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CHUONG 1 TONG QUAN

1.1 Giéi thiéu vé hep chit chira khung pyrrolo[1,2-a]quinoxaline

Hop chit di vong chtra nguyén té nito c6 nhiéu (mg dung quan trong trong cac
lanh vuc khac nhau nhu la trong hda hitu co, hoéa dugc va nganh c6ng nghiép
dugc. Trong sé d6, cac hop chit ¢ chaa khung pyrrolo[1,2-a]quinoxaline rat
dugc quan tdm do c6 nhiéu hoat tinh sinh hoc quan trong nhu la tinh khang ung
thu, chdng sot rét, khang khdi u, khang leishmania, khang ung thu va khéang HIV.
Ngoai ra, hop chat pyrrolo[1,2-a]quinoxaline con cd vai trd nhu 1a cac chét wc
ché enzyme protein kinase (CK2), enzyme thuy phan amide cua acid béo
(FAAH) va enzyme phan giai monoacylglycerol (MAGL). Mot s6 chat khéac
chira khung pyrrolo[1,2-a]quinoxaline cé tinh déi khang cac thu thé nhu
cannabinoid loai 1, 5-hydroxytriptamine loai 3 va glucagon. Trong khi, mét s6
chat duoc sir dung lam chat hoat hoa protein Sirt6. Gan day, nguoi ta con st
dung 4-(5-nitrothiophen-2-yl)pyrrolo[1,2-a]quinoxaline lam chit ¢c ché enzyme
phan giai protein chinh cia SARS-CoV-2. Bén canh cac hoat tinh sinh hoc, cac
hop chit chira khung pyrrolo[1,2-a]quinoxaline con c6 kha ning phat huynh
quang nén con dwoc dung 1am chat danh dau sinh hoc, thudc nhudém, dau do
huynh quang va cam bién huynh quang dé phat hién chat nd nitro nhan thom.
Mt khéc, mot s6 dan xuét khéac cua pyrrolo[1,2-a]quinoxaline con dugc ding
lam nguyén li¢u dé tong hop cac hop chét dihydropyrrolo[1,2-a]quinoxaline c6
tinh sinh hoc. Do cac hop chat ciia pyrrolo[1,2-a]quinoxaline c6 nhiing tng dung
quan trong nhu vay nén viéc nghién ciru cac phuong phap hiéu qua va don gian
dé tong hop duoc céc hop chit ndy c6 sic hit rat 16n vai cac nha hoa hoc. Mot

s6 hop chét tiéu biéu cé hoat tinh quan trong duoc biéu dién trong Hinh 1.1.
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Hinh 1.1 Mot s hop chat caa pyrrolo[1,2-a]quinoxaline c6 hoat tinh sinh hoc.



1.2 Chuyén hoa lién két C-H ciia cac hep chét pyrrolo[1,2-a]quinoxaline

Hau hét cac phuong phap t6ng hop hop chit pyrrolo[1,2-a]quinoxaline chu yéu
dira vao phan ting Pictet-Spengler. Trong phan img nay, ban dau xay ra su ngung
tu ciia aminoarylpyrrole vai aldehyde thom c6 mat chat xdc tac acid tao ra chat
trung gian imine. Sau d6 trai qua qué trinh dong vong va oxy hoa tao ra hop chat
pyrrolo[1,2-a]quinoxaline (So do 1.1).

Y% : .
R_'(j:N R,-CHO R @'\@ boéng vong R @N ~ Oxy hoaR C[N?
T g @ T s
Z>NH, Ngung ty = ('\JG\RZ > N R, > N“ R,
H H

So d6 1.1 Phan ting Pictet-Spengler tong hop dan xuat pyrrolo[1,2-

ajquinoxaline.

Bén canh aldehyde thom, mét s6 hop chat nhu alcohol, acid, ketone va amine
cling duogc str dung cho phan img dong vong ctia N-(2-aminophenyl)pyrrole. Tuy
nhién, cac phuong phap ndy chu yéu tap trung xay dung cic hop chat
pyrrolo[1,2-a]quinoxaline mang nhom thé tai vi tri C,. Diéu nay, 1am gisi han
su da dang cua céc hop chat pyrrolo[1,2-a]quinoxaline. Trong khi d6, néu st
dung cac hop chét pyrrolo[1,2-a]quinoxaline 1am nguyén liéu ban dau thi s& c6
nhiéu kha ning hon cho sy chuyén héa cua cac hop chit nay. Do 1a do
pyrrolo[1,2-a]quinoxaline c6 nhiéu vi tri hoat dong hon. Pac biét 1a cac vi tri
giau dién tir trén vong pyrrole nhu 1a vi tri C; va Cz khién cho hop chat
pyrrolo[1,2-a]quinoxaline dé tham gia vao cac phan (ng thé & c&c vi tri nay hon.
Tur d6, da dang hoa cac hop chét pyrrolo[1,2-a]quinoxaline véi cac nhém thé
khéac nhau trén vong pyrrole. Cu thé, mét s phuong phap cho sur chuyén hoa
truc tiép lién két C-H trong pyrrolo[1,2-a]quinoxaline thanh lién két C;-S va Ci-
C duoc trinh bay nhu sau.

Mot trong nhitng phuong phap dau tién thyc hién sy chuyén hoéa lién két C-H
trong hop chét pyrrolo[1,2-a]quinoxaline 1a phan (mg thiocyanat hda. Phan ting
nay dién ra trong diéu kién c6 mudi ammonium thiocyanate nhu 1a ngudn cung
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cap luu huynh, chit oxy héa manh N-chlorosuccinimide (NCS), dung méi
acetonitrile (MeCN), & nhiét do phong trong 24 gid. Pang cha y hau hét cac san
pham thu duogc tir cic phuong phap nay dat duge hidu sut tir muc trung binh
dén kha (So dd 1.2).

NCS
/:’\/Rs %R3
A~ N NCS (1,5 duong lugng) A~ N
RAZ | + NH,SCN R1{/\|E -
NONTR, MeCN, nhiét dé phong, 24 gid N"R,

31 chat, hiéu suét téi 90%
So d6 1.2 Phan ting thiocyanation cua céc dan xuét pyrrolo[1,2-a]quinoxaline.

Vao nam 2022, nhdm nghién ctu cua tac gia Yang da bdo cao phuong phap
trifluoromethyl héa lién két C;-H trong pyrrolo[1,2-a]quinoxaline duoc xuc tac
boi mubi ddng. Phuong phap nay st dung CFsSO2Na lam tac nhan cho phan ing
trifluoromethyl héa cling véi su c6 mit caa chat oxy hoa K2S;0s, chit xuc tac
CuS04.5H,0 va dung méi DMSO ¢ 80 °C trong 12 gio. Nhém nghién ciru cling
da khao sat mot sé dan xuat khac nhau cua 4-arylpyrrolo[1,2-a]quinoxaline va
cac san pham tuong tng thu dwoc 6 hiéu suat & mic trung binh (So d 1.3).

FsC
= Rs CuS0,.5H,0 (25% mol) *N—= Ry
\NZ K,S,04 (2 duong lugn A NI
R(C | + CF3SOONa 25205 ( glong) g 2
NONTOR, DMSO (2 mL), 80 °C, 12 gid NONTOR,

23 chat, hiéu suét t3i 60%

So d6 1.3 Trifluoromethyl hoa cac dan xuit pyrrolo[1,2-aJquinoxaline.

Cling trong nam nay, nhém nghién ciru cua tac gia Hao da nghién ctru thanh céng
phuong phap méi cho phan tng aryl hoa cua pyrrolo[1,2-a]quinoxaline. Phan
ung diaryl hoa cua pyrrolo[1,2-a]quinoxaline vagi 1-iodo-4-methylbenzene cung
v6i chat xtc tdc Pd(OAc),, va cac chat hd tro khic nhu Ag,COs, ligand
phosphine (2-dicyclohexylphosphino-2°,4”,6’-triisopropylbiphenyl) trong dung
moi toluene & 120 °C tao ra san pham cd hiéu suat 63%. Phan tng ciing tuong
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thich vai aryl iodide mang nhom thé tai C, va tao ra san pham c6 hiéu suat mirc
trung binh. Tuy nhién, khi sir dung tac chat 4-arylpyrrolo[1,2-a]quinoxaline da
khong tao ra dwoc san pham diarylation tai C;va Cs, nhung san pham aryl hoa
tai C1 thu dwoc cd hiéu suat tir trung binh dén t6t (So d6 1.4).

Ar. Ar.
R = | z-% Piéu kién ? Piéu kién _ Diéukien o =z | R%\Ar
< Y _ Tl 2
NN R, R, = aryl T Ry=H N N" R,

4 chat, hiéu suét tdi 84% 13 chat, hiéu suét t6i 64%

Diéu kién: Pd(OAc), (10% mol), X-Phos (15% mol), Ag,CO5 (2 dudng lugng),
Toluene (1 mL), 120 °C, 24 gid.

So 6 1.4 Phan ting aryl hda cua cac dan xuat pyrrolo[1,2-a]quinoxaline.

Vao nim 2023, phuong phép tong hop 1-arylsulfonylpyrrolo[1,2-a]quinoxaline
véi sodium sulfinate ciing duoc cong bd. Bau tién, phan ang iod hda cua lién két
Ci-H trong dan xuat caa pyrrolo[1,2-a]quinoxaline véi chat oxy héa manh N-
iodosuccinimide (NIS) xay ra trong dung mdi chloroform & nhiét d6 phong. Sau
d6, thuc hién phan ung sulfonyl héa cua chat trung gian 1a dan xuat caa 1-
iodopyrrolo[1,2-a]quinoxaline (khéng can cd 1ap) véi mudi natri arylsulfinate.
Phan ting sulfonyl héa nay dién ra voi su c6 mat cia mudi dong, L-proline ¢ 140
°C trong 24 gid va tao ra cac san pham c6 hiéu suét tir mirc trung binh dén tét.
Nhiéu hop chat caa pyrrolo[1,2-a]quinoxaline mang cac nhdm thé nhu 1a ester,
nitro, halogen hay céc di vong tai C, nhu 1a pyridine, furan ciing 1a nhitng chat
nén phu hop véi cac diéu kién phan tng di duoc khao sat. Ngoai ra, mot sb tac
nhan aryl sulfinate khac nhau dung cho phan ung sulfonyl hoa 4-
phenylpyrrolo[1,2-a]quinoxaline ciing tao ra dugc cac san pham sulfone c6 hiéu
suit & muac trung binh. Tuy nhién, lugng nho tap chat va san pham formyl héa
cling duoc tim thay trong mot sé truong hop, c6 18 1a do bi anh huéng cua mudi
ddng va L-proline (So db 1.5).



Ar_\éio

|
~~N/ NIS, CHCl, N/ ArSO,Na, Cul, L-proline N
S Cx T
_ — N _— 7
SN Rz t° phong N”Ph DMSO, 140 °C, 24 gid N" "R,
16 gid 19 chat

Khéng cdn cé idp enal
Hiéu suat dén 88%

So d6 1.5 Phan ung tong hop cac dan xuat cua 1-arylsulfonylpyrrolo[1,2-
ajquinoxaline.

1.3 Muc tiéu cia luan an

Nghién ctru va phét trién cac phuong phap dé chuyén hoa lién két C;-H trong cac
dan xuit cua pyrrolo[1,2-a]quinoxaline thanh cac lién két C;-S va C;1-C véi céc
quy trinh don gian va dé thuc hién.

R3S - SRy Rs
S
CuCl,, KI, DMSO, 120 °C, 24 gid —
1. Sulfenyl héa N N/
R L
R3SO,NHNH, N" "R,
I, EtOH, 100 °C, 24 gi&
R
Osg °
N . 0" V=
1. NIS, CHClj3, t ° phong, 20 gi6
2| Sulfonyl hoa ° o C[N /
H 1 P2
= 2. RySO,Na, DMSO, 100 °C, 15 phit > "N” R,
N N/  Chuyén héa —
A\ op, li6nkét CiH — QN
N O
3| Morpholinomethyl héa —/ @N 7
F{1_' p
PIFA, Cul, DMSO, 120 °C, 24 gid Z NTR,
OHC
4| Formyl hoa DMSO, Cul, TFA R C['z%
g P
Z>N" R,

120°C, 22 gio

So dd 1.6 Cac phuong phap xay dung lién két C;-S va C1-C cua céc dan xuét

cua pyrrolo[1,2-a]quinoxaline.



CHUONG 2 THUC NGHIEM

2.1 N§i dung nghién ciru

- Tong hop cac chét nén 1a din xuat cua pyrrolo[1,2-aJquinoxaline, cac tac chat

nhu 1a arylsulfonyl hydrazide va natri (hetero)arylsulfinate.

- Xay dyng cac phuong phap cho sy chuyén hoéa lién két Ci-H cua cac dan xuit
pyrrolo[1,2-a]quinoxaline thanh céc lién két C;-S va Ci-C. Bao gom céac phuong

phap sau:

> Sulfenyl hoa truc tiép lién két C;-H cua cac dan xuat pyrrolo[1,2-
ajJquinoxaline vai:
= Di(hetero)aryl disulfide duogc xUc tac boi CuCl, va Kl
= Arylsulfonyl hydrazide dugc thic day boi iod

» Sulfonyl hda 1-iodopyrrolo[1,2-a]quinoxaline vai natri (hetero)aryl_
sulfinate khdng str dung kim loai chuyén tiép.

> Morpholinomethyl héa truc tiép lién két C;-H cua pyrrolo[1,2-
a]quinoxaline v&i morpholine dugc thiic day bai dong.

> Formyl hoa tryc tiép lién két Ci-H cua pyrrolo[1,2-a]quinoxaline duoc

thuc day bai dong.
Dé xay dung cac phuong phap trén, cac cong viéc can phai thuc hién Ia:

v" Nghién ctru diéu kién phan tng bao gém nhiét d, ty 1& mol giira cac tac
chat, loai va ham luong chét xdc tac, dung méi.

v" Mé rong pham vi ciaa chat nén.

v" Thyc hién cac thi nghiém kiém soat va dé xuét co ché cua phan ung.

V' Xac dinh ciu trdc cia cac san pham dugc tong hop thanh cong.
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2.2 Phwong phap nghién ciau

Céc phan g duoc lya chon sé tién hanh thir voi quy mo nho dé tim ra cac diéu
kién cho hiéu suat phan &g cao nhét c6 thé. Mot phan ting thong thuong duoc
thuc hién ¢ quy mé vai chuc mg san pham, tién hanh trong mot chai thay tinh
chiu nhiét c6 nap van va c6 khudy tir. Cac diéu kién phan tmg duoc khao sét bao
gom nhiét do, ty 1& mol gitra cac chat phan ang, loai va ham luong chét xuc tac,

dung méi. Ttr do, tim ra nhirng anh huong va quy luat caa phan ung.

CAu trc cua cc san pham dugc xac dinh bang cach két hop dir liéu tir phd *H
NMR, 3C NMR (**F NMR, néu chat c6 chira flo), HRMS va phé FTIR. Phan
tich san pham trén cac hé thong thiét bi tai Vién Han 1am Khoa hoc va Cong
nghé Viét Nam tai Ha Noi, Vién Kiém dinh chat luong thudc Thanh phé H6 Chi
Minh va Pai hoc Khoa hoc Tu nhién - Pai hoc Quéc gia TP.HCM.

Dbi véi mdi phan tng duoc nghién ciu, dé thu duoc hiéu suat c6 do tin cdy cao,
san pham duoc tach bang séc ky cot véi hé dung méi rira giai thich hop (chu yéu
c6 thé str dung chét rira giai hexan/ethyl axetate, toluene hoic dichloromethane).
Sau d6, cac san pham dwoc gom lai va c¢6 quay dé loai dung mdi. Cudi cing hat
chan khong dé loai bo dung mai con lai, cho dén khi khdi luong khong doi, dé

tinh hiéu suat phan ung.

Anh huéng cua céc yéu td dién tir hodc khong gian, pham vi cua chat nén va quy
mb phan tmg ddi voi tinh chon loc cua lién két Ci-H trong cac dan xuat
pyrrolo[1,2-a]quinoxaline trong mdi phan ng déu duoc khao sét trong luan an
nay. T4t ca cac yéu t6 nay duoc thé hién bang cach thuc hién cac phan (ng cua
cac dan xuit cua pyrrolo[1,2-a]quinoxaline va cac tac chit c6 lién quan, sau do

1a tach san pham béng sic ky cot va tinh hiéu suét co 1ap.



2.3 Quy trinh thuc nghiém

2.3.1 Sulfenyl hoa truc tiép Ci-H ciia ddn xudt pyrrolo[1,2-aJquinoxaline véi
cac diaryl disulfide hogc (hetero)arylsulfonyl hydrazide

R _S.«-Rs CuCl, (0,03 mmol), KI (0,05 mmol)
3

'S
= DMSO (1 mL), 120 °C, 24 gio Rs—8

N_~ 0,05 mmol

X N P
O
N R, (33 NH I, (40% mol) N R,
+ 2
0,1 mmol o N EtOH (0,5 mL), 100 °C, 24 gid
0,15 mmol

So d6 2.1 Phan tng sulfenyl héa dan xuat pyrrolo[1,2-a]quinoxaline.

2.3.2 Sulfonyl héa 1-iodopyrrolo[1,2-a]quinoxalines véi cac ddn xudt cria
natri (hetero)arylsulfinate

o\ R
N_p NIS(0,12 mmol) N ) | RsSO;Na (0,15 mmol)
Z>N"SR, CHCIz1mL DMSO 1 mL 1
0,1 mmol  t° p5ng, 20 giG ) 100 °C, 15 phut
khdéng can cé /ap

So dd 2.2 Phan tng sulfonyl hda dan xuét 1-iodopyrrolo[1,2-a]quinoxaline.
2.2.3 Morpholinomethyl héa Ci-H ciia ddn xudt pyrrolo[1,2-a]quinoxaline

O N
N . Cul (25% mol), PIFA (2 dudng lugng) p— —
N
N R2 DMSO 1 mL, 120 °C, 24 gid RH—@
/ ~
N™ "R,

0,1 mmol 0,5 mmol

So d6 2.3 Phan ng morpholinomethyl héa din xuét pyrrolo[1,2-a]quinoxaline.

2.3.4 Formyl héa truc tiép Ci-H ciia ddn xudt pyrrolo[1,2-aJquinoxaline

N? Cul (15% mol), TFA (20 dudng lugng)
DMSO 1 mL, 120 °C, 22 gis

0,1 mmol

So d6 2.4 Phan tng formyl hoa ciia dan xuét pyrrolo[1,2-a]quinoxaline.
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CHUONG 3 KET QUA VA THAO LUAN

3.1 Sulfenyl héa lién két Ci-H ciia cac din xuat pyrrolo[1,2-aJquinoxaline
3.1.1 Sulfenyl hoa véi di(hetero)aryl disulfide si dung xiic tdc dong

Phan tng sulfenyl hoa dién ra trong diéu kién di khao sat bao gom 4-
phenylpyrrolo[1,2-a]quinoxaline (0,1 mmol), diphenyl disulfide (0,05 mmol),
CuCl; (0,03 mmol), KI (0,05 mmol) trong 1,0 mL dung méi DMSO ¢ 120 °C
trong 24 gio tao ra san pham A1 véi hiéu suat 76%. Quy md ciia phan wng thyuc
hién duoc 1én dén 5 mmol cua 4-phenylpyrrolo[1,2-a]quinoxaline trong diéu
kién phan (mg da khao sét tao ra san pham A1l hiéu sut 70%. Pham vi phan &ng
cling da duoc mé rong nhu trong So d6 3.1.

Két qua cho thay rang cac hop chat cua 4-arylpyrrolo[1,2-a]quinoxaline mang
cac nhém thé cho electron nhu 13 methyl, fluoro, chloro, methoxy, methylthio va
amide thi twong thich tot. Cu thé nhu khi sir dung 7-methyl-4-phenylpyrrolo[1,2-
a]quinoxaline di cho san pham twong ng cé hiéu suit 76% (A5), cao hon khi
st dung 4- phenylpyrrolo[1,2-aJquinoxaline 1am tac chat. Tuy nhién, 4-
phenylpyrrolo[1,2-a]quinoxaline chira nhém rat electron nhu nitro hay ester cho
ra cac san pham twong tng co hiéu suét thip 46% (A4) va 34% (A9). Nhiing két
qua ndy ciing twong tu voi két qua nghién clru ctia nhom tac gia Yang. Ngoai ra,
pyrrolo[1,2-a]quinoxaline mang nhom thé naphthalenyl tai vi tri C, ciing phu
hop véi didu kién phan tng nay, cho ra san pham A10 c6 hiéu suit 67%. Sulfenyl
hoa lién két Cy-H cua pyrrolo[1,2-a]quinoxaline mang cac nhom thé di vong nhu
la pyridine hay furan ciing da thanh cong voi hiéu suét thu dugc trén 60%. Dé
lam sang to sy anh hudng cta vong thom tai vi tri C4 dén phan tmg sulfenyl hda,
ching t6i tién hanh phan ung giita pyrrolo[1,2-a]quinoxaline véi diphenyl
disulfide va két qua thu dugc san pham A16 chi 20%. Diéu nay chimg t6 vong
thom tai vi tri C4 ciia pyrrolo[1,2-a]quinoxaline da gop phan cho su thanh cong
ctia phan tng sulfenyl hda. Mit khac, phan tng cia cac dan xuét pyrrolo[1,2-
a]quinoxaline véi cac diaryl disulfide va diheteroaryl disulfide ciing dugc khao
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sat. Bang chu y, viéc st dung p-tolyl disulfide, bis(4-chlorophenyl) disulfide va
2,2’-dithiobis(benzothiazole) khéng anh huong dén sy sulfenyl hda cua
pyrrolo[1,2-a]quinoxaline, da tao ra cac san pham tuong wng c6 hiéu suat lan
luot 12 73%, 66% va 60%. C6 sy giam nhe hiéu suat cia san pham khi st dung
tac chét bis(3-nitrophenyl) disulfide. Acetoxylated disulfide khdng phii hop véi
nhitng diéu kién phan tng nay, san pham thu duoc c6 higu suat chi 18%.

Mot sb thi nghiém duoc thuc hién dé tim hiéu vé co ché cua phan wng. Khi ving
mat CuCl, hodc KiI, hiéu suat cua san pham Al déu dudi 10%, chang to vai tro
quan trong cua ca CuCl va Kl trong su chuyén héa nay. Su anh huong cua chat
bat gbc tu do nhu 1,1-diphenylethylene trong sy chuyén hoa nay ciing dugc khao
sat. Cac tin hiéu tai m/z = 288 (2,2-diphenylvinylphenylsulfane) va 352 (Al) da
dugc tim thay trong phd MS caa hdn hop sau phan @ng. Nhiing két qua nay chi
ra rang phan tng c6 thé dién ra qua con duong gdc ty do. Tuy nhién, phan &ng
sulfenyl héa van chua bi tc ché hoan toan khi c6 mat chat bat gbc tu do. Cudi
cung, dé xac dinh oxygen trong khong khi c6 anh huong dén phan @ng nay hay
khong thi chung t6i d thuc hién phan tng trong diéu kién ¢ khi argon va tao ra
san pham A1 c6 hiéu suat 60%, thap hon trong diéu kién c6 khdng khi (A1 73%).
Diéu ndy xé4c nhan vai tro dong oxy hoa cia oxygen trong su chuyén héa nay.
Co ché cua phan tmg dugc d& nghi nhu trong So dd 3.2. Dau tién, mudi potassium
iodide bj oxy hoa bdi CuCl, va khong khi dé tao gbe tu do iod. Sau d6 gde tu do
nay tan cong lam gy lién két S-S cua diphenyl disulfide va tao thanh chit trung
gian gdc ty do phenylthio (B) va chit trung gian (A). Vi vdy, phan tmg sulfenyl
hoa co thé dién ra qua 2 con dudng. Cu thé, con duong (1) mé ta co ché lién quan
dén gbc tu do, gbe tir do (B) tan cdng vao 4-phenylpyrrolo[1,2-aJquinoxaline va
tao thanh chét trung gian (C). Sau d6, CuCl, va khdng khi oxy hda (C) dé tao ra
carbocation trung gian (D), rdi bi tach proton va tao lai vong thom thu dugc san
pham Al. Mit khéc, con dudng (2) mé ta co ché kiéu thé ai dién tir, (A) tin cong
vao 4-phenylpyrrolo[1,2-a]quinoxaline dé tao carbocation trung gian (D), sau d6
(D) bi tach proton va tao lai vong thom dé thu dugc Al
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ArS

CuCl, (30% mol) =
N / VAl KI (50% mol) N
I R N7

N R, DMSO, 120 °C, 24 gio R,
0,1 mmol 0,05 mmol 21 chéat, 18% - 76%
-Ry R'
-H H  73% (A1)
Phs -H F 53% (A3)

-furan  63% (A15)

N, -H NO, 46% (Ad) PhS R,
/@[ _ -CHz  H  76% (AS5) N/ - pyridine 61% (A14)
Ri N -cl H  47%%(A6) @[
H
H

R F 41% (A7) NR 20% (A16)
-OCH, 48% (A8)
~COOCH; H  34% (A9)
; OCH3 SCH; 65% (A12)
PhS
Crt @z“ { ﬁ
v ﬁ
A2, 58% A10, 67% A11, 65% A13, 64%
OzN °>\/ O,
”? @“? @“? ﬁ? QQ
N Ph
A17,73% A18,61% A19, 18% A20, 66% A21, 60%

So d6 3.1 Phan tng sulfenyl hda dan xuat pyrrolo[1,2-a]quinoxaline.

Cu?*DMSO cu*

i -S, N_z +
ey Ol o H o )
F'>h Path 1
(C)

sl (B) (D)
Ph .
H
N/
Path 2 ? ,]% J%
S Cr, L,

(A1)

So dd 3.2 Co ché sulfenyl hoa cua 4-phenylpyrrolo[1,2-a]quinoxaline.
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3.1.2 Sulfenyl héa véi sulfonyl hydrazide si dung chat hé tre iod

Sau khi khao sat diéu kién phan wng, hiéu suat caa san pham B1 thu duoc tir 0,1
mmol 4-phenylpyrrolo[1,2-a]Jquinoxaline va 0,15 mmol p-toluenesulfonyl
hydrazide trong 0,5 mL ethanol ¢ 100 °C trong 24 gio la 80%. Quy m6 cua phan
rng thuc hién duoc 1én dén 1 mmol cua 4-phenylpyrrolo[1,2-a]quinoxaline trong
nhitng diéu kién phan tmg da khao sat tao ra san pham B1 hiéu suat 74%. Pham
vi cia phan ang ciing da dugc nghién ciru trong cac diéu Kién nay. Céac san pham
sulfenyl hoa dugc thé hién trong So d6 3.3.

Sy chuyén hoa nay da dién ra trong diéu kién ém diu va tao ra cac pham thioether
c6 hiéu suat kha tot. Nhom thé cho electron tai vi tri C; nhu 1a methyl (hay chloro)
va tai vi tri para cua vong benzene tai vi tri Cs nhu 1a fluoro (hay methylthio)
déu tuong thich tét véi diéu kién phan (g nay. Tuy nhién, hiéu suat phan tng
van thap hon so véi hiéu suat cia B1. Trong khi d6, khi str dung tac chat co mang
nhom thé hat electron manh nhw 1a 4-(4-nitrophenyl)pyrrolo[1,2-a]quinoxaline
thi thu dugc hiéu suit cua san pham B6 kha thip chi 22%. Téc chit nhu 4-
phenylpyrrolo[1,2-a]quinoxaline mang cting ltc hai nhém thé cho electron ciing
tuong thich va tao ra cc san pham B7 va B9 c6 hiéu suat rat tt 67% va 73%.
Hiéu suat cua B8 thi lai thap hon chi 60%, c6 1& do anh huong cua tinh hit
electron caa nhém sulfonyl. Dang chii ¥, tac chat nhu 7-methoxy-4-(naphthalen-
2-yl)pyrrolo[1,2-a]quinoxaline phd hop véi cac didu kién phan ang nay va hiéu
suit cua san pham twong Gng B10 rat tot 80%. Ngoai ra, quy trinh nay ciing dé
dang dé mo rong pham vi cua tac chat pyrrolo[1,2-a]quinoxaline mang céc di
vong tai vi tri C4. Cac nhdm di vong nhu 1a pyridine, thiophene va furan tai vi tri
C. cua pyrrolo[1,2-a]quinoxaline ciing khong gay can trg cho su chuyén héa C;-
H thanh C;-S, tao ra cac san pham nhu B11, B12 va B13 c6 hiéu suat lan luot 13
80%, 67% va 58%. Cudi cing, ching toi ciing thuc hién phan ng cua
pyrrolo[1,2-a]quinoxaline vai p-toluenesulfonyl hydrazide c6é mat iod da tao san
pham B14 c6 hiéu suat 62%. Tuy nhién, phan &ng giira 4-methylpyrrolo[1,2-
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a]quinoxaline va p-toluenesulfonyl hydrazide da khong thanh cong. Nhiing két
quéa nay cho thay vong thom tai vi tri C4 cua pyrrolo[1,2-a]quinoxaline dong vai
tro quan trong cho sy thanh cong cua phan ung sulfenyl hoa dugc xdc tac boi iod
nay. Nhiéu dan xuat khac nhau cua arylsulfonyl hydrazide ciing dugc khao sat
dé ma rong pham vi phan @ng. 4-Phenylpyrrolo[1,2-a]quinoxaline lan luot cho
phan ung vai céc arylsulfonyl hydrazide khac nhau trong ethanol ¢ 100 °C trong
24 gio. Két qua nhu trong So d6 3.3. Nhiing arylsulfonyl hydrazide mang cac
nhom thé nhu 1a bromo, trifluoromethyl ciing phan tng dugc Vvéi 4-
phenylpyrrolo[1,2-a]quinoxaline va cac san pham twong tng (B15-B18) dat hiéu
suat kha t6t lan luot 1a 75%, 66%, 74% va 77%. Ngoai ra, naphthalene-2-
sulfonohydrazide va 4-nitrobenzenesulfonohydrazide cting la nhitng tdc nhén
sulfenyl hda tét, tao cac san pham B20 va B19 c6 hiéu suat twong wng 1a 59% va
47%. Tuy nhién, viéc st dung 2,4,6-trimesitylenesulfonyl hydrazide cho su
chuyén hoa nay di khong thanh cong, c6 1& 1a do sy can tro khong gian cua 2
nhom thé methyl tai C, va Cs trong hop chat sulfonyl hydrazide.

Mot s6 thi nghiém duoc thyuc hién dé tim hiéu co ché phan tng. Két qua cho thay
phan g khong lién quan dén chat trung gian aryl iodide va géc tu do, ciing phu
hop vai két qua nghién ciru cua nhém tac gia Tian. Vi vdy, ching tdi cho ring
co ché cua phan tmg nén theo co ché da duoc dé nghi boi nhém nghién ctu cia
tac gia Tian (So do 3.4). Chat trung gian thiodiazonium 5 duoc tao thanh tir phan
ung cua p-toluenesulfonyl hydrazide 1 va iod da tham gia vao phan ung sulfenyl
hoa kiéu Friedel-Crafts dé hinh thanh nén san pham B1. Mat khéc, ciing c6 thé
xay ra sy tach bo nitrogen khoi chat trung gian 5 tao thanh p-toluenesulfenyl
iodide 6, roi trai qua phan ung thé ai dién tar véi 4-phenylpyrrolo[1,2-
a]quinoxaline dé tao ra B1.
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AI’\S

H
N_/ 1% D
R A N 8., NH, I, (40% mol) N Nz
Al Ar (5N Ry
N” "R,

H EtOH, 100 °C, 24 gid ZNTOR,
0,1 mmol 0,15 mmol 21 chéat, 22% - 80%

e toly|
-H -H  80% (B1) AN -R'
Cl, -H  57% (B4) N, -SCH; 65% (B2)
CHy, -H  76% (B5) @[ F 68% (B3)
-CH3, -CH; 67% (B7) N” -NO, 22% (B6)
-F, -OCHj, 73% (B9) R

-tolyl—S

p-toly R

- pyridine 80% (B11)
- thiophene 60%(B12)
- furan 58% (B13)
2 _H 62% (B14)

SO,CH3 B10, 80%

-H 75% (B15) @ S

-Br 66% (B16) N '
N ) -CF374% (B17) @[ 4 @[

-NO, 47% (B19) NP N"“Ph

NPh

B18, 77% B20, 59% B21, Vét

So @6 3.3 Sulfenyl hoa tryc tiép Ci-H cua dan xuét pyrrolo[1,2-a]quinoxaline.

- H 7 |
p-tolyl” Q}l 2 Q &5 (NH 6 NH o~
( j = Pt0|y|(o\ ~ " p-tolyl” C\l - - p-tolyl/%ﬁ ~H
"2 o 4r
ptolyl\
Yo p-tolyl”S*Ki=n 3a N/
5y Ny H
N ’

3a

tolyl”S~
poy6| ~

HI + HOl — 1, + H,0 HI

So d6 3.4 Co ché phan ung sulfenyl héa 4-phenylpyrrolo[1,2-a]quinoxaline.
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3.1.3 So sanh phdn #ng sulfenyl hoa si# dung diaryl disulfide va sulfonyl

hydrazide
Bang 3.1 So sanh phan tng sulfenyl héa sir dung diaryl disulfide va sulfonyl
hydrazide.
R3-S-S-R;
_ CuCl, (30% mol), KI (50% mol), R;-S
PN N. 2 DMSO (1 mL), 120 °C, 24 gid « J’%
1 AT R
Z NTR, R3-SO,-NH-NH, A R,
I, (40% mol), EtOH (0,5 mL), 100 °C, 24 gi6
Nguén sulfenyl
Arylsulfonyl
STT Di(hetero)aryl disulfide hydrazide
(T4t ca déu mua) (Hau hét duoc tong
hop)
1| Tinhchatvatlyeaa | o o & xir Y, it doc, khong mui.
nguon sulfenyl
Ham luwgng caa
2 ngudn sulfenyl 0,5 duong lugng 1,5 duong lugng
Chat xc tac CuCl, (30% mol) .
3 | (Chétthac ddy) | KI (50% mol) 12 (40% mol)
4 Nhiét do phan tng | 120 °C 100 °C
5 Dung moi DMSO EtOH
7 Thoi gian phanung | 24 gio 24 gio
8 Quy mo 3a: 5 mmol (A1, 70%) 3a: 1 mmol (B1, 77%)
g |San pham thioether | 21 chat 21 chat
Hiéu suat c6 lap 18% — 76% 22% — 80%
10 | Co ché Thé ai dién tir va thé goc Thé 4i dién tir
tu do
11 | Uu didm Phuong phap don gian va de thuc hién.

Da dang hda hop chat pyrrolo[1,2-a]quinoxaline.
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3.2 Sulfonyl hoa cac din xuit 1-iodopyrrolo[1,2-a]quinoxaline

Phan ung sulfonyl hoa cua 1-iodo-4-phenylpyrrolo[1,2-a]quinoxaline da thanh
cong khi chi sir dung mudi sodium sulfinate (0,15 mmol), DMSO ¢ 100 °C trong
15 phat, khéng sir dung kim loai kim loai chuyén tiép va cho ra san pham C1 c6
hidu suit 90%. Khi ting ¢ mau 1én dén 1 mmol cua 4-phenylpyrrolo[1,2-
a]quinoxaline thu dugc san pham C1 c6 hiéu suat 79% sau 8 gid phan ang. Pham
vi cia phan tng sulfonyl hoa lién quan dén cac dan xuat cua pyrrolo[1,2-
a]quinoxaline va (hetero)arylsulfinate da dwoc khao séat (So do 3.5).

Céc san pham thu duoc dat dugc hiéu suat tir trung binh dén xuit sic bat ké tinh
chat dién tir ciia cac hop chit pyrrolo[1,2-a]quinoxaline. Vi du nhu 7-chloro-4-
phenylpyrrolo[1,2-a]quinoxaline va 4-(4-nitrophenyl)pyrrolo[1,2-a]quinoxaine
1a nhitng tac chét chira nhom cho electron nhu chloro va nhém hit electron nhu
nitro nhung déu thu dugc cac san pham tuong tng c6 hiéu suét lan luot 13 67%
va 73%. 4-Phenylpyrrolo[1,2-a]quinoxaline mang dong thoi 2 nhom thé ciing
tuong thich tét véi diéu kién phan ung nay, tao ra cac san pham C4 va C5 c6
hiéu sut tét trong tng 1a 74% va 84%. Mat khac, nhitng tac chat c6 chia di
vong nhu la benzo[d][1,3]dioxole, pyridine, thiophene va furan ciing phu hop
cho sy chuyén hoa nay véi hiéu suat rat tét tir 78% dén 82% (C6-C9). 4-
Alkylpyrrolo[1,2-a]quinoxaline 1a cac tac chat khé cho su chuyén héa truc tiép
lien két C;-H. Tuy nhién, trong nhitng diéu kién da khao sét, phan ung gitra 4-
methylpyrrolo[1,2-a]quinoxaline va phenylsulfinate da thanh cong va thu dugc
san pham C10 c6 hiéu suit 43%. Tuong tu, 1-(phenylsulfonyl)pyrrolo[1,2-
a]quinoxaline C11 ciing dat dwoc hiéu suat kha t6t 64%. Nhu vay, pyrrolo[1,2-
a]quinoxaline c6 mang nhom thé tai vi C4 hay khong ciing khong anh hudng dén
su thanh cdng ciia phan tng sulfonyl héa. Pang chu y, viéc str dung mudi 2-
thiophenyl sulfinate 1am tac chat c6 thé tao ra cac san pham mong muén C12,
C13 va C14 vdi hiéu suit twong tmg ciing kha t6t 70%, 74% va 56%, diéu nay
trai nguoc hoan toan voi két qua nghién ciu trude day cua nhom tac gia L8,
Nhiing phét hién mai nay cho thy tiém ning caa phan tng sulfonyl hda cua cac
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dan xuit pyrrolo[1,2-a]quinoxaline bang sulfinate di vong. Cac mudi nhu p-
tolylsulfinate va p-bromobenzenesulfinate, 4-(trifluoromethyl)benenelsulfinate,
3- (trifluoromethyl)benzenesulfinate va , naphthalene-2-sulfinate cling la nhitng
tac nhan than hach tét, va tao ra cac san pham C15, C16, C17, C18 va C19 c6
higu suét 1an luot I 73%, 74%, 69%, 60% va 63%.

Co ché cua phan ang sulfonyl héa c6 thé dién ra qua con duong thé ai nhan. Pau
tién, tac nhan 4i nhan nhu 1a benzenesulfinate tham gia phan &ng cong vai chat
ai dién tr A d@é hinh hanh chat trung gian B. Sau d0, tach I tao C1 (So do 3.6).

So véi phuong phéap cua tac gia Lé, phuong phap nay dat duoc nhirng két qua rat
dang chu ¥, nhu 13 nhiét d6 phan tng thap, thoi gian phan tng ngan, khong sir
dung kim loai chuyén tiép va nhirg diéu kién phan tmg nay ciing twong thich tbt
Vi tac nhéan than hach di vong nhu 2—thiophenylsu|finate (Bang 3.2).

[ R30,S
N+ NIS (0,12 mmol) N 2 |R3SO,Na (0,15 mmoI N /
= N R2 COHC|3 1mL, DMSO 1mL,
0,1 mmol t %hong: 20 9i0 Khong co Iap 100 °C, 15 phat 19 chat, 43% - 90%

PhO,S PhO,S
Ry R{" Ry Ry,
“H H H H  90% (C1)

o N_/
¢ H H H  65% (C2) \C[
“H H NO, H 73%(C3) N

(0]

-H OCH; SO,CH; H 78% (C4) >

“CH; H H NHCOCH, 84% (C5) C6. 82% o

PhO,S "R o)
2 - pyridine  78% (C7) I\ 5:0 Ry- R,-
N Y -;hlophene 8810// (“3:2) S — H- CeHs- 70% (C12)
- furan 6 (C9) R4 N CH30 - m-CICgH,- 74% (C13)
N R, .cH3 43% (C10) \C[ H- H- 56% (C14)
64% (C11) N" R,

ot ol oI D
X, O, o, oY, oo

N Ph
C15,73% C16, 74% C17,69% C18, 60% C19, 62%

So db 3.5 Sulfonyl héa dan xuit pyrrolo[1,2-a]quinoxaline véi mudi sulfinate.
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PhO,S

\_ PhO,S-. _

Z’% DMSO [ ? ] N Y
@ + PhSO,Na ———>

N Ph 100 °C N/ on

A c1

So d6 3.6 Co ché sulfonyl héa cua 4-phenylpyrrol[1,2-a]quinoxaline.

Bang 3.2 So sanh véi phuong phap sulfonyl hda cua tac gia Le.

Phwong phap cua Phwong phap caa
chung toi tac gia Lé
Ngudn sulfonyl Natri arylsulfinate
Diéu kién phan ung:
Dung moi DMSO DMSO
Chét xdc tac (Chat hd tro) Khong sir dung Cul, L-proline
Nhiét do 100 °C 140 °C
Thoi gian 15 phat 24 gio
San pham sulfone 19 chit 19 chit
Hiéu suat cd lap 43% - 90% < 10% - 88%
San pham phu formyl hda Khong Eﬁ;:;nﬁq?@t 50
Natri 2-thiophenylsulfinate | Tuong thich Khoéng tuong thich

3.3 Morpholinomethyl héa ciia din xuét pyrrolo[1,2-a]quinoxaline

Sau khi khao sat cac diéu kién phan ung, phan ang morpholinomethyl héa 4-
phenylpyrrolo[1,2-a]quinoxaline tao ra san pham twong tng D1 c6 hiéu suat
48% trong diéu kién c6 chit oxy hda manh nhu PIFA (2 duong lwong), chat hd
tro Cul (25% mol), dung m6i DMSO (1 mL) ¢ 120 °C trong 24 gio.

4-Phenylpyrrolo[1,2-a]quinoxaline mang cc nhém thé cho electron tai vi tri C;
nhu nhém methyl hay methoxy 1am tiang nhe hiéu suat tir 48% lén 71% (D3) va
55% (D2). Tuy nhién, pyrrolo[1,2-a]quinoxaline véi nhém thé methyl trong
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vong benzene tai C4 tao san pham véi hiéu suat 50% (D4), thip hon hiéu suat
cua D3. Nhitng tac chat mang di vong nhu pyridine, thiophene va furan ciing
tuong thich, cho ra cac san phim twong (ng co hiéu suat 45% (D5), 43% (D6)
va 46% (D7). 4-Phenylpyrrolo[1,2-a]quinoxaline mang dong thoi hai nhém thé
nhu fluoro, chloro, methoxy, va methylsulfonyl ciing 14 nhiing chat nén phu hop
trong diéu kién phan tng nay va tao ra cac san pham co hiéu suat 44% (D8), 47%
(D9) va 53% (D10). Cudi cling, chat nén don gian nhu pyrrolo[1,2-a]quinoxaline
cling d4 duoc khao sat tao ra san pham D11 c6 hiéu suat 25%. Khi ting ¢& mau
lén dén 1 mmol cua 7-methyl-4-phenylpyrrolo[1,2-a]quinoxaline, hiéu sut cia
san pham morpholinomethyl hoa (D3) 1a 65% (So d 3.7).

Co ché cho phan tng morpholinomethyl héa cac dan xuit pyrrolo[1,2-
a]quinoxaline da duoc trinh bay trong So @6 3.8. Pau tién, xay ra phan tng cua
morpholine vai acid trifluoroacetic (TFA), theo sau 1a sy m& vong va sy tan cong
ctia phan tir morpholine khac dé tao ra chat trung gian (A). Tiép theo, su loai bo
di vong oxazolidine khoi A di tao ra chat ai dién tir 4-methylenemorpholin-4-
ium (B). Sau do, xay ra phan ng thé ai dién tir gitta chat (B) va pyrrolo[1,2-

a]quinoxaline tai vi tri Cy, cudi cuing tao ra san pham D1.
/~\

H O N
= o FIFA 0,2 mmol / —
N N/ 4 [ ] Cul 0,025 mmol N
R A7 N RH—/ =
N" 'Ry H DMSO 1 mL, 120 °C, 24 gid N™ "R,
0,1 mmol 0,5 mmol 11 chéat, 25% - 71%
/ N\
O N Ry- d N\ R, -
~ = H 48% (D1) s _ pyridine  45% (D5)
N/ CHsO 55% (D2) N_  thiophene 43% (D6)
~ CHg 71% (D3) @[ furan 46% (D7)
Ri N —> Da- BEY N R, H 25% (D11
1mmol => D3: 65% 2 6 (D11)
/N / N\ /N \
O N o N o N o N
s — _/ — f— = / —
H5CO N_/
@[N Y% Nz OCH3 3 \@[ H3CO N _~
N’ F/C[N/ N (IN/ cl
SO,CH,
D4, 50% D8, 44% D9, 47% D10, 53%

So d6 3.7 Morpholinomethyl héa cac dan xuat pyrrolo[1,2-a]quinoxaline.
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H (OCOCF3 Fh FOCOCF3 o
N A OCOCF, ( 5 ﬂl\ [ j [N CF COOH [%
[oj - CF4COOH [] [0 \‘H" o e [ ]

CF3COO 9 \J ) CFscOO O\J\") 0" NH

o \/ (B)
] (B) N N N
N / CFSCOO
(3a) ©i N N Y (D1)
@[ (C) CF;COOH ©i
3
N”>Ph

So d6 3.8 Co ché dugc dé nghi cho phan tng morphollnomethyl hoa.
3.4 Formyl hoa lién két Ci-H ciia din xuat pyrrolo[1,2-a]quinoxaline

Phan ung formyl hda 4-phenylpyrrolo[1,2-a]quinoxaline trong diéu kién da duoc
khao sat gdm Cul (15 mol%), TFA (20 duong lwong) va 1 mL dung méi DMSO
& 120 °C trong 22 gio, tao ra san pham twong tng E1 cd hiéu suat 40%.

Phan wng formyl hoa cac dan xuat pyrrolo[1,2-a]quinoxaline mang nhém thé cho
dién tir tai C; nhu methoxy da cho ra san pham twong tng E4 véi hiéu suat 33%.
Trong khi d6, nhom cho dién tir cua vong benzene tai C, thi lai 1am tang hi¢u
suat phan ung. Chang han nhu 4-(o-tolyl)pyrrolo[1,2-a]quinoxaline va 4-(4-
fluorophenyl)pyrrolo[1,2-a]quinoxaline twong thich véi didu diéu kién phan
{rng, tao ra cac san pham tuong tng vai hidu suat 45% (E5) va 34% (E6). Tuy
nhién, ciing phat hién c6 san pham di-formyl kém theo trong san pham E5. Sy
hién dién caa ca hai nhém thé methoxy tai vi tri Cs va methylsulfonyl caa vong
benzene tai C, dd lam tang hiéu cua E7 dén 48%. Cudi cung, pyrrolo[1,2-
a]quinoxaline lién két vai pyridine hay thiophene tai vi tri C4 ciing dugc thir va
tao san pham twong tng c6 hiéu suat mic trung binh (So db 3.9).

Co ché cho phan ung formyl hoa cua cac dan xuit pyrrolo[1,2-a]quinoxaline
dugc dé nghi nhu trong so d6 3.10. Dau tién, DMSO tan cong TFA dé tao ra ion
thionium 111. Ké tiép, ion 11l tham gia phan Gng thé ai dién to voi 4-
phenylpyrrolo[1,2-a]quinoxaline tao chat trung gian 1V va tiép tuc tham gia phan
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{rng cong 4i dién tur véi 1V tao ra chét trung gian V. Sau do, thiy phan V dé tao
thanh san pham hydroxymethylation V1, rdi bi oxy héa tao san pham E1.

N ¥ Cul (0,015 mmol), TFA (2 mmol) N N’/
N R, DMSO (1mL), 120 °C, 22 gi& i
0,1 mmol 7 chét, 21% - 48%
OHC OHC
N/ N/
@[N/ H3CO/©:N/
E1, 40% E3, 47% E4, 33%
OHC OHC
N/ H,CO N/
L, o
ES5, 45% E6, 34% F E7, 48% §02CHa

(10% san pham di-formyl hoa)

So d6 3.9 Formyl héa cua cac dan xuat pyrrolo[1,2-a]quinoxaline.

— O3 /oH Q. CF3COO
+é FsC OHO CFs O/‘ CFs

S . 3, —\ /J\
/S\ ~ W/\OH H,0
I I H n N
-
DMSO, air OH N
/ —~a&
Cu/'\C‘u“ S /S‘) -
@N V f I Nz H-OH @N %
N”>Ph N” >Ph /S\/; S 3H+ N”>Ph
E1 \"/| \"

CF,C00~ + H' — CF,COOH

So db 3.10 Co ché d& nghi cho phan tng formyl hoa.
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CHUONG 4 KET LUAN VA KIEN NGHI

4.1 Két luan

Trong luan an ndy, chlng toi d4 trinh bay bon phuong phap chuyén héa tryc tiép
lien két C1-H cua cac dan xuit caa pyrrolo[1,2-aJquinoxaline thanh céc lién két
C1-S va C;-C trong nhiing diéu kién don gian, ém diu va dé thyc hién. Trong d6
¢6 hai phuong phap mai la sulfenyl hoa, morpholinomethyl héa va hai phuong
phéap cai tién dugc cac nhuge diém cua cac phuong phap da dugc cong bd trudce
day, d6 la sulfonyl hda va formyl hda. C6 tat ca 78 chat dwoc tong hop va cd lap
thanh cong, trong d6 c6 66 chat méi va 12 chat da dugc cong bd (So do 4.1).
Nhiing chat nay duoc xac dinh ciu trdc hda hoc bing cac phuong phap phd
nghiém.

R3S - SR; (0,5 duong lugng) 21 chét mdi 18% - 76%

CuCl, (830% mol), KI (50% mol),
DMSO (1 mL), 120 °C, 24 gid N P
1. Sulfeny/ hda
R3SO,NHNH, (1,5 dugng lugng) N R,
l5 (40% mol), 18 chadt mdéi, 2 chét ci
EtOH (0,5 mL), 100 °C, 24 gig 22% - 80%
R30,S
1. NIS (1,2 duong lugng),
2. Sulfonyl héa | CHCIg (1 mL), t© phong, 20 gid R1C[

2. R5SO;Na (1,5 duang ugng) 10 ch&t mdi, 9 chat cii

< .
’?‘%\ DMSO (1 mL), 100 °C, 15 phut w3 S0

/N

N Rz CUN
5 duadng lugn N~
\—/&Morpho/inQ HN__ O ( g luong) R1C[
N”

_methyl héa | PIFA (2 duong luong), Ro

Cul (25% mol) 11 chat m6i, 25% - 71%
DMSO (1 mL), 120 °C, 24 gio
(1 mL) gi OH
Cul (15% mol), NI
4. Formyl héa | TFA (20 duong lugng) R1{I
ZSN" R,

DMSO (1 mL), 120 °C, 22 gid ’ i
6 chat mdéi, 1 chat ci
21% - 48%

So d6 4.1 Két qua su chuyén hoa Ci-H din xuét pyrrolo[1,2-a]quinoxaline.
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4.2. Kién nghi

Két qua nghién ciru da dong gop cac phuong phap chuyén hoa cac lién két C-H
trong céc dan xuat cua pyrrolo[1,2-a]quinoxaline thanh céc lién két C-S va C-C.
Vi vay, ¢6 thé ap dung cac phuong phap nay dé chuyén hda lién két C-H trong
cac hop chét da di vong khéc.

Cac hop chat c6 chira khung pyrrolo[1,2-a]quinoxaline ¢6 nhiéu hoat tinh sinh
hoc nhu 1a khéng viém, khang khuan, khang ung thu hay hoat tinh d6i khang thu
thé glucagon. Do d6, c6 thé tiép tuc thir nhitng hoat tinh sinh hoc cua céac san
phdm di duoc tong hop trong luan an nay. Cac ddng phan lap thé khac nhau
thuong s& c6 cac hoat tinh khac nhau nén viéc kiém tra cac dong phan lap thé
ctia cac san pham 1a rat can thiét.

Mat s6 hop chat amine c6 chtra khung pyrrolo[1,2-a]quinoxaline cé hoat tinh d6i
khéng thu thé glucagon, dugc ding lam thude dé diéu tri bénh dai thao duong.
Vi vay, ¢6 thé str dung cac san pham formyl hda trong luan an nay dé lam nguyén
liéu cho téng hop cac amine chtra khung pyrrolo[1,2-a]quinoxaline qua phan tng
ngung tu gitra amine va aldehyde.

Nhiéu dan xuit cua pyrrolo[1,2-a]quinoxaline duoc st dung 1am chat cam bién
huynh quang trong viéc xac dinh nhanh chat né ¢6 nhan thom nitro. Tinh huynh
quang caa nhirng hop chit nay phu thudc vao cac nhoém thé cho hay rat electron
trén nhan pyrrolo[1,2-a]quinoxaline. Cac hop chét thu duoc tir két qua nghién
ctru trong luan an c6 mang nhitng nhom thé anh huong dén mat do dién tir trén
khung nay. Vi dy, san pham sulfenyl hda c6 thé lam ting mat d6 dién tir, con san
pham sulfonyl héa lai lam giam mat do dién tir trén khung pyrrolo[1,2-
a]quinoxaline. Do dé, c6 thé khao sét tinh chat huynh quang cua cac san pham
nay va kha nang dap tit huynh quang cua chiing khi c6 thudc né nitro nhan thom.
Qua d6, xac dinh cac chat co thé dugc sir dung l1am cam bién huynh quang dé
phét hién cac phan tir thudc nd nhan thom nitro.
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