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Khao sat phan ing alkyl hda indole véi
benzaldehyde va cac dan xuat bang xuc tac chat
long ion gel 1-(4-sulfobutyl)-3-
methylimidazolium hydrogene sulfate

Nguyén Thi Xuan Trang, Tran Hoang Phuong

Tém tit — Phan tng alkyl héa caa indole véi
benzaldehyde va cdc din xudt xuc tic béi chit long
ion gel 1-(4-sulfobutyl)-3-methylimidazolium
hydrogene sulfate (ion gel) dwge khdo sat trong
nghién ctru nay. Phéan ing dwoc thue hién trong diéu
Kkién chiéu xa siéu 4m, khong dung méi, than thién
v6i moi trudng, phan ing cho hiu suét cao. Xiic tac
ion gel dwge tao thanh bang phuong phap sol- -gel.
Xuc tac dwgc thu hdi rit dé dang sau mdi phin ng
bing phuwong phap loc va hoat tinh giam khéng ding
ké sau khi dwoc tai sit dung 5 1an.

Tir khéa — ion gel, indole, alkyl héa Friedel-Crafts,
chiéu xa siéu 4m, bis(indolyl)methane

1 MO DAU

Trong nganh cong nghiép hoa chét, san xuét cac

san phdm phuc vu néng nghiép (phan bon,
thudc bao vé thuc vat), san xuét hoa duge va cong
nghiép thuc phdm 1a nhitng nganh d& tao ra nhimg
chét doc hai va chit thai gy 6 nhiém méi truong.
Nganh cong nghlep hoa chét dang 2ap phal nhiing
thach thirc 16n vé méi truong, khién nod can co su
d6i mai trong dinh huéng phat trién. Trong s cac
nganh cong nghlep, cong nghlep dugc pham dugc
dau tu va phat trién nhiéu nhat do phuc vu tryc tiép
strc khoe con nguoi, tuy nhién day ciing 1a nganh
cong nghiép gdy 6 nhiém manh nhat boi lugng
chat thai ra moi truong 1a 99% trong khi san pham
lam ra chi 1% trén tong s6 lwong hoa chit sir dung
[1]. Viéc tong hop mét loai thudc qua nhidu giai
doan, luvgng xuc tac va dung moéi duoc sir dung rat
nhiéu nhung kh6 thu héi, sau d6 ching dugc thai
vao moi trudng. Vi thé, viéc giam thiéu luong chit
thai tr cac nganh cong nghiép noi chung va cong
nghiép duoc phdm noi riéng 1a van dé cap thiét
hién nay.

Ngay nhdn ban thao: 12-01-2017, ngay chdp nhdn ding:
16-03-2017, ngay dang 10- 8-2018

Téc gia: Nguydn Thi Xuan Trang, Trin Hoiang Phuong,
Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(thphuong@hcmus.edu.vn)

Vi su ra doi ciia hoa hoc xanh, cac nha hoa hoc
dang tim kiém cac phuong phap méi, tuan thi
12 nguyén tic dit ra boi Anastas va Warner [2],
trong d6, tim ra xtc tic va dung moi dé thu hdi, co
thé tai sir dung 13 mot trong nhirg muc tiéu cua
céc nha khoa hoc. Xuc tac di thé 1a xtic tic ma cht
XUc tac va chét phan tng nam & hai pha khac nhau.
Sy xtic tic chi din ra trén bé mat tiép xuc giita
chét xtc tac va tac chat. Uu diém cua xtc tac di
thé 1a lugng xuc tac it, khong gap nhiéu kho khan
trong viéc tach san pham va xuc tac, dam bao phan
ung dugc tién hanh lién tuc, kha nang tai st dung
cao [3]. Su két hop giita chat long ion acid
Bronsted va chat mang ran d3 tao nén mot xuc tac
di thé - xdc tac ion gel. Uu diém cua xuc tac ion
gel 13 xtic tac di thé nén c6 thé d& dang thu hoi va
tai so dung dé dang véi hoat tinh xuc tic giam
khong dang ké.

Bis(indolyl)methane va cac dan xuit hién dién
trong hon 3000 hop chit dugc phan lap tir thién
nhién. Chung c6 hoat tinh sinh hoc nhu ha sét,
khang nim, chéng viém, thudc trir giun san, bénh
tim mach, chéng co gidt, khang khuén, bén canh
d6 con 1a mot hop chat trung gian quan trong trong
tong hop hitu co [4].

Viéc tong hop cac hop chat bis(indolyl)
methane dang 1a mdi quan tdm 16n cia cac nha
tong hop hoa hoc. Phan tng alkyl hoa Friedel-
Crafts truyén thong sir dung acid Lewis nhu HBF -
SiO,, TCBDA, P20s/SiO, Iz, SbCls, Dy(OTf)s ,
SnCl,2H,0, Alum [5-12].... 1am chét xuc tac trong
phan tng téng hop bis(indolyl)methane giy kho
khin cho qua trinh c6 1ap san pham va tao ra nhiéu
chét thai doc hai. Mat khac, cac xuc tac nay thuc
hién trong cic dung médi hitu co, khong thu hdi va
tai sir dung sau khi phan tng két thiic. Nghién ciru
nay ap dung xuc tac ion gel vao phan tng tong hop
bis(indolyl)methane, thuc hién trong didu kién
chiéu xa siéu am khong dung moi, khao sat cac
yéu to anh huong dén hiu suat phan Gng nhu
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nhiét d9, thoi gia, khéi lwong xuc tac, sau do sé
tién hanh thu hoi va tai sir dung xuc tac.

2 VAT LIEU VA PHUONG PHAP

Hoa chat

N-methylimidazole; 1,4-butane sultone; indole;
benzaldehyde va cic dan xudt, AICl;, FeCls,
HfC|4, CUC|2, A|203, MgO, Fe,O3 (Sigma -
Aldrich) dugc mua tr Sigma-Aldrich; TEOS;
ethanol mua tir Merck. Silica gel 230-400 mesh
(Merck); TLC (silica gel 60 F254) (Merck).
Thiét bi

Bon siéu 4m Elmasonic S 30H.

May phd cong huong tir hat nhan Bruker
Advance 500 MHz.

May do phé khdi lwong d6 phan giai cao HR-
ESI-MS cua Bruker.

May do phd hong ngoai IR Bruker Vertex 70.

Tong hop 1-(4-sulfobutyl)-3-methylimidazolium
hydrogene sulfate (IL)

Cho vao 6ng nghiém chuyén dung 1,5 mmol
(0,123 g) 1-methylimidazolium, 1,5 mmol (0,204
g) 1,4-butane sultone va dit vao bon chiéu xa siéu
am. Sau phan ung thu dugc hdn hop rén, rira hon
hop nay bang diethyl ether (6 x 5 mL). Tiép theo,
cho vao 6ng nghiém chuyén dung 1,5 mmol (0,327
g) chat ran da ria, 1,5 mmol (0,147 g) sulfuric acid
98% va tién hanh kich hoat siéu 4m. Sau phan tmg
rita chit long nhot thu duoc bang dung dich
diethyl ether (10 x 3 mL), c6 quay ¢ nhiét do 80 °C
trong 30 phit thu duoc chat 1ong mau vang, do
nhét cao [13].

Téng hop chét 16ng ion gel 1-(4-sulfobutyl)-3-
methylimidazolium hydrogene sulfate

Xtc tac ion gel duoc tong hop bang cach khudy
hdn hop 10 mmol (3,1635 g) chit long ion, 15
mmol (3,125 g; 3,35 mL) TEOS va 30 mmol (1,38
g; 1,75 mL) ethanol trong binh cau 20 mL & nhiét
d6 phong dén khi thu dugc hdn hgp ddng nhat.
Hbn hop duoc day kin va dé yén trong vong 1 tudn
dé hinh thanh gel. (Hinh 1) Sau 3 tudn, chat long
ion gel dugc chuyén qua binh cau 100 mL, thém
50 mL ethanol vao binh cﬁu, dun hoan Iuu chit
long ion gel khong khudy trong trong 2 gid. Chét
long ion gel dugc rira vai toluene (3 x 10 mL)
[14].
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Hinh 1. So db diéu ché xiic tac chat 16ng ion gel

Phin iing alkyl héa indole va cac din xuit

Cho vao 6ng nghiém chuyén dung 2 mmol
(0,234 g) indole, 1 mmol (0,106 g) benzaldehyde
chat 1ong ion gel (0,01 g) va dit vao bon chleu xa
siéu 4m Elma. Phan tmg dugc theo ddi bang sic ky
16p mong (TLC). Phan tng két thuc, tién hanh ly
trich v6i dung moi ethyl acetate (5 x 2 mL), loc
xuc tac va tién hanh ria lai v6i dung moi dé tai st
dung. Hiéu suit phan tmg duoc tinh theo hiéu suit
o lap bang sic ki cot (ether dau hoa: acetone =
9:1), san pham dugc dinh danh bang phd hong
ngoai IR, phd cong huong tir hat nhan 'H-NMR va
B3C-NMR.

3 KET QUA VA THAO LUAN.

Xuc tac chét long ion gel ¢6 tinh acid dugc tong
hop bang phuong phap sol — gel, qua trinh nay can
¢6 1 xtic tac acid dé hinh thanh gel. Phan 16n cac
chét long ion gel truéc day dugc téng hop bing
cach cho acid HCI, hay HCOOH vao dung dich
chira tetracthyl orthosilicate (TEOS) hoac
tetramethyl orthosilicate (TMOS), nhung do chit
long ion 1-(4-sulfobutyl)-3-methylimidazolium
hydrogene sulfate co tinh acid nén gel c6 thé hinh
thanh d& dang ma khong cin cho thém acid vao.
Sau 3 tuén, gel dugc hinh thanh, dun hoan luu san
pham trong ethanol dé loai bo tic chat con du.
Tién hanh 4p dung chit Iong ion gel da diéu ché
vao khao sat phan ung alkyl hoa indole va
benzaldehyde cling cac dan xuat.

Anh huéng cia thoi gian
Tién hanh phan tGng giita indole VA
benzaldehyde, sir dung 0,01 g xtc tac ion gel, ti 1
indole va benzaldehyde 1a 2:1, kich hoat siéu 4m
khong dung méi trong cac khoang thoi gian khac
nhau. Két qua dugc trinh bay trong Bang 1.
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Bang 1. Khao sat thoi gian phan Gmg

ste | Thoi gi(;‘r‘]ggﬁ“ ung Hiéu suit ¢ 1ap (%)
1 3 17

2 5 30

3 10 76

4 15 92

5 20 92

? Hi¢u suat c6 lap dugc tinh dua theo sac ky cot
(PE:AC=9:1)

Thoi gian phan tmg khi ting tir 3 phat dén 20 phut
thi hiéu suét ti 1& thudn véi thoi gian chiéu xa tir 17
dén 92% va dat hiéu suét cao tai thoi gian 15 phut.
Trong khi ting thoi gian 1én dén 20 phut thi hidu suat
lai ting khong dang ké (chi tang 1%).

Anh hieong khéi lwong xiic tac ion gel

Tién hanh phan tng véi diéu kién ti 1& mol cta
indole:benzaldehyde la 2:1, kich hoat siéu 4m
khong dung mdi trong thoi gian 15 phuat véi cac
khéi lugng xtc tac ion gel khac nhau. Két qua nhu
trong Bang 2.

Bang 2. Khéo sat anh huéng khéi luong xiic tic ion gel

st Tilé indole:benzaldehyde:ion gel | Hiéu suat cd
(mmol:mmol:g) 1ap (%)?
1 2:1:0,001 23
2 2:1:0,003 41
3 2:1:0,005 63
4 2:1:0,010 92
5 2:1:0,015 93

? Hiéu suat c6 lap duogc tinh dua theo sac ky cot
(PE:AC=9:1)

Khi ting lwong xuc tac ion gel tir 0,001 g dén
0,015 g, hiéu suit phan ung ting dang ké (tir 23%
dén 93%). Khi sir dung 0,01 g ion gel (1,1 % mol)
thi hiéu suat dat 92%, trong khi tang lugng xtic tic
1én gip 1,5 1an (0,015 g) thi hiéu suit chi cao hon
1%. Xét vé tinh kinh té, viéc ting lugng ion gel 1én
khong c6 loi. Néu giam luwong ion gel xudng
0,005 g thi hiéu suit giam manh. Do do, chon khéi
luong ion gel 1a 0,01g dé tién hanh khao sat phan
tmg alkyl hoa indole va cac dan xuit
benzaldehyde.

Khdo sat anh hwong cua cdc logi xic tac trong
phan img alkyl héa indole va cdc dan xudt
benzaldehyde

Tién hanh phan tng véi diéu kién ti 1¢ mol cua
indole:benzaldehyde 1a 2:1, kich hoat si€u am
khong dung méi trong thoi gian 15 phut véi
1,1%mol xlc tac, két qua dugc trinh bay trong
Bang 3.

Bang 3. Anh hudng cia cic xuc tac trong phan tmg ciia
indole va benzaldehyde

. iy Higu suit
Stt | Loai xiic tic XUetae | 4 1ap (%)?
1 AlCl; 73

2 . ) FeCl, 76

Xuc tac dong the

3 HfCl, 72

2 CuCl, 81

5 Al,O4 56

7 Xtic tac di thé Fe05 %2

8 lon gel 92

0 Khang 0

XUc tac

& Hiéu sudt co lap dwoc tinh theo sic ky cot
(PE:AC=9:1)

Két qua Bang 3 cho thay cing diéu kién phan
ung, indole va benzaldehyde khong phan tng khi
khong c¢6 xuc tac. Cac xtic tac acid Lewis dong thé
nhu AlCls, FeCls, HfCls, CuCly, va xtc tac di thé
nhu Al,03, MgO, Fe,O3 déu cho hiéu suit thap
hon xuc tac ion gel.

Khao sét phan vmg alkyl héa indole va cdc dan
xudt benzaldehyde

Tién hanh khao sat phan tng alkyl héa indole va
cac dan xuét benzaldehyde véi diéu kién ti 16 mol
cia chat nén : tac chét 1a 2:1, kich hoat siéu a4m
khdng dung mdi trong thoi gian 15 phut va 0,01 g
ion gel. Két qua khao sat dugc trinh bay trong
bang 4:

! 1onge1001 g

ORIV O O
N Yy
H (6] Khong dung moi

Béng 4. Anh huéng cua cac tac cht trén phan ung alkyl hoa
indole, sir dung xuc tac ion gel
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Theo két qua Bang 4, nhin chung cac san pham
bis(indolyl)methane cho hi¢u sudt kha cao trén
nhém thé ting hoat 1an giam hoat trong diéu kién
khéo sat. Tuy nhién, cic nhom thé day dién tir nhu
methyl, tert-butyl cho hiéu suét thdp hon thi du
nhu phan Ung cia p-methylbenzaldehyde véi
indole hiéu suét co lap la 88%. Trai lai, cac
aldehyde c6 chira nhom thé nhu Cl, Br,... trén
benzaldehyde, gay hi€u ung rut dién tu, lam cho
nhom carbonyl duong dién hon, phan ng xay ra
dé dang hon. Thi du nhu phan tng cua p-
chlorobenzaldehyde 1am phan tng dat hiéu suat
92%.

Khi tac chit 1a cac aldehyde c6 co ciu lap thé
cong kénh nhu 4-bromobenzaldehyde, 4-tert-
butylbenzaldehyde giy can tro lap thé 1am phan
g kém hiéu qua, hiéu suit phan tmg thip hon so
v6i cac aldehyde mang nhom thé c6 kich thudc
nho, it bi chudéng ngai lap thé. Két qua trén cho
thay hiéu suét phan tng phu thudc rat nhidu vao co
chu 1ap thé ciia aldehyde. Xuc tic ion gel 1a mot
xic thc tot cho phan ung didu ché
bis(indolyl)methane, tit ca cac chat nén ting hoat
hay giam hoat déu cho hiéu suat tt. Bén canh do,
phan Gng “xanh” hon khi khong st dung dung
mbi, diéu kién phan tmg ém diu.

Ciu traic cua  nhimg din  xuét
bis(indolyl)methane dugc xac dinh bang phd hong
ngoai, cong huong tir hat nhan. Cac san pham
bis(indolyl)methane déu da téng hop trong cac tai
liéu truéc ddy, chung toi tién hanh so sanh phd
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thdy co sy trung khép voi nhitng cong bd trude
day. Trén phd IR xuét hién tin hi¢u dic trung nhu:
tinh hiéu khoang 3400 cm* (N-H), tin hiéu khoing
3100 cm? (C-H ctua vong benzene), tin hiéu
khoang 1600 cm'! (C=C). Trén phd 'H-NMR xuét
hién tin hiéu dac trung khoang 5,8 ppm (Ar-CH)
chimg to san pham bis(indolyl)methane di tao
thanh.
3,3'-(phenylmethylene)bis(1H-indole) (3a)

IR (KBr, 4000-400 cm™): 3414, 3056, 1617,
1455, 1040, 1413, 745

'H NMR (500 MHz, CDCls) & 7,90 (s, 2H, NH);
7,40 (d, J = 8,0 Hz, 2H); 7,35 (t, J = 6,8 Hz, 4H);
7,28 (t, J = 7,5 Hz, 2H); 7,22 (t, J = 7,3 Hz, 1H);
7,17 (t, 3 = 7,6 Hz, 2H); 7,01 (t, J = 7,5 Hz, 2H);
6,63 (s, 2H); 5,89 (s, 1H) ppm.

13C NMR (125 MHz, CDCl3) § 144,1; 136,7;
128,7; 128,2; 127,1; 126,1; 123,6; 121,9; 119,9;
119,7; 119,2; 111,1; 40,4 ppm.

3,3"-(p-tolylmethylene)bis(1H-indole) (3b)

IR (KBr, 4000-400 cm™): 3413, 3055, 2920,
1608, 1511, 1414, 1126, 1036, 745

'H NMR (500 MHz, CDCl3) 8 7,89 (s, 2H, NH);
7,40 (d, J = 8,0 Hz, 2H); 7,34 (d, J = 8,2 Hz, 2H);
7,24 (d, J = 7,8 Hz, 2H); 7,16 (t, J = 7,5 Hz, 2H);
7,09 (d, J = 7,7 Hz, 2H); 7,00 (t, J = 7,5 Hz, 2H);
6,66 (s, 2H); 5,85 (s, 1H); 2,33 (s, 3H) ppm.

13C NMR (125 MHz, CDCl3) § 141,0; 136,7;
135, 5; 128,9; 128,6; 127,1; 123,6; 121,9; 120,1;
120,0; 119,1; 111,0; 40,1, 21,1 ppm.

3,3"-((4-(tert-butyl)phenyl)methylene)bis(1H-
indole) (3c)

IR (KBr, 4000-400 cm™): 3424, 2960, 1609,
1457, 1200, 1116, 744

'H NMR (500 MHz, CDCls3) & 7,90 (s, 2H); 7,41
(d, J = 7,9 Hz, 2H); 7,34 (d, J = 8,2 Hz, 2H); 7,28
(d, J=1,4 Hz, 4H); 7,18-7,14 (m, 2H); 7,02 — 6,98
(m, 2H); 6,68-6,66 (m, 2H); 5,86 (s, 1H); 1,30 (s,
9H) ppm.

13C NMR (125 MHz, CDCl3) § 148,7; 140,9;
136,7; 128,3; 127,2; 125,3; 125,1; 123,6; 121,8;
120,0; 119,1; 111,0; 39,7; 34,4; 31,5 ppm.

3,3"-((4-chlorophenyl)methylene)bis(1H-
indole) (3d)

IR (KBr, 4000 — 400 cm™): 3413, 3057, 1618,
1589, 1516, 1457, 1123, 1199, 1092, 1013, 746

'H NMR (500 MHz, CDCl3) § 7.93 (s, 2H), 7.36
(t, J =7.5Hz, 4H); 7,30-7,26 (m, 2H); 7,26 — 7,22
(m, 2H); 7,18 (t, J = 7,6 Hz, 2H); 7,02 (dd, J = 7,9;
7,1 Hz, 2H); 6,65-6,62 (m, 2H); 5,86 (s, 1H) ppm.

13C NMR (125 MHz, CDCl3) & 142,7; 136,9;
131,9; 130,2; 128,5; 127,0; 123,7; 122,3; 119,9;
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119,5; 119,3; 111,3; 39,5 ppm.

3,3'-((4-bromophenyl)methylene)bis(1H-
indole) (3e)

IR (KBr, 4000-400 cm™): 3411, 3056, 2922,
1617, 1483, 1412, 1199, 1178, 1070, 745

'H NMR (500 MHz, CDCl3) & 7,93 (s, 2H);
7,41-7,38 (m, 2H); 7,38-7,34 (m, 4H); 7,23-7,16
(m, 4H); 7,02 (ddd, J = 7,9; 7,1; 0,9 Hz, 2H); 6,63
(dd, J =2,2; 0,8 Hz, 2H); 5,85 (s, 1H) ppm.

13C NMR (125 MHz, CDCls) & 143,3; 136,9;
131,5; 130,64; 127,0; 123,8; 122,2; 119,9; 119,5;
119,3; 119,3; 111,3; 39,8 ppm.

3,3"-((3-bromophenyl)methylene)bis(1H-
indole) (3f)

IR (KBr, 4000-400 cm™): 3410, 3053, 2924,
1701, 1617, 1456, 1418, 1383, 1124, 1093, 769

'H NMR (500 MHz, DMSO-ds) & 10,84 (s, 2H);
7,49 (s, 1H); 7,37-7,32 (m, 4H); 7,27 (d, J = 7,9
Hz, 2H); 7,22 (t, J = 7,8 Hz, 1H); 7,05 — 7,00 (m,
2H); 6,89 — 6,82 (m, 4H); 5,86 (s, 1H) ppm.

13C NMR (125 MHz, DMSO-dg) & 147,9; 136,5;
130,8; 130,2; 128,7; 127,4; 126,4; 123,6,; 121,4;
121,0; 118,9; 118,3; 117,3; 111,5; 39,2 ppm.

3,3"-((2-bromophenyl)methylene)bis(1H-
indole) (3g)

IR (KBr, 4000-400 cm™): 3410, 3053, 1702,
1618, 1487, 1417, 1337, 1218, 1092, 1011, 742

'H NMR (500 MHz, DMSO-dg) § 10,87 (s, 2H);
7,65 (dd, J =8,0; 1,1 Hz, 1H); 7,38 (d, J = 8,1 Hz,
2H); 7,31-7,23 (m, 4H); 7,18-7,13 (m, 1H); 7,08—
7,04 (m, 2H); 6,92-6,87 (m, 2H); 6,74 (d, J = 2,2
Hz, 2H); 6,20 (s, 1H) ppm.

13C NMR (125 MHz, DMSO-dg) & 143,9; 137,1;
133,0; 130,81; 128,5; 128,0; 127,0; 124,4; 124,3;
121,5;119,1; 118,8; 117,1; 112,0; 39,5 ppm.

4 KET LUAN

Xac taic  ion  gel  1-(4-sulfobutyl)-3-
methylimidazolium hydrogene sulfate la mot xac
tac uwu viét trong phan tUng tong hop
bis(indolyl)methane khdng dung mdi. Xlc tac nay
duoc str dung v6i lugng it, cho hiéu sudt tong hop
bis(indolyl)methane cao trong diéu kién ém diu.
Xuc tac d& dang thu hdi bang phwong phép loc va
tai su dung vdi hoat tinh xuc tac giam di khong
dang ké.
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Abstract — The alkylation of indole with
benzaldehyde and derivatives catalyzed by 1-(4-
sulfobutyl)-3-methylimidazolium hydrogene
sulfate ion gel has been developed. The reaction
was taken place under solvent-free ultrasonic
irradiation afforded the corresponding product in

high yield. lon gel catalysis was formed by sol-gel
method. The recovered ionic liquid gel in each
reaction which is quite simply achieved by
filtration could be reused up to 5 times without any
detectable loss of catalytic performance.

Index Terms — ion gel, indole, Friedel-Crafts alkylation, sonication, bis(indolyl)methane
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