hz); 0.85-0.94 (m, 6H);
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0.94- 1.18 (m, 3H); 1.30 (t, 3H, J = 7.2 Hz); 1.36-1.56 (m, 2H); 1.60-1.86 (m, 3H);
1.87-2.10 (m, 2H); 2.14-2.34 (m, 2H); 4.12-4.36 (m, 2H); 4.78 (dt, 1H, J = 4.1,
10.8Hz).

1-Etiloksikarbonilaziridin-2-karbonskabes (-)mentilestera reakcija ar LDA
2-Etil-2-(-)mentilaziridin-2,2-dikarboksilats 2079

No 0.30g (1.81mmol) 1-etilaziridin-2-karbonskabes (-)-mentilestera 167u,
0.40ml (1.11mmol) 2.5M n-BuLi, 0.11g (1.11mmol) diizopropilamina. Iegiist
bezkrasainu e]lu. Iznakums: Metode A — 0.22g (72%). *H KMR (izoméru maisijums)
(200 MHz, CDCl3, TMS, m.d.) 6 0.77 (d, 3H, J = 6.9Hz); 0.87-0.95 (m, 6H); 0.97-
1.19 (m, 3H); 1.30 un 1.32 (tun t, 3H, J = 7.2 un 7.2 Hz); 1.36-1.59 (m, 2H); 1.60-
1.88 (m, 2H); 1.92-2.11 (m, 2H); 2.17-2.35 (m, 2H); 4.14-4.39 (m, 2H,); 4.71-4.89
(m, 1H). °C KMR (stereoizoméru un rotaméru maisijums) (200MHz, CDClz, m.d.) &
13.9, 15.8, 15.9, 16.2, 20.7, 20.7, 21.9, 22.8, 23.0, 23.3, 25.6, 25.7, 25.9, 26.2, 31.3,
32.5,32.7,32.8,34.1, 40.4, 46.9, 61.8, 61.9, 62.7, 75.9, 76.0, 77.1, 77.2, 166.6, 167.1,
169.0, 169.7

AIMS. Atrasts m/z 320.1659 [M+Na] . C16H27NO4. M+Na = 320.1838

1-(-)Mentiloksikarbonil -aziridin-2-karbonskabes izopropilestera reakcija ar
LDA
2-1zopropil-2-(-)mentilaziridin-2,2-dikarboksilats 207h

No 0.14g (0.45mmol) 1-(-)-mentiloksikarbonilaziridin-2-karbonskabes
izopropilestera 167r, 1.02ml (0.50mmol) 2.5M n-BuLi, 0.05g (0.50mmol)
diizopropilamina. legiist bezkrasainu e]lu. Iznakums: Metode A — 0.10g (71%). *H
KMR (izoméru maisijums) (200 MHz, CDCl3, TMS, m.d.) 6 0.76, 0.77 un 0.78 (d, d
un d, 3H, J = 6.9, 6.9 un 6.9Hz); 0.86-0.96 (m, 6H); 0.97-1.18 (m, 3H); 1.28 un 1.30
(dund, 6H,J = 6.3 un 6.3Hz); 1.35-1.56 (m, 2H); 1.58-1.89 (m, 3H); 1.89-2.11 (m,
2H); 2.16-2.33 (m, 2H); 4.81 (dt, 1H, J = 4.3, 10.9Hz); 5.00-5.22 (m, 1H). *C KMR
(stereoizom@ru un rotam&ru maistjums) (400MHz, CDCls, m.d.) & 15.6, 15.8, 16.2,
20.6, 20.6, 20.8, 20.8, 21.4, 21.5, 21.5, 21.6, 21.9, 22.7, 22.9, 23.3, 25.4, 25.5, 25.9,
26.2, 31.3, 32.4, 32.6, 32.7, 32.8, 34.0, 34.0, 34.10, 34.1, 34.1, 40.4, 40.5, 40.5, 40.5,
40.5, 40.6, 40.7, 46.8, 46.9, 46.9, 47.0, 69.4, 69.6, 70.6, 70.8, 75.7, 75.8, 166.5, 166.6,
169.1, 169.2.

AIMS. Atrasts m/z 334.2860 [M+Na] . C17H29NO,4. M+Na = 334.1994
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Krusteniskais eksperiments. 1-terc-Butiloksikarbonil -aziridin-2-karbonskabes(-)

mentilestera un 1-(-Ymentiloksikarbonil -aziridin-2-karbonskabes terc-butilestera

maisijuma reakcija ar LDA
2-terc-Butil-2-(-)mentilaziridin-2,2-dikarboksilats
0.10g (0.95mmol) diizopropilamina $kidina 5 ml sausa THF, atdzesé lidz -

20°C argona atmosféra un maisot pievieno 0.40ml (0.95mmol) 2.5M n-BuLi §kiduma
heksanos. Péc 5 min iegiito $kidumu atdzesé Iidz -78°C un pievieno 0.14g (0.43mmol)
1-terc-Butiloksikarbonil -aziridin-2-karbonskabes (-)mentilestera 167n_un 0.14g
(0.43mmol)1-(-)mentiloksikarbonilaziridin-2-karbonskabes ~ terc-butilestera  167s
$kidumu 5 ml THF. MaisTjumu iztur maisot -78°C temperatiira 15 min, tad apstrada ar
5 ml THF-H,O maisijuma. legiito maisijumu atsilda Iidz istabas temperatiirai,
ekstrah€ ar Et,O (3x 5ml). Ekstraktus apvieno, skalo ar piesat. NaCl —H,O skidumu
(5ml), zaveé ( NaySQ,), filtré un ietvaiceé. leguto ellu hromatografé uz 150 cm®
silikagela ar PE — EtOAc 4:1 eluentu.

legiist bezkrasainu ellu. Iznakums: 0.23g (82%). 'H KMR (izomeéru
maisijums) (200 MHz, CDCl3, TMS, m.d.) 6 0.76 un 0.78 (d un d, 3H, J = 6.9 un
6.9Hz); 0.86- 0.96 (m, 6H); 0.97-1.19 (m, 3H); 1.25-1.47 (m, 2H); 1.49 (s, 9H); 1.61-
1.78 (m, 3H); 1.78-2.12 (m, 2H); 2.12-2.28 (m, 2H); 4.70-4.88 (m, 1H). *C KMR
(izom@ru maisijums) (400MHz, CDCl;, m.d.) 6 15.5, 15.8, 16.2, 16.2, 20.6, 20.7,
20.8, 20.9, 21.8, 22.1, 22.6, 22.9, 23.3, 25.3, 25.5, 25.7, 25.9, 26.1, 27.6, 27.6, 27.7,
31.2,32.1,32.2,32.2,32.4,33.9, 34.0, 40.27, 40.3, 40.4, 40.5, 40.6, 41.1, 41.3, 41.4,
46.7, 46.8, 46.9, 47.0, 75.4, 75.5, 76.7, 82.1, 82.2, 83.5, 83.6, 165.9, 166.8, 168.3,
169.4.

AIMS. Atrasts m/z 348.2359 [M+Na] . C1sH31NO4. M+Na = 348.2151

2-Dimetilkarbamoilaziridin-2-karbonskabes terc-butilesteris 206i
(blakusprodukts diaziridinilketona 204q iegiisanas reakcija)

No 2.28g (10.64mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes
dimetilamida 169a, 8.56ml (21.27mmol) 2.5M n-BuLi skiduma heksanos un 2.15g
(21.27mmol) diizopropilamina. Reakcijas laiks 5min. Reakcijas maisijumu sadala ar
kolonnu hromatografiju uz 250ml silikagela ar EtOAc-PE 1:1 eluentu. Iegust 0.11g
(5%) ellas. Rf = 0.25 (PE- EtOAc 1:1). SH-MS m/z: 215 [M+H]*.'H KMR (200
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MHz, CDCls, TMS, m.d.) § 1.39 (s, 9H); 1.72 (pl.s, 1H); 2.57 (d, 1H, J = 1.8Hz); 2.83
(d, 1h, J = 1.8Hz); 2.97 (s, 3H); 3.24 (s, 3H).

2-Diizopropilkarbamoilaziridin-2-karbonskabes terc-butilesteris 206]

No 0.21g (0.76mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes
dizopropilamida 169b, 0.40ml (0.83mmol) 2.5M n-BuLi, 0.08g (0.83mmol)
diizopropilamina. Produktu izdala ar kolonnu hromatografiju uz 150 cm® silikagela ar
PE — EtOAC 4:1 eluentu. Tegiist bezkrasainu ellu. Iznakums: Metode A — 0.15g (73%).
Rf = 0.35 (PE- EtOAc 4:1). SH-MS m/z: 271 [M+H]*. 'H KMR (200 MHz, CDCls,
TMS, m.d.) 6 1.14-1.25 (m, 6H); 1.40 (dd, 6H, J = 6.9, 17.8Hz); 1.48 (s, 9H); 1.57-
1.66 (m, 1H): 2.14 (d, 1H, J = 9.1Hz); 2.20 d, 1H, J = 9.1Hz); 3.28-3.44 (m, 1H): 4.06
(heptets, 1H, J = 6.9Hz).

Visparéja metode aziridinil anjonu alkilésanas reakcijam

1.1 Ekv. diizopropilamina $kidina sausa THF (Sml THF uz 1 mmol amina).
Skidumu atdzesé lidz -20°C argona atmosféra un maisot pievieno 1.lekv. 2.5M n-
BuLi $kiduma heksanos. Péc 5 min iegiito $kidumu atdzese Iidz -78°C un pievieno 1
ekv. Aziridina substrata Skidumu sausa THF (0.5ml THF uz 1 mmol substrata).
MaisTjumu iztur maisot -78°C temperatiira 15 min, tad pievieno 1.1 ekv. elektrofila.
Iegiito maisijumu iztur -78°C temperatiira 30min, apstrada ar THF/H,O 1:1 un atsilda
lidz istabas temperatirai, ekstrahé ar 3x ar Et,O. Ekstraktus apvieno, skalo ar
piesatinatu NaCl-H,O skidumu (5ml), zave virs NaSOs, filtré un ietvaice. legtto ellu

hromatografé uz 150 cm?® silikagela ar PE — EtOAc 4:1 eluentu.

1-Benzil-2-trimetilsililaziridin-2-karbonskabes dimetilamids 203a

No 0.22g (1.08mmol) dimetilamida 168b, 0.50ml (1.29mmol) 2.5M n-BulLi,
0.13g (1.29mmol) diizopropilamina, 0.23g (2.16mmol) TMSCI. Produktu attira ar
kolonnu hromatografiju uz 150ml silikagela, eluents EA-PE 1:1. Iegiist bezkrasainu
ellu. Iznakums: 0.05g (16%). Rf = 0.45 (PE- EtOAc 3:1). SH-MS m/z: 277 [M+H]".
'H KMR (izomé&ru maisijumam) (200 MHz, CDCls, TMS, m.d.) & 0.01 un 0.18 (s un
s, 4.5H un 4.5H); 1.62 un 1.76 (s un s, 0.5H un 0.5H); 2.08 un 2.26 (s un's, 0.5H un
0.5H); 2.68 un 4.37 (d un d, 0.5H un 0.5H, J = 14.4 un 14.4Hz); 2.80 un 2.88 (s un s,
1.5H un 1.5H); 2.17 un 3.08 (s un s, 1.5H un 1.5H); 3.02 un 4.24 (d un d, 0.5H un
0.5H, J =12.5 un 12.5Hz); 7.09-7.35 (m, 5H).

150



di-terc-Butil-1-metilaziridin-2,2-dikarboksilats 206a

No 0.20g (0.82mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes terc-
butilestera 167h, 0.36ml (0.90mmol) 2.5M n-BuLi, 0.09g (0.90mmol)
diizopropilamina, 0.13g (0.90mmol) Mel. Produktu attira ar kolonnu hromatografiju
uz 50ml silikagela, eluents EA-PE 1:4. legiist baltu kristalisku vielu, kt = 71-73°C.
Iznakums: 73mg (62%). *H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.49 (s, 9H); 1.51
(s, 9H); 2.01 (d, 1H, J = 1.2Hz); 2.20 (d, 1H, J = 1.2Hz); 2.49 (s, 3H). *C KMR
(400MHz, CDCl3, m.d.) 6 27.9, 39.5, 40.6, 48.4, 82.0, 82.5, 164.7, 166.9

EA. Aprekinats uz Ci3H23NO4 C 60.68, H 9.01, N 5.44. Atrasts C 60.83, H
9.26, N 5.37

di-terc-Butil-1-benzilaziridin-2,2-dikarboksilats 206b

No 0.50g (2.06mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes terc-
butilestera 167h, 0.90ml (2.26mmol) 2.5M n-BuLi, 0.23g (2.26mmol)
diizopropilamina, 0.39g (2.93mmol) BnBr. Produktu attira ar kolonnu hromatografiju
uz 50ml silikagela, eluents EA-PE 1:4. Iegist bezkrasainu ellu. Iznakums: 0.23g
(43%). 'H KMR (200 MHz, CDCl;, TMS, m.d.) & 1.33 (s, 9H); 1.50 (s, 9H); 2.29 (d,
2H, J = 5.2Hz); 3.82 (s, 2H); 7.18-7.47 (m, 5H). **C KMR (400MHz, CDCl3, m.d.) &
27.7,27.9, 38.5, 48.4, 56.4, 82.0, 82.6, 126.8, 127.6, 128.1, 138.3, 164.8, 166.7.

AIMS. Atrasts m/z 356.1740 [M+Na] . C19H27NO4. M+Na = 356.1838

2-terc-Butil-2-(-)mentil-1-metilaziridin-2,2-dikarboksilats 206¢

No 0.19g (0.58mmol) 1-terc-butiloksikarbonilaziridin-2-karbonskabes(-)-
mentilestera 167s, 0.30ml (0.64mmol) 25M n-BuLi, 0.07g (0.64mmol)
diizopropilamina, 0.089 (0.58mmol) Mel. Produktu attira ar kolonnu hromatografiju
uz 50ml silikagela, eluents EA-PE 1:4. legiist bezkrasainu ellu. Iznakums: 0.11g
(55%). *H KMR (izoméru maisijums) (200 MHz, CDCl;, TMS, m.d.) & 0.69-0.82 (m
4H); 0.83-0.96 (m, 8H); 1.42-1.53 (m, 12H); 1.61-1.77 (m, 2H); 2.00-2.11 (m, 2H);
2.19-2.27 (m, 1H); 2.46-2.53 (m, 3H); 4.70-4.89 (m, 1H).

1-Trifenilmetil-3-trimetilsililaziridin-2-karbonskabes dimetilamids 210

No 0.25g (0.73mmol) dimetilamida 168c, 0.35ml (0.87mmol) 2.5M n-BulLi,
0.07g (0.85mmol) diizopropilamina, 0.16g (0.74mmol) TMSCI. Produktu attira ar
kolonnu hromatografiju uz 150ml silikagela, eluents EA-PE 4:1. legiist bezkrasainu
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ellu. Iznakums: 0.02g (5%). Rf = 0.45 (PE- EtOAc 3:1). SH-MS m/z: 429 [M+H]". *H
KMR (200 MHz, CDCl3, TMS, m.d.) 5 0.07(s, 9H); 0.65 (d, 1H, J = 7.2Hz); 1.84 (d,
1H, J = 7.2Hz); 2.74 (s, 3H); 2.93 (s, 3H); 7.14-7.33 (m, 15H).

1-Dimetilkarbamoil-2-metilaziridin-2-karbonskabes (-)-mentilesteris 213a no
izejvielas (S)-212b

No 0.19g (0.62mmol) (2S)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (S)-212b, 0.34ml (0.69mmol) 2.5M n-BuLi, 0.07g (0.69mmol)
diizopropilamina, 0.10g (0.69mmol) Mel. Produktu attira ar kolonnu hromatografiju
uz 150ml silikagela, eluents EA-PE 3:1. legiist bezkrasainu ellu. Iznakums: 0.14g
(72%). Rf = 0.40 (PE- EtOAc 3:1). SH-MS m/z: 311 [M+H]*. *H KMR (izoméru
maisijumam) (200 MHz, CDCl3;, TMS, m.d.) 6 0.75 (d, 3H, J = 7.0Hz); 0.86-0.93 (m,
6H); 0.80-1.16 (m, 3H); 1.34-1.55 (m, 2H); 1.44 un 1.47 (sun's, 1.5H un 1.5H); 1.61-
2.03 (m, 4H); 2.39 un 2.42 (s un s, 0.5H un 0.5H); 2.62 un 2.68 (s un s, 0.5H un
0.5H); 2.94-3.01 (m, 6H); 4.73 (tdd, J = 1.9. 4.4, 10.9Hz).

1-Dimetilkarbamoil-2-metilaziridin-2-karbonskabes (-)-mentilesteris 213a no
izejvielas (R)-212b

No 0.12g (0.39mmol) (2R)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (R)-212b, 0.21ml (0.43mmol) 2.5M n-BuLi, 0.04g (0.43mmol)
diizopropilamina, 0.06g (0.43mmol) Mel. Produktu attira ar kolonnu hromatografiju
uz 150ml silikagela, eluents EA-PE 3:1. legist bezkrasainu ellu. Iznakums: 0.09g
(71%). Rf = 0.40 (PE- EtOAc 3:1). SH-MS m/z: 311 [M+H]". *"H KMR (izomé&ru
maisijumam) (200 MHz, CDCl3, TMS, m.d.) 4 0.72-0.77 (m, 3H); 0.87-0.93 (m, 6H);
0.81-1.12 (m, 3H); 1.77 un 1.47 (s un s, 1.5H un 1.5H); 1.38-2.55 (m, 2H); 1.64-1.73
(m, 2H); 1.78-1.89 (m, 1H); 1.89-1.99 (m, 1H); 2.38 un 2.41 (s un s, 0.5H un 0.5H);
2.63 un 2.68 (s un s, 0.5H un 0.5H); 2.94-3.00 (m, 6H); 4.68-4.77 (m, 1H). **C KMR
(izom@ru maisijumam) (400MHz, CDCl3;, m.d.) 6 16.0, 16.3, 16.4, 16.5, 21.1, 22.3,
22.3, 23.4, 23.5, 26.4, 26.5, 31.6, 31.7, 34.4, 34.4, 36.6, 36.7, 36.8, 36.8, 36.9, 40.9,
40.9,42.8,42.9, 47.0, 47.2, 76.0, 161.8, 161.9, 170.0.
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1-Dimetilkarbamoil-2-benzilaziridin-2-karbonskabes (-)-mentilesteris 213b no
izejvielas (S)-212b

No 0.15g (0.51mmol) (2S)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (S)-212b, 0.28ml (0.56mmol) 2.5M n-BuLi, 0.06g (0.56mmol)
diizopropilamina, 0.10g (0.56mmol) PhCH,Br. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 4:1. Iegist bezkrasainu ellu.
Iznakums: 0.13g (64%). Rf = 0.45 (PE- EtOAc 4:1). SH-MS m/z: 387 [M+H]". *H
KMR (izomé&ru maisijumam) (200 MHz, CDCl3, TMS, m.d.) 6 0.61 un 0.75 (d un d,
1.5un 1.5H, J = 6.5 un 6.5Hz); 0.65 un 0.82 (d un d, 1.5 un 1.5H, J = 7.0 un 7.0Hz);
0.86 un 0.89 (d un d, 1.5H un 1.5H, J = 7.0 un 7.0Hz); 0.77-1.06 (m, 4H); 1.25-1.50
(m, 2H); 1.59-1.70 (m, 2H); 1.77-1.84 (m, 0.5H); 1.85-1.92 (m, 0.5H); 2.40 un 2.52 (s
uns, 0.5H un 0.5H); 2.76 (d, 0.5H, J = 14.5Hz); 2.83 un 2.85 (s un s, 0.5H un 0.5H);
2.91-3.03 (m, 6H); 3.43 un 3.54 (d un d, 0.5H un 0.5H, J = 14.5 un 14.5Hz); 4.63-
4.74 (m, 1H); 7.18-7.30 (m, 5H). **C KMR (izoméru maisijumam) (400MHz, CDCls,
m.d.) 6 16.0, 16.3, 21.0, 21.2, 22.2, 22.3, 23.1, 23.5, 25.7, 26.4, 31.6, 31.7, 34.3, 34.4,
35.0, 35.4, 36.4, 36.7, 36.8, 37.1, 40.7, 40.8, 47.0, 47.1, 47.3, 47.5, 76.2, 76.3, 127.1,
127.1, 128.6, 128.7, 129.4, 129.8, 136.6, 136.8, 161.6, 161.7, 169.0, 169.0.

AESH izoméru aiztures laiki 8.1 un 9.4min

Hirala AESH izoméru aiztures laiki 6.2 un 7.3min

1-Dimetilkarbamoil-2-benzilaziridin-2-karbonskabes (-)-mentilesteris 213b no
izejvielas (R)-212b

No 0.14g (0.47mmol) (2S)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (R)-212b, 0.21ml (0.52mmol) 2.5M n-BuLi, 0.05g (0.52mmol)
diizopropilamina, 0.09g (0.52mmol) PhCH,Br. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 4:1. legiist bezkrasainu ellu.
Iznakums: 0.11g (60%). Rf = 0.45 (PE- EtOAc 4:1). SH-MS m/z: 387 [M+H]". 'H
KMR (izomé&ru maisijumam) (200 MHz, CDCl3, TMS, m.d.) 8 0.61 un 0.75 (d un d,
1.5un 1.5H, J=6.5un 6.5Hz); 0.65un 0.82 (d und, 1.5 un 1.5H, J = 7.0 un 7.0H2);
0.86 un 0.89 (d un d, 1.5H un 1.5H, J = 7.0 un 7.0Hz); 0.77-1.06 (m, 4H); 1.25-1.51
(m, 2H); 1.59-1.70 (m, 2H); 1.77-1.84 (m, 0.5H); 1.85-1.92 (m, 0.5H); 2.40 un 2.52 (s
un s, 0.5H un 0.5H); 2.76 (d, 0.5H, J = 14.5Hz); 2.83 un 2.85 (s un s, 0.5H un 0.5H);
2.91-3.03 (m, 6H); 3.43 un 3.54 (d un d, 0.5H un 0.5H, J = 14.5 un 14.5Hz); 4.63-
4.74 (m, 1H); 7.18-7.30 (m, 5H). **C KMR (izom&ru maisijumam) (400MHz, CDCls,
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m.d.) § 16.0, 16.3, 21.0, 21.2, 22.3, 22.3, 23.2, 23.5, 25.8, 26.4, 31.7, 31.7, 34.4, 34 .4,

35.0, 35.4, 36.4, 36.7, 36.8, 36.9, 37.1, 40.8, 40.9, 47.0, 47.2, 47.4, 47.5, 76.3, 76.3,

127.2,127.2, 128.6, 128.7, 129.5, 129.8, 136.7, 136.9, 161.7, 161.7, 169.0, 169.1.
AESH: lzomgru aiztures laiki 8.1 un 9.4min

Hirala AESH: Izoméru aiztures laiki 6.2 un 7.3min

1-Dimetilkarbamoil-2-alilaziridin-2-karbonskabes (-)-mentilesteris 213c no
izejvielas (S)-212b

No 0.16g (0.54mmol) (2S)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (S)-212b, 0.30ml (0.59mmol) 2.5M n-BuLi, 0.06g (0.59mmol)
diizopropilamina, 0.07g (0.59mmol) alilbromida. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 4:1. legiist bezkrasainu ellu.
Iznakums: 0.11g (60%). Rf = 0.40 (PE- EtOAc 4:1). SH-MS m/z: 337 [M+H]". *H
KMR (izomé&ru maisijumam) (200 MHz, CDCl3, TMS, m.d.) 8 0.73 un 0.74 (d un d,
1.5H un 1.5H, J = 7.0 un 7.0Hz); 0.87-0.93 (m, 6H); 0.80-1.11 (m, 3H); 1.36-1.56 (m,
2H); 1.64-1.74 (m, 2H); 1.78-1.99 (m, 2H); 2.27-2.34 (m, 1H); 2.35 un 2.41 (s un s,
0.5H un 0.5H); 2.69 un 2.76 (s un s, 0.5H un 0.5H); 2.77-2.90 (m, 1H); 2.90-3.03 (m,
6H); 4.68-4.79 (m, 1H); 5.07-5.17 (m, 2H); 5.74-5.86 (m, 1H). *C KMR (izom&ru
maisijumam) (400MHz, CDCl;, m.d.) 6 16.2, 16.3, 21.1, 21.1, 22.3, 22.3, 23.3, 23.4,
26.1, 26.5, 31.7, 31.7, 34.4, 34.4, 34.5, 34.6, 34.9, 35.1, 36.7, 37.0, 37.1, 40.9, 46.1,
46.3,47.0,47.2,76.2, 76.2, 118.6, 118.7, 132.8, 132.9, 161.6, 161.7, 169.0.

AESH: lzomgru aiztures laiki 7.2 un 7.6min

Hirala AESH: Izoméru aiztures laiki 5.1 un 5.9min

1-Dimetilkarbamoil-2-alilaziridin-2-karbonskabes (-)-mentilesteris 213c___no
izejvielas (R)-212b

No 0.13g (0.44mmol) (2R)-1-dimetilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (R)-212b, 0.24ml (0.48mmol) 2.5M n-BuLi, 0.05g (0.48mmol)
diizopropilamina, 0.06g (0.48mmol) alilbromida. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 4:1. legist bezkrasainu ellu.
Iznakums: 0.10g (64%). Rf = 0.50 (PE- EtOAc 3:1). SH-MS m/z: 337 [M+H]*. *H
KMR (izomé&ru maisijumam) (200 MHz, CDCl3, TMS, m.d.) 8 0.73 un 0.74 (d un d,
1.5H un 1.5H, J = 7.0 un 7.0Hz); 0.87-0.93 (m, 6H); 0.80-1.11 (m, 3H); 1.36-1.56 (m,
2H); 1.64-1.73 (m, 2H); 1.78-1.99 (m, 2H); 2.27-2.34 (m, 1H); 2.35 un 2.41 (s un's,
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0.5H un 0.5H); 2.69 un 2.76 (s un's, 0.5H un 0.5H); 2.77-2.90 (m, 1H); 2.90-3.03 (m,
6H); 4.68-4.79 (m, 1H); 5.07-5.17 (m, 2H); 5.74-5.86 (m, 1H). *C KMR (izomé&ru
maisijumam) (400MHz, CDCl3, m.d.) 6 16.2, 16.3, 21.1, 21.1, 22.3, 22.3, 23.3, 23.4,
26.2, 26.5, 31.7, 31.7, 34.4, 34.4, 34.5, 34.6, 34.9, 35.1, 36.7, 37.0, 37.1, 40.9, 40.9,
46.1, 46.3, 47.0,47.2,76.2, 118.6, 118.8, 132.8, 132.9, 161.6, 161.7, 169.1.

AESH: lzoméru aiztures laiki 7.2 un 7.6min

Hirala AESH: lzoméru aiztures laiki 5.1 un 5.9min

1-Dietilkarbamoil-2-metilaziridin-2-karbonskabes terc-butilesteris 213d

No 0.23g (0.96mmol) 1-dietilkarbamoilaziridin-2-karbonskabes terc-
butilestera 212a, 0.50ml (1.06mmol) 2.5M n-BuLi, 0.11g (1.06mmol)
diizopropilamina, 0.15g (1.06mmol) Mel. Produktu attira ar kolonnu hromatografiju
uz 150ml silikagela, eluents EA-PE 1:1. legiist bezkrasainu ellu. Iznakums: 0.18g
(75%). Rf = 0.60 (PE- EtOAc 3:1). SH-MS m/z: 279 [M+Na]*. *H KMR (200 MHz,
CDCls, TMS, m.d.) & 1.01 (t, 3H, J = 7.2Hz); 1.06 (t, 3H, J = 7.2Hz); 1.34 (s, 9H);
2.24 (s, 1H); 2.49 (s, 1H); 3.08-3.41 (m, 4H). **C KMR (400MHz, CDCl;, m.d.) &
13.2,13.6,15.9, 27.9, 35.9, 41.1, 41.5, 43.3, 82.0, 160.9, 169.2.

AIMS. Atrasts m/z 279.1932 [M+Na]". C13H24N,03. M+Na = 279.1685

1-Dietilkarbamoil-2-benzilaziridin-2-karbonskabes terc-butilesteris 213e

No 0.22g (0.91lmmol) 1-dietilkarbamoilaziridin-2-karbonskabes  terc-
butilestera 212a, 0.50ml (1.06mmol) 2.5M n-BuLi, 0.11g (1.06mmol)
diizopropilamina, 0.15g (1.06mmol) PhCH,Br. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 1:1. legtst bezkrasainu ellu.
Iznakums: 0.16g (53%). Rf = 0.75 (PE- EtOAc 3:1). SH-MS m/z: 355 [M+Na]*. *H
KMR (200 MHz, CDCl;, TMS, m.d.) 6 1.14 (t, 3H, J = 7.2Hz); 1.20 (t, 3H, J =
7.2Hz); 1.37 (s, 9H); 2.43 (s, 1H); 2.66 (d, 1H, J = 14.4Hz); 2.80 (s, 1H); 3.24-3.53
(m, 4H); 3.45 (d, 1H, J = 14.4Hz). °C KMR (400MHz, CDCl3, m.d.) & 13.4, 13.9,
28.0,34.7,36.3,41.4,41.7,47.9, 82.5, 127.0, 128.5, 129.7, 137.0, 160.9, 168.2.

AIMS. Atrasts m/z 355.2113 [M+Na] . C19H2sN203. M+Na = 355.1998
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1-Diizopropilkarbamoil-2-benzilaziridin-2-karbonskabes (-)-mentilesteris 213f
no izejvielas (S)-212c

No 0.18g (0.51mmol) (2S)-1-diizopropilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (S)-212c, 0.28ml (0.56mmol) 2.5M n-BuLi, 0.06g (0.56mmol)
diizopropilamina, 0.10g (0.56mmol) PhCH,Br. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 6:1. Iegiist bezkrasainu kristalisku
vielu, kt = 109°C. Iznakums: 0.18g (80%). Rf = 0.45 (PE- EtOAc 6:1). SH-MS m/z:
443 [M+H]+. 'H KMR (izom@ru maisijumam) (200 MHz, CDCl3, TMS, m.d.) ¢ 0.62
(d, 3H, J = 7Hz); 0.74-0.90 (m, 8H); 0.90-1.10 (m, 2H); 1.16 (d, 3H, J = 6.7Hz); 1.24
(dd, 3H,J=2.7, 6.7Hz); 1.28-1.33 (m, 1H); 1.36 (d, 3H, J = 6.7Hz); 1.43 (dd, 3H, J =
2.7, 6.7Hz); 1.48-1.72 (m, 3H); 1.73-1.93 (m, 1H); 2.45-2.60 (m, 1H); 2.65-2.77 (m,
2H); 3.35-3.52 (m, 2H); 4.46-4.7 (m, 2H); 7.18-7.34 (m, 5H).

EA. Aprekinats uz Cy7H4,N,O3 C 73.26, H 9.56, N 6.33. Atrasts C 73.13, H
9.97, N 6.67

1-Diizopropilkarbamoil-2-alililaziridin-2-karbonskabes (-)-mentilesteris 213g no
izejvielas (S)-212c

No 0.17g (0.47mmol) (2S)-1-diizopropilkarbamoilaziridin-2-karbonskabes (-)-
mentilestera (S)-212c, 0.21ml (0.52mmol) 2.5M n-BuLi, 0.05g (0.52mmol)
diizopropilamina, 0.06g (0.52mmol) alilbromida. Produktu attira ar kolonnu
hromatografiju uz 150ml silikagela, eluents EA-PE 6:1. legiist bezkrasainu ellu.
Iznakums: 0.14g (76%). Rf = 0.45 (PE- EtOAc 6:1). SH-MS m/z: 393 [M+H]". 'H
KMR (izoméru maisijumam) (200 MHz, CDCl3, TMS, m.d.) 8 0.70-0.77 (m, 3H);
0.85-0.93 (m, 7H); 0.93-1.10 (m, 3H); 1.14 (d, 3H, J = 7.0Hz); 1.18 (d, 3H, J =
7.0Hz); 1.33 (dd, 3H, J = 2.2, 6.6Hz); 1.40 (dd, 3H, J = 2.2, 6.6Hz); 1.44-1.60 (m,
1H); 1.61-1.76 (m, 2H); 1.78-2.11 (m, 3H); 2.46-2.63 (m, 2H); 2.77-2.92 (m, 1H);
3.39 (pentets, 1H, J = 7.1Hz); 4.36-4.62 (m, 1H); 4.74 (dt, 1H, J = 4.2, 10.8Hz); 5.03-
5.20 (m, 2H); 5.70-5.94 (m, 1H).
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SECINAJUMI

1. Aziridin-2-karbonskabes metilestera baziska paresterifikacija ir €rta metode
dazadu racemisku un optiski aktivu aziridin-2-karboksilatu sint€zes metode.

2. Aziridin-2-karboksilatu aminolize, hidrazinolize un reakcijas ar ketoniem
izmantojamas ar1 diaziridin-3.3-dikarbonskabes esteru funkcionalizéSanai,
iegiistot bicikliskus un triciliskus diaziridinus ar labiem iznakumiem.

3. Aziridin-2-karboksamidu aktivéSana péc Davidsen metodes caur N-
acilimidodikarbonatiem dod iesp&u iegit aziridin-2-karbonskabes esterus,
fenilesterus, tioesterus, otr§jos un arT tre$€jos amidus un aizvietotus
hidroksamatus, nenovérojot aziridina cikla nukleofilo atvérsanos.

4. Nukleofilie C-litijorganiskie reagenti ar aziridin-2-karboksilatiem un
karboksamidiem reagg, dodot attiecigos ketonus. No aziridinilketoniem
ieglistami attiecigie simetriskie un nesimetriskie tresgjie aziridinil karbinoli.
Nukleofilas cikla atverSanas reakcijas novero tikai atsildot reakcijas
maisijumus. Aziridinilketonu iegiiSanai N,N-dimetilaziridin-2-karboksamids ir
tikpat laba izejviela, ka literatlira minétie Veinreba amidi.

5. Elektroniem bagatakie alkilaziridin-2-karboksilati un karboksamidi LDA
deprotongSanas apstaklos dod starpmolekularas kondensacijas produktus —
diaziridinilketonus.

6. Elektroniem nabagakie acilaziridin-2-karboksilati LDA apstaklos dod
ickSmolekularas acilgrupu 1-2 migracijas produktus - simetriskus un
nesimetriskus aziridin-2,2-dikarbonskabes diesterus. Reakciju norise netiesi
norada uz to, ka Sie anjoni eksisté enolatu forma. Ka baze izmantojams LDA,
pretgji literattira (Hodgson) minétaham LTMP.

7. Dialkilkarbamoilaizvietoti aziridin-2-karboksilati dod in situ stabilus

aziridinilanjonus, kurus iesp&jams alkilét, iegiistot a-aizvietotus aziridinus.
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Chemistry of Heterocyclic Compounds, Vol. 40, No. 6, 2004

UNNATURAL AMINO ACIDS.

2*. SIMPLE METHOD OF OBTAINING ESTERS
OF AZIRIDINE-2-CARBOXYLIC ACIDS BY

A TRANSESTERIFICATION REACTION

B. Shtrumfs, D. Chernyak, I. Kums, I. Kalvins, and P. Trapencieris

A series of N-unsubstituted esters of aziridine-2-carboxylic acid has been obtained by
transesterification in basic medium using primary, secondary, and tertiary alcohols. Methods of
transesterification using various bases (K,COs; ROLi, t-BuOK) have been compared.
Transesterification with lithium alcoholates also affords the possibility of obtaining esters of
N-substituted aziridine-2-carboxylic acids. Transesterification of chiral esters proceeds with retention
of the configuration of the chiral center.

Keywords: diastereomers, esters of aziridine-2-carboxylic acid, enantiomers, transesterification.

Esters of aziridine-2-carboxylic acid are a convenient source of various derivatives of a- and $-amino
acids, due to the high reactivity of the aziridine ring [2,3]. In difference to esters of other amino acids, aziridine-
2-carboxylates have no tendency to dimerize, consequently the direct transesterification method may be used in
the aziridine-2-carboxylate series.

The transesterification of aziridine-2-carboxylates has not been described in the literature, although
good results have been obtained for compounds of other classes [4] on using acid or base catalysis, catalysis by
alcoholates [4-7], organotin [8] and organotitanium compounds [9], and also indium triiodide [10]. To obtain
aziridine-2-carboxylates we chose the base catalysis method [4,5] since aziridines are unstable under acid
conditions and in the presence of strong Lewis acids. Lithium alcoholates, used in [5], are readily obtained from
the corresponding alcohols by reaction with butyllithium. As starting materials we used aziridine-2-carboxylic
acid methyl ester 1, for which a convenient method of synthesis has been developed [1], and its 1-alkyl and
1-acyl derivatives obtained by known methods used for the protection of the amino group of amino acids [11].

We have obtained a series of N-unsubstituted aziridine-2-carboxylates 2a-h, using primary, secondary,
and tertiary alcohols, and have compared two methods (A and B) of transesterification. The transesterification
products were obtained in high or moderate yields (Table 1).

0 A: ROH, 20 mol %>K,CO,, 90-120°C |O
%OMe B: ROH, n-BuLi, THF, -20°C—room temp W/‘\OR
N > N
| |
H

* For Part 1 see [1].

Latvian Institute of Organic Synthesis, Riga LV-1006; e-mail: boriss@osi.lv. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 6, pp. 850-859, June, 2004. Original article submitted March 23, 2004.
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TABLE 1. Yields of Esters 2a-h Synthesized by Methods A and B

Method A Method B
Ester Reaction | Yield, | Reaction | Yield,
time, h %* time, h %*
2a 0 24 41 1 30
W)J\ o
N
H
2b o] 2 32 48 <1
W)J\ ©
N
H NO,
2c (0] 2 40 5 4
W)J\O/\/
N
H
2d 0O 24 78* 2 45
W)k 0
N
H
2 . 240 0 1 67
(0]
W)J\ o
N
H
2f (0] 100 0 1 80
%04
N
H
29 0 100 0 1 39
OJ§>
N
H
HO
2h 0] 100 0 1 57
OJ%
N
H
o

* According to data of gas chromatography.




Method A is based on catalysis by K,COs base and by the shift in chemical equilibrium in the direction
of forming reaction products by distilling out the more volatile alcohol MeOH. Reaction was carried out without
solvent. In method B [5] the appropriate lithium alcoholate was used as reagent, generated with butyllithium in
situ from the corresponding alcohol.

Comparison of methods A and B showed that catalysis by a weak base (K,COs3) gives satisfactory yields
of esters only with primary alcohols of the benzyl and allyl types (esters 2a-d). In the case of perillyl alcohol
(ester 2d) the reaction proceeds by method A (according to data of gas chromatography the yield was 78%), but
the ester was not isolated successfully due to side product formation. The 4-nitrobenzyl ester 2b was
successfully obtained only by method A. This is not unexpected since the incompatibility of organolithium
bases with nitro compounds is known.

In the case of the more sterically hindered alcohols (esters 2e-h) the transesterification proceeds only by
method B, since the alcoholates of secondary and tertiary alcohols are more strongly basic than K,COs. This
method enables acylation of alcoholic groups of complex molecules such as steroids, particularly of estradiol
derivatives (esters 2g,h). Acylation in the case of estradiol (ester 2g) occurs regioselectively only at the alicyclic
and not at the phenolic hydroxyl, although for deprotonation both alcoholic groups use 2 equivalents of BuL.i.

Attempts to carry out the transesterification reaction with polyhydric alcohols (glycerol, pentaerythritol,
diacetonylglucose) did not give the expected reaction products. When using these alcohols in method A a
mixture of aziridine ring fission products was obtained, on using the corresponding lithium alcoholates
(method B), only starting materials were obtained.

Transesterification with lithium alcoholates also enables esters of the N-substituted aziridine-2-
carboxylic acids 4a-j to be obtained from the corresponding methyl esters (Table 2).

O O
W/U\OMe ROH, n-BuLi, THF, -20°C-room temp. W/lkOR
N > l}l
|
X X
3a-i da-i

The reaction of lithium alcoholates with N-alkyl derivatives of aziridine-2-carboxylic acid methyl ester
3a-d proceeds smoothly with yields of esters 4a-d of 41-88%. The steric effects of the substituent at the
nitrogen atom proved to have no significant effect on the course of the reaction. Transesterification of methyl
esters is the most convenient route to obtain esters 4c,d, since alkylation of esters 2e,f with benzyl and trityl
chlorides proceeds slowly and with the formation of side products. The use in this reaction of the corresponding
bromides is undesirable due to the higher nucleophilicity of bromide ion, which leads to fission of the aziridine
ring even at room temperature.

It was shown that the diastereomers of the (-)-menthyl ester of N-benzylaziridine-2-carboxylic acid 4c
and 4'c may be separated chromatographically. In the case of the N-unsubstituted compounds 2e the
diastereomers are not separable. It was also established that the asymmetric center C ;) of the aziridine ring is
not racemized on transesterification. The optically pure ester R-1 [1], obtained from the methyl ester of L-serine
by the Mitsunobu reaction [12], on transesterification with lithium tert-butylate by method B gives ester R-2f.
Comparison of the N-benzyloxycarbonyl derivative of this ester R-4f, obtained by the standard method [11],
with the racemic ester R,S-4f by HPLC on a chiral column (enantiomer retention times 9.3 and 10.5 min)
showed that ester R-4f (retention time 9.3 min) is enantiomerically pure.
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TABLE 2. Yields of Esters 4a-j

Ester Reaction time, h Yield, %
4a (0] >k 1 88
v/lko
L
(0]
4b Q X 1 79
W)LO
N“@
4c 3 48
(o]
W/U\O\\‘
Nﬁ©
4d 2 3 41
W)k0)<
O
4e 0 1 65
W)ko
N
O)\O/\©
4f Q >< 1 15
W)%
N
OAO/\@
49 Q 1 21
W)ko
N
O)\O%\
4h Q J< 1 71
W)LO
N
Ao
4 Q 2 76
r/lko
N
A
4j Q 2 56




0 0

W)\O/ t-BuOH, n-BuLi, THF, -20°C—rom temp. W)\O/E

N H > N H —
| 80% [
H H
R-1 R-2f
o]
CBz-Cl, EtN,
CH,ClI,, -5°C — room temp, 1 h W)\o
= N H
96%

OA\O

Transesterification of the corresponding methyl esters of N-acylaziridine-2-carboxylic acid 3e-j also
enables the preparation of the series of esters of N-acyl aziridine-2-carboxylic acid 4e-j. Satisfactory yields were
observed when the substituent at the nitrogen atom was identical to the ester group (esters 4e,h). On
transesterification of the methyl ester of N-benzyloxycarbonylaziridine-2-carboxylic acid 3f with lithium
tert-butylate a 1:1 mixture of esters 4f and 4h was formed. Ester 4h is formed by transacylation at the nitrogen
atom of the aziridine ring, consequently esters 4f and 4g are conveniently obtained by the N-acylation of esters
2f and 2a respectively. In the case of the carbamoyl derivative 4j the transesterification reaction proceeds
smoothly (56%). The tert-butyl carbamate group of ester 3i is also not subject to a transacylation side reaction,
and also provides a good yield of ester 4i.

TABLE 3. 'H NMR Spectra of Aziridine-2-carboxylic Acid Esters 2a-h and

4a-n
(0]
W/l OR

\

X
Com-
pound X R "H NMR spectrum (CDCls), 8, ppm (J, Hz)

1 2 3 4

2a H Bn 1.09 (1H, br. s, NH); 1.74-1.93 (1H, m, H-3);

1.93-2.08 (1H, m, H-3); 2.47-2.63 (1H, m, H-2);
5.18 (2H, s, CH,Ph); 7.30-7.41 (5H, m, arom.)
2b H 4-NO— 1.11 (1H, br. s, NH); 1.71-2.06 (2H, m, H-3);
CeHsCH, 2.40-2.64 (1H, m, H-2); 5.22 (2H, s, CH,Ph);
7.76 (2H, d, J = 9.0, o-H arom.); 8.22 (2H, d,
J=9.0, m-H arom.)

2c H Allyl 1.08 (1H, br. s, NH); 1.78-2.12 (2H, m, H-3);
2.48-2.65 (1H, m, H-2);

4.63-4.71 (2H, m,CH>CH . . ,);

5.24-5.43 (2H, m, CH,-CH. . Hy);

5.84-6.06 (1H, m, CH,CH. . . )
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TABLE 3 (continued)

3

4

2d

2e

2f

29

2h

4a

4b

4c

4'c

4d

4e

R,S-4f

R-4f

CH,OMe

Bn

Bn

Bn

CPhs

CO2Bn

COan

CO2Bn

Perillyl

Menthyl

t-Bu

Estradiolyl

3-Methoxy-
estradiolyl

t-Bu

t-Bu

Menthyl

Menthyl

t-Bu

Bn

t-Bu

t-Bu

1.07 (1H, br. s, NH); 1.35-2.26 (9H, m, aliph.);
1.74 (3H, s, CH,); 2.50-2.60 (1H, unresolved dd,
H-2); 4.47-4.64 (2H, m, OCH,); 4.68-4.80 (2H, m,
C=CHy,); 5.75-5.86 (1H, m, aliph.)

0.76 and 0.77 (3H,dand d, J=7.0and J=7.0,
menthyl CHg); 0.79-1.16 (4H, m, aliph.);

0.91 (6H, d, J = 6.5, i-Pr); 1.31-2.07 (9H, m, aliph.);
4.73 (1H, ddt, 33 =2.2,% = 45,31 =10.8, OCH)
0.96 (1H, br. s, NH); 1.48 (9H, s, t-Bu);

1.70-1.84 (1H, m, H-3); 1.86-1.98 (1H, m, H-3);
2.33-2.47 (1H, m, H-2)

0.85 (3H, s, CHs); 1.08-2.38 (15H, m, aliph., NH);
2.55 (1H, dd, 23 =3.0, %) = 5.4, H-2);

2.71-2.88 (3H, m, aliph.); 4.68-4.82 (1H, m, OCH);
4,53-5.52 (1H, br. s, OH); 6.55 (1H, d,
J=2.4,0-Harom.); 6.61 (1H, dd, J = 2.4,
J=8.3,0-Harom.); 7.14 (1H, d, J = 8.3, m-H arom.)
0.86 (3H, s, CH3); 1.05 (1H, br. s, NH);

1.17-2.08 (12H, m, aliph.); 2.12-2.38 (3H, m, aliph.);
2.47-2.59 (1H, m, aliph.); 2.79-2.93 (2H, m, aliph.);
3.78 (3H, s, OCH.); 4.69-4.84 (1H, m, OCH);

6.63 (1H, d, J = 2.8, 0-H arom.);

6.71 (1H, dd, J=2.8, J = 8.6, 0-H arom.);

7.20 (1H, d, J = 8.6, m-H arom.)

1.47 (9H, s, t-Bu); 1.81 (1H, dd, 2J = 1.2, *J;s = 6.8,
cis-H-3); 2.07 (1H, dd, 2J = 1.2, *Jyrans = 3.0,
trans-H-3); 2.27 (1H, dd, *Jyrans = 3.0, %Jgis = 6.8, H-2);
3.43 (3H, s, OCHs); 3.93 and 3.97 (1H and 1H,

AB system, J = 7.9, NCH,0)

1.46 (9H, s, t-Bu); 1.64 (1H, unresolved dd,

8sis = 6.3, cis-H-3); 2.07 (1H, dd, *Jyans= 3.2,

%Jis = 6.3, H-2); 2.19 (1H, dd, 20 = 1.3, 3Jypans = 3.2,
trans-H-3); 3.54 and 3.57 (1H and 1H, AB system,
J =13.7, CH,Ph); 7.19-7.38 (5H, m, arom.)
0.60-2.27 (21H, m, aliph.);

337and3.73 (IHand 1H, A. ...... J=138,
CH.Ph); 4.73 (1H, dt, ) = 4.4, ®J= 10.7, OCH);
7.11-7.40 (5H, m, arom.)

0.46-2.33 (21H, m, aliph.);

326and3.85 (IHand 1H, A. ...... J=137,
CH.Ph); 4.75 (1H, dt,3J= 4.4, %= 10.9, OCH);
7.04-7.48 (5H, m, arom.)

1.31 (1H, dd, 2J = 1.6, *Jgs = 6.1, cis-H-3);

1.49 (9H, s, t-Bu); 1.77 (1H, dd, *Jyrans = 2.6,

8)4s = 6.1, H-2); 2.20 (1H, dd, 23 = 1.6,

®Jtrans = 2.6, trans-H-3); 7.16-7.34 (9H, m, arom.);
7.46-7.56 (6H, m, arom.)

2.47 (1H, dd, 2 = 1.2, ®J4s = 5.6, cis-H-3);

2.62 (1H, dd, 2 = 1.2, 3Jyans = 3.1, trans-H-3);

3.14 (1H, d.d, *Jurans = 3.1, *Jcis = 5.6, H-2);
5.02-5.21 (4H, m, CH,Ph);

7.32-7.38 (10H, m, arom.)

1.45 (9H, s, t-Bu); 2.40 (1H, dd, 2 = 1.3, *J;s = 5.0,
cis-H-3); 2.55 (1H, dd, 2J = 1.3, 3Jyans = 3.1,
trans-H-3); 3.00 (1H, dd, *Jyrans = 3.1, *Jgis = 5.0, H-2);
5.11 and 5.17 (1H and 1H, AB system, J = 12.1,
CH,Ph); 7.32-7.40 (5H, m, arom.)

1.45 (9H, s, t-Bu); 2.40 (1H, dd, 2 = 1.3, *J,s = 5.0,
cis-H-3); 2.55 (1H, dd, 2J = 1.3, 3Jyans = 3.1,
trans-H-3); 3.00 (1H, dd, 3Jyrans = 3.1, Jgis = 5.0, H-2);
5.11 and 5.17 (1H and 1H, AB system,

J=12.1, CH,Ph); 7.32-7.40 (5H, m, arom.)



TABLE 3 (continued)

1 2 3 4

4g COOBu-t Bn 1.43 (9H, s, t-Bu); 2.40 (1H, dd, 20 = 1.4, *Js = 5.2,
cis-H-3); 2.55 (1H, dd, 2J = 1.2, 3Jyans = 3.3,
trans-H-3); 3.00 (1H, dd, 3Jyans = 3.2, 3Jiis = 5.1, H-2);
5.18 and 5.25 (1H and 1H, AB system,

J =12.4, CH,Ph); 7.30-7.42 (5H, m, arom.)

4h COOBu-t t-Bu 1.47 (9H, s, t-Bu); 1.50 (9H, s, t-Bu); 2.32 (1H, dd,
2)=1.6, % = 5.2, cis-H-3); 2.47 (1H, dd, 21 = 1.6,
8Jypans = 3.1, trans-H-3); 2.93 (1H, dd, 3Jyans = 3.1,
8Jis = 5.2, H-2)

4i COOBu-t Nonyl 0.86 (3H, t, J = 6.7, nonyl CH);

1.16-1.49 (21H, m, nonyl, t-Bu);

1.55-1.73 (2H, m, aliph.); 2.38 (1H, dd, 2J = 1.5,
%Jis = 5.5, cis-H-3); 2.50 (1H, dd, 2 = 1.5,

8Jyrans = 3.2, trans-H-3); 3.00 (1H, dd, 3Jyrans = 3.2,
8Jas = 5.5, H-2); 4.02-4.26 (2H, m, OCHy)

4j CONMe, Bn 2.48 (1H, dd, 23 = 1.2, ®Jyans = 3.2, trans-H-3);

2.55 (1H, dd, 2 = 1.2, ®Js = 6.3, cis-H-3);

2.92 (3H, s, CHj3); 3.02-3.08 (1H, unresolved dd,
H-2); 3.05 (3H, s, CH3); 5.14-5.28 (2H, m, CH,Ph);
7.34-7.39 (5H, m, arom.)

4m CH(Ph)CH,OMe t-Bu 1.42 (1H, dd, %) = 1.0, *J;is = 6.3, cis-H-3);

1.50 (9H, s, t-Bu ); 2.01 (1H, dd, 2 = 1.0,

®Jtrans = 3.4, trans-H-3); 2.38 (1H, dd, *Jyans = 3.4,
%Jis = 6.3, H-2); 2.69 (1H, dd, J = 4.8, J = 7.7, NCH);
3.37 (3H, s, OCHy); 3.61 (1H, dd, J = 4.8,
J=9.8,0CH); 3.70 (1H, dd, J = 7.7, J = 9.8, OCH);
7.25-7.45 (5H, m, arom.)

4n CH(Ph)CH,OMe t-Bu 1.40 (9H, s, t-Bu), 1.87 (1H, dd, *Jyans = 3.3,

3J4s = 6.4, H-2); 1.98 (1H, dd, 2J = 1.0,

%Jas = 6.3, cis-H-3); 2.39 (1H, dd, %) = 1.0,

33ians = 3.3, trans-H-3); 2.75 (1H, dd, J = 4.5, 1= 7.9,
NCH); 3.34 (3H, s, OCHs); 3.54 (1H, dd,
J=4.8,1=9.8,0CH);3.72 (1H,dd, J = 7.9,
J=9.8, OCH); 7.23-7.42 (5H, m, arom.)

We have shown by two different methods B and C (using potassium tert-butylate as base) that
transesterification of the diastereomeric esters 4k and 4l proceeds with retention of the configuration of the
substituent at the aziridine nitrogen atom and have obtained the corresponding diastereomeric esters 4m and 4n.

(0]
I . . . ©) .
OMe B: t-BuOH, n-BuLi, THF, -20°C — room temp. W

\N4 OBu-t
N C: t-BuOK, THF, -20°C — room temp. N
- L _OMe
Ph=OMe 70% (B) Ph=2
H 82% (C) H
4k 4m
(0] (0]
. - o (R
OMe B: t-BuOH, n-BuLi, THF, -20°C — room temp. OBU-t
N C: t-BuOK, THF, -20°C — room temp. N
phen__-OMe 29% (B) T e OMe
H 74% (C) H
41 4n
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TABLE 4. Physicochemical Characteristics of Esters of Aziridine-2-
carboxylic Acids 2 and 4

Com- Empirical __Found, % __
pound formula Calculated, % R¢* mp, °C
C H N

2b C10H1oN204 52.69 4.64 12.16 0.13 115-117
54.06 454 12.61

2d C13H1gNO; 69.30 8.59 6.28 0.58
70.56 8.65 6.33

2e Ci3H2NO, 68.38 10.13 5.65 0.62
69.29 10.29 6.22

2g C21H27NO; 73.63 8.24 3.50 0.26 129-130
73.87 7.97 4.10

2h C2HgNO; 74.14 8.28 3.92 0.15 135-136
74.33 8.22 3.94

4c ConngOz 75.44 m m 0.63 107-109
76.15 9.27 4.44

4'c CaoH2NO, 76.00 9.23 4.36 0.57 111-112
76.15 9.27 4.44

4d CH27NO; 80.89 7.05 3.65 0.36 146-147
81.01 7.06 3.63

4f C1sH1gNO, 64.94 6.89 511 0.57 137.5-138.5
64.97 6.91 5.05

4h C12H21NO, 59.05 8.79 5.57 0.77
59.24 8.70 5.76

4m CleH23N03 M w w 0.59 128
69.29 8.36 5.05

4n C16H23NO; 69.11 8.51 5.03 0.46
69.29 8.36 5.05

* Mobile phase in TLC: ethyl acetate—petroleum ether, 1:1 (compounds
2b,d,e,qg, 4c, 4'c, 4m,n), 1:3 (compounds 2h, 4f), 1:9 (compounds 4d,h).

EXPERIMENTAL

The 'H NMR spectra were recorded on a Varian Mercury 200 (200 MHz) spectrometer, internal
standard was TMS. Elemental analyses were carried out on a Carlo Erba EA 1108 apparatus. Melting points
were determined on a Gallenkamp heating stage and are not corrected. TLC was carried out on DC Alufolien
plates of Kieselgel 60. Chiral HPLC of compounds 4f and 4f-1 was carried out on a Gilson chromatographic
system and a column of Chiralcel OD (Daicel), in hexane—ethanol, 95 : 5 (flow rate 1.0 ml/min and UV
detector at 254 nm). Dry THF was prepared by double distillation over sodium (second time in the presence of
benzoquinone).

Transesterification of Aziridine-2-carboxylic Acid Methyl Ester and Its Derivatives (General
Procedure). A. Compounds 2a-h (Tables 1,3,4). Potassium carbonate (41.4 g, 300 mmol) was added with
stirring to a solution of aziridine-2-carboxylic acid methyl ester [1] (10.1 g, 100 mmol) in the alcohol
(100 mmol) at ~20°C. The mixture obtained was stirred and heated at 150°C in a stream of argon while
distilling off the methanol. The reaction mixture was then cooled to room temperature, poured into water
(50 ml), and extracted with ether (3 x 20 ml). The combined ether extracts were washed with water (2 x 20 ml),
and with saturated NaCl solution (20 ml), then dried over Na,SQO,, the solution filtered, and the solvent
evaporated in vacuum. The obtained esters were purified by chromatography on silica gel with petroleum ether—
ethyl acetate, or by distillation in vacuum.
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B. Compounds 2a-h and 4a-j (Tables 1-4). A round-bottomed flask (100 ml) was placed in a heater for
5 h at 150°C and cooled in a stream of argon to room temperature. The alcohol (100 mmol) was placed in the
flask and absolute THF (10 ml) was added. The obtained solution was cooled to -20°C in a stream of argon and
BuLi (40 ml, 100 mmol) was added dropwise as a 2.5 M solution in hexane. The solution of alcoholate obtained
was stirred at -20°C for 15 min, a solution of aziridine-2-carboxylic acid methyl ester (100 mmol) in absolute
THF (15 ml) was added, the mixture was stirred for 1-5 h at -20°C, heated to room temperature, poured into ice
water (20 ml), and extracted with ether (3 x 20 ml). The ether extracts were combined, washed with water
(2 x20 ml), and with saturated NaCl solution (20 ml), dried over Na,SO,4, and the solvent evaporated in
vacuum. The esters obtained were purified by chromatography on silica gel in the system petroleum ether—ethyl
acetate, or by distillation in vacuum.

C. Compounds 4m and 4n (Tables 3, 4). A round-bottomed flask (100 ml) was placed in a heater at
150°C for 5 h and cooled in a current of argon to room temperature. Potassium tert-butylate (100 mmol) was
placed in the flask and absolute THF (15 ml) was added. The solution obtained was cooled in a current of argon
to -20°C and a solution of aziridine-2-carboxylic acid methyl ester (100 mmol) in absolute THF (15 ml) was
added dropwise. The mixture was stirred at -20°C for 1.5 h, heated to room temperature, poured into ice water
(25 ml), and extracted with ether (3 x 25 ml). The ether extracts were combined, washed with water (2 x 25 ml),
and with saturated NaCl solution (25 ml), dried over Na,SQO,, and evaporated. The esters obtained were purified
by chromatography on silica gel in the system petroleum ether—ethyl acetate, 4:1.

The work was carried out with the financial support of the Latvian Council for Science (grant LZP
01.192).
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Chemistry of Heterocyclic Compounds, Vol. 43, No. 2, 2007

UNNATURAL AMINO ACIDS. 3*. AZIRIDINYL KETONES FROM ESTERS
AND AMIDES OF AZIRIDINE-2-CARBOXYLIC ACIDS

B. Shtrumfs, J. Hermane, 1. Kalvinsh, and P. Trapencieris

A series of N-substituted amides and esters of aziridine-2-carboxylic acids have been prepared and have
been subjected to deprotonation with lithium diisopropylamide. The intermediate carbanions reacted
more readily with the carbonyl groups of the substrates than with methyl iodide. So, in place of the
expected amides or esters of methylaziridine-2-carboxylic —acids, amides or esters of
2-aziridinylcarbonylaziridine-2-carboxylic acids were isolated.

Keywords: aziridinyl ketones, esters and amides of aziridin-2-carboxylic acids, deprotonation.

Esters and amides of aziridine-2-carboxylic acids are suitable starting materials for the
preparation of derivatives of a- and B-amino acids after opening the aziridine ring [2,3]. Unlike other esters of .-
amino acids, aziridine-2-carboxylates do not have a tendency to dimerize to form diketopiperazines. Our interest
in esters and amides of aziridine-2-carboxylic acids is connected with the study of the conditions for
deprotonation of the a-center of the aziridine ring to prepare sterically hindered cyclic unnatural a-amino acids,
required for the synthesis of different derivatives of a- and B-amino acids.

Deprotonation of esters of aziridine-2-carboxylic acid was first carried out by Seebach [4,5]. However
isolation of the reaction products was unsuccessful. Only after moving to thiol esters was isolation of the
products from the reactions with electrophiles successful [4]. In this paper [4]it was first postulated that
carbanions were configurationally stable at low temperatures. In 1997 Vedejs published a paper on lithiated
complexes of aziridines with BH; [6]. It was shown that the increased s-character of the CH bonds in the
aziridine ring accelerated lithiation in position 2 of the aziridine ring, facilitating the reaction with electrophiles.

The stability of carbanions in a series of esters of aziridine-2-carboxylic acids has been demonstrated
recently [7, 8]. A methoxymethyl protecting group on the aziridine nitrogen atom stabilizes the intermediate
carbanion and permits the preparation of a series of 2-substituted esters of aziridine-2-carboxylic acids [8].
Alkylation of 3-substituted esters of 1-(diphenylmethyl)aziridine-2-carboxylic acids gave a mixture of
2-alkylated aziridines and diaziridinyl ketones [9].

We have studied the deprotonation of derivatives of aziridine-2-carboxylic with different substituents in
the aziridine ring to determine the limits of use of this reaction. As substituents we chose well known protecting
groups which are readily removed after the reaction was completed. We have developed a method for synthesis
of the 1-substituted dimethylamides of the aziridine-2-carboxylic acids 2a-c (scheme 1) required for this study.

Latvian Institute of Organic Synthesis, Riga LV1006, Latvia; e-mail: boriss@asi.lv e-mail:
peteris@asi.lv. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2, 220-225, February, 2007.
Original article submitted October 10, 2006
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Scheme 1

I 0 a). Boc,0, DCM, 0
5-20°C, 1h
OMe Me,NH, MeOH NMe, NMe,
I saccash ) b) Ph,CCL, E;N, N
I 5-20°C, ] |
f H Me,CO,20°C, 12 .
2a,c
0
MezNH MeOH
NMe,
5-20°C, 48 h )N
Ph Ph
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2 a X=COOBu-t, ¢ X =Ph;C

The methyl ester of aziridine-2-carboxylic acid [10] and the dimethylamide of aziridine-2-carboxylic
acid [11] were prepared by known methods. The methyl ester of 1-benzylaziridine-2-carboxylic acid (2d)
reacted readily with dimethylamine even at low temperature to give the dimethylamide 2b in 73% yield.
However the methyl esters of 1-tert-butoxycarbonyl- and 1-tritylaziridine-2-carboxylic acids gave difficult to
separate reaction mixtures. An alternative reaction scheme was therefore used in the dimethylamide of aziridine-
2-carboxylic acid (1) as the starting material. The dimethylamides 2a and 2c¢ prepared by this method were
readily isolated in yields of 71 and 91% and were suitable for the reactions studied.

In the initial study we carried out deprotonation of the amides 2a-c¢ with the aim of trapping the
carbanions formed with the simple electrophile — methyl iodide — to obtain the 2-methyl-substituted compounds
3 (Scheme 2). However after addition of methyl iodide to the reaction mixture only aziridine 4¢ (33% yield) was
isolated. The same product 4¢ (58% yield) was isolated after treatment of the mixture with water.

We used the same conditions for deprotonation of the esters 2d-g. The corresponding aziridinyl ketones
4d and 4f were formed from 1-benzyl-substituted 2d and 2f. The aziridinyl ketones 4 are difficult to make by
other methods.

Scheme 2
0
0
T N N
’ -78°C, 15-60 min R
2. Mel
R R 2.H,0
V4 > N N
1}1 VAN II\I - I I
¥ X X X
3 2 4

a R = NMe,, X = COOBu-#; b R = NMe,, X = Bn; ¢ R = NMe,, X = CPh;, d R =0OMe, X = Bn,
e R = OMe, X = CPh;; f R = OBu-#, X =Bn, g R = OBu-z, X = CPh;

It should be noted that not all of these reactions gave only the aziridinyl ketones. For example, the

dimethylamide of 1-fert-butoxycarbonylaziridine-2-carboxylic acid (2a) gave a mixture of ketone 4a and another
bisaziridine, the structure of which was not established, which was difficult to separate. In the synthesis of
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TABLE 1. '"H NMR Spectra of aziridinyl ketones 4

Com-

pound X R Chemical shifts, 3, ppm (J, Hz)

4c CPh; NMe, 1.44 (1H, dd, %J = 1.6, *J.;; = 6.6, cis-H-3); 1.91 (1H,

unresolved dd, trans-H-3); 2.05 (1H, d, J= 6.8, H-5);

2.38 (3H, s, N(CHs;),); 2.50 (1H, d, J= 6.8, H-4);

2.54 (3H, s, N(CH3)2): 2.89 (1H, dd, *Jyans = 2.3, *Jois = 6.6, H-2);
7.05-7.28 (20H, m, arom,.); 7.36-7.54 (10H, m, arom,.)

4d Bn OMe 1.75 (1H, unresolved dd, s = 6.5, cis-H-3); 2.13-2.17 (1H, m,
H-5); 2.26-2.29 (1H, m, H-4); 2.37 (1H, unresolved dd,
trans-H-3); 2.59 (1H, dd, *Jyans = 2.7, *Jois = 6.5, H-2);

3.41 and 3.56 (1H and 1H, AB system, J = 13.4, C¢HsCH,);

3.64 (3H, s, CH3); 3.79 and 3.95 (1H and 1H, AB system,
J=13.6, C¢HsCH,); 7.20-7.38 (10H, m, arom,.)

4f Bn OBu-t | 1.41 (9H,s, (CH;);:C-t; 1.71 (1H, dd, 2/ = 1.2, * /., = 6.5,

cis-H-3); 2.15-2.19 (1H, m, H-5); 2.25-2.28 (1H, m, H-4);

2.30 (1H, unresolved dd, trans-H-3); 2.52 (1H, dd, *Jjas = 3.0,
3Jis = 6.5, H-2); 3.41 and 3.55 (1H and 1H, AB system, J=13.9,
PhCHy); 3.78 and 3.96 (1H and 1H, AB system, J = 13.8, PhCH.);
7.17-7.50 (10H, m, arom,.)

ketone 4e an inseparable reaction mixture was formed, which contained the corresponding aziridinyl ketone 4e,
the methyl 1-tritylaziridine-2-carboxylate starting material (2e) with a small amount (<5%) of the
diisopropylamide of 1-tritylaziridine-2-carboxylic acid.

The carbanions obtained from the amide 2b and the tert-butyl ester 2g (observed by the characteristic
orange-red color of the reaction mixture) captured water to form the corresponding starting materials. In its turn,
ketone 4¢ was formed only by raising the temperature to room temperature for 3 h with subsequent treatment
with water.

Hence, the bulky trityl substituent on the nitrogen atom decreased the reactivity of the substrates 2.
Formation of the aziridinyl ketones occurred only with the dimethylamides and not the esters of the
1-tritylaziridine-2-carboxylic acid.

In the future we shall extend the investigation of the behavior of carbanions generated from
N-substituted esters and amides of aziridine-2-carboxylic acids.

EXPERIMENTAL

'"H NMR spectra of CDCl; solutions with TMS as internal standard were recorded with a Varian
Mercury (200 MHz) spectrometer. Elemental analyses were determined with Carlo Erba EA-1108 machine.
Mass spectra were obtained with a Micromass Q-ToF micro. Melting points were recorded with a Gallenkamp
heating block and were not corrected. TLC was carried out on DC Aluflien strips with Kiesel-60 absorbent.
HPLC of compounds 2 was carried out on a Gilson chromatographic system with an Ultrasphere Si (4.6x250
mm) column with 96:4 hexane-isopropanol eluant (10 ml/min), 254 nm UV detector). Dry methylene chloride
was distilled from CaH,. Dry THF was distilled twice over sodium (the second time in the presence of
benzoquinone). Dry isopropanol was prepared by distillation twice from CaH,. Dry dimethylamine was prepared
heating an aqueous solution of dimethylamine and passing the product through dry NaOH.
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Dimethylamide of aziridine-2-carboxylic acid (1). Absolute methanol (100 ml) was added to methyl
aziridine-2-carboxylate [10] (10.1 g, 100 mmol). The solution was cooled to 5°C and saturated with dry
dimethylamine for 20 min. The mixture obtained was stirred at room temperature for 48 h under argon. The
methanol was evaporated at low pressure and the residue was purified by chromatography on silica gel (eluant
9:1 chloroform-methanol) to give compound 1 (10.0 g, 88%), mp 85-87°C (in [14] compound 1 was prepared by
aziridination of the dimethylamide of acrylic acid in 40% yield). '"H NMR Spectrum, &, ppm: 1.40 (1H, br. s,
NH), 1.67-1.83 (2H, m, H-3), 2.5-2.68 (1H, m, H-2), 2.95 (3H,s, N(CH3),), 3.13 (3H,s, N(CH3),).

Dimethylamide of 1-benzylaziridine-2-carboxylic acid (2b) [13] was obtained from methyl
1-benzylaziridine-2-carboxylate [12] was made analogously to amidation by method [11]. Yield 73%. '"H NMR
Spectrum, 6, ppm: 1.69 (1H, unresolved, dd, s =62, cis-H-3), 2.23-2.35 (2H, m, trans-H-2,3), 2.94 (3H, s,
N(CHs),), 2.99 (3H, s, N(CHs;),), 3.50 and 3.65 (1H and 1H, AB system, J = 13.4, PhCH,), 7.2-7.43 (5H, M,
arom).

Dimethylamide of 1-(fert-butoxycarbonyl)aziridine-2-carboxylic acid (2a). Dry methylene chloride
(20 ml) was added with stirring to dimethylamide 1 (11.4 g, 100 mmol). The mixture was cooled to 5°C and
(-Bu0OCO0),0) (21.8 g, 100 mmol) in dry methylene chloride (10 ml) was added over 5 min. The mixture
obtained was stirred for 1 h at room temperature under argon. Methylene chloride was evaporated at reduced
pressure. The residue was purified by chromatography on silica gel with 1:1 petroleum ether-ethyl acetate as
eluant to give compound 2a (15.2 g, 71%, oil) (the optically active analog of 2a was prepared by the Mitsunoba
method from the L-serine derivative [15]). '"H NMR Spectrum, &, ppm, (J, Hz): 1.25 (9H, s, C(CH;)), 2.15 (1H,
dd, *J=1.2,%J., =53, cis-H-3), 2.42 (1H, dd, >J = 1.2, *Jyuns = 3.1, trans-H-3), 2.79 (3H, s, N(CH3),), 3.05 (1H
dd, *Jyams = 3.1, *Jis =5.3), 3.08 (3H, s, N(CH;).

Dimethylamide of 1-tritylaziridine-2-carboxylic acid (2c¢). Acetone (20 ml) triethylamine (7.0 ml,
50 mmol), and a solution of trityl chloride (13.9 g, 50 mmol) in acetone (10 ml) were added with stirring to the
dimethylamide 1. The mixture was stirred at room temperature for 12 h in an atmosphere of argon. The mixture
was then poured into ice water (20 ml) and extracted with ether (3x20 ml). The ether extracts were combined,
washed with water (2x20 ml) and saturated NaCl solution (20ml), dried over Na,SO,, filtered and the solvent
was removed at low pressure. The product was purified by chromatography on silica gel with 3:1 petroleum
ether-ethyl acetate as eluant to give compound 2¢ (16,2 g, 91%), mp 141°C (from 2:1 petroleum ether-ethyl
acetate). '"H NMR Spectrum, o, ppm (J, Hz): 1.35 (1H, unresolved dd, s = 6.0, cis-H-3), 1.94 (1H, dd,
irans = 2.9, *Juis = 6.0, H-2), 2.36 (1H, unresolved dd, trans-H-3), 2.80 (3H, s, N(CHs),), 2.99 (3H, s, N(CHs),),
7.15-7.34 (9H, m, arom), 7.50-7.59 (6H, m, arom). Found, %: C 80.44, H 6.79, N 7.71. Calculated for
C24H24N20, %: C 8087, H 679, N 7.86.

Esters of aziridine-2-carboxylate acid 2d-g are described in the literature. Methyl ester 2d was
obtained by method [12]. The tert-butyl esters 2f and 2g were prepared from the corresponding methyl esters 2d
and 2e and have been characterized by us previously [1].

Methyl 1-tritylaziridine-2-carboxylate (2e) was made previously by a different method, a 97% yield
being obtained by cyclization of O-methylsulfonyl derivatives of serine [16]. Triethylamine (4.5 ml, 32 mmol)
and trityl chloride (9.0 g, 32 mmol) were added with stirring at 0-5°C to a solution of methyl aziridine-
2-carboxylate (2.9 ml, 32 mmol) in acetone (40 ml). Within a minute of the dissolution of trityl chloride
precipitation of triethylammonium chloride began. The mixture was stirred for 12h and then filtered. The filtrate
was evaporated at low pressure to give compound 2e (10.0 g, 91%), m.p. 133°C (from 5:1 ether-hexane).
'"HNMR Spectrum, 8, ppm (J, Hz): 1.41 (1H, dd, *J = 1.9, *J.;, =6.0, cis-H-3), 1.89 (1H, dd, *J,ems = 2.6,
s = 6.1, H-2), 2.26 (1H, dd, *J = 1.9, *J,yn= 2.6, trans-H-3), 3.76 (3H, s, OCH3), 7.16-7.33 (9H, m, arom),
7.46-7.54 (6H, m, arom). Found, %: C 80.51, H 6.16, N 4.10. Calculated for C,3H;NO,, %: C 80.44, H 6.16,
N 4.08.
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Condensation of derivatives of esters and dimethylamides of aziridine-2-carboxylic acids in the
presence of lithium diisopropylamide and methyl iodide or dimethyl sulfate (general method A). A round-
bottomed flask (100 ml) was heated at 150°C for 5 h and then cooled to room temperature in a stream of argon.
Absolute THF (10 ml was placed in the flask and dry diisopropylamine (0,51 g, 5 mmol) was added. The
solution was cooled to -20°C in a stream of argon and #-BuLi (2.0 ml, 5 mmol) as a 2.5 M hexane solution was
added drop wise. The solution of lithium diisopropylamide obtained was stirred for 15 min at -20°C and then
cooled to -78°C in a stream of argon and solution of an ester r a dimethyl amide of an aziridine-2-carboxylic acid
2a-g in abs. THF (5 ml) was added drop wise. The reaction mixture was then stirred for 15-60 min at -78°C and
the mixture became orange red in color. Then methyl iodide (1.42 g, 10 mmol) (in experiments with esters of
aziridine-2-carboxylic acids) or dimethyl sulfate (1.26 g, 10 mmol) (in experiments with dimethylamides of
aziridine-2-carboxylic acids) was added to the reaction mixture. Then 1:1 H,O-TYF (10 ml) was added.

After the color had disappeared the solution was heated to room temperature, poured into ice water
(20 ml), and extracted with ether (3%x20 ml). The ether extracts were combined, washed with water (2x20 ml)
and saturated NaCl solution (20 ml), dried over Na,SO,4 (20 ml), filtered, and evaporated under low pressure.
The products were purified by chromatography on silica gel with petroleum ether-ethyl acetate as eluant. Only
condensation products 4 were obtained. The 'H NMR Spectra are given in the Table.

Condensation of derivatives of esters and dimethylamides of aziridine-2-carboxylic acids in the
presence of lithium diisopropylamide (general method B). A round-bottomed flask (100 ml) was heated at
150°C for 5 h and then cooled to room temperature in a stream of argon. Absolute THF (10 ml was placed in the
flask and dry diisopropylamine (0,51 g, 5 mmol) was added. The solution obtained was cooled to -20°C in a
stream of argon and n-BuLi (2.0 ml, 5 mmol) as a 2.5 M hexane solution was added drop wise. The solution of
lithium diisopropylamide formed was stirred at -20°C for 15 min and then cooled to -78°C in a stream of argon.
An ester or a dimethylamide of an aziridine-2-carboxylic acid (2a-g) (5 mmol) in absolute THF (5 ml) was then
added drop wise. The reaction mixture was then stirred for 15-60 min at -78°C, and the mixture became orange-
red in color. The 1:1 H,O-THF (10 ml) was added. After the color had disappeared the solution was raised to
room temperature, poured into ice water (20 ml), and extracted with ether (3%x20 ml). The ether extracts were
combined, washed with water (2x20 ml) and saturated NaCl solution (20 ml), and dried over Na,SOy filtered,
and the solvent was evaporated under reduced pressure. The condensation products were purified
chromatographically on silica gel with petroleum ether—ethyl acetate as eluant.

Dimethylamide of 1-trityl-2-(1-tritylaziridine-2-carbonyl)aziridine-2-carboxylic acid (4¢) was
obtained from compound 2¢ (1.78 g) by either general method A or B. The reaction took 60 min. No product
was obtained by "extinguishing" the reaction mixture with water at -78°C. In a second experiment, after slowly
raising the temperature of the reaction mixture to room temperature over 3 h with subsequent "extinction" with
water, product 4¢ was obtained as an oil (1.10 g, 33%) by method A or (1.94 g, 58%) by method B Found:
m/z: 690.3132 [M + Na]’, C46H4N30,. M + Na = 690.3096.

Methyl 1-benzyl-2-(1-benzylaziridine-2-carbonyl)aziridine-2-carboxylate (4d) was obtained from
compound 2d (0.96 g, 5 mmol) by either method A or B. Length of reaction 50 min. Yield 0.54 g (31%,
oil)(general method A) or 0.90 g (46%, oil) (general method B). Found: m/z: 350.1736 [M + H]" C;;H,;,N,0s.
M + H=350.1756

Tert-Butyl 1-benzyl-2-(1-benzylaziridine-2carbonyl)aziridine-2-carboxylate (4f) was obtained from
tert-butyl 1-tritylaziridin-2-carboxylate (2f) (1.17 g 5 mmol) by either method A or B. Reaction time 15 min.
Yield 0.82 g (42%, oil) (general method A) or 0.90 g (46%, oil) (general method B). Found, m/z: 393.2165
[M + H] CyyHpsN,O; M + H =393.2178.

This work was carried out with financial assistance from the Latvian Council of Science
(grant LZP 01.192).
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Using the reaction of diaziridine-3,3-dicarboxylic acid dihydrazide with acetone, new bicyclic diaziridines 7a,b have been

obtained instead of expected tricyclic heterocycle 8.

Diaziridines are known to display anticancer!> and psycho-
tropic® activity. In this aspect, the chiral diaziridines are of
special interest, in particular, tricyclic ‘butterfly’ 1a,b (liquids)
of C, symmetry.’-10

(HC), \\((leZ)n

N—N"

lan=1
1b n=2

This work aimed to obtain crystalline functionalized tricyclic
diaziridines capable of resolving into enantiomers and thus
potentially useful for structural and biological studies. As we
reported earlier, aziridine-2-carboxylic acid hydrazide reacted
with aldehydes and ketones to give bicyclic aziridines,!! and with
acetone it formed a crystalline conglomerate, which underwent
spontaneous resolution.!2

O O
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Scheme 1 Synthesis of diaziridine 7. Reagents and conditions: i, AcOH-H,0,
NaNO,, -5 °C to room temperature, 6 h; ii, NEt;, Et,0, TsCl, 5 °C to room

temperature, 4 h; iii, NH; (2 equiv.) in MeCN, —40 °C, 1.5 h; iv, 1 mol dm=3
hydrazine in THF, room temperature, 12 h; v, Me,CO (excess), reflux, 1.5 h.
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Figure 1 Important '"H - 13C connectivities observed in HMBC spectra.

Assuming that an analogous double cyclization could be
feasible, we have studied the reaction of diaziridine-3,3-dicar-
boxylic acid dihydrazide 6 with acetone in an attempt to obtain
the target tricyclic diaziridine similar to 1b. However, instead of
tricycle 8, a mixture of bicyclic diaziridines 7a and 7b was
obtained (Scheme 1).T The initially formed precipitate consists
of two isomers 7a and 7b, but after recrystallization from
acetone, only bicycle 7b was isolated.

Several attempts to convert the mixture of hydrazones 7a,b
into tricyclic 8 were unsuccessful. Thus, heating a solution
of 7a,b in boiling [*HgJacetone at 60 °C for 10 or 48 h in pure
boiling CD;0D (and with 10 mol% DABCO) produced no changes
in "TH NMR spectra.

The structure of the bicyclic hydrazones was investigated
using NMR spectroscopy. When recrystallised isomer 7b was
dissolved in [2H6]DMSO, signals corresponding to two isomeric
monohydrazones 7a and 7b were observed in an equilibrium
ratio of 3:2. Both structures were confirmed by important
TH - 13C connectivities observed in HMBC spectra (Figure 1)
and observed NOEs (Figure 2). According to this evidence, the
isomers may differ in the E/Z geometry of the N-acylhydrazone
or in stereochemistry at the diaziridine nitrogen. Stereochemistry
at the diaziridine NH nitrogen seems to be well defined due to a
much higher inversion barrier in diaziridines as compared to

0 0 o o0
N
HN NNH QN)?(NMH\J
Y Pt

7a 7b
major minor

Figure 2 Observed NOEs.
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simple aziridines. According to X-ray structure of 7b (Figure 3),
diaziridine NH proton is pointed towards uncyclised substituent
due to electronic repulsions of N(1) and N(2) lone electron
pairs. One more possibility to generate isomers is the planar
inversion of hydrazone nitrogen. However, this is very high
energy process and cannot count for observed exchange cross
peaks on NOESY/ROESY spectra between 7a and 7b. Thus, we
conclude that interconversion of 7a to 7b is restricted rotation
around amide bond as it was observed in the case of other acyl-
hydrazones.!3!4 At the same time, the geometry of the preferred
solid state isomer is confirmed, as shown for bicyclic diaziridine
7b according to the X-ray diffraction study (Figure 3).*

In summary, bicyclic diaziridines 7 (semi butterfly) have
been synthesised for the first time from diaziridine-3,3-dicar-
boxylic acid dihydrazide and acetone. No tricyclic structure 8
(butterfly) was detected in these studies.

This work was supported by the Russian Academy of
Sciences and the Russian Foundation for Basic Research (grant
no. 06-03-32840).

T NMR spectra were recorded on a Varian UNITY INOVA 600 MHz
spectrometer equipped with a cryoprobe, in [?H]DMSO solution at
25°C, and on a 200 MHz NMR Spectrometer Varian 200 Mercury.
Chemical shifts are reported in ppm relative to residual solvent signal
[0 (*H) 2.50 ppm, 0 ('3C) 39.5 ppm] (for 600 MHz spectrometer) or TMS
as an internal reference (for 200 MHz spectrometer). Two-dimensional
spectra recorded included DQF-COSY, ROESY, TOCSY, sensitivity-
enhanced *C-HSQC and '3C—'H HMBC. Pulsed-field gradients were
used for all 13C correlation spectra. The ROESY mixing time was 200 ms,
and the TOCSY mixing time was 70 ms. '3C-HMBC spectra were recorded
with coupling evolution delay for the generation of multiple-bond cor-
relations set to 62.5 ms. All 2D spectra were run with 4096x1024 points
data matrix, giving 7, ., = 250 ms for 'H in the acquisition dimension
and 7,,,, =100 ms for 'H or 7,,, =50ms for 13C for the indirect
dimension. Prior to Fourier transform the data matrix was zero-filled twice
and multiplication by shifted sine-bell window function was applied. For
'H-13C HMBC the magnitude spectra were calculated.

LC-MS analysis was performed on a Waters Acquity ultra performance
liquid chromatography (UPLC) system (Waters Corp., Milford, USA)
(column Acquity UPLC BEH CI18 1.7 um, 2.1x50 mm) coupled to a
Micromass Q-Tof micro API Time Of Flight (TOF) mass spectrometer
(Waters Corp., Milford, USA) equipped with an electrospray source
operating in positive ion mode. The source temperature was set at 120 °C
with a cone gas flow of 30 dm? h~!. A desolvation gas temperature of
300 °C and a gas flow of 400 dm?h-! were employed. The capillary
voltage was set at 3.0 kV and the cone voltage was 45 V.

Diester 4 was obtained according to the reported method,' yield
5.22 g (73%). '"HNMR (200 MHz, [?Hg]DMSO) 9: 2.47 (s, 3H), 3.84
(s, 3H), 3.94 (s, 3H), 7.33-7.44 (m, 2H), 7.83-7.94 (m, 2H).

Diaziridine 5 was prepared according to the known procedure!® and
purified by sublimation. Dihydrazide 6 is extremely hygroscopic and,
therefore, was used without purification.

Bicyclic diaziridine 7: 170 mg (1.06 mmol) of diaziridine 5 was
dissolved in 10 ml of dry THF (from Na/benzophenone), and 2.2 ml of
1 mol dm3 hydrazine solution in THF was added. The mixture was
stirred for 12 h under argon. A white precipitate was filtered under argon,
dissolved in dry acetone, and the solution was heated under reflux for
1.5 h. The precipitate was filtered, dried in vacuo and recrystallized from
acetone to give 7b, yield 50 mg (20%). LC-MS, m/z: 263 [M + Na]*.
Major isomer 7a (in solution): 'H NMR (600 MHz, [*Hg]DMSO) 6:
1.12 (s, 3H, Me), 1.32 (s, 3H, Me), 1.80 (s, 3H, Me), 1.83 (s, 3H, Me),
3.76 (s, 1H, HN), 4.85 (s, 1H, HN), 8.90 (s, 1H, HN), 10.62 (s, 1H, HN).
13C NMR (150 MHz, [?H¢]DMSO) d: 17.7, 21.8, 24.9, 25.27, 52.5, 71.3,
159.1, 161.0, 167.9. Minor isomer 7b (in solution): 'H NMR (600 MHz,
[?H¢]DMSO) d: 1.16 (s, 3H, Me) 1.17 (s, 3H, Me), 1.87 (s, 3H, Me),
1.94 (s, 3H, Me), 4.10 (s, 1H, HN), 5.16 (s, 1H, HN), 9.42 (s, 1H, HN),
11.32 (s, 1H, HN). 3C NMR (150 MHz, [?H;]DMSO) ¢: 18.0, 21.5,
24.9,25.33,57.7,71.8, 151.1, 165.2, 167.7.

C(16)

Figure 3 X-ray structure for 7b in representation of atoms as thermal
ellipsoids drawn at 50% probability level.
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ABSTRACT
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Acyl group migration from N to C in aziridine-2-carboxylates takes place in deprotonation reactions and, as a result, aziridine-2,2-

dicarboxylates are formed. Mechanism studies proved

that observed migration is an intramolecular reaction.

Aziridines, especially aziridine-2-carboxylates and their
derivatives are excellent substrates for asymmetric
synthesis of unnatural amino acids'. Lithiation of
aziridines is one of the routes for functionalisation of
small 3-membered heterocycles. Seebach? Husson®,
Hodgson* and Wulff> have demonstrated enantioselective
a-alkylation of anions, generated from aziridine-2
carboxylates in basic (LDA) conditions. At the same time,
they showed the importance of heteroatom in the
stabilisation of carbanions.

On the other hand, base caused acyl N-C migration is
well-known in pyroglutamates® and also in electron-rich
aziridines and 2-Ph-aziridines’.

In continuation of previous work from our group in
deprotonation studies of esters and amides of aziridine-2-
carboxylic acids®, we report herein the development of
deprotonation studies for N-acyl protected aziridine-2-
carboxylic esters. Starting materials for deprotonation
studies - 1-alkyloxycarbonyl-aziridine-2-carboxylic acid
esters 2a-k were prepared by transesterification’ from
aziridine-2-carboxylic acid methyl ester’® (1a) and N-
acylation™ of esters 1b-e.
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Initial attempts to deprotonate 1-Boc-aziridine-2-
carboxylic esters 2d-e with LDA and quenching of
obtained carbanions with methyl iodide did not produce
the desired o-alkylation products 3d-e. Instead of them,
we have isolated N-methyl-aziridine-2,2-dicarboxylates
4a-c (Scheme 1). Reaction is very fast and in all the
experiments we did not observe even characteristic color
of carbanions.

1. LDA 1. LDA 0

THF
THF
Wg\\ -78°C W)L -780C OOR
2 EX 2 EX ﬁ/
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R = t-Bu, EX= Mel, 62% (4a);
R = t-Bu, EX= PhCH,Br, 43% (4b);
R = 1-(S)-Menthyl, EX= Mel, 55% (4c)



Scheme 1. N-Boc-group migration

So far, aziridine-2,2-dicarboxylic esters were obtained
by different methods. Thus, Prosyanik'® from amination
of 2-bromo-2-bromomethylmalonic acid diethyl esters and
Kostyanovsky™ from the corresponding dimethylesters.
Both methods include synthesis of unstable intermediate
methylenemalonates as starting materials.

For better understanding of the mechanism of this
unusual reaction we turned to use the simplest electrophile
— water. Thus, after the deprotonation of several 1-
alkyloxycarbonyl-aziridine-2-carboxylic acid esters 2a-k
and using water to neutralize the final anion we have
obtained symmetric and unsymmetric esters of NH
aziridine-2,2-dicarboxyllic acid 5a-h (Table 1).

Table 1. Migration reaction scope and limitations

o) (@)
W)kOR 1. LDA, THF, -78°C %';1
1 2.H,0 2
N »> N
A Hoo
07 "OR, 2ak 5a-h
Sub- Yield,
strate Product R; R, %
2a 5a Me t-Bu 0
2b 5b Et t-Bu 4
2C 5c i-Pr t-Bu 49
(1-S) s
2d 5d menthyl t-Bu 77
2e 5e t-Bu t-Bu 80
1-(S)-
2f 5f Me menthyl 5
1-(S)-
29 59 Et menthyl 10
. (1-9)-
2h 5h i-Pr menthyl 33
. : (1-9)-
2i 5d t-Bu menthyl 80
2j 5b t-Bu Et 76
(1-S)
2k 59 menthyl Et 72

Freshly prepared at -20°C LDA was cooled to -78°C,
and the solution of ester 2a-k in dry THF was added. The
mixture was maintained at -78°C temperature for 15
minutes, and then quenched with mixture of THF/H,0.

The structure of one of migration products 5¢ was proved
by the synthesis of 1-dinitrobenzoyl aziridine 6¢ (Scheme
2). X-ray quality crystals were obtained and their analysis
confirmed the structure 6¢c of N to C migration product
(Figure 1).

< <

0__0 0.0
E 0 [ 0
¢, ” O‘< EtN(i-Pr), N O‘<

ON . 5 CHClL, ON
92%

NO, NO,

Scheme 2. N-Acylation of aziridine-2,2-dicarboxylic ester
5c

Figure 1. Crystal X-ray structure of aziridine 6c.

Depending on the substituents on aziridine ring in
deprotonation reactions it is possible to obtain either
carbanions or enolates. Indirect proof for enolate
formation mechanism is a racemisation of chiral ester
during the deprotonation step and further N-acyl group
migration. Thus, we have obtained a chiral diester 2a
from chiral ester 1a'* and performed deprotonation with
LDA in the table 1 mentioned conditions. The absence of
optical rotation for the isolated product 5a may turn to
conclusion, that for N-acylaziridines deprotonation
proceed through enolate mechanism. Therefore aziridine
5d, prepared from different substrates 2d and 2i is with
the same structure, but is a racemate. As far both
migrating groups are similar in size, yields also are similar
and high. For migrated aziridines 5b and 5g vyields are
much more different, depending on the size of migrating
substrate ester group.

Analyzing the obtained results for N-Boc protected
aziridine-2-carboxylic esters 2a-e we have found that the
size of ester substituent influences the yields of migration
products. Thus, bulky ester groups (COOtBu and
COOMenthyl) gave better results of migration, but
smaller ester groups (COOELt) gave only 4% of migration
product 5b. Moreover, the presence of methyl ester in the
substrate 2a, stops a migration process completely. We
assume, that the presence of two forms of E- and Z-
enolate in the deprotonation step are responsible for
observed phenomenon. It is known™ that smaller aliphatic
esters in deprotonation reactions with LDA, gave E-
enolates, but more bulky esters formed Z-enolates as a
major intermediates. In the deprotonation process of
esters of 1-alkyloxycarbonylaziridine-2-carboxylic acid,
lithium may coordinate with carbonyl group on nitrogen
in the formed Z-enolate. This coordination favours
stabilization of Z-enolate vs. E-enolate and proceed in
more high yields with t-butyl and menthylesters.
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To increase the yields of migration products in the
case of methyl and ethyl esters we should stabilize
intermediate E- enolate or generate more stable Z-
enolate. To stabilize unstable E-enolate we tried to change
a solvent for DME and Et,O mixture and use the
complexation additives (TMEDA and DMPU) (Table 2).
However, the yield of migration product 3b was higher in
the case of DME and Et,O mixture than in standard THF
conditions, side condensation product 7b was isolated as
the main product. Complexation additives to the
deprotonation reaction improved the process. Thus,
stabilization with 3 eq. of TMEDA gave aziridine 3b in
already 26% yield, that was better than obtained before.

In literature it is mentioned that DMPU can be used
for selective generation of Z enolates even from
unhindered aliphatic esters™®. We tried it in our reaction
and obtained quite good result 56% of migration product
5b.

Table 2. Migration conditions for N-Boc-aziridine 2b

A, Tl AL
Pl K xr

Solvent / Additive \(S'E'do/gf Y;gld(ygf
THF 3 5
THF / TMEDA (3¢q) 6 5
[THF / DMPU (3eq) 56 0

To demonstrate the potential mechanism of acyl group
N-C migration reaction, we have studied the conversion
of N-acyl aziridines 2d and 2i (Scheme 3) in one
deprotonation reaction. If the migration reaction may
proceed intermolecularly one may obtain NH-aziridines
3e or/and 3i, but after intramolecular mechanism both
diastereomers of 3d will be the result of migration
reaction. After isolation of the product and clarification of
the structure, aziridine 3d was obtained as a sole product
in a good yield and we concluded, that reaction is going
intramolecularly.
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Scheme 3. Studies on migration reaction mechanism

In summary, we have demonstrated that acyl group
migration from N to C takes place in aziridine-2-
carboxylate deprotonation reactions. Different
unsymmetrical ~ NH-aziridine-2,2-dicarboxylates  are
formed. In the presence of alkylating agents 1-alkyl-
aziridine-2,2-dicarboxylic acid esters were isolated. Less
stable enolate formation in the case of methyl and ethyl
ester gives poor yields of migration products, which can
be increased by using DMPU as a cosolvent. It was
proved, that observed migration reaction proceed after
intramolecular mechanism.
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CATALYTIC HYDROGENATION OF N-CBZ-a-AMINO ACIDS BIS-BOC AMIDES

Hermane, J.; Prokofjevs, A.; Strumfs, B.; Trapencieris, P.
Aizkraukles 21, LV-1006, Riga
Latvian Institute of Organic Synthesis
Latvia
h.kathrin@gmail.com

Protecting group exchange strategy is important to resolve synthetic problems and shorten
synthetic routes in some cases. We are continuing studies of application of bis-Boc amide
activation in unnatural amino acid chemistry. Thus, cleavage of N-benzyloxycarbonyl (Cbz)
protecting group by catalytic hydrogenation from a-amino acids bis-Boc amides 1 " were
studied. Unexpected #-butyloxycarbonyl (Boc) group migration was observed and N-Boc o-

amino acid derivatives 2 were isolated.

0
Boc\ Boc. J\__{Z H2 /10% Pd-C BOC\NJ\—-})
> < Boc CH CN H ,I\| n
Boc
1 2

n = 1(a), 3(b)

Rearrangement products 2a,b were obtained in good yields (60-80%) in the reduction of
corresponding N-Cbz- aziridine and proline bis-Boc carboxamides 1a and 1b. Reaction seems
to be general and similar Boc group migration also is observed in the deprotection reactions of

N-Cbz- aliphatic amino acids, for example, sarcosine.

Thus, we were able to prepare mono-Boc carboxamides, never before obtained by direct t-
butyloxycarbonylation. All products were isolated and characterized by NMR spectra.
Structure of aziridine 2a was confirmed by X-ray data.

1. Davidsen, S.; May, P.; Summers, J. J. Org. Chem. 1991, 56, 5482-5485.
2. Grehn, L.; Ragnarsson, U. Angew. Chem. 1985, 97, 519-520.
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REACTION OF 1-ACYL AZIRIDINE-Z-CARBOXYLIC ACID DERIVATIVES
WITH LDA

Hermane, J.; Baikstis T.; Strumfs, B.; Trapencieris, P.

Aizkraukles 21, LV-1006, Riga
Latvian Institute of Organic Synthesis
Latvia
jekaterina@osi.lv

Deprotonation of aziridine-2-carboxylates and further alkylation with electrophiles makes
possible synthesis of tetrasubstituted at the ¢-carbon aziridine derivatives in good yields with
zood stercoselectivity.‘i Our previous results showed, that acyl group migration from N to [0
1akes place in deprotonation reactions of I—alkyioxycarbonyI—aziridinc—z-carboxylic acid esters
and, as a result, aziridine-2.2-dicarboxylates were formed.

In this work deprotonation reactions of |-Boc-aziridine-2-carboxylic acid amides 1 and 2 with
lithium diisopropylamide (LDA) were studied. In the case of amide 1 only condensation
product 3 was isolated. However, amide 2 gave migration product 4 in good yield.

0 ; 6 ) 2
\R, 1-LDA THF,-78°C 1.LDA, THF, -78°C
2 2.H0 NR, 2.Hz0 NR;
N N -— o a
O)\ o)\ 56% :L 73% N : /
)O< )O'< - )O< ;
R=Me(3) R =Me (1), i-Pr (2) R =i-Pr (4)

l—Dialkylcarbamoil—aziﬂdinc-?.—carboxy‘.ic acid esters § in reactions with LDA gave expected
tetrasubstituted at the q-carbon aziridine derivatives 6 in good yields. Stereoselectivity of the
reaction was studied.

0 o}
1.LDA, THF, -78°C
OR 2.EX OR
—_—
53-80%
07 "NR'5 OA\NR'Z
5 6

R = t-Bu, (1S)-menthyl
R' = Me, Et, i-Pr
EX = Mel, PhCH2Br, AllylBr

In summary, we have shown, that LDA caused t-butyloxycarbonyl (Boc) group migration 18

suitable for preparation of unsymmetric aziridine-2,2-dicarboxylic acid derivatives. In contrast,

dialkylcarbamoy! group does not migrate in similar conditions and alkylated products can be

obtained in good yield. All products were isolated in pure form and characterized by NMR

spectra.

1. Alezra V.; Bonin M. Micouin L.; Husson H.-P. Tetrahedron Letters, 2000, 41, 651-654.

9 Patwardhan A. P.; Pulgam V. R.; Zhang Y ; Wulff W. D. Angew. Chem.,, Int. Ed. Engl,
2005, 44, 6169-6172.

3. Hermane J.; Strumfs B.; Belyakov S.; Trapencieris P. Org. Lett., in press.
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Reaction of aziridine-2-carboxamide with PO58
sulfur nucleophiles without activation

Kristaps Jaudzems, Annete Krjutkovska, Boriss Strumfs, Pé&teris
Trapencieris, Edvards Liepin$

Latvian Institute of Organic synthesis

peteris@osi.lv

Aziridine-2-carboxylic acid derivatives, €.g. nitriles and amides are known as
cytotoxic and immunomodulating anticancer agents [1]. Biological interaction of
these agents are based on selective interaction of aziridine electrophilic ring
system with sulfur containing amino acid (e.g. cysteine) mercapto groups via
nucleophilic aziridine ring opening,. It is known, that usually sulfur nucleophiles
attack the C(3) atom of activated 2-carbonylaziridine ring to form f-cleavage

reaction products [2].

B o j
Lystelne_ o, /\SM OH + HO” 7S N;/‘\NHZ
HN/‘\/NHZ NH, 2 NH, NH, s NH,
‘
110,

O
1 i I
PBSH  sph T UNH, + sph/\%NH2
NH, SPh
4 5
We have explored the unactivated aziridine-2-carboxamide (leakadine) 1 reaction
with substituted mercaptans — cysteine and thiophenol in aqueous media. Both
C(2) and C(3) nucleophilic ring opening products 2 and 3 are investigated in
cysteine case. Unexpected bis-phenylmercapto propionic amide 5 was isolated in
thiophenol case. Structure of reaction products 2, 3, 4 and 5 are discussed on
NMR data basis.

This project was partially financed by European Social Fund (No.
2009/0203/1DP/1.1.1.2.0/09/APIA/VIAA/023)

1. Iynegar, B.S.; Darr, R.T.; Alberts, D.S.; Hersh, E.M.; Salmon, S.E.; Remers,
V.A. J. Med Chem., 1999, 42, 510-514.
2. Galonic, D.P.; van der Donk, W.A.; Gin, D.Y. J. Am. Chem. Soc., 2004, 126,

12712-12713.
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BIS-BOC-AMIDES - NEW AND POWERFUL ACTIVATING AGENTS
FOR CYCLIC a ~AMINO ACIDS

Strumfs, B.; Chernyak, D,; Berzina, K.; Trapencieris, P.

Latvian Mnstitote of Organic Synthesss, Atzkraunkles 21,
Riga, IV-1006, Latvia

Derivatives of azitidine - 2-carboxylic acid (azyline ) are uscful intermediates in optically active
amino acid (1), peptide and chiral amine synthesis. Important step in these syntheses is
functionalization of aziridine-2-carboxamide 2 to obtain various aziridine-2-carboxylic acid
derivatives. There are some difficulties to access highly functionalized aziridine-2-carboxamides
~ extremal unstability of free aziridine-2- carboxylic acid and low reactivity of aziridine-2-
carboxylates. For this reason we developed a new application of Davidsen's activation «

substitution sequence via di-tert-butyl N-acylimidodicarbonates 1 [2}
2 \ / )
:
n—m}” !loc
v 4 5. e
x—~ Y N H— g

(o] R=Boc, Ba, Tt o

Activated amides 1 we prepared from aziridine-2-carboxamides 2 and 3 in the reaction with
di-tent-butyl dicarbonate in the presence of DMAP as a catalyst. From the activated substrate |
we have prepared various amides 4 Under the deprotonation conditions activated amide L
(R=Boc) gives 1-2 acyl migration product §

Reactivities of activated specics in proline and azyline series were compared.

REFERENCES

1. Williams, R.M. Synthesis of optically active a-amino acids. Pergamon press, 1989
2 Davidsen, S K.; May, PD,; Summers, P.D. J.Org.Chem. J991, 56, S482-5485,
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REACTIONS OF AZIRIDINE-Z-CARBOXYLATES AND
CARBOXAMIDES WITH LITHIUM BASES

Boriss Strumfs, Peteris Trapencieris

Larvian Institute of Organic Synthesis, Aizkraukles 21, Riga, LV-1006
Latvia
boriss@osi.lv

Application of strong bases in organic chemistry have made possible
many unusual reactions in the last decades. The first deprotonation expeti-
ments by Seebach in the aziridine-2-thioester serics' were followed by Vedejs
for 2-alky laziridines” and Husson for of aziridine—2—carb0xy1ates3. Seebach
hac obtained first stable aziridinyl carbanions at -7 5°C. Husson has investigat-
ed the role of a chelating group on the stability of aziridine carbanions and effi-
ciency of the subsequent alkylation reactions. Vedejs has lithiated aziridines
using Lewis acid (BH3) activation.

We were interested in deprotonation of protected aziridine carboxylates
1, 2 and carboxamides 3. Substrates for these reactions were prepared from cor-

R = CPh, (3)
COOtBu (b)

responding methyl esters 1 by simple amidation ot transesterification reactions".

Deprotonation of aziridine-2-carboxylates 1, 2 with LDA gave only
acyl 1-2 migration or dimerization products. At the same time carboxamides 3
yielded trimethylsilylated products at 2- and 3-positions. Unprecedented tertiary
aziridine carbinol was isolated from {he teaction of ester 2a with t-Bul.i in THE.

1. R. Haner, B. Olano, D. Sccbach, Helv.Chin.Acta, 1987, 70, 1676-1691

2. E. Vedejs, 1. T. Kendall, J.Anm. Chem.Soc., 1997, 119, 6941-6942

3.V Alezra, M. Bonin, L. Micouin, H.-Ph. Husson, TetrLett.. 2000, 41, 651-654

4. B.Strumfs, D.Chernyak, I.Kums, [.Kalvins, P. Trapencieris, Chem. Heterocycl. Comp.,
2004, in press.
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DEPROTONATION OF AZIRIDINYL-2-KETONES

B. Strumfs, P. Trapencieris

Latvian Institute or Organic Synthesis, Aizkraukles 21, Riga, LV-1006, Latvia; boriss@osi.lv

Carbanions, generated from aziridinyl-2-carbonyl compounds, are interesting
precursors for the synthesis of unnatural amino acids and similar derivatives [1]. Only the
generation of few 2-aziridinyl thioester [2] and ester [3, 4] carbanions and their reactions
with electrophiles are known. Therefore deprotonation of aziridinyl-2-ketones is a

perspective application of this synthetic method.

Q 0
1) Base, |
NMe, RL| 2) Electrophile R
N

N E
| I
PG PG PG
Ph
Base = )\ J\ >|\ )<Ph
w \ e
Li ; Li
LDA LTMP LTBTA
PG = COOtBu, CPh,, R = Me, n-Bu, Ph

Simple conversion of N-protected aziridine-2-carboxamides to the corresponding
aziridinyl-2-ketones is presented. Syntheses are realised for both racemic and optically
active species by employing alkyl- and aryllithiums. Deprotonation of obtained ketones
with strong bases (LDA, LTMP, LTBTA) and reactions of prepared carbanions with

electrophiles are discussed.
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