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MO PAU
1. Tinh cap thiét cha luan an

Céc phén tir di vong thom c6 mit khip noi trong cudc séng va méi truong
va duoc ing dung rong réi trong y hoc, ndng nghiép va cong nghé. Cac hop chat
¢6 cau trdic di vong lién hop giap canh dugc tng dung khong nhimg trong linh vuc
ban dan hitu co nhu diode phat quang hiru co (OLED), pin mat troi hitu co (OPV)
va transistor hi¢u ung truong hiru co (OFET), ma con trong linh vyc y sinh nhu
cac sensor sinh hoc, nhudm té bao, danh dau thudc, chuan doan va diéu tri bénh.
Imidazopyridine 1a hop chét di vong nito ¢6 chtra gbc imidazole gin véi vong
pyridine, trong d6 imidazo[ 1,2-a]pyridin 1a quan trong nhat trong s cac dan xuat
imidazopyridine. Cac dan xuat ndy cd hoat tinh sinh hoc Iy thi nhu khang khuan,
khéng nam, chong viém, khang u, khang vi rit. Mot s6 loai thude thude I6p chét
nay duoc su dung trong diéu tri 1am sang. Carbazole la mot hydrocacbon thom da
vong bao gdm hai vong benzen & hai bén cua mét vong pyrrole, nhidu hop chit
carbazole alkaloid c6 trong tu nhién. Cac hop chat carbazole s¢ hiru cac dic diém
cau tric hap dan va cac hoat tinh sinh hoc 1y thi nhu chéng oxy héa, khang viém,
khang virus, khang u, khang ung thu, chdng co giat, chéng loan than, ciing nhu
diéu tri tiéu dudng nén nhan duoc sy quan tam dic biét cua cong dong khoa hoc.
Carboline, con duoc goi la pyridine indoles c6 thé dugc chia thanh bén loai theo
céc vi tri khac nhau cta nguyén tir nito trén vong pyridin, duoc dat tén la o-
carboline, B-carboline, y-carboline va -carboline. Tat ca bén loai carboline da
duoc phan 1ap trong cac san pham ty nhién, dic biét 1a -carboline va y-carboline
da dugc nghién ciu rong rai voi hoat tinh sinh hoc 1y thi nhu chdng ung thur,
chdng sét rét, khang khuan, dic tinh chéng nim va chong dong vat nguyén sinh,
bén canh do, nhitng cac hop chét nay ciing da duoc str dung rong réi trong tong
hop hiru co.

Do nhiing tng dung thd vi cta cac hop chat ciu trlc h¢ di vong thom gidp
canh noi trén, huéng nghién cau phat trién phuong phap tong hop méi cua kiéu
cau tric nay nhan duoc su quan tam dic biét ciia cac nha khoa hoc trén thé gioi.
Gan day, cac phuong phap tdng hop cac hop chét di vong va da di vong sir dung
x(c tac kim loai dang duoc phét trién manh mé. Trong s6 d6, xuc tac Paladi da va
dang duoc tap trung nghién ciu va cho thay nhiing ng dung quan trong trong
tong horp hitu co. Gan day, viéc str dung cac kim loai san c6 nhu Dong nham thay
thé xUc tac kim loai Paladi dt tién dang duoc cac nha khoa hoc quan tim, Do d6,
ching t8i chon d& tai “Nghién ciru cAc chét x(c tac cho phan ting ghép néi C-N dé
tong hop cac hop Chat di vong pyridoimidazoindole, carbazole va carboline” v6i
muc tiéu nghién ctru tng mot s6 hé xtic tac trén co so Paladi va Bng sir dung cac
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ligan hiru co khac nhau dé téng hop cac hop chat di vong chira di to nito qua phan
ung ghép cap C-N.

Noi dung nghién ctru:

- Nghién ctu sir dung hé xuc tac Pd véi cac ligan hiru co khéc nhau dé tong
hop cac hé di vong pyridoimidazoindole qua phan (ng ghép cap hai lan va xac
dinh ciu tric hda hoc cua ching;

- Nghién ctu sir dung hé xc tac Cu véi ligan hitu co dé tong hop cac dan
Xuat carbazole qua phan (g ghép cip hai lan va xac dinh cau trdc hoa hoc cua
chung;

- Nghién ctu sir dung hé xtc tac Cu véi ligan hitu co dé tong hop cac dan
Xuat B-carboline va d-carboline bang phan tng ghép cip hai lan va x4c dinh cau
tric hda hoc cua chung.

2. Muc tiéu nghién ciru caa luan an

- Nghién ctru tng mét sb hé xuc tac trén co sé Paladi va Bdng sir dung cac
ligan hitu co khac nhau dé tong hop cac hop chat di vong chira di t6 nito qua phan
ung ghép cap C-N.

3. Ngi dung nghién ciu caa luan én

- Nghién cau sir dung hé xuc tac Pd véi cac ligan hitu co khac nhau dé
téng hop cac hé di vong pyridoimidazoindole qua phan tng ghép cap hai 1an va
xac dinh ciu tric héa hoc ciia ching;

- Nghién ctu sir dung hé xc tac Cu véi ligan hitu co dé tong hop cac dan
Xuét carbazole qua phan (g ghép cap hai lan va xac dinh cau trdc hoa hoc cua
chung;

- Nghién ctu sir dung hé xc tac Cu véi ligan hitu co dé tong hop cac dan
Xuat B-carboline va 3-carboline bang phan tmng ghép cap hai lan va x4c dinh cau
tric hda hoc cua chung.

CHUONG 1. TONG QUAN
Chuong 1 gdm 28 trang, trinh bay tong quan tai liéu vé cac hop chét di
vong nito ¢6 cau tric indole cac hoat tinh sinh hoc cua chiing; cac phuong phap
t6ng hop da dugc cong bd dé thuc hién tng hop cac hop chit nay.

CHUONG 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
Chuong 2 gom 21 trang, trinh bay chi tiét vé cac phuong phap nghién ctu,
quy trinh tong hop, tinh ché, hiéu suét phan tmg, c4c tinh chat vat ly cia cac hop
chat tong hop duoc nhu hinh thai, mau sic, nhiét do ndng chay va dir liéu chi tiét
c4c phé IR, 'H NMR, 3C NMR, HSQC, HMBC va HRMS cua ching.
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Chwong 3: KET QUA VA THAO LUAN
3.1. Tong hep hé di vong 5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole va
8-methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole
3.1.1 Tong hep 5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
Ung dung quy trinh tong hop chat trung gian 166 da duoc cong bd boi
nhém Kumar bang cach dong vong hop chét 183 véi 2-aminopyridine, higu suat
dat 73% [127]. Brom hda chon loc vi tri hop chat 184 véi it trong pyridine & 50°C
thu duoc hop chit trung gian 166 (hiéu suat 95%). Sau do, hop chat 166 phan ting
dong vong véi cac amine khac nhau véi hé xuc tac Pd-Cu thu dugc san pham
mong mudn 167 véi hiéu suét cao (So do 49).
[e] [e]
Br NBS, pTSA :[
5/ CH3CN 5:

182 reflux, 4h 92% 183

NH,
NP, | NaHCO,
\ reflux, 2h
X
AN AN
NG NBS, CHyCN [ NJ—Q
-
166 2" " 40°C, 1h B

Sordé 49. Téng hop chdt trung gian 2-(2-bromophenyl)-3-iodo-6-
methylimidazo[l 2-a]pyridine (7)

%\ /vl OO PPh,
HBF4£ PPh,
P(t-Bu); P(Cy)s BINAP
&S—pPh,  ppn,
F
<—PPh, o ]

PPh, PPh, PPh, PPhy PPh,
Dppf Dppe Xantphos DpePhos

Hinh 7. Cdu triic ciia mét sé phoi tir hai cang

Dé tbi uu hoa budc phan tng chia khéa nay, chiing i chon phan tng cua
hop chat 166 véi 4-methoxyaniline lam phan wng mau. Theo tong quan tai lidu,
viéc sir dung cAc phdi tir hai cang (bidentate ligand) két hop véi nguon Pd cho két
qua t6t dbi vai phan tng ghép cip C-N hai lan (phan tng Buchwald-Hartwig). Do
do, chung t6i chi tap trung khao sat mot s phdi tir hai cang cho chuyén héa nay
(hinh 7). Biéu kién tiéu chuan ciia phan (g Buchwald-Hartwig bao gom hé xuc
tac PA(OAC)/BINAP (10 mol%/10 mol%) va bazo NaOtBu trong dung moi
toluene & nhiét d6 sdi hdi huu (110°C) trong 12 gio. Hiéu suat thu duoc ¢ didu kién
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nay khé thap chi 25% (muc 1, Bang 1). Khi két hop x(c tac Pdz(dba)s véi phéi tir
BINAP (ty I& 5 mol%/ 5 mol%), hidu suat tong hop tang 1én 41% (muc 2). Viéc
két hop Pd,(dba)s vai cac phdi tir hai cang khac nhau déu khdng mang lai hiéu qua
cho phan tng téng hop hop chét 167b, hiéu suat khong cao do c6 nhiéu san pham
phu ghép cap mot lan. Dya trén cong bb caa nhém Chauhan st dung xdc tc Cu
cho phan wng ghép cap C-N, chling t6i tién hanh khao sat hé hai xtc tac Pd/Cu
cho phan ing nay (muc 3-5). Nhan thay rang, Cul két hop véi hé xic tac
Pd,(dba)/BINAP lam ting hiéu suat 1én déng ké (70%) (muc 5). Tir két qua nay,
chiing 6i tiép tuc khao sat cac phdi tir hai cang khac nhau cho hé xuc tac Pd/Cu
nhu dppe, dppf, DpePhos, Xantphos (muc 6-9). Két qua cho thdy rang XantPhos
2 phdi tir thich hop nhat cho hiéu suat chuyén hoa dén 84% (muc 6). Mot s phéi
tir don cang hay duoc sir dung cho kiéu phan tmg nay ciing da duoc khao sat nhu
PCys-HBF, and P(tBu)s-HBF; chi cho san pham & dang vét (muc 10-11). Mot sb
bazo va dung méi ciing da dugc khao sat cho thay khdng cai thién hiéu suat phan
g (muc 12-17). Nhu vay, diéu kién toi uu dé tong hop hop chat 167b nhu sau:
hé xuc tac Pdx(dba)s/Cul (5 mol% / 10 mol%), phdi tir XantPhos (10 mol%), bazo
NaOtBu, dung méi toluene, 110°C, 12 h. Phan ting tong hop dat hiéu suat 84%.
N

AN [Pd)ligand, Cul  \_ N N

s N7

\8_© + Temp., solvent
. Base
OMe
166 186b 167b

OMe
Sor d6 50. Phan 1ing tong hop PIDI
Bang 1. Toi uu héa phan g tong hop PIDI

, . Thei| Nhiét| Hieu
Tlu ):;CC Phéi tir  |Pong x(c tag Bazo Dr::gig gian| do | suat
. (h) | °C)| (%)
1 |pdOAc)| BINAP i NaStB TO':E” 12 | 110 | 250
2 |Pdydba)d BINAP - NaStB To'é‘e” 12 | 110 | 410
3 |pds(dba)] BINAP cul NaStB TO':E” 12 | 110 | 70
4 |Pdfdba)] BINAP | Cu(OAc) NaStB To'é‘e” 12 | 110 | 67




5 |Pd(dba)y BINAPp | CulL10- | NaOtB | Toluen | 15 | 410 | 5o
phenanthroling  u e

g [Pdadbd) s ioros cul NaOtB | Tolue | ;5 | 149 §4

3 u ne Y0

7 |Pds(dba)y DpePhos cur | NAOB TOLEN 5 | 110 | 46

8 |Pd(dba)d Dppe cu | NO®B To'é’e” 12 | 110 | -

9 |Pds(dba)]  Dppf cul NaStB To'ge” 12 | 110 | 25

10 [Poi(dba)y PCysHBFs | Cul | OB To'é‘e” 12 | 110 | -

11 |Pdy(dba)s P(tBu);-HB cul NaOtB | Toluen 12 110 | -
Fa u e

12 |Pdx(dba)y XantPhos Cul | KOtBu To'é‘e” 12 | 110 | 53

13 |Pdy(dba)y XantPhos cul Cszfo To'e“e” 12 (110 | 15
NaotB | 14

14 |Pdy(dba)s| XantPhos Cul U Dioxa | 12 | 110 | 34
ne

15 |pdx(dba)y XantPhos cul Na(u)tB DMF | 12 | 110 | 67

16 |Pdy(dba)y XantPhos cul | NeOB [ Tolen |95 |30 | 65

17 |Pdx(dba)y XantPhos cul | NaOB | Toluen | 5 | o5 | 79

u

e

Vi két qua toi uu hoa, chiing t6i tién hanh ma rong pham vi ing dung cua
phan ting bang cach sir dung céc amine khac nhau. San pham déng vong 167a-i
thu dugc V6i higu suat 1én dén 83% (so do 51). Cac amine chira nhom déy dién tir
(OMe, SMe, nBu) cho hiéu Suat cao hon so v6i amine chira nhom hut dién tu (F).

Céc cau triic cua cac chat da tong hop dugc x4c dinh bang cac phuong phap phd
NMR, MS.
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N
Pd,dbaz 5 mol% 4
XantPhos 10 mol% N /
C( _ cutomot N
\\ =
166

NaOtBu Toluene |
X
186a-i 110°C, 12h 16721 R

167a (62%) 167b (76%) OMe 167¢ (73%)SMe

@ @ W@

167d (75%) Ome 167e (73%) Ope 167f (70%)
N N N
— N = N = N

Y

F
1679 (68%) 167h (65%) 167i (61%)

Sordo 51. Sor @6 phan 1ng tong hop cac dan xudt cia 5-aryl-5H-
pyrido[2',1":2,3]imidazo[4,5-b]indole 167

Hop chat 167f 1a tinh thé mau vang nhat, c¢6 nhiét do ndng chay 286-288
°C. Trén phd 'H-NMR cua hop chéat 167f xuat hién day di tin hiéu ciia 17 proton
6 mit trong phan tir. Tin hiéu singlet véi cudng do manh tai do dich chuyén 3,85
ppm déc trung cho proton ctia nhém methoxy. Tin hiéu doublet tai 6,68 ppm vai
J=2,3 Hz dac trung cho hai proton H-2’ va H-6’, tin hiéu triplet tai 6,59 ppm vai
J =2,2 Hz dac trung cho proton H-4" thugc vong 3,5-methoxyphenyl. Tin hi¢u
multiplet tai 8,17-8,11 ppm duoc quy két cho proton H-7. Tin hiéu cua c4c proton
thom con lai cong huong trong khoang 7,89-6,74 ppm. Trén phd °C NMR cua
hop chat 167f xuat hién day du tin hiéu ciia 21 nguy@n tir carbon ¢6 mat trong phan
tir. Ngoai ra, trén phd khéi lugng HRMS tim thiy m/z 344,1399 tuong tng cho
cong thirc caa ion gia phan tir [M+H]* C21H17N3O,. Nhur vay, c6 thé khang dinh
cau trdc cta hop chat 167f dung nhu dy kién.

Ngoai ra, két qua xac dinh cau tric cua hop chat 167f (hinh 10) bing
phuong phéap nhiéu xa tia X don tinh thé cho phép khing dinh cau tric cua cac
dan xuat 167a-i dtng nhu du kién.
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Hinh 10. Cdu tric ciia hop chat 167f (CCDC number 1874276) xdc dinh bang
phutong phdp nhiéu X tia X don tinh thé
Tir nhitng két qua thuc nghiém & bang 1, chiing t6i nhan ra rang budc phan
g ghép cip C-N thir nhat cua hop chat 166 véi cac aniline xay ra & vong
imidazo[1,2-a]pyridine do hiéu tng tao phdi tri Pd véi nguyén tir nito trong vong
nay, san pham phu chua déng vong tao thanh nhiéu. Kéo dai thoi gian phan tng
dén 24h van khong cho hiéu suat phan tng tét hon. Do do, chiing t6i cho rang,
budc phan img dong vong ghép cap C-N thir hai tao san pham cudi sir dung xdc
tac Pd khong mang lai hiéu suat mong muén. Dé cai thién hiéu suat phan ang, Cul
duoc dua vao phan g nhu ddng xuc tac dé xuc tic cho budce dong vong ghép
cap C-N thir hai. Khi cd sy tham gia ciia dong xdc tac Cu, hiéu suat phan ting ting
18n rG rét (84%).
Co ché dé xuit phan ting tong hop hop chat PIDI dwoc mé ta trong hinh
11. Pau tién 1a budc cong oxi hda cua xdc tac Pd(0) véi chat diu 166 tao thanh
phirc Pd(I1) trung gian A. Phtc trung gian A tham gia phan tng trao doi phdi tur
vaGi base NaOtBuU tao thanh phirc trung gian B. Phirc trung gian B phan ung vai
dan xuét aniline 186 nhan dugc hop chat phic trung gian C. Phan ung khtr tach
loai cia trung gian C tao thanh trung gian 184 va hoan nguyén chét xuc tac Pd(0)
ban dau cho vong xc tac Pd tiép theo. Co ché phan tng ghép cap C-N thir hai
twong tu nhu phan ung Buchwald-Hartwig st dung xuc tac Pd. Cul lam xuc tac
cho budc dong vong ndi phan tir hiéu qua xdc tac Pd, tao lién két C-N, cu thé hop
chét 184 tao lién két phdi tri vai xtic tac Cu(l) hinh thanh phuc trung gian D. Phan
ung cong oxi hda ndi phén tir phirc D tao thanh phirc vong Cu(lll) (trung gian E).
Phuc trung gian E nay khdng bén va dé dang tham gia phan ting tach loai khir tao
sdn pham déng vong PIDI 167 va hoan nguyén xuc tac Cu(l) cho vong xuc tac
tiep theo.



Cx
Nal
° SN ArNH,

2
p—Pd(l) 186
NaOtBu L | Notsu
{BUOH

AN
N7
p—Pd(ll) A

(JF‘,\ Pd

Z

am c
“NHAr

z
'UU\Z

\

NHA 184

NaOtBu tBuOH + Nal

/ 167

\/
Hinh 11. Co ché phan iimg dé xudt sir dung hé xtic tac Pd-Cu cho phdn ing tong
hop PIDI.
3.1.2. Téng hep 8-methyl-5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
Hop chat 2-(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-a]pyridine
188 duoc téng hop theo quy trinh hai budc dugc trinh bay o so do 52. Hop chat
183 (nhan duoc tir phan (g gitra 2-bromo-acetophenone 182 va NBS phan tng
Vai 2-amino-5-picoline tao thanh hop chét 187, sau do dong vong bang phan wng
Vi | trong pyridine thu dugc hop chét 188. .

NHy
NE 9 NaHCO;

reflux, 2h

So do 52. Tong hop chdt trung gian 2-(2- bromophenyl)-3-iodo-6-
methyllmldazo[l 2-a]pyridine (7)

Ap dung didu kién tdi wu tong hop céc din xuit 5-aryl-5H-
pyrido[2',1:2,3]imidazo[4,5-b]indole 167 (muc 3.3.1), cac dan xuat cua 8-methyl-
S-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole 169a-f da dugc t6ng hop theo so
dd 53. Chu trc coa cic din  xuit  8-methyl-5-aryl-5H-
pyrido[2',1':2,3]imidazo[4,5-b]indole 169a-f dugc xac dinh bang phd NMR va
MS.



9

N

Pd,dbag 5 mol% J /IQ
XanIPhos 10 mol% N N

/O/ _ Cutomon

T NaO®u, Toluene @

1ss

189a-i no®c,12h 169

gaset gr@ gr@

o T g 79

OMe SMe
169a (72%) 169b (83%) 169c (77%)

S s TN !
[8%s oo o
Me’

Me' Me
MeO' OMe
E

nBu
169d (73%) 169e (52%) 169f (81%)

Sordo 53. Sor do phan g tong hop cac dan xuat cua 8-methyl-5-aryl-5H-
pyrido[2',1":2,3]imidazo[4,5-b]indole.

Trén ph6 H-NMR cua hop chat 169d xut hién tin hiéu doublet tai 2,41
ppm véiJ = 1,1 Hz dac trung cho proton nhom methyl. Tin higu singlet vai cuong
d6 manh tai 3,84 ppm dac trung cho proton thuéc hai nhém methoxy. Tin hiéu
cong hudng dudi dang multiplet tai 8,12-8,06 ppm duoc quy két cho proton H-7.
Céc proton con lai cong huang trong khoang 7,78-6,54 ppm. Trén phd °C NMR
cua hop chat 169d xuat hién day du tin hiéu ciia 22 nguyeén tir carbon c6 mit trong
phan tu.

3.2. Téng hop céc hop chat 9H-carbazole dwoc aryl, benzyl va alkyl héa

Dya trén tiém ning (g dung cua cac hop chat carbazole, da co nhiéu
phuong phap dé tong hop 16p chat nay, vi du nhu phan tmg ghép doi C-N giira
2,2’-dihalobiphenyl va amine str dung xuc tac palladium [141-142], phan ang N-
aryl hoa gitta 2,2’-dihalobiphenyl va amine bac mét st dung xdc tac palladium
[141-142], phan ting ghép d6i C-N bang xuc tac dong tir diiode va made bac mot
[143-144]. Tuy nhién, han ché cua phuong phap nay 1a tic nhan diiode dit tién.
Vi vay, viéc phét trién cac quy trinh méi dé sir dung tac nhan dibromide c6 san
trong phan tmg ghép doi C-N dugc xdc tc Cu vai nhiéu loai amine 14 rat quan
trong. Trong ndi dung nay, ching i da tién hanh nghién cau phan ang téng hop
céc dan xuat carbazole duoc xUc tac bang Cu tir 2,2'-dibromobiphenyl va amine
bac mat.

Phan tng gitra 2,2’-dibromodiphenyl (170) va benzylamine (191a)
duoc lya chon 1am phan tng mau dé khao sat diéu kién phan ung téi wu. Diéu
kién tiéu chuan cho phan ung nay 1a 1,5 duong lugng hop chat 2,2°-
dibromodiphenyl (170), 3 dwong luong benzylamine (191a), xuc tac Cul 20
mol%, phéi tr 24 mol% & 150 °C. Mdt s yéu t6 chinh c6 thé anh hudng dén




10

qué trinh tao vong nay bao gom xuc tac, phdi tir, dung mdi va nhiét do da
duoc kiém tra chi tiét. Khi sir dung xGc tac Cul, base KoCOs va dung mdi
DMSO (muc 1-6, bang 2), hiéu suét tong hop hop chat carbazole 171a dat
cao nhat khi str dung phdi tir L-proline (muc 6, bang 2). Tiép theo, két qua
sang loc base cho thay hiéu suat tong hop tang 1én 70% khi sir dung Cs,COs3
(muc 7-9). Dé kiém tra sw anh huong cua cac loai xuc tac ddng Ién qué trinh
chuyén hoa nay, mot s mudi dong phé bién bao gébm CuBr, CuCl, CuCly,
Cu(OACc)2, Cu(OTf), da duoc khao sat (muc 11-14). Trén thuc té, hiéu suat
san pham carbazole 171a téng 1én 72% khi str dung chat xdc tac CuCl. Trong
s6 cac dung méi bao gom N-methylpyrrolidone (NMP), DMF, toluene,
dioxane dugc khao sat ¢ cing diéu kién (muc 15-18), dung méi DMF duoc
tim thay 1a phtl hop nhit cho phan tng nay (muc 16). Pang ngac nhién la khi
thir nghiém véi cac base manh nhu KOH, KOt-Bu (muc 19, 20), hiéu suit
tong hop hop chét 171a dat dén 81% khi sir dung base KOH ¢ 150°C (muc
20) va 79% & 140°C (muc 21). Cubi cung, khi giam ham lwong CuCl va L-
proline xudng con 10 mol% va 12 mol% twong wng, giit nhiét dd phan tng
& 140°C, phan wng van xay ra thuan loi va dat hiéu suat 78% (muc 22). Nhu
vay, diéu kién phan ng téi vu cho phan &ng tong hop hop chit carbazole
171a nhu sau: 20 mol% CuCl, 12 mol% L-proline, KOH, 140°C, 24 h.

Br
‘ , HaN— [Cu] (20 mol%), ligand O O
Ph > N

Br Base, 150 °C

L
170 191a Solvent, 24 h 171a Ph

So d6 54. Phan 1ing tong hop hop chat carbazole 171a
Bdng 2. Téi wu héa phan img tong hop hop chat carbazole 171a

STT | Xdc tac Phoi tir Base Dung Hiéu

moi suat

(%)
1 Cul BINAP K2COs DMSO 25
2 Cul Xantphos Ko.CO; | DMSO 5
3 Cul IPr.HCI K2COs; | DMSO 8
4 Cul 1,10- K:COs | DMSO 15

phenanthroline

5 Cul bipyridine Ko.COs; | DMSO 14
6 Cul L-proline K>CO; | DMSO 30
7 Cul L-proline KsPO, | DMSO 40
8 Cul L-proline KOAc | DMSO 14
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9 Cul L-proline Cs2CO3 | DMSO 70
10 CucCl L-proline Cs,CO3; | DMSO 72
11 CuBr L-proline Cs,CO3 | DMSO 34
12 CuCl; L-proline Cs2CO3 | DMSO 45
13 | Cu(OAc), L-proline Cs.COz | DMSO 52
14 | Cu(OTf), L-proline Cs2CO3 | DMSO 40
15 CucCl L-proline Cs,CO3 NMP 55
16 CucCl L-proline Cs2CO3 DMF 74
17 CuCl L-proline Cs,CO3 | Toluene 56
18 CuCl L-proline Cs,CO3 | Dioxane 48
19 CucCl L-proline KOtBu DMF 51
20 CuCl L-proline KOH DMF 81
21 CucCl L-proline KOH DMF 79°
22 CuCl L-proline KOH DMF 78°

2191a (1.5 equiv.), Base (3 equiv.), [Cu] (20 mol%), phdi tir (24 mol%), 150 °C,
24h.
v191a (1.5 equiv.), Base (3 equiv.), [Cu] (20 mol%), phdi tir (24 mol%), 140 °C,
24 h.
©191a (1.5 equiv.), Base (3 equiv.), [Cu] (10 mol%), phdi tir (12 mol%), 140 °C,
24h.

®
S a
S
Do Tl
m:g\F m:;/a@i: mgv:gjc‘: (L’\LQ
e QL
5 @ 29

MF, 24 h
© 150 °C, Culll proline (15 mol%), C5,CO;, DMSO, 24 h

So do 55. Tong hop cac dan xuat 9H-carbazole 171a-q
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Dua trén diéu kién phan ang téi wu, mudi sau dan xut carbazole 171a-q
da duoc tong hop bang phan ung gitra 2,2°-dibromodiphenyl (170) va cac amine
171a-q vai hidu suat khoang 40-94% (so d6 55).

Cac nhom thé ciia amine ¢6 anh huong dén hiéu suét tong hop carbazole.
Cu thé, phan ung giita 2,2’-dibromodiphenyl 170 va cac aliphatic amine (191a-
m), cho hiéu suat kha tét, dic biét ddi voi cac benzylamine chira nhoém thé cho
dién tir (Me, MeO) hiéu suat dat khoang 70-94%. Ddi véi cac benzylamine chira
nhom thé hut dién tir, hidu suat téng hop chi khoang 50-60%, didu nay cd thé 1a
do tinh nucleophile yéu cua amine. Phan tng giita 170 va cac aliphatic amine khac
191i-m cho hiéu suét tong hop carbazole 171i-m khoang 54-70%. Phan ting giita
170 va c4c dan xuat aniline (191n-q) & diéu kién sir dung base KOH va 140°C thu
duoc hop chat 3n-q véi hidu suat rat thap chi khoang 25-40%. Khi thay ddi diéu
kién phan ung thanh 150°C, 15 mol% Cul/L-proline va base Cs,COs trong dung
mo6i DMSO, hiéu suit tong hop cac dan xuat 171n-q duoc cai thién 1&n 40-60%.

Cau triic cua cac hop chét carbazole 171a-q duoc chimg minh bang cac
phuong phap ph6 nhur *H NMR, 3C NMR. Trong hinh 13 va hinh 14 chi ra phd
'H NMR va *C NMR cua chat 171a.

Trén phd 'H-NMR ciia hop chat 171e xuat hién day du tin hiéu cua 14
proton ¢ mat trong phén ti. Tin hiéu singlet véi cuong do manh tai d6 dich
chuyén 5,49 ppm dic trung cho proton methylene thudc vong benzyl. Tin hiéu
doublet-triplet tai 7,34 ppm dac trung cho hai proton H-2’ va H-6’, tin hiéu
doublet-triplet tai 7,11 ppm dac trung cho proton H-3 va H-5" thudc vong benzyl.
Tin hiéu cua 8 proton thom con lai cong hudng trong khoang 8,13-6,94 ppm. Trén
phd C NMR cua hop chét 171e xuét hién day da tin hiéu cua 19 nguyén ti carbon
6 mit trong phan tir. Nguyén tir carbon C4” lién két truc tiép vai nguyén tir fluoro
cong huong dudi dang doublet tai 162,38 ppm vai J = 245,6 Hz. Tin hiéu doublet
cong huong tai 128,27 ppm véi I = 8,1 Hz déc trung cho C-2’ va C-6’. Tin hiéu
doublet cong huong tai 115,90 ppm voéi J = 21,8 Hz dac trung cho C-3’ va C-5°.
Nguyén tr carbon CH2 thugc vong benzyl cong huong tai 46,17 ppm.

Ngoal ra, sir dung diéu kién tbi wu trén, nhom nghién ctru da tong hop dugc
hop chét bis-carbazole 171r (nguyén liéu thuong mai dé tong hop vat liéu OLED)
be}ng phan tng giita 2,2’-dibromidiphenyl va diamine 192 véi hidu suat 45% (so
d 56).



H2

N
CuCl/L-proline
Br _ (eomol%e)
140 °C DMF, 24 h
171r, 45 %

170 HN
So do 56. Tong hop hop chdt bis-carbazole 171r
Co ché dé xuit phan g tong hop hop chat 9H-carbazole duwoc mo ta

trong so d0 57. Péu tién 1a budc cong oxi hda cua xuc tac Cu(l) véi L-proline tao
thanh phac Cu(l) (A). Phirc trung gian A tham gia phan Gng cong oxy héa voi
2,2°-dibromodiphenyl (170) tao thanh phuc trung gian Cu(lll) (B). Phuc trung
gian B tiép tuc phan ung voi mubi ammonium bac 4 (nhén duoc in situ tir phan
(g gitra amine va base) dé tao thanh phic trung gian C. Tiép theo 1a cac qua trinh
cong oxy hoa ndi phan tir, khir tach tao thanh san pham carbazole va hoan nguyén
phtrc A cho chu trinh phan wng tiép theo.

So d6 57. Co ché dé xudt phan iing tong hop hop chat 9H-carbazole 171

3.3. Tong hop céc din xuat 8-carboline va p-carboline
3.3.1. Téng hgp f-carboline si dung xuc tac Pd

C6 nhiéu phuong phap dé tdng hop cac hop chét carboline, trong do phan
ng cong dong vong str dung xuc tac la cac kim loai chuyén tiép dugc quan tam
dac biét do c6 nhiéu uu diém nhu phan tng xay ra chon loc, hiéu suit cao. T
nguyén lidu dau 3,4-dibromopyridine 172a, chiing t6i thuc hién phan ng Suzuki-
Myaura chon loc vi tri véi 1.2 duong lugng o-bromophenylboronic acid, str dung
5% mol Pd(PPhs); thu dugc san pham trung gian 3-bromo-4-(2-
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bromophenyl)pyridine 175a vai higu sut dat 89%. Sau do, san pham trung gian
nay dugc cho phan ang véi cac dan xuat amine khac nhau theo kiéu phan tng
ghép cap hai lan C-N, sir dung xUc tac Pd cho san pham la cc dan xuat f-
carbolines 5 Véi hiéu suét cao.

o B2 0L
Br CQ@
172a 174a (89 %)
So d6 58. Tong hep cac dan xudt f-carboline 175

Diéu kién phan tng: i. 173 (1.2 equiv.), Pd(PPhs)s (5 mol-%), 1M K,COs
(25 mL), 10% KOH (5 drops), tetrahydrofuran (THF) (35 mL), dun hdi uu, 24 h;
(i) 4 (3 equiv), NaOtBu (6 equiv.), Pdy(dba); (5 mol-%; dba =
dibenzylideneacetone), phdi tir 10% of 1,1-bis(diphenylphosphino)ferrocene
(dppf); toluene, 110 °C, 7 h.

Dé t6i uru hoa phan g ching toi st dung phan img déng vong 174a Véi
3,5-dimethoxyaniline 191c, khao sat bang ph6 H NMR sir dung 1,4-dioxane 1am
chat noi chuan. Mot s6 yéu t chinh anh huong dén phan ing da duoc khao sét
nhu ngudn Pd, phéi tir, dung mdi va nhiét do phan tng. Két qua cho thiy cac phdi
tir mot cang nhu Xphos, SPhos, PCys'HBF4, P(t-Bu)s"HBF,4 cho hiéu suat phan
g trung binh (muc 6-11). Trong khi cac phéi tir hai cang cho hiéu suat tdt, dic
biét khi sir dung két hop Pd.dbas voi Dppf cho hiéu suét 1én dén 97%. Thay thé
ngudn Pd bang Pd(OAC); cho hiéu suét thip hon (55%). Khao sét cac dung moi
hitu co cho thay toluene Ia dung méi thich hop nhat cho phan ang. Nhu vay, diéu
kién t6i uu cho phan tng ndy laxtc tac Pda(dba)s, phdi tir Dppf, bazo NaOtBu,
dung méi toluene, 110°C.

\ N
o HaN Q@
N
X Br
‘ + —_—
~
N OMe

174a 175a
191c
Sodo 59. Tong hop dan xudt p-carbolines 175a
Bdng 1. Téi wu héa phanung tong hop dan xudt S-carbolines 175a
STT | Xuc tac Phoi tir Bazo Dung moi Hiéu suat
(%)?

OMe
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NaOtBu, toluen
191 110°C, 24 h

N
e R

s
N
(
2

So d6 60. Tong hop cac hop chat p-carboline 175

Trén phd *H-NMR cua hop chat 175¢ xuit hién tin hiéu singlet tai 8,86 ppm
duoc quy két cho proton H-1. Tin hiéu singlet véi cuong d6 manh tai do dich
chuyén 5,52 ppm dic trung cho proton methylene thudc vong benzyl. Cac proton
methoxy -OCHjs cong hudng dudi dang singlet tai 3,74 ppm. Cac proton con lai
cong huong trong khoang 8,47 — 6,77 ppm. Trén phd *C NMR ciia hop chit 175a
xuat hién tin higu ciia 19 nguyén tir carbon c6 mat trong phan t.

Ap dung diéu kién t6i uu hoa, chung t6i thuc hién phan img dong vong giira
hop chat 174b véi cac dan xuét caa aniline cho hiéu suét tot 62-95% (177a-j). Boi
vai cac nhom thé hit dién tir cho hiéu suat thip hon cac nhom thé day dién tu.
Phan (g déng vong giira hop chat 174b voi cac amine chudi sir dung diéu kién
trén ciing cho hiéu sut tét. Cau tric cua cac dan xuit 175a-0 dugce x4c dinh bang

phd NMR.

175e, 92%

Y
N
: OMe

1750, 87% 175b, 85%

Qo
H

0

175f, 90%

175c, 88% 175d, 82%
_ -
7 N
N

o ¢

175g, 92%

OMe
175h, 60%

1 | Pd(OAc), | BINAP | NaOtBu Toluene 47
2 Pdy(dba); | BINAP | NaOtBu Toluene 72
3 Pd,(dba); | XantPhos | NaOtBu Toluene 83
4 | Pdy(dba); | DpePhos | NaOtBu Toluene 80
5 | Pdy(dba); | Dppf | NaOtBu Toluene 87
6 | Pdy(dba)s dppe NaOtBu Toluene 25
7 Pd,(dba); | XantPhos | KOtBu Toluene 41
8 Pd,(dba); | XantPhos | CsCOs; Toluene 27
9 Pdx(dba); | XantPhos | NaOtBu DMSO 13
10 | Pdy(dba); | XantPhos | NaOtBu 1,4-dioxane 52
11 | Pdy(dba); | XantPhos | NaOtBu DMF 38
§ : :N Pds(dba)s, dppf Q—Q\”




ButOH

o
B
X r
) v
5
v N
R ChE®GU
ofBu
* Pl fr B
( N Lpd'— 2
B 7~ J

Sordo 1. Corché phan img tong hop cac dan xudt f-carboline
Co ché phan tmg dugc dé xuat & so dd 61. Chat dau 3-bromo-4-(2-
bromopheny!)pyridine tham gia phan tng cong oxi héa vai LPd® dé tao phc trung
gian Pd(11) (A). Phiic trung gian A tham gia phan tmg trao ddi phéi tir véi base
NaOtBu tao thanh phuc trung gian B. Phuc trung gian B phan ang véi amine nhan
duoc hop chét phuc trung gian C. Phan ung tach loai khir cua trung gian C tao
thanh trung gian D 1a san pham cua phan tng ghép cap thir nhat va hoan nguyén
chat xuc tac Pd(0) ban dau cho vong xdc tac Pd tiép theo. Trung gian D tiép tuc
phan tmg trao d6i phéi tir véi base NaOtBu tao thanh phirc trung gian E. Phuc
trung gian E phan &g véi amine nhan dugc hop chét phic trung gian F. Phan g
tach loai khir cua trung gian F tao thanh trung gian D 1a san pham B-carboline va
hoan nguyén chét xuc tic Pd(0) ban dau.
3.3.2. Téng hep p-carboline va d-carboline sit dung xuc tac Cu
Trong luan an ndy, chiing ti d tong hop thanh cong mot s6 vong carboline
bang phan tmg ghép doi C-N hai Ian sir dung xtc tac Pd di dugc md ta & trén.
Phuong phép nay ¢6 vai han ché nhu xtic tac Pd dat tién, pham vi phan ang hep.
Viéc ing dung cac mudi dong ré tién, on dinh va san c6 thay vi cac chat xdc tac
kim loai chuyén tiép dit tién két hop vai cac phéi tir dit tién dang dugc quan tam
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dang ké hién nay trong linh vuc tong hop hitu co. Chiing t6i d& nghién ciru tong
hop cAc dan xuat carbazole bang phuong phap sir dung chét xic tic Cu [18]. Dé
kham phé céc ung dung tiép theo trong phan tmg ghép doi C-N voi sy €6 mat cua
x(c tac Cu, ching toi tién hanh nghién ctiu tong hop cac dan xuat p- va 3-carboline
tir c&c nguyén liéu ban dau san cd str dung XUc tac mudi dong voi muc tiéu dua ra
duoc phuong phap tong hop Méi co ning suat t6t va do chon loc cao, pham vi
phan ing ma rong. Diéu kién téi wu ciia phan ng tong hop cac dan xuét -
carbolines 177 dugc mé ta trong bang 4.

Br N7 N=
N, HN— [Cu] (20 mol%), ligand \_/
Ph > N
Br Base, 120 °C \\
174b 191a Solvent, 24 h 177a Ph

Sord6 62. Tong hop cac dan xudt & -carbolines 177a
Bang 2. Toi uu héa phan g tong hop c&c dan xuat 6 -carbolines 177a

STT | Xuc Phoi tir Base Dung | Hiéu suat
tac moi (%)
1 Cul | BINAP K2CO3 DMSO 45
2 Cul | dppe K2CO3 DMSO 36
3 Cul | IPr.HCI K2COs DMSO 52
4 Cul | 1,10- K2COs DMSO 42
phenanthroline

5 Cul | bipyridine K2CO3 DMSO 40
6 Cul | L-proline K2COs DMSO 90
7 Cul | L-proline K3POs DMSO 79
8 Cul | L-proline Cs2CO3 DMSO 82
9 Cul | L-proline KOtBu DMSO 47
10 Cul | L-proline KOH DMSO 72
11 | CuBr | L-proline K2COs DMSO 85
12 CuCl | L-proline K2COs DMSO 83
13 Cul | L-proline K2CO3 DMF 82
14 Cul | L-proline K2COs NMP 85
15 Cul | L-proline K2COs Dioxane -

16 - L-proline K2COs DMSO -

2 Hiéu suat thu dugc bang phuong phép tinh ché trén cot sic ky.
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174b (1.3 mmol), 191a (2.0 equiv.), base (3 equiv.), [Cu] catalyst (20
mol%), phéi tir (20 mol%), 120 °C, 24 h.

Phan tmg ghép d6i C-N hai lan giita hop chat 174b (1,3 dwong luong) va
benzylamine 191a (2 dwong luong) dugc thuc hién dé khao sat didu kién phan
(g t6i wu. Dau tién, phan tmg duoc thuc hién ¢ 120°C trong 24 gio véi su co mat
cua xuc tac Cul (20 mol%), base K2COjz va dung mdi DMSO. Mét s6 phdi tr nhu
BINAP, dppe, lpr, 1,10-phenanthroline, bipyridine dugc khéo sét, tuy nhién déu
cho hiéu suat tong hop carboline 177a thap 36-52% (muc 1-5, bang 1). L-proline
14 phdi tr phut hop nhét cho phan ting nay, hiéu suat tong hop hop chét 177a dat
90% (muc 6). Khi thay thé K.COs bing céc base khéc nhu K3PO,, KOH, KOtBu,
Cs2COs (muc 7-10), tuy nhién K>COs van 1a base phu hop nhét. Khi thay thé Cul
bang cac mudi dong phd bién khac nhu CuBr, CuCl (muc 11-12), hiéu suat tong
hop hop chit 177a dat khoang 83-85%, thip hon so véi khi duing xuc téc Cul. Tiép
theo, sw anh hudng cua mot s6 dung méi (DMSO, NMP, DMF, dioxane) dén hiéu
suat da duogc khao sat (muc 13-15). Két qua cho thay DMSO la dung méi phi hop
nhat cho phan tng tong hop hop chat 177a (muc 6). Ngoai ra, khi khdng sir dung
x(c tac, phan tng khong xay ra (muc 16). Nhu vay, diéu kién phan tng toi vu dé
tong hop hop chat 8-carboline 177a nhur sau: xtc tac Cul (20 mol%), base K2COs,
phdi tir L-proline (20 mol%), 120°C, 24 h.

Cau triic ciia hop chat 177a duoc xac dinh bang cac phuong phap phd cong
huong tir hat nhan. Trén phd *H-NMR cua hop chét 177a xuat hién tin hiu singlet
V6i cudng do manh tai do dich chuyén 5,45 ppm dic trung cho proton methylene
thudc vong benzyl. Tin hiéu doublet-doublet tai 8,55 ppm duoc quy két cho proton
H-2. Céc proton con lai cong huong trong khoang 8,43-7,06 ppm. Trén phd 3C
NMR cua hop chat 177a xuat hién day du tin hiéu cua 18 nguyén tir carbon ¢ mit
trong phén tir. Nguyén tir carbon CH, thudc vong benzyl cong huong tai 46,56
ppm.
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B Cul (20 mol%) N<
‘ L-proline (20 mol%) \
P K,CO;4 Y
N + RNH, —————~ > N
ar 120 °C, DMSO, 24 h R
174b 191 177a-0

H@H@H@

177
177, 90% 177b, 95% ¢, 90% 177d,93% 4776, 80%

H@/ @ @ ©

1774, 91% 177h, 867
1778, 70% 9,91% 86% 1771, 80% Me

PSS g S

177k, 88% 1771,91%
177m, 92/ 177n, 90% 1770, 60%

Sor do 63. Tong hop céc dan xudt J -carbolines 177a-0 st dung XxUc tac Cul
Ap dung diéu kién phan (ng ti wu nhu trén, 15 dan xuat 3-carboline 177a-
0 da dugc tong hop véi hidu suat 60-95% (bang 2). Nhin chung, phan ung gitra
hop chét 174a va amine chira nhom thé cho dién tir (methyl, methoxy) hiéu suét
phan tng t6t hon so véi cc amine chira nhém thé hut dién tir. Cau trlc cua cac
hop chét 3-carboline 177a-0 dugc khang dinh bang cac phuong phap phd hién dai
nhu 'H NMR, °C NMR.

Br. N
i A CuCly/ =)
P N,N-dimethylglycin 7
N" , RNH, ———————» N
- K3POy4, DMF, R
o
174b 191 120°C, 240 177q:

ACTED SRR

177a, 85% 177p, 80% 1779, 77%
N=
N
oy 2
L\ AN
N g
7N\
—N 177s, 12%

177r, 15%

So do 64. Tong hop cac dan xudt J -carbolines 1779-t si dung xtc tac CuCl,
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Khi sir dung xdc tac CuCl,, N,N-dimethylglycin, KsPO4 va dung méi
DMF, chiing t6i da tong hop thém duoc 4 hop chat §-carboline 177p-s tir cac
amine khac nhau theo so d 64.

Tuong tu, sir dung xUc tac Cul va CuCly, 10 dan xuat B-carboline 175a-h
da duoc tong hop thanh cong bang phan ting déng vong gitra hop chit 174b va
c4c amine 191a-h. Hiéu suat tong hop cac hop chat B-carboline 175a-h dat khoang
31-84% (so do 65).

So do 65. Tong hop cac hop chat p-carboline 175 sir dung xtc tac Cu
Két qua thuc nghiém cho thay hiéu suat tong hop céc hop chat B-carboline
175 khi str dung xuc tac Cul thap hon so véi khi sir dung xdc téc Pd. Tuy nhién,
xUc t&c Cul co gié thanh ré hon, pham vi phan &g rong
Bdng 3. So sanh hiéu sudt tong hop cac dan xudt S-carboline 175

STT | Hop chat R Hiéu suit (%)? | Hiéu suat
(%0)"
1 175a 4-MeO-CgH4- 87 61
CH,-
2 175b 4-Me-CeHs- 85 69
CH,-
3 175c Ph 88 67
4 175d 4-F-CgHs-CHo- 82 68
5 175e PhCH,CH,- 92 70
6 175f CH3CH,CH,- 90 84
7 1759 | CeHs- 92 44
8 175h 4-MeO-CgH4- 60 38
2 Pd,(dba)s, Dppf, NaOtBu, toluene, 110°C
b Cul, L-proline, K.CO3, DMSO, 120 °C
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Nhu vay, cac dan xuat B-carboline va 8-carboline di duoc téng hop thanh
cdng bang phan img ghép doi C-N hai lan sir dung xuc tac Cul giita 2,2-
dibromobiaryl va cac amine bac mét. Dy la phuong phap tong hop don gian,
nguyén ligu ré tién san co, c6 thé ing dung cho nhiéu amine ¢ cac nhém chic
khac nhau.

KET LUAN

Véi muc tiéu nghién cau cac xdc tic mai va cac diéu kién téi wu cho
phan @ng ghép cap C-N dé tong hop cac hop chét di vong, luan an da thu
dugc nhitng két qua sau:
1. Danghién ciru duara hé xUc tac phu hop la xuc tac Pd,(dba)s/Cul (5 mol%
/ 10 mol%), phéi tir XantPhos (10 mol%), bazo NaOtBu va diéu kién t6i vu la
dung mai toluene ¢ 110°C trong khoang 12 gid dé tong hop 09 dan xuit 5-aryl-
5H-pyrido[2°,17:2,3]imidazo[4,5-b]indole (PIDI) 167a-i thdng qua phan tng
ghép cap C-N. Hiéu suét téng hop dat khoang 61-76%.
2. Da nghién ctru dua ra h¢ xuc tac phu hop la hé xdc tac Pdz(dba)s/Cul (5
mol% / 10 mol%), phdi tir XantPhos (10 mol%), bazo NaOtBu va diéu kién toi
uu 1a dung mdi toluene & 110°C trong khoang 12 gid dé tong hop 06 dan xuét 8-
methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole 169a-f théng qua phan
ung ghép cap C-N gitra 2-(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-
a]pyridine va cac amine. Hiéu suat tong hop dat khoang 52-83%.
3. Pa nghién clru dua ra hé xdc tac phu hop 1a CuCl va Cul véi sy c6 mat
cua phdi tir L-proline va bazo dé téng hop 17 dan xuat carbazole 171a-r thong
qua phan tng N-aryl héa hai Ian gitta 2,2’-dibromodiphenyl va cac amine bac
mot va 17 dan xuat 8-carboline 177a-s théng qua phan &ng gitta 3-bromo-2-
(2-bromophenyl)pyridine va cac amine bac mét. Hiéu suat tong hop dat
khoang 40-95%.
4. P nghién ctru dua ra hé xdc tac phu hop la xdc tac Pd,(dba)s va phéi
tir Dppf dé tong hop 10 dan xuat B-carboline 175a-j théng qua phan tmg ghép
cap C-N gitra 3-bromo-4-(2-bromophenyl)pyridine va amine bac mét. Hiéu
suat tdng hop dat khoang 62-95%.

NHUNG PONG GOP MOI CUA LUAN AN
1. Lan dAu tién nghién ctru phét trién cac xtc tac ddng CuCl, Cul va L-proline
cho phan wng ghép cap 2 lan C-N dé tong hop cac dan xuét cua carbazole tir
2,2’-dibromobiphenyl va amine. Phuong phap nay c6 thé p dung cho nhiéu
nhom chuac khéac nhau, phan g dugc véi ca amine thom va amine aliphatic,
khong can sir dung céc xdc tac kim loai quy hiém.
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2. Lan dau tién sir dung xuc tac Cu va L-proline cho phan tng ghép cap C—
N dé tong hop B- va 3-carboline tir dibromopyridine va amine. Phuong phap
nay c6 thé ap dung cho nhiéu nhém chirc, phan tng duoc véi ca amine thom,
amine aliphatic, cho hiéu suit va dé chon loc cao.

3. Lan dau tién phat trién phuong phap tong hop hop chat hiru co PIDI, tiém
nang ng dung trong duoc pham va vit liéu. Phuong phap nay dua trén qua
trinh domino gom hai phan ting ghép C—N sir dung x(c tac Pd va Cu, khong
sir dung chat isocyanide doc hai nhu trong cong bd trude d6. Phuong phap
cho phép tao ra nhiéu dan xuat PIDI véi hiéu suat cao (61-76%). Céc cau
trdc caa hop chit tong hop di khing dinh bing cac phuong phap phd MS,
NMR va phuong phap nhiéu xa tia X don phan ti.
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