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TONG HQP CHAT PHAT HUYNH QUANG CO NHOM THE O VI TRi SO 5
CUA NHAN 4-HYDROXY-5-ALKYL-8,9,10,11-TETRAHYDROPYRIDO

[3,2,1-JK| CARBAZOL-6-ONE

TOM TAT
Muc tiéu: Téng hop cac dan chét
co khung 4-hydroxy-5-alkyl-8,9,10,11-

tetrahydropyrido[3,2,1-jk]carbazol-6-one cé chwa
céu truc carbostyril, c6 nhém thé tai vi tri s6 5 nhw
la nhédm &nh hwéng tinh chat phat huynh quang.

Phwong phap nghién ctu: Phan (*rng déng
vong tébng hop cac khung 4-hydroxy-5-alkyl-
8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-6-
one, 2a-b (Hinh-2) theo phwong phap ngung
tu nhiét cua carbazole v&i bis(dichlorophenyl)
malonates hoac v&i bis(2,4,6-trichlorophenyl)
malonates & 260°C khéng dung méi. Phan trng
thé ai dién t& nhém 5-H-acidic cla 2a-b da tao ra
mot sb sdn phadm c6 nhém thé tai vi tri s6 5 cla
nhan tetrahydropyridocarbazolone c6 céu truc
carbostyril.

Két qua: Téng hop dwoc 6 dan chat phat huynh
quang nhom thé & vi tri s6 5, c6 nhan 4-hydroxy-5-
alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-
6-one bao gdbm 2a1 —2a2 , va 2b1 — 2b4 (Hinh-2).

Twkhoa: Tetrahydropyridocarbazole, Carbostyril,
Phat huynh quang fluoressen

SYNTHESIS OF FLUORESSEN COMPOUNDS
CONTAINING SUBSTITUENTS AT POSI-
TION 5 OF 4-HYDROXY-5-ALKYL-8,9,10,11-
TETRAHYDROPYRIDO[3,2,1-JK]CARBAZOL-
6-ONE

ABSTRACT

Objective: Synthesis of derivaties of 4-hydroxy-5-
alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-
6-one containing carbostyril structure, substituents
at position 5 for fluoressen property.

Method: Ring closer reaction for
synthesis of 4-hydroxy-5-alkyl-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-6-one following
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thermocondenser method of carbazole with
bis(dichlorophenyl) malonates or bis(2,4,6-
trichlorophenyl) malonates at 260 °C withow
solvent. Electrophile substitution reaction at
5-H-acidic gave derivaties containing substituents
at position 5 of tetrahydropyridocarbazolone as
carbostyril structure.

Results: 6 fluoressen compounds synthesized
containing substituents at position 5 of 4-hydroxy-5-
alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-
6-one.

Key words: Tetrahydropyridocarbazole,
Carbostyril, fluoressen compounds

I. DAT VAN BE

Carbostyril 1& mét hop chét di vong cé hai
vong ngwng tu va nhiéu vj tri trén di vong co thé
duoc thay thé béi cac nhom thé khac nhau, nén
carbostyril dwoc xem 1a céu truc trung gian trong
tbng hop thubc mai [1]. Carbostyril (2-quinolinone,
2-quinolone) (Hinh-1) 1a mét thanh phan céu trac
quan trong trong cac hop chat tw nhién va nhirng
chét cé hoat tinh sinh hoc [2]. Khdo sat anh hwéng
clia cac nhom thé dén cac dac diém quang phd
phat huynh quang clia cac dan chét cé khung
quinolin-2 (1H) -ones (carbostyrils) da dwgc nghién
ctu [3]. Nghién ctu cac hop chat carbostyril phat
huynh quang cé cu tric nhém thé & vi tri s6 3 va
dac biét 1a nhédm nhan dién t& & vi tri sé 4 (Hinh-1)
da dwgc nhém nghién ctru [4].

Nghién ctu nay tap trung tébng hop cac dan
chdt c6 khung 4-hydroxy-5-alkyl-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-6-one (Hinh-
2), trong cu tric khung dwoc tbng hop cé chira
céu truc carbostyril c6 nhém thé H-acidic tai vi tri
sb 5, thay thé nhém H-acidic nay bang cac nhém
thé khac nhau nhw la nhom thé -OH, NO,, dj vong
c6 nito' cho thay tinh chat phat huynh quang, chét
huynh quang nay cé thé gan két véi cac phan
tlr protein, DNA giGp phat hién virus, vi khuan,
DNA trong cac xét nghiém huynh quang. Dac
biét, hién nay cac xét nghiém virus novel Corona
(nCovi-19) bang ky thuat phan &ng khuéch dai
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chubi gen phién ma nguwoc reverse Transcription
Polymerare Chain Reaction (RT PCR) dwoc do
phat hién dinh lwong bang sw phat huynh quang
clia chat danh dau phat huynh quang nhw pham
mau cyanine SYBR Green | (N’,N-dimethyl-N-[4-
[(E)-(3-methyl-1,3-benzothiazol-2-ylidene)methyl]-
1-phenylquinolin-1-ium-2-yl]-N-propylpropane-1,3-
diamine), hap thu anh sang xanh blue tai A__ =497
nm va phat ra huynh quang xanh green tai A__
= 520 nm [5, 6, 7]. 4-hydroxy-5-alkyl-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-6-one da dugc
dung trong hoa phdm nhudm [8] nhw |a chat phat
huynh quang va phdm nhudém mau ctia mét sb soi
tdng hop polyester.
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Hinh 2. Sor dé téng hop chat phat huynh quang
nhém thé & vi tri s6 5, c6 nhan 4-hydroxy-5-alkyl-
8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-6-one

Me: -CH,;
Phla: Phenylamino ; Bzla: Benzylamino

Ph: -C_H. ; Mor: Morpholino ;
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Muc tiéu nghién ctru:

Téng hop cac dan chat cé khung 4-hydroxy-5-
alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-
6-one c6 chtra cAu truc carbostyril, c6 nhdm thé tai
vi tri s6 5 nhw |a nhém anh hwéng tinh chat phat
huynh quang, ngoai ra cAu tric khung nay la sy két
hop cla cac nhan indole, quinolone va 2-pyridone
c6 lién quan dén hoat tinh tac déng sinh dwoc hoc.

. DOl TUONG VA PHUONG PHAP
NGHIEN clru

Phanngdsngvongténghopcackhung4-hydroxy-
5-alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazol-6-one (2a-b; Hinh 2) dwgc mé ta trong
mdt vai tai liéu theo phwong phap nguwng tu nhiét
cla carbazole vé&i bis(dichlorophenyl) malonates
(ctia Ziegler va cong sw [9, 10, 11, 12]) hoac vé&i
bis(2,4,6-trichlorophenyl) malonates (cla Kappe
va céng sw [13]) & 260 °C khéng dung mbi.

Phan (rng thé ai dién t& nhém 5-H-acidic cla
2a-b da tao ra mot s6 san phdm cé nhém thé tai vi
tri s6 5 clia nhan tetrahydropyridocarbazolone cé
céu truc carbostyril.

Diém chay cutia cac chat méi dwoc tdng hop dwoc
xac dinh trén may do diém chay Gallenkamp, Mod.
MFB-595 duing ng mao quan mé. Phé '"H nmr dwoc
do trén may phd cong huéng tir hat nhan Brucker
AMX 360 (tAn s6 proton 360 MHz) va trén may Asia
Brucker 500 MHz (chat chuan Ia tetramethylsilan,
dung moi la deuteriodimethylsulfoxid d6-DMSO
va CDCL,). Phd héng ngoai IR duoc do trén may
Galaxy Series FTIR 7000 phwong phap dap vién
KBr. Phan tich nguyén tb (gia tri cho phép trong
khoang + 0,4 so v&i phan tram ly thuyét) dwoc do
trén may phan tich nguyén td Fisons elemental
analyzer, Mod. EA 1108. Cac dan chét tbng hop
dwoc phan (rng dwgc theo ddi va huynh quang
bang séc ky I&p mdng trén ban silica gel 60 F-254
(Merck) day 2 mm, dung dén UV c6 bwoc séng 254
nm va 366 nm.

lll. KET QUA NGHIEN clU

Téng hop dwoc 6 dan chat phat huynh quang
nhom thé & vi tri s6 5, c6 nhan 4-hydroxy-5-alkyl-
8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-6-
one bao gém 2a1 — 2a2 , va 2b1 — 2b4 (Hinh 2).

Két qua phan tich phd IR va H-nmr cla 6 chét
thu dwoc cho két qua nhw sau:

11
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Tong hop 4-hydroxy-10-methyl-5-phenyl-
8,9,10,11-tetrahydro pyrido[3,2,1-jk]carbazol-
6-one (2a)

Khuéy hén hop gdm 1a (3,0 g, 16 mmol) va
diethyl phenylmalonate (7.55 ml, 32 mmol) trong
diphenylether (30 mL) dun hdi lwu 2500C trong 12
gid. Lam ngudi dén nhiét d6 phong, thém hexan
(70 ml). Tha sé& xuat hién, tia dwoc loc va rira voi
hexan, sdn pham hoa tan trong dung dich NaOH
(0,25 M, 200 ml) trung hoa dich loc bang HCI dac,
san pham thu dwoc qua loc dwoc riva voi nuéc toi
trung tinh, lam kho.

Thu dwoc 3,19 g (61 %), bot min mau vang, mp
221°C (ethanol).

IR: 3676 s, 1616 s cm™.

'H-NMR (CDCl,): 6 = 1,20 (s, 3 H, CH,), 1,51 (m,
1 H, 10-H), 1,95 (m, 2 H, CH,), 2,31 (m, 1 H, 11-
H), 2,87 (d, 1 H, 11-H), 3,08 (m, 1 H, 8-H), 3,38
(d, 1 H, 8H), 7,38 (m, J=6,5, 2 H, Ar-H), 7,46
(d, J=6,5,2H, Ar-H), 7,51 (t, J= 7,5, 2 H, 2-H, Ar-
H), 7,65 (d,J=7,5,1H, 1-H), 7,80 (d, J=7,5, 1 H,
3-H), 6,2 (s, 1 H, O-H).

Téng hop 4-hydroxy-5-methyl-8,9,10,11-
tetrahydro pyrido[3,2,1-jk]carbazol-6-one (2b)

Khudy hén hop gom 1b (6,0 g, 35 mmol) va
diethyl methylmalonate (12.0 ml, 70 mmol) trong
diphenylether (50 mL) dun hdi lwu 250°C trong
9 gi®. Lam ngudi dén nhiét do6 phong, thém
diethylether (100 ml). Tta sé& xuét hién, tia dwoc
loc va rira véi diethyether, lam kho. L4y 6,7 g san
ph&m hoa tan trong dung dich NaOH (0,25 M, 200
ml) dich loc dwoc trung hoa bang HCI d&c (3 ml),
san pham thu dwoc qua loc dwoc riva véi nwdc toi
trung tinh, lam kho.

Thu dwoc 6,39 g (77 %), b6t min mau vang, mp
144°C (ethanol).

IR: 34355s,2934 s, 1649 s, 1610 s, 1591 s, 1562
scm™.

'H-NMR (CDCL,): 6 = 1,85 (m, 4 H, CH,), 2,03
(s, 3 H, CH,), 2,67 (m, 2 H, CH,), 3,08 (m, 2 H,
CH,), 7,39 (t, J= 7,7, 1 H, 2-H), 7,66 (d, J= 7,5, 1
H, 1-H), 7,85 (d, J= 7,7, 1 H, 3-H), 10,69 (s, 1 H,
O-H).

Phan tich nguyén t6 C, H,.NO, (253.30).

Ly thuyét:  C, 75,87; H, 5,97; N, 5,53

Thwe nghiém: C, 75,59; H, 5,91; N, 5,57
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Toéng hop 5-hydroxy-10-methyl-5-phenyl-
8,9,10,11-tetrahydro pyrido[3,2,1-jk]carbazol-
4,6-dion (2a1)

Khuéy hén hop gdm 2a (0,5 g, 1,52 mmol) trong
dung dich natri hydroxid (0,25 M; 40 mL) dén khi
2a tan hoan toan. H6n hop phan (ng dwoc dun
dén 600C. Sau d6 thém hydrogenperoxid (30%,
15 mL), phan rng dwgc dun trong 4 gio & 100°C.
TGa sé xuét hién.

Dé nguoi hén hop dén nhiét dd phong sau d6 loc
tda va rlra véi nuéc.

Thu duwoc 0,35 g (67 %), b6t min mau vang, mp
156-157°C (ethanol).

'H-NMR (CDCl,): 5 = 1,13-1,17 (m, 3 H, CH,),
1,60-1,66 (m, 1 H, 10-H), 1,97-2,04 (m, 2 H, CH,),
2,30-2,35 (m, 1 H, 11-H), 2,87-2,91 (m, 3 H, CH,,
11-H), 7,04-8,00 (m, 8 H, Ar-H), 10 (s, 1 H, OH).

Téong hop  10-methyl-5-nitro-5-phenyl-
8,9,10,11-tetrahydropyrido [3,2,1-jk]carbazol-
4,6-dion (2a2)

Khudy hén hop 2a (1 g, 3,04 mmol), NaNO, (0,2
g, 2,9 mmol), acid acetic bang (10 mL), sau dé
thém tlr tv HNO, dam dac (1 mL) khudy 6 gio &
60°C. Kiém tra phan &ng bang séc ky I&p méng.

Dé nguoi hén hop dén nhiét dd phong sau d6 loc
tha va rra v&i nwéc.

Thu dwoc 0,59 g (52 %), b6t min mau vang cam,
mp 164°C (ethanol).

'H-NMR (CDCL,): 6=1,2 (s, 3H, CH,), 1,53-1,70
(m, 1 H, 10-H), 1,95-2,11 (m, 3 H, CH,, H-11),
2,20-2,38 (m, 1 H, 11-H), 2,75-2,90 (m, 1 H, 8-H),
3,16-3,30 (m, 1 H, 8-H), 7,41-7,90 (m, 8 H, Ar-H).

Téong hop  5-Chloro-5-methyl-8,9,10,11-
tetrahydropyrido  [3,2,1-jk]carbazol-4,6-dion
(2b1)

Khudy hén hop 2b (2 g, 8,0 mmol), dwoc khudy
trong dioxane (50 ml) thém t tw sulfuryl chloride
(0,8 ml, 10 mmol), khuéy 5 gi® & nhiét d6 phong.

DPé ngudi hén hop dén nhiét dd phong. Hén hop
duoc db vao trong nwéc da vun (200 ml). sau dé
loc tla va rira v&i nwéce.

Thu dwoc 2,0 g (76 %), tinh thé kim mau vang,
mp 282°C (ethanol).

IR: 3432 s,2936 s, 1722 s, 1689 s cm™.

'H-NMR (CDCl,): 5 = 1,89-1,74 (m, 4 H, CH,),
1,98 (s, 3 H, CH,), 2,70 (m, 2 H, CH,), 3,14 (m, 2
H, CH,), 7,47 (t, J=7,6 Hz, 1 H, 2-H), 7,78 (d, J=
7,6 Hz, 1 H, 1-H), 7,81 (d, J= 7,6 Hz, 1 H, 3-H).
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Phan tich nguyén t6 C,H,,CINO, (287,75).

Ly thuyét:  C, 66,79; H, 4,90; N, 4,87

Thyc nghiém: C, 66,90; H, 4,92; N, 4,85

T6ng hop 5-Methyl-5-morpholino-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-4,6-dione
(2b2)

Khudy hén hop gbm 2b1 (1,60 g, 5,5 mmol)
trong morpholine (0,5 ml; 5,7 mmol) va
dimethylformamide (20 ml). H6n hop phan Gng
dwoc dun dén 50°C trong 4 gid. Hn hop duwoc
dd vao trong nwéc da vun (100 ml). Tda duwoc loc
va rira voi nwéc, lam khd & nhiét do phong trong
binh hut am.

Thu dwoc 1,40 g (75 %), tinh thé mau vang, mp
72°C (ethanol).

IR: 3425 s,2936 s, 2853 s, 1713 s, 1681 s, 1591
scm™.

'H-NMR (CDCl,): 6 = 1,49 (s, 3 H, CH,), 1,87-
1,78 (m, 4 H, CH,), 2,62-2,53 (m, 4 H, CH,), 2,67
(m, 2 H, CH,), 3,09 (m, 2 H, CH,), 3,49 (t, J=4,2
Hz, 4 H, CH,), 7,42 (t, J= 7,6 Hz, 1 H, 2-H), 7,67
(d, J=7,6 Hz, 1 H, 1-H), 7,82 (d, J=7,6 Hz, 1 H,
3-H).

Téng hop 5-Methyl-5-phenylamino-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-4,6-dione
(2b3)

Khu4y hén hop gébm 2b1 (1,00 g, 3,4 mmol) trong
aniline (0,5 ml; 5,5 mmol) va dimethylformamide
(20 ml). H6n hop phan rng dwoc dun dén 50°C
trong 4 gi. H6n hop dwoc db vao trong nwéc da
vun (100 ml). Taa dwoc loc va rira v&i nwéce, lam
khé & nhiét d6 phong trong binh hat 4m.

Thu dwoc 0,63 g (54 %), tinh thé mau vang, mp
115°C (ethanol).

IR: 3395 s,2932 s, 2853 s, 1724 s, 1686 s, 1603
s, 1500 s cm™.

'H-NMR (CDCl,): 5 = 1,65 (s, 3 H, CH,), 1,91-
1,83 (m, 4 H, CH,), 2,73 (m, 2 H, CH,), 3,06 (m, 2
H, CH,), 6,12 (d, J= 8,0 Hz, 2 H, PhH), 6,51 (t, J=
7,3 Hz, 1 H, PhH), 6,86 (s, 1 H, NH), 6,96 (t, J=
7,8 Hz, 2 H, PhH), 7,51 (t, J= 7,6 Hz, 1 H, 2-H),
7,76 (d, J= 7,6 Hz, 1 H, 1-H), 7,93 (d, J= 7,6 Hz,
1 H, 3-H).

Téng hop 5-Benzylamino-5-methyl-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-4,6-dione
(2b4)

Khudy hén hop goém 2b1 (1,20 g, 4,2 mmol)
trong bezylamine (0,5 ml; 4,5 mmol) va

dimethylformamide (3 ml). H6n hop phan (ng
dwoc dun dén 50°C trong 15 gid. Hén hop dwoc
dé vao trong nwédc da vun (100 ml). Tda dwoc loc
va rtra v&i nwéce, lam khd & nhiét dd phong trong
binh hut 4m.

Thu dwoc 1,22 g (81 %), tinh thé mau vang, mp
73°C (ethanol).

IR: 3395s,2932s,2853s,1720 s, 1681 s, 1591
scm™.

'H-NMR (CDCI,): 8 = 1,50 (s, 3 H, CH,), 1.86-
1.79 (m, 4 H, CH,), 2.67 (m, 2 H, CH,), 3.04 (m,
2 H, CH,), 3.51 (s, 2 H, CH,), 7,26-7,17 (m, 5 H,
PhH), 7,43 (t, J=7,7 Hz, 1 H, 2-H), 7,71 (d, J= 7,5
Hz, 1 H, 1-H), 7,82 (d, J= 7,6 Hz, 1 H, 3-H).

IV. BAN LUAN

Phén (rng déng vong tdng ho'p nhan 4-hydroxy-5-
alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-
6-one 2a-b ¢ mang phan c4u tric carbostyril dwoc
tién hanh bang phan &ng cla cac ester diethyl
malonate c6 nhém thé methyl, phenyl, ngung tu
v&i carbazole 1c hoac tetrahydrocarbazole 1a-b &
nhiét d6 250 0C dung diphenylether lam dung moi
[14] cho san phdm & dang tinh thé ho&c bot dé tinh
ché, diém chay xac dinh va phd, phan tich nguyén
td dang tin cay. Dan chét tetrahydrocarbazol 1a-b
duoc tdng hop bang phan (rng déng vong clia dan
chét phenylhydrazine hydrochloride phan &ng v&i
dan chat methylcyclohexanone trong dung moi
acid acetic va mudi natri acetate khan lam xuc tac.

Phan (rng thé ai dién t& nhom 5-H-acidic cla 2a
da tao ra 2 san pham 2a1, 2a2 va tir 2b tao ra 1
san pham 2b1, tlr 2b1 tdng hop ra cac dan chét
2b2, 2b3, 2b4 (Hinh-2). Tuy nhién, cac san phém
2a1, 2a2, 2b1, 2b2, 2b3, 2b4 c6 nhan 4-hydroxy-
5-alkyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazol-6-one qua qua trinh tinh ché chwa cho
do tinh khiét cao dwoc quan sat trén TLC dé cé
thé dwoc tin cay thwc hién phan tich nguyén té.
Céc dan chéat déu cho két qua phat huynh quang
dang quan tdm, mé& ra hwéng nghién clru vé tinh
chét quang sinh Iy hoc dé tao ra chét liéu sinh hoc
phan t&r danh d4u.

V. KET LUAN

Thwc hién phan &¥ng déng vong ngwng tu cla
ester diethyl malonate cé nhém thé methyl,
phenyl, v&i tetrahydrocarbazole 1a-b & nhiét
dd 2600C trong diphenylether da cho cac hop
chdt cé nhan 4-hydroxy-5-alkyl-8,9,10,11-
tetrahydropyrido[3,2,1-jk]carbazol-6-one 2a-b

13
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chva phan ciu tric carbostyril. Phan (ng thé ai
dién t&¢ nhom 5-H-acidic clia 2a da tao ra 2 san
pham 2a1, 2a2 va tir 2b tao ra 1 san pham 2b1, tw
2b1 tbng hop ra cac dan chat 2b2, 2b3, 2b4 (Hinh-
2). Cac dan chat déu cho két qua phat huynh
quang dang quan tdm, mé ra hwéng nghién clru
vé tinh chat quang sinh ly hoc dé tao ra chét liéu
sinh hoc phan t&r danh d4u.
TAI LIEU THAM KHAO

1. Badgujar NS, Pazicky M, Stadlbauer W, Terec
A, Traar P, Uray G, Eur. J. Org. Chem., 2006,
2715-2722.

2. Tashima T, Bioorg. Med, Chem. Lett., 2015,
17, 25.

3. Georg Uray, Karlheinz S. Niederreiter, Ferdi-
nand Belaj, and Walter M. F. Fabiana. “Long-
Wavelength-Absorbing and -Emitting Carbo-
styrils with High Fluorescence Quantum Yields”
Helvetica Chimica Acta, 1999, Vol. 82: 1408 —
1417.

4. Badgujar NS, Kovackova S, Stadlbauer W,
Uray G, J. Heterocyclic, Chem., 2008, 45, 165-
172.

5. Zipper H; Brunner H; Bernhagen J; Vitz-
thum F, “Investigations on DNA intercalation
and surface binding by SYBR Green |, its struc-
ture determination and methodological implica-

14

tions”, Nucleic Acids Research, 2004, 32 (12).

6. Mackay IM; Arden KE; Nitsche A, Real-time
PCRin virology, Nucleic Acids Res, 2002, 30 (6):
1292-305.

7. Singer VL; Lawlor TE; Yue S, Comparison of
SYBR Green | nucleic acid gel stain mutagen-
icity and ethidium bromide mutagenicity in the
Salmonella/mammalian microsome reverse mu-
tation assay (Ames test), Mutation Research,
1999, 439 (1): 37-47.

8. Dang HV, Habib NS, Kappe Th, Knobloch B,
Stadlbauer W, J. Heterocyclic Chem., 2005, 42,
85-91.

9. Dang Van Hoai, Doctoral Thesis, 2006, chapter
9, 93-105.

10. Péng Vin Hoai, Stadlbauer W, Y Hoc TP. Hb
Chi Minh, 2007, 11, 1-7.

11. Junek H, Rossmann U, Ziegle E, Monasth,
Chem, 1961, 92, 809.

12. Litvan F, Meier H, Rossmann U, Ziegle E,
Monatsh. Chem., 1962, 93, 26.

13. Kappe Th., Encyclopedia of reagents for organ-
ic synthesis, 1995, 1, 577.

14. Knierzinger A, Trummer |, Wolfbeis OS, Wip-
fler H, Ziegle E, Monatsh. Chem., 1980, 111, 93.



