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TOM TAT

Su sulfonyl hoa Friedel-Crafts 1a mét trong nhiing phéan tng phd bién va dugc tng dung nhiéu
nhét trong téng hop hiu co dé diéu ché sulfone. Clung vai su phat trién clia Héa hoc Xanh, viéc
cai tién cac qua trinh héa hoc theo hudng than thién véi mai trudng bang cach han ché dung moi
hiru o, strdung xdc tac co thé thu hoi, giam thiéu nang lugng. .. dang ngay cang dugc quan tam.
Vi vy, trong nghién ctiu nay, mot sé loai chat 1éng ion nhu [Bmim]BFy, [Bmim]PFg, [BpylCl-2AICS,
[Pyrro]l-2AICl5, [Mth]l-2AICl3, [Bmim]Cl-2AICIs dugc st dung lam xdc téc cho phan ting sulfonyl hda
Friedel-Crafts gitra toluene va benzenesulfonyl chloride. Bén canh dé, cac yéu té anh hudng dén
hiéu sudt phan ting nhu thai gian, nhiét do, lugng xuc tac cling dugc khao sat. Cac phan ting xay
ra trong diéu kién ém diu, khong st dung dung moi dé bay hai hay chiia halogen, xdc tac cé thé
thu héi va tai str dung ma hoat tinh giam khong dang ké. San phdm chinh phenyl p-tolyl sulfone
dé dang 6 lap sau phan Ung vdéi hiéu sudt cao nhét dat dugc la 97% sau 4 gid khudy tir ¢ 100 °C
khi s&r dung N-butylpyridinium chloroaluminate [BpylClx 2AICI; lam xuc tac. Chiéu xa vi séng da
va dang dugc st dung nhu mét phuong phap kich hoat xanh va hiéu qua dé cai tién nhiéu quy
trinh téng hop hiu co gitp gidm thdi gian phan ting va tiét kiem nang luong. So sanh véi phuong
phép gia nhiét, phenyl p-tolyl sulfone dugc t8ng hop vai hiéu sudt cao va trong thai gian ngan vdi
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Trong cac hgp chit hiiu co chtia luu huynh, sulfone
6 ting dung rong rai, ddc biét la cac aryl sulfone dugc
sti dung lam chat trung gian trong nhiéu qud trinh
téng hop L2 Bén canh d6, sulfone con cé tiém ning
ung dung trong dugc phdm nhd céc hoat tinh da dang
nhu khang khudn **, khang viém >°, khang ung thu”’,
khéng HIVS, khéng sot rét %10,

Céc aryl sulfone dugc t6ng hop thong qua phan ting
sulfonyl hoa Friedel-Crafts ctia arene stt dung xuc tac
1 céc acid Lewis véi tac chét sulfonyl nhu sulfonyl
chloride, sulfonic acid hodc sulfonic anhydride acid.
Céc xtic téc acid da dugc nghién ctiu gom AICI; 11714,
SbFs 1%, Fe3* - Montmorillonite !¢, kém duéi su kich
hoat ctia vi séng!”, mot s6 mudi acid Lewis (FeCls,
A1C13, BiCl3, SmCl3, Fe(OTf)3, Bi(OTf)3, SC(OTf)3)
duséi su kich hoat ctia vi séng '8, [Bmim]Cl-AlCl; 1°,
mot s6 acid Lewis (FeCls, GaCls, TfOH, Sn(OTY),,
Hf(OTf)4, BiCls, ZrCly)?°, kim loai In trong dung
moi dioxane?!, AlCly trén polystyrene va silica
gelzz, FeClz-chit long ion 23| xtc tic MoO,Cl, %4,
Cu(OTf), va Sn(OTf), 2, acid rén (Fe>*-mont, beta
zeolit) 2°. Mic du sulfone thu dugc vé6i hiéu suét cao,
nhung cac acid Lewis truyén théng nhu AICl3 khé

bao quén, khong thé thu hoi va tdi stt dung, va phan
ung cin st dung dung moéi hitu co chita halogen.
Chait 16ng ion chloroaluminate c6 thanh phan gém
AICl3 va cation hitu co ¢ thélam xtc tdc hiéu qué cho
nhiéu phan tGing. Ty thudc vao ty1é gitia chitlongion
va AlICl3 (X¢73), XUc tac sé tao moi trudng acid khi
Xaiciz > 0,5, mdi truong base khi X ;73 < 0,5 va moi
trudng trung tinh khi X4;c3 = 0,527, Phan tng sul-
fonyl héa Friedel-Crafts toluene véi p-toluenesulfonyl
chloride cé su hién dién ctia [Bmim]Cl-2AICl; da
dugc nghién ctiu trong thdi gian 4 gid tuy nhién sy
thu hoi va tai stt dung xuc tdc chua tiing dugc nghién
ctiu !’

Vi vy, trong nghién ctiu nay, ching toi tién hanh khao
st anh hudng ctia mét s6 loai xuc tac chat long ion
chloroaluminate dén phan ting sulfonyl hda toluene
béng benzenesulfonyl chloride trong diéu kién khong
sti dung dung moéi dé bay hoi duéi su kich hoat bing
nhiét qua hai phuong phép gia nhiét va chiéu xa vi
soéng (Hinh 1). Dong thoi, kha nang téi st dung xuc
tac ciing dugc nghién ctiu d€ thay ro6 hiéu qua cta su
két hgp chat 1ong ion va AlCI;.

PHUONG PHAP THU'C NGHIEM

Trich dén bai bdo nay: Nhung N TH, Lan N T N, Thi L T X. Nghién citu phan iing sulfonyl héa Friedel-
Crafts véi xtic tac chat Iéng ion chloroaluminate. Sci. Tech. Dev. J. - Nat. Sci.; 5(4):1581-1592.
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Hinh 1: Su sulfonyl héa Friedel-Crafts véi xuc tac chloroaluminate.

Thiét bi va héa chat

Phén ting dugc thuc hién vé6i sy hd trg cia may dun
khudy tit diéu nhiét Ikaret va 10 vi song chuyén dung
Discover SP ctia hang CEM san xudt tai My. Kiém
soat qua trinh phan ting cing nhu hiéu suit bing may
sic ky khi ghép khéi phé GC/MS Hewlett Packard
6890GC Series I1, ¢t mao quan HP 5MS (30 m x 250
mm x 0,25 mm) v6i chuong trinh nhiét: 50 °C (giti 2
phut), ting 10 °C/phut dén 300 °C (giti 5 phut). Phé
cong hudng tii hat nhan 'H-NMR va 3C-NMR dugc
do trén méy Briiker 500 MHz (' H-NMR) va 125 MHz
(13C-NMR) trong dung moi CDCl3.

Tat ca héa chit dugc san xuét tai cong ty Aldrich-
Sigma va cac dung moi dugc san xudt tai cong ty Xi-
long.

Quy trinh diéu ché chat I6ng ion chloroalu-
minate

Diéu ché chdt Iéng ion
1-Butyl-3-methylimidazolium chloride ([Bmim]Cl)
Hén hgp gom 1-methylimidazole (10 mmol; 0,820 g)
va 1-butyl chloride (11 mmol; 1,017 g) trong binh cau
25 mL dugc khudy & 250 vong/phiut tai 60 — 65 °C
trong 24 gid. Sau khi két thuic, hén hop phan ting dugc
lam ngudi dén nhiét 4o phong, dugc rita bang diethyl
ether (3x10 mL) va dugc thu h6i dung mdi con sét lai
& &p suét thip trong 15 phut & 40 °C 28,

N-Butylpyridinium chloride ([Bpy]CI)

Hoén hgp gém pyridine (10 mmol; 0,79 g) va 1-butyl
chloride (10 mmol; 0,925 g) trong binh ciu 25 mL
dugc khudy & 250 vong/phut tai 120-130 °C trong
48 gig. Sau khi két thic, hon hgp phan tng dugc
lam ngudi dén nhiét 46 phong, dugc rita bang diethyl
ether (3x10 mL) va dugc thu h6i dung méi con sot lai
§ 4p sudt thdp trong 15 phut & 40 °C%.

N,N-Dimethylpyrrolidinium iodide ([Pyrro]I)

Pyrrolidine (5,0 mmol; 0,355 g) trong 6 mL ethyl ac-
etate dugc cho vao binh cau 25 mL. Sau d6 CH31 (12,5
mmol; 0,177 g) trong 5 mL ethyl acetate dugc thém
ti tit & 0 °C. Hon hgp dugc khudy qua dém vdi téc
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do6 250 vong/phut tai nhiét 46 phong, tranh anh sang.
Sau khi két thic phan tng, hén hgp dugc riia bing
acetone (5x6 mL) va dugc thu héi dung moi con sét
lai & 4p sudt thép trong 30 phit & 50 °C3°,

1-Methyltetrahydrothiophenium iodide ([Mth]I)

Hén hgp goém tetrahydrothiophene (3 mmol; 0,264 g)
va CH3I (3 mmol; 0,426 g) dugc cho vao 6ng nghiém,
sau d6 dugc chi€u xa siéu 4m trong 1 gio tai 50 °C. Sau
khi phan ting két thic, hén hgp dugc riia bing ethyl
acetate (3x5 mL) va dugc thu hoi dung moéi con sét
lai & 4p sudt thép trong 30 phit & 50 °C31.

1-Butyl-3-methylimidazolium tetrafluoroborate
[Bmim]BF, hodc hexafluorophosphate [Bmim]PFg
Hoén hop goém 1-butyl-3-methylimidazolium chlo-
ride (3 mmol; 0,523 g) va sodium tetrafluorobo-
rate/sodium hexafluorophosphate (3 mmol; 0,330 g)
trong 2 mL nuéc cit dugc cho vao binh cau 10
mL. Hon hgp duge khudy trong 12 gi¢ & nhiét do
phong. Sau khi phan ting két thuc, 16p ddu mau vang
dugc hinh thanh va dugc trich bang dichloromethane
(2%x10 mL). Sau d6 dich trich dichloromethane dugc
rtia bing nudc (3x5 mL)32, lam khan bing NaySO4
va dugc thu hoi dung moi & ap sudt thap trong 30 phut
340°C.

Diéu ché chdt Iong ion-2AICI;

Chit long ion (2 mmol) dugc cho vao binh cau 10
mL, sau d6 AICl3 (4 mmol; 0,543 g) dugc thém ti tu
vao. Hén hgp dugc khudy trong 12 gio ¢ nhiét do
phong ddi véi [Bpy]Cl, [Bmim]Cl va & 100 °C d6i véi
[Pyrro]I va [Mth]I.

Quy trinh tién hanh phan ng sulfonyl héa
Friedel- Crafts

Phuong phadp gia nhiét

Hén hgp gém benzenesulfonyl chloride (1 mmol;
0,176 g), toluene (1 mmol; 0,092 g) va ILs-2AICl;
(x mmol) dugc cho vao binh ciu 5 mL, st dung hé
théng hoan luu c6 lip 6ng lam khan. Hon hgp phan
ung dugc khudy theo thoi gian cin khao sat 6 nhiét
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d6 nhit dinh véi t6c do 250 vong/phut. Hén hgp
sau phan ting dugc ly trich véi dung moi chloroform
(3x10 mL). Hdn hgp téch thanh 2 16p, phén htu co
(phén chdt chua phan ting va san phdm) va phan xtc
tédc. Phan dich trich chloroform dugc rita véi H,O,
lam khan bidng Na;SOy, va dugc thu hdi dung moi
duéi 4p sudt thdp. San phidm dugc tinh ché bing
phuong phép sic ky cot v6i hé dung moi ria gii n-
hexane:ethyl acetate (9:1 /).

Phuong phdp viséng

Hoén hgp gom benzenesulfonyl chloride (1,0
mmol; 0,176 g), toluene (1,0 mmol; 0,092 g) va
[Bpy]Cl-2AICI3 (1,2 mmol; 0,526 g) dugc cho vao
6ng nghiém (® = 10 mm, h = 100 mm) chuyén dung
cho vi séng va tién hanh chiéu xa trong thoi gian
thich hgp v6i nhiét d¢ t6i uu da dugc khao sat. Hon
hop san phdm dugc c6 lap nhu trong phuong phép
gia nhiét.

KET QUA VA THAO LUAN

Khao sat phan tng sulfonyl héa Friedel-
Crafts

DéE tim ra loai xuc tac chloroaluminate thich hgp cho
su sulfonyl hoa Friedel-Crafts, mot s6 loai chat long
ion da dugc khao sit cho phan tng gitia toluene va
benzenesulfonyl chloride véi ty 1é mol la 1,0:1,0 & 100
?C trong 4 gi6 (Bang 1).

Khi phan ting dugc thuc hién khong c6 su hién dién
clia xuc tac (phan tng s6 1, Bang 1), sulfone chua
dugc tao thanh, do dé chung t6i tiép tuc khao st
hoat tinh xtc tac ctia mot s6 loai chat long ion khac
nhau cho sy sulfonyl héa. D&i v6i [Bmim]PFg va
[Bmim]BFy, khi lugng xtc tac dugc tang tit 1,0 mmol
1én 2,0 mmol (phan tng s6 2-5, Bang 1), két qua
GC/MS cho thdy khong c6 san phdm hinh thanh.
Phenyl tolyl sulfone thu dugc v6i hiéu suét t6t khi st
dung AICl3 lam xuc téc, tuy nhién mudi nay rit dé
hut 4m va khong thé thu hoi hay téi stt dung sau phan
ung. Do d¢, d€ khic phuc nhiing nhugc diém trén,
ching téi Iya chon chdt 1ong ion chloroaluminate cho
nhiing thi nghiém khao sat ti€p theo. Trong diéu kién
tuong tu, khi stt dung xuc tic nhu [Mth]I-2AICl3,
[Pyrro]I-2AICl3, [Bpy]Cl-2AICI3, sulfone tao thanh
véi hiéu sudt cao trén 80%. Tiép tuc thay d6i lugng
xuc téc ti 0,5 1,0 va 1,2 mmol, hiéu sudt phin ting
tang lén dang k& (phan ting s6 6-11, 14-17, Bang 1)
va chuyén héa hoan toan dat hiéu sudt cuc dai 97%
khi st dung 1,2 mmol [Bpy]Cl-2AICl3 (phéan tng s6
16, Bang 1). Ngoai ra, phan tng dugc tién hanh
riéng véi chét 1ong ion [Bpy]Cl, két qua cho thdy san
phém khong dugc tao thanh (phan ting s6 12, Bang 1).

biéu nay ching to ring chloroaluminate la xuc tdc
hiéu qua cho phan tng sulfonyl héa Friedel-Crafts,
ddc biét la [Bpy]Cl-2AICl3 cho két qua t6t hon so véi
[Bmim]Cl-2AICl; d3 dugc nghién ctiu ¢ cung diéu
kién.

Dé tim ra diéu kién thich hgp cho phan ting t6ng hgp
phenyl p-tolyl sulfone, mot s6 yéu t6 anh hudng dén
d06 chon loc va hiéu suét phan ting nhu nhu théi gian
va nhiét do ciing da dugc nghién ctiu dua trén lugng
xuc tac [Bpy]Cl-2AICI; st dung la 1,2 mmol va ty 1é
mol ctia toluene:benzenesulfonyl chloride ¢6 dinh la
1,0 mmol :1,0 mmol (Bang 2).

Céc két qua Bang 2 cho théy khi tang nhiét d6 phan
ung tii nhiét d6 phong, 60 °C, 80 °C, 90 °C, 100 °C thi
hiéu suét ting 1én ding ké. Diéu nay chiing to phan
ung sulfonyl héa la phan tng thu nhiét, nhiét d6 cé
anh hudng nhiéu dén hiéu suat. Khi phan ting & 100
°C, d chuyén héa dat 100%, hiéu suit thu dugc la
97%. Bén canh d6, yéu t6 thoi gian phan ting cling
dugc khao sat & cac nhiét do khic nhau cing cho
thdy thoi gian anh hudng khong dang ké dén hiéu
sudt phan tng (phan tng s6 3, 4, 5, 6, Bang 2). Vi
vay, phan ting sulfonyl héa Friedel-Crafts ctia toluene
v6i tac chit benzenesulfonyl chloride dat hiéu suét cao
nhdt khi dugc gia nhiét tai nhiét d6 100 °C trong 4
gio véi ty 1& mol toluene:benzenesulfonyl chloride 1a
1,0:1,0; lugng xuc tac [Bpy]Cl-2AICI; la 1,2 mmol.
Nhém giam thaoi gian phan tng ciing nhu tiét kiém
néng lugng tit sy dun néng c6 dién, phin tng dugc
kich hoat bing phuong phép vi séng. Trong cung diéu
kién phan ting, khi c6 su hé trg clia vi song, hiéu suét
thu dugc 1a 98% sau 11 phut chiéu xa, nhu vay thoi
gian phan ting ngan hon 20 14n so véi phuong phéap
gia nhiét.

V6i kha nang xdc tac hiéu qua, sin phdm dé co lap,
ching t6i tién hanh khéo sat viéc tai st dung xuc tac.
Sau khi thyc hién phén ting bang phuong phap gia
nhiét tai di€u kién t8i vu trén, hdn hgp sau phén ting
dugc trich bing chloroform, xuc tac [Bpy]Cl-2AIC];
(khong tan trong dung mai chloroform) dugc thu héi
va loai dung moi con sot lai dudi ap sudt thap 6 80 °C
trong 30 phut, hiéu sudt thu hoi xtc tac dat 70%. Tiép
tuc st dung xuc tac thu hoi d€ tién hanh phan tng tai
diéu kién t6i vu & trén, két qua cho thdy sulfone thu
dugc v6i hiéu sudt cao va c6 do chon loc dong phan
para so v6i ortho thay d6i khong dang ké. Diéu d6
chiing t6 rdng hoat tinh xdc téc thay d6i khong déng
ké sau 3 14n téi st dung (Hinh 2).

Bién luan ciu tric
1-Butyl-3-methylimidazolium chloride

San phim 1a chit16ng mau vang nhat. San phdm dugc
nhan danh bing ph8 'H-NMR va '>C-NMR.
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Bang 1: Khao sat xtc tac cho phan ting sulfonyl héa Friedel-Crafts cta toluene

Stt Xdc tac (mmol) Do chon loc (0:m:p) Hiéu sudt? (%)
1 Khong st dung 0 0
2 [Bmim]PFg (1,0) 0 0
3 [Bmim]PFg¢ (2,0) 0 0
4 [Bmim]BFy (1,0) 0 0
5 [Bmim]BE; (2,0) 0 0
6 [Mth]I-2AIC]; (0,5) 23:8:69 82
7 [Mth]I-2AICl; (1,0) 21:8:71 93
8 [Mth]I-2AICl; (1,2) 28:8:64 81
9 [Pyrro]I-2AICl3 (0,5) 35:8:57 45
10 [Pyrro]I-2AICI; (1,0) 24:8:67 94
11 [Pyrro]I-2AICI; (1,2) 23:8:69 94
12 [Bpy]Cl (1,2) 0 0
13 AICI3 (2,0) 69°
14 [BpylCl-2AICL; (0,5) 31:7:62 95
15 [Bpy]Cl-2AICl; (1,0) 29:7:63 95
16 [Bpy]Cl-2AICl3 (1,2) 28:8:64 97
17 [Bmim]ClL-2AICl5 (1,2) 29:10:61 90

@ Hiéu sudt tinh theo % GC/MS
b Két qud theo tai ligu tham khdo s6 14, hdn hgp phdn ting dugc nghién trong 6 pht & nhiét d phong

Bang 2: Hiéu suat phan ting tdng hap phenyl p-tolyl sulfone theo théi gian va nhiét do¢

Stt Thoi gian (phut) Nhiét do (°C) b6 chon loc (0:m:p) Hiéu suét (%)
1 240 Nhiét do phong 34:7:59 52

2 240 60 34:6:60 55

3 240 80 35:5:60 93

4 300 80 34:6:60 93

5 240 90 32:8:60 95

6 300 90 30:6:64 91

7 240 100 28:8:64 97

8 10° 100 32:8:60 91

9 11° 100 35:7:60 98

@ D¢ chon loc va hiéu sudt tinh theo % GC/MS
b Phén ting dugc kich hoat bing vi song
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Hinh 2: Két qua thu hoi xuc tac [BpylCl-2AICI5

Hinh 3: Céng thiic cau tao ctia [Bmim]Cl

Phé 'H-NMR cho thdy su hién dién ctia 3 proton &
vong thom 6y (ppm): 10,10 (s, H2); 7,55 (t, ] =2,0
Hz, H4); 7,55 (t, ] = 2,0 Hz, H5) chiing t6 ring trong
cong thiic ¢6 chita khung imidazole. Ngoai ra, & viing
tii trudng cao, 6 proton methylene cho tin hiéu 6 4,16
(t,] =7,5Hz, H6); 1,73 - 1,70 (m, H7); 1,22 - 1,17 (m,
H8); tiép theo la tin hiéu cta 3 proton nhém methyl
60,77 (t, ] = 8,0 Hz, H9) va cubi cung la tin hiéu dic
trung cia nhém methyl gan véi di nguyén tii N & 3,94
(s, H10).

PhS '3C-NMR cho céc tin hiéu cong hudng véi 8
carbon, trong dé c6 3 carbon thu¢c vong thom 8¢
(ppm): 137,8 (C2), 123,7 (C5), 122,0 (C4), 3 carbon
methylene & 49,9 (C6); 32,1 (C7); 19,4 (C8) va 1 car-
bon methyl & 13,4 (C9). Ngoai ra, & viing tli truong
cao con xudt hién tin hiéu cta carbon nhém methyl
gin v6i di nguyén ti N & 36,5 (C10).

Dua vao tin hiéu phd 'H-NMR, 3C-NMR trén cho
thdy san phidm c6 chia khung imidazole, dong thoi
c6 mot nhém butyl, mét nhém methyl gan véi di
nguyén tit N chiing t6 san phdm thu dugc la 1-butyl-
3-methylimidazolium chloride (Hinh 3) va tuong ting
v6i cac dii liéu phd da cong bs3? (Bang 3).

N-Butylpyridinium chloride

San phdm la chéit rin mau tring, néng chay & nhiét
d6 128-130 °C so v6i nhiét do néng chdy tham khao

13 131,5 & 1.0 °C>*. San ph&m dugc nhan danh bang
ph8 'H-NMR va 3C-NMR.

5 6 8 9
X
Ve Wa
wof] _
3 2 (Cl

Hinh 4: Cong thic cau tao cla [BpylCl

Phé 'H-NMR cho théy sy hién dién ctia 5 proton &
vung huong phuong 6y (ppm): 9,61 (dd,]J =6,5Hz,
1,5 Hz, H2, H6); 8,47 (tt, ] = 8,0 Hz, 1,5 Hz, H4);
8,12 (t,] = 6,5 Hz, H3, H5) chiing minh rang trong
cdng thiic c6 chia khung pyridine. Ngoai ra, & viing
tl trudng cao, 2 proton methylene cho tin hiéu 6 4,96
(t, ] =75 Hz, H7) do gén v6i di nguyén ta N, tiép
theo 14 tin hiéu ctia 2 proton methylene & 2,01-1,95
(m, H8), 2 proton methylene ¢ 1,38-1,31 (m, H9) va
cudi cung 1a tin hiéu dic trung ctia nhém methyl &
0,88 (t,J =7,0 Hz, H10).

Ph&'3C-NMR cho cdc tin hiéu cong hudng véi 7 car-
bon, trong d6 cé 3 carbon thudc vong benzene §¢
(ppm): 145,7 (C2, C6); 145,2 (C3, C5); 128,8 (C4), 1
carbon methylene gin véi di nguyén ttt N ¢ 62,4 (C7);
2 carbon methylene C8, C9 tuong ting & 34,3; 19,8 va
1 carbon methyl & 13,9.

Duya vao tin hiéu phd 'H-NMR va 13C-NMR trén cho
thdy san phdm c6 chiia khung pyridine va ¢6 nhém
butyl gin véi di nguyén ti N, chiing t6 san phdm
thu dugc la N-butylpyridinium chloride (Hinh 4) va
tuong ting véi cac dit liéu phd di cong b6 (Bang 4).

N,N-Dimethylpyrrolidinium iodide

San ph&m la chét ran mau tring, néng chay & nhiét
d6 80-81°C. San phdm dugc nhan danh bing phd 'H-
NMR va 3C-NMR.

Phd 'H-NMR tai viing tit trudng cao cho thdy su hién
dién déic trung ctia proton methyl & 3,28 (s, H6, H7);
tin hiéu 2 proton methylene & 3,67-3,64 (m, H2, H5)
gdn véi di nguyén ti N va 2 proton methylene & 2,38-
2,34 (m, H3, H4).

Phé 13C-NMR cho céc tin hiéu & viing tif trudng cao
S¢ (ppm): 66,1 (C6, C7); 52,2 (C2, C5); 21,9 (C3,
C4).

Dua vao tin hiéu phé 'H-NMR va '3C-NMR trén
cho thdy san phim c6 chiia khung pyrrolidine vé6i 2
nhém methyl gén véi di nguyén ta N, chiing t6 san
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Bang 3: Dit liéu phé NMR ctia [Bmim]Cl trong dung méi CDCl;3

Vi tri 1-Butyl-3-methylimidazolium chloride

'"H-NMR (500 MHz, CDCl3) §(ppm)

2 10,10 (s, 1H)

4 7,40 (t, ] = 2,0 Hz, 1H)
5 7,55 (t, J = 2,0 Hz, 1H)
6 4,16 (t, ] = 7,5 Hz, 2H)
7 1,73-1,70 (m, 2H)

8 1,22-1,17 (m, 2H)

9 0,77 (t, J = 8,0 Hz, 3H)
10 3,94 (s, 3H)

Ph& so sanh >3

'H-NMR (400 MHz, CDCl3) §(ppm)
10,52 (s, 1H)

7,43 (m, 1H)

7,58 (m,1H)

4,32 (t, 2H)

1,82 (m, 2H)

1,35 (m, 2H)

0,94 (t, 3H)

4,09 (s, 3H)

Bang 4: Dif liéu phé NMR ctia [Bpy]Cl trong dung méi CDCl;

Vi tri N-butylpyridinium chloride

'H-NMR (500 MHz, CDCl3) 8(ppm)

2,6 9,61 (dd, J = 5,0 Hz, ] = 1,5 Hz, 2H)
3,5 8,12 (t, ] = 6,5 Hz, 2H)
4 8,47 (tt, ] = 8,0 Hz, ] = 1,5 Hz, 1H)
7 4,96 (t, ] = 7,5 Hz, 2H)
8 2,01-1,95 (m, 2H)
9 1,38-1,31 (m, 2H)
10 0,88 (t, ] = 7,0 Hz, 3H)

Phé so sanh *°

'H-NMR (400 MHz, CDCl3) 8(ppm)
9,70 (d, 2H)

8,14 (t, 2H)

8,48 (t, 1H)

5,00 (t, 2H)

2,06-1,97 (2H, m)

1,40-1,33 (m, 2H)

0,93 (t, 3H)

Bang 5: Dif liéu phé NMR ctia [Pyro]l trong dung méi D,O

Vi tri N,N-dimethylpyrrolidinium iodide

"H-NMR (500 MHz, D,0) §(ppm)

Ph& so sanh 3¢

TH-NMR (400 MHz, D,0) §(ppm)

2,5 3,56-3,53 (m, 4H) 3,57-3,52 (m, 4H)
3,4 2,26-2,23 (m, 4H) 2,26-2,24 (m, 4H)
6,7 3,17 (s, 6H) 3,17 (s, 6H)
phém thu dugc la N,N-dimethylpyrrolidinium iodide
(Hinh 5) va tuong ting v6i cac dii liéu phd di cong
b63° (Bang 5).
2 7

Hinh 5: Cong thuc cau tao cla [Pyrro]l
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1-Methyltetrahydrothiophenium iodide

Séan phdm la chét ran mau vang nhat, néng chay &
nhiét do 188-193 °C so véi nhiét do néng chiy tham
khao 1a 183-186 °C*’. San phim dugc nhan danh
bing phd '"H-NMR va 13C-NMR.

PhS 'H-NMR cho thdy 4 tin hiéu cong hudng & viing
tlf trudng cao clia cic proton methylene 0y (ppm):
3,61-3,58 (m, H2a, H5a); 3,36-3,33 (m, H2b, H5b);
2,32-2,29 (m, H3a, H4a); 2,07-2,04 (m, H3b, H4b) va
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Hinh 6: Cong thiic cau tao ctia [Mth]l

tin hiéu dic trung ctia nhom methyl & 3,22 (s, H6).
Phé 13C-NMR cho théy sy xudt hién tin hiéu ctia cac
carbon methylene 8¢ (ppm): 65,6 (C2); 51,9 (C5);
45,6 (C6); 23,7 (C4); 21,8 (C3) va carbon methyl &
45,6 (C6).

Duja vao tin hiéu phé ' H-NMR va 13 C-NMR trén cho
théy san pham c6 khung tetrahydrothiophene v6i mot
nhom methyl gan véi di nguyén tt S, ching to san
phidm thu dugc 13 1-methyltetrahydrothiophenium
iodide (Hinh 6) va tuong ting vé6i cac dit liéu phé da
céng b6 38 (Bang 6).

1-Butyl-3-methylimidazolium tetrafluorobo-
rate va 1-Butyl-3-methylimidazolium hex-
afluorophosphate

San phém la chat1ong dang sét, khong mau. San phdm
dugc nhan danh bang phé I'H-NMR va 3C-NMR.

-
-~
pi=}

Hinh 7: Cong thic cau tao clia [Bmim]X (X = BFy,
PF¢)

Phé 'H-NMR cho thdy sy hién dién 3 tin hiéu cta
proton vong thom, dong thoi 6 viung ti trudng cao
cho céc tin hiéu cdng hudng ctia cic nhém methylene
va methyl (Bang 7).

PhS 3C-NMR xuit hién 3 tin hiéu cta carbon
vong thom, 5 tin hiéu carbon methylene va methyl
(Bang 7).

Dua vao tin hiéu phé 'H-NMR va '3C-NMR trén
cho thdy san phdm c6 chtia khung 3-methylimidazole
v6i mot nhom butyl gan véi di nguyén td N & vi
tri s6 1, ching to6 san phim thu dugc la 1-butyl-
3-methylimidazolium tetrafluoroborate va 1-butyl-
3-methylimidazolium hexafluorophosphate (Hinh 7)
tuong ting véi cac dit liéu phd di cong b6 (Bang 8).

Phenyl p-tolyl sulfone

San phdm la chit rin mau trang, nhiét d6 nong chay
117-118 °C so v6i nhiét do néng chay tham khao 1a
117-119 °C'*. San phdm dugc nhan danh bing phd
"H-NMR, '3C-NMR va GC/MS.

2 e 2 3
11
74 1 1
S #
I
5 6 @) 8 5

Hinh 8: Cong thiic cdu tao ctia phenyl p-tolyl sulfone
(3)

PhS '"H-NMR ¢6 su hién dién ctia 5 tin hiéu proton
vong benzene, trong d6 cé 4 tin hiéu ctia cdc proton
d6i xtng lan lugt 1a 8y (ppm): 7,93 (d, ] =7,0 Hz,
H2, H6); 7,83 (d, ] =8,0 Hz, H2, H6); 7,49 (t, ] =7.,5
Hz, H3’ H5’); 7,30 (d, ] = 8,0 Hz, H3, H5) va proton
H4’ ¢7,54 (t,] =7,5Hz). Ngoai ra, 6 viing tli trudng
cao 3 proton nhém methyl cdng hudng 6 2,40 (s, H7).
Ph§ '3C-NMR cho tin hiéu cong hudng cta 8 car-
bon thudc vong thom, trong d6 c6 3 carbon ti cdp ¢
(ppm): 144,5 (C1’); 142,5 (C1); 139,1 (C4); 4 tin hiéu
carbon d6i xting 6¢ (ppm): 130,3 (C2), C6’); 129,6
(C2, C6); 128,1 (C3;, C5); 127,9 (C3, C5) va 1 carbon
§133,4(C4). O viung ti trudng cao c6 tin hiéu cong
hudng ctia carbon nhém methyl & 22,0 (C7).

Duya vao nhiing dit liéu ctua phd IH va 13C tren,
két hgp véi di liéu NMR trong tai liéu tham khao
[40] (Bang 9) cung vé6i két qua MS (EL, 70 eV)
m/z: 232[M]'t (100%), 207 (6%), 139 (85%), 125
(77%), 107 (60%), 91 (34%), 77 (51%), 65 (32%), 51
(30%) cho thdy hop chit (3) la phenyl p-tolyl sulfone
(Hinh 8).

KET LUAN

Cac két qua nghién ctu phan ung sulfonyl hoéa
Friedel-Crafts dugc thuc hién bing phuong phap gia
nhiét cta toluene cho thdy khi stt dung hé xuc tc
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Bang 6: Dif liéu phé NMR ctia [Mth]l trong dung méi D,0

Vi tri 1-Methyltetrahydrothiophenium iodide Phd so sanh >
'H-NMR (500 MHz, D,0) 8(ppm) 'H-NMR (600 MHz, D,0) §(ppm)
2a,5a 3,61-3,58 (m, 2H) 3,65 (m, 2H)
2b, 5b 3,36-3,33 (m, 2H) 3,43 (m, 2H)
3a, 4a 2,07-2,04 (m, 2H) 2,34 (m, 2H)
3b, 4b 2,32-2,29 (m, 2H) 2,46 (m, 2H)
6 3,22 (s, 3H) 2,87 (s, 3H)
Bang 7: Dif liéu phé NMR ctia [Bmim]BF, va [Bmim]PF;
Vi [Bmim]BF4 [Bmim]PFq
tri
'H-NMR (500 MHz, !3C-NMR (125 MHz, 'H-NMR (500 MHz, !3C-NMR (125 MHz,

CDCl3) §(ppm) CDCl3) &(ppm) CDCl3) §(ppm) CDCl3) §(ppm)

2 8,83 (s, 1H) 136,0 8,76 (s, 1H) 135,6
4 728(tJ=1,5Hz 1H) 122,4 7,23 (t, ] = 2,0 Hz, 1H) 121,9
5 7,33 (t, ] = 1,5 Hz, 1H) 123,8 7,25 (s, 1H) 123,4
6  4,18(t,J =75 Hz, 2H) 49,6 4,18 (t, ] = 7,5 Hz, 2H) 50,0
7 1,90-1,84 (m, 2H) 31,9 1,89-1,84 (m, 2H) 31,8
8 1,40-1,35 (m, 2H) 19,4 1,41-1,35 (m, 2H) 19,4
9 0,96 (t, ] = 7,5 Hz, 3H) 13,3 0,97 (t, ] = 7,0 Hz, 3H) 13,3
10 3,95(s,3H) 36,0 3,95 (s, 3H) 36,4

Bang 8: K&t qua so sanh phd ' H-NMR cia [Bmim]BF, va [Bmim]PFg

Vi tri [Bmim]BF4
'H-.NMR (500 MHz,
CDCl3) 6(ppm)
2 8,83 (s, 1H)
4 7,28 (t,] = 1,5 Hz, 1H)
5 7,33 (t,] = 1,5 Hz, 1H)
6 4,18 (t, ] = 7,5 Hz, 2H)
7 1,90-1,84 (m, 2H)
8 1,40-1,35 (m, 2H)
9 0,96 (t, ] = 7,5 Hz, 3H)
10 3,95 (s, 3H)

Phé so sanh *

'H-NMR
CDCl3) 6(ppm)

8,80 (s,1H)

7,62 (s, 1H)

7,67 (s, 1H)

4,30 (m, 2H)

1,95 (t, 2H)
1,41 (m, 2H)

0,98 (t, 3H)

4,03 (s, 3H)

(400 MHz,

[Bmim]PFg

CDCl3) 6(ppm)

8,76 (s, 1H)

'H-NMR (500 MHz,

7,23 (t, ] = 2,0 Hz,
1H)

7,25 (s, 1H)

4,18 (t, J = 7,5 Hz,
2H)

1,89-1,84 (m, 2H)
1,41-1,35 (m, 2H)

097 (t, J = 7,0 Hz,
3H)

3,95 (s, 3H)

Phd so sanh *°

'H-NMR (400 MHz,
CDCl3) 6(ppm)

8,15 (s, 1H)

7,62 (s, 1H)

7,91 (s, 1H)

4,10 (m, 2H)

1,92 (t, 2H)
1,36 (m, 2H)

0,91 (t, 3H)

4,45 (s, 3H)
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Bang 9: Dif liéu phé NMR ctia hgp chat (3) trong dung méi CDCl;

Vi tri Phenyl p-tolyl sulfone Ph§ so sanh *°
'H-NMR (500 MHz, CDCl3) !3C-NMR (125 MHz, CDCl3) 'H-NMR (300 MHz,
o (ppm) 4(ppm) CDCl3) 8(ppm)
1 142,5
2,6 7,83 (d, J = 8,0 Hz, 2H) 129,6 7,85 (d, J = 8,3 Hz, 2H)
3,5 7,30 (d, J = 8,0 Hz, 2H) 127,9 7,30 (d, ] = 8,3 Hz, 2H)
4 139,1
7 2,40 (s, 1H) 22,0 2,40 (s, 1H)
r 144,5
2,6 7,93 (d, J = 7,0 Hz, 2H) 130,3 7,95-7,90 (m, 2H)
35 7,49 (t, ] = 7,5 Hz, 2H) 128,1 7,55-7,48 (m, 3H)
4 7,54 (t,] = 7,5 Hz, 1H) 133,4

chat long ion-2AICl3, san phdm phenyl p-tolyl sul-
fone thu dugc véi hiéu suit cao trén 80% véi ty 1é
san phidm ortho- va para- thay d6i khong dang ké
khoang 25:65, dac biét [Bpy]Cl-2AICl3 hoat héa tét
phan ting dat hiéu sudt 97% sau 4 gio tai 100 °C véi ty
1é toluene:benzenesulfonyl chloride:[Bpy]Cl-2AICI;
1a 1,0:1,0:1,2 bang phuong phap gia nhiét. Hé xuc
tac 6 thé thu hoi va ti st dung dugc 3 14n ma hoat
tinh thay d6i khong dang ké. Dic biét, phan ting dugc
thuc hién duéi su chiéu xa vi séng dat hiéu sudt tuong
duong so véi phuong phép gia nhiét & cung ty 1¢ mol
clia cac chit tham gia phéan ting nhung thoi dugce rut
ngin dang ké (11 phaut).

DANH MUC VIET TAT

[Bmim]Cl: 1-Butyl-3methylimidazolium chloride.
[Bmim]BF,: 1-Butyl-3methylimidazolium tetrafluo-
roborate.

[Bmim]PF¢: 1-Butyl-3-methylimidazolium hexaflu-
orophosphate.

[Bpy]Cl: N-Butylpyridinium chloride.

[Pyrro]I: N,N-Dimethylpyrrolidinium iodide.
[Mth]I: 1-Methyltetrahydrothiophenium iodide.

ILs: Chét long ion (ionic liquid).

GC/MS: Sic ky khi ddu do khoi phé (gas chromatog-
raphy/mass spectrometry).

EI: Ton héa dién ti (electron ionization)

'H-NMR: Phé cong hudng tit hat nhan ctia proton
(proton nuclear magnetic resonance Specreoscopy).
13C-NMR: Phé cong huéng tit hat nhan déng vi car-
bon 13 (carbon 13 nuclear magnetic resonance spec-
troscopy).

J: Hang s6 ghép spin-spin (coupling constant).

s: Mii don (singlet).

d: Mui doi (doublet).

t: Mii ba (triplet).

dd: Mii d6i-doi (doublet of doublets).

tt: Mui ba-ba (triplet of triplets).

m: Mii da (multiplet).

m/z: Ty 1é khoi lugng va dién tich (mass to charge
ratio).

XUNG POT LO1 iCH

Céc tac gia tuyén bo rang ho khong c6 xung dot lgi
ich.

PONG GOP CUA CACTACGIA

Tac gid Ng6 Thi Huynh Nhung va Nguyén Thi Ngoc
Lan tién hanh lam tét ca cic thi nghiém, phén tich
mau hén hgp sdn phdm, c6 14p va tinh ché xuc tac va
san phdm, xdc dinh cdu truc xtc tdc va sdn phdm, thu
hoi va téi st dung xudc tac dudi sy hudng dan, thiét ké
phén tGing va tai trg hda chit clia tdc gid Luu Thi Xuan
Thi. Ngoai ra, tic gid Nguyén Thi Ngoc Lan va Luu
Thi Xuan Thi con chung stic trong viéc dang béo.
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The Friedel-Crafts sulfonylation catalyzed by chloroaluminate
ionic liquids

Huynh Nhung Thi Ngo', Ngoc Lan Thi Nguyen'-2, Thi Xuan Thi Luu’"*

ABSTRACT
Friedel-Crafts sulfonylation is one of the most common methods to prepare sulfone. With the de-
: velopment of Green Chemistry, chemical processes have been improved towards being environ-
Use your smartphone to scan this mentally friendly by using of organic solvents in the limit, using recoverable catalysts, reducing
QR code and download this article energy ... are getting more attention. Therefore, in this study, several types of ionic liquids such as
[Bmim]BF4, [Bmim]PF¢, [BpylCl-2AICIs, [Pyrroll-2AICI5, [Mth]l-2AICIs, [Bmim]CI-2AICI3 which catal-
ysed for the Friedel-Crafts sulfonylation of toluene and benzenesulfonyl chloride have been investi-
gated. Besides, most factors which have influenced on the reaction yield such as the temperature,
the reaction time, the amount of catalyst have been studied. The reaction was carried out un-
der solvent-free and mild conditions; moreover, the catalyst was able to be recovered and reused
without significant loss of its activity. The main product phenyl p-tolyl sulfone was easily isolated
after the reaction and obtained in high yield 97% after four-hour heating at 100 °C by using N-
butylpyridinium chloroaluminate, [Bpy]Cl-2AICl3, as catalyst. Microwave irradiation has been used
to improve many organic syntheses as a green and efficient activation method in order to reduce
reaction times and save energy. Compared to the conventional heating, phenyl p-tolyl sulfone was
synthesized with the excellent yield in the short reaction time under the microwave assistance.
Key words: sulfonylation, Friedel-Crafts, solvent-free, chloroaluminate, ionic liquid, sulfone
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