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Abstract

DMC (dimethyl carbonate) was examined as a methylating reagent in the reaction with eugenol affording methyl
eugenol — a pesticide used in protecting oranges from the attack of the fruit-flies. The methylated product was obtained
in high yield and selectivity. The result showed a possibility to replace the toxic, environmentally harmful methylating
reagents such as methyl halides (MeX; X=I, Br, Cl) and dimethyl sulfate (DMS) in the production of methyl eugenol.

1. DAT VAN DE

Trong cong nghiép héa chat, cdc qué trinh san
xuét hiéu qud hon va “sach hon” phu hgp véi nhitng
tiéu chi tiét kiém nguyén liéu va nang luong, han
ché phé thai, han ché su dung cic héa chét doc hai
dang rat dwoc quan tdm [1] nhim ddp tng nhiing
yéu cau cép thiét cua sy phét trién bén vitng [2].

Phan rng metyl héa tai nhém chirc hydroxy cia
cc phenol tao ra nhitng din Xuét aryl metyl ete
duoc Gng dung trong cdc linh vuc san Xuét nudc
hoa, my phém, thudc nhudém va thudc bao vé thuc
vat [3] nhu metyl hydroquinol dung lam huong liéu
hodc metyl eugenol ding 1am chét dy dén rudi vang
hai cam. Trong cic qud trinh nay, metyl halogenua
MeX, X =1, Br, Cl) hay dimetyl sulfat (DMS,
(Me),S0O,) da tung duoc st dung mdt cach rat phé
bién 1am tdc nhan metyl héa [4]. Mic di vay, cic
héa chat néi trén c6 doc tinh rat cao, kha ning giy
an mon manh, qua trinh phan ng lai doi héi st dung

lugng dang ké cdc chat bazo vira 1am xdc tdc vira dé
trung hda cic san phdm phu axit dan t6i sy tao thanh
mdt lugng 16n cédc chit thai vo co can phai duge xir
ly.

Trong nhirng céng bd gan diy, dimetyl cacbonat
(DMC, dimethyl carbonate) (1) da dugc nghién ctru
ung dung nhu mot tic nhan mai cho qué trinh metyl
héa. DMC thé hién nhimng wu diém vuot trdi vi
khong gay ddc hai va qud trinh st dung né khong
tao ra nhirng luong phé thai vo co 16n, cic san pham
phu 12 metanol (MeOH) va khi cacbon dioxit (CO,)
c6 thé duoc dua trd lai tdi san xuat chinh tdc nhan
nay [5].

Dudi diy, chiing t6i trinh bay viéc st dung
DMC trong phan tng metyl hdéa eugenol thanh
metyl eugenol (2) (So d6 1). Nghién ctru nay nhim
thay thé cdc tic nhan MeBr, DMS (timg dugc sir
dung trong san Xuét Iwgng 16n metyl eugenol & trong
nudc) [6] bé'mg DMC khdéng doc hai va than thién
v&i moi truong.
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Sordo 1: Phan ung metyl héa eugenol

2. THUC NGHIEM
2.1. Héa chit

Eugenol > 99%, dimetyl cacbonat > 99%, kali
cacbonat > 99%, kali bicacbonat > 99%, Kkali
hidroxit > 99%, natri cacbonat > 99%, canxi
cacbonat > 99% xudt xir Merck (CHLB buc);

n-hexan, dietylete, clorofom, dimetylformamit
(DMF, HCON(CH;),), dimetylsulfoxit (DMSO,
C,Hg0S), natri sulfat tinh khiét phan tich, xuit xir
Trung Qudc.

2.2. Phwong phap thwe nghiém

Phan tich sic ky 16p mong (TLC) duogc thyc hién
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trén 16p mong Silicagel 60 F,sy (Merck), hé dung
modi trién khai: n-hexan/clorofom = 1/1 (v/v), hién
mau trong hoi iot; Phd hf")ng ngoai (IR) dugc do trén
méy FTS 600 Biorad; Phd khéi lugng (MS) duoc do
trén mdy LC/MSD Ion Trap 1100 Aligent; Phé cong
hudéng tor hat nhan do trén mdy NMR Brucker
Avance 500 MHz; Phan tng ¢ 4p suit cao
(autoclave) va nap lieu lién tuc (CSTR-
Continuously fed Strirred Tank Reactor) dugc tién
hanh trong thiét bi AMAR Equipment PVT. LTD;
Phan tich séc ky khi dugc thyc hién trén mady
FISONS-GC 8000 str dung ¢t mao quan.

2.3. Quy trinh metyl héa eugenol
2.3.1. Tién hanh trong dung moi

Vira khuéy vtra cho tur tr 9,5 g K,CO; (0,07 mol)
vao hdén hop 16,4 g eugenol (0,1 mol) va 50 ml
DMSO (hoac DMF) trong binh cu 2 ¢b dung tich
100 ml, dung dich c6 mau vang trong. Thém vai
vién d4 bot, lap sinh han hdi lvu. Hon hop duoc gia
nhiét trén bép cach cét dén nhiét do hdi luu cua dung
mdi. Sau d6, 10ml DMC (0,12 mol) dugc thém vao
tw tu, tiép tuc khua”iy, dung dich chuyén dan sang
mau nau. Phan tmg duoc theo dai dinh ky bang TLC
30 phiit/lan. Két thic phan tng, hdn hop san pham
dugc 1am lanh vé nhiét do phong. Thém 20ml nudc
cét, tién hanh chiét phan 16p véi dietylete 3 1an, mdi
lan 40ml. Céc dich chiét dugc gop lai, rira sach bing
nudc mudi bdo hda va 1am khan béng Na,SO4. Loc
b6 Na,SO,, cét loai dung méi dudi p suat giam thu
dugc 18,2g can chiét dietylete. Can chiét dietylete
duoc phan tich béng sic ky cot thuong, chit hép
phu silicagel, rira giai bang hé dung moi n-
hexan/clorofom (ting dan ty 1& clorofom tir 0 dén
50%) thu dwoc 17,0g san pham dang dau, mau vang,
chung cit & dp suit thip thu dugc chit 16ng mau
vang nhat, hi¢u suit 95%.

2.3.2. Tién hanh trong hé thiét bi cao dp

Hon hop (eugenol, DMC, xtic tic) dugc dun sdi
trong thiét bi autoclave. Ap suit dugc diéu chinh dé
dép g diéu kién nhiét d6 cua phan ing metyl héa.
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Mot vi du sur dung dimetyl cacbonat...

Tién trinh phan tng duoc theo ddi bang phuong
phip sic ky. Sau khi phan tUng két thic, DMC,
metanol duoc cit loai, san pham metyl eugenol duoc
tinh ché bang phuong phap chung cit & ap suat thap

2.3.3. Tién hanh trong hé phan ung nap liéu lién tuc

Hoén hop (eugenol, DMC, xic tic) duoc dun sdi
trong thiét bi CSTR. T1en trinh phan tng dugc theo
doi bang phuong phép sic ky. Sau khi phan tng Kkét
thic, DMC, metanol dugc cat loai, san pham metyl
eugenol dugc tinh ché bang phuong phap chung cit
& dp sudt thap.

2.3.4. Phén tich san pham

TLC R;= 0,57 (he n-hexan/clorofom = 1/1, v/v).
IR (KB, Vi, cm™) 3050-3000 (=C-H), 2950-2850
(-C-H), 1640-1560 (C=C nhan thom va olefin),
1180-1160 (C-O-C), 870-790 (=CH nhén thom thé).
MS m/z 178 [M'], 163 [(M-CH3)'], 147 [(M-
OCH;)*]. "H-NMR (500 MHz, CDCl;, ppm) 3,33 (d,
2H, J=6,5Hz, H-7); 3,86 (s, 3H, 1-OCH;); 3,87 (s,
3H, 2-OCHs;); 5,06-5,10 (m, 2H, H-9); 6,1 (m, 1H,
H-8); 6,70-6,93 (m, 3H, H-3, H-5, H-6). "C-NMR
(125 MHz, CDCl;, ppm) 39,7 (s, C-7); 55,7 (s, 1-
OCHs;); 55,8 (s, 2-OCH3); 111,3 (s, C-6); 111,8 (s,
C-3); 1154 (s, C-9); 120,3 (s, C-5); 132,6 (s, C-4);
137,6 (s, C-8); 1474 (s, C-1); 148,9 (s, C-2).

3. KET QUA VA THAO LUAN

Xic tic bazo déng vai trd quan trong nham tao
ra mdt luong ion ArO™ khoi mao phan ng tai trung
tAm metyl héa cia DMC. Theo ly thuyét “axit—bazo
ciing-mém” (HSAB — Hard and Soft Acids and
Bases principle) cua Pearson [7], nhém cacbonyl
phan cyc voi orbital lai héa sp’ trong phan tir
dimetyl cacbonat 1a mot trung tdm electrophil
“cung” trong khi hai nhém metyl (mach alkyl no)
mang orbital lai héa sp’ 12 nhitng trung tim
electrophil “mém”. Céc electrophil “citng” c6
khuynh hudng wu tién phan ng vdi cac nucleophil
“citng” va céc electrophil “mém” s& wu tién phan
(g véi cac nucleophil “mém” (so db 2).

NUCOOCH; + CHyO"

NuCH; + [CH30C007

|

CH30- + COZT

Sor do 2: Céc trung tim electrophil trén phéan tir DMC theo 1y thuyét HSAB
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Nhu vay, DMC khong nhitng 1a tdc nhan (c6 thé
thay thé cho photgen (COCIl,) doc hai) trong phan
ung cacboxyl héa, hudéng 1, tai nhém cacbonyl — co
ché B2 (Bimolecular, base — catalyzed, Acyl
cleavage, nucleophilic substitution) ma con c¢6 thé 1a
mot tdc nhan metyl héa, hudng 2, tai nhém metyl —
co ché Ba2 (Bimolecular, base — catalyzed, Alkyl
cleavage, nucleophilic substitution). Trong khi phan
ung theo hudng 1 1a mdt qud trinh thudn nghich,
hudng 2 s& dién ra hoan toan theo chiéu thuan. Hai
qud trinh nay c6 thé duoc kiém soat, diéu khién va
nhiét d6 phan ng déng mot vai tro quan trong. Phan
g metyl héa c6 lién quan dén nang luong hoat héa
Gibbs cao hon do d6 ¢ nhiét do cao cdc dan xuét
metyl h6éa dugc uu tién tao thanh, trong khi nhiét do
thdp cho phép qu trinh cacboxyl héa chiém wu thé
[8]. Méc du khong cé ranh gidi rd rang gilta hai
khuynh hudng néi trén, cic khdo sit thuc nghiém
cho tha”iy tai nhiét do s6i (90°C), DMC tham gia chu
yéu vao phan g cacboxyl héa, trong khi tién hanh
phan rng tai nhiét dd cao hon (> 160°C) thi DMC
tham gia phan ting metyl héa [9].

Ion ArO™ (dugc tao ra tu cic phenol trong qua
trinh phan Ung cé mat xidc tic bazo) la nhiing
nucleophil “mém” hon cic alkoxy RO™ va c¢6
khuynh hudéng uu ti€n tham gia phan Gng tai nhém
metyl (trung tdm electrophil “mém” ciia DMC) khi
qua trinh duoc tién hanh tai nhiét do cao (> 160°C)
mic du d0 “mém” cua ching phu thudc vao cac
nhém thé c¢6 mat tai nhan benzen.

Trén co s& d6, phan tng gitta DMC va eugenol
dugc tién hanh & nhiét d6 > 160°C nhim tao diéu
kién cho qud trinh metyl héa dién ra mot cach chon
loc. Do nhiét d0 ma phan ung yéu cau vuot qué
diém s6i cia DMC (90°C), viéc dun hdi luu eugenol
trong DMC tai dp suat thuong khong cho hiéu qua
chuyén héa mong doi. Vi vay, phan tng c6 thé duoc
thyc hién theo cic huéng sau: 1. Tién hanh trong
dung méi: Pun hdi luu eugenol va DMC trong mot
dung mdi ¢é nhiét do soi cao (= 160°C); 2. “Khong
dung méi”: Pun hdn hop eugenol va DMC & nhiét
d6 > 160°C trong thiét bi autoclave hodc dun hdn
hop eugenol va DMC ¢ nhiét ¢ > 160°C trong thiét
bi CSTR.

3.1. Phan wng c6 sir dung dung moi

Trong phan ung metyl hdéa eugenol bdi DMC,
san phém phu CH;0COOQO" bi phan huy thanh CH;0™
va giai phéng khi CO,. Diéu nay tao diéu kién nhiét
dong thuan loi gitdp cho phan tng dién ra hoan toan
ngay ca khi ti 1€ eugenol/DMC ~ 1/1.

Phan (g duoc tién hanh trong diéu kién dun hdi
luu hdn hop eugenol/DMC véi sy c6 mit ciia Xiic tic
K,CO; trong dung moéi DMF (t°% = 159°C) va
DMSO (t° = 189°C). Dién bién cua qua trinh duoc
theo ddi bang phuwong phdp sic ky ban mong (TLC)

Mot vi du sk dung dimetyl cacbonat...

(hinh 1). C6 thé nhén thiy phan ng c6 d6 chon loc
cao, lugng eugenol (ky hi€u trén TLC la Eu) giam
dan theo thoi glan phan mng, lugng metyl eugenol
(MeEu) tang dan trong khi khong thay xuét hién tap
chat. Phan tmg metyl héa trong DMSO dién ra
nhanh hon nhidu trong DMF. Sau 2 gid, lugng
eugenol trong DMSO di giam rd rét va gan nhu
phan tng hét sau 10 gio trong khi vAn con mot
luong dang ké eugenol trong DMF chua tham gia

phén tng.
i . °
Eu—>t@® @@ ®eceo
Eu DHSO DMF Eu OMSO DHF Eu DMSD DM
2h

& oo o ;
Oh

Hinh I: Tién trinh phén trng metyl héa eugenol b?"mg
DMC (trong DMF tai 159°C va trong DMSO tai
189°C; TLC dugc khéo sat vai hé dung moi trién

khai: n-hexan/clorofom = 1/1 (v/v), hién mau béng
hoi iot)

«— MeEu

Céc thi nghiém khao sat anh hudng cua nhiét do
duoc tiép tuc tién hanh trong khoang tir 160°C dén
190°C trong dung mdi DMSO. D6 chuyén héa phan
g dugc kiém tra dia vao dién tich vét cia nguyén
liéu dau (Eu) va san phélm (MeEu) trén TLC va duoc
tinh mot cdch twong di theo cong thire sau:

Do chuyén hod (%) = % x 100%
0
Trong d6: S, 1a dién tich cia vét san phélm (MeEu)
trén TLC & thoi diém t; Sp: Dién tich cua vét nguyén
lieu dau (Eu) trén TLC & thoi diém ban dau ty; Céc
mau phéan tich dugc dua 1€n ban mong nho st dung
ong mao quan chuén 1 pl.

Két qua khao sit dugc trinh bay trong hinh 2.
Trong khoang nhiét d¢ dugc lya chon, d6 chuyén
héa cta eugenol tang 1én theo thoi gian cung voi su
tang nhiét do. O nhiét d6 160°C, phan ung dién ra
rat cham, & 170°C va 180°C phan tmg dién ra nhanh
hon, ¢ 189°C (nhiét do sbi clia dung mdi) phan ing
két thic sau 10 gio véi d6 chuyén héa 98%.

Viéc tién hanh phan ng vdi sy ¢6 mat ciia dung
mdi (nhim gitp moi truong phan tng dat nhiét do
can thiét) khong yéu ciu st dung cic thiét bi phirc
tap, tuy nhién, cic dung méi c6 diém soi cao, c6 kha
ning tron 1an khong gisi han v6i nuéc nhu DMF va
DMSO giy nhiéu khé khin trong viéc thu hdi va tai
sir dung chiing khi trién khai & quy mo san xuét. Xic
tdc c6 thé bi mat hoat tinh, khé thu hdi va phai
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dung & ty 1€ kha cao.

§ 100 98 98
.‘2‘ 96
c 80
~0
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40 )
—a—170d6 C
2 | —&—180d6 C
—e—189d6C
0

0 2 4 6 8 10 12 14 16
Thei gian (gio)

Hinh 2: Chuyén héa ctia phan rng metyl héa theo
nhiét d6 va thoi gian
(tién hanh trong DMSO tai cac nhiét d khac nhau;
ti 1¢ mol: eugenol/DMC/K,CO; = 1/1/0,7)

3.2. Phan ung “khong dung moéi”

Phan tng trong diéu kién “khong dung moi” cho
phép don gian héa thanh phé‘m hén hop phan tmg khi
DMC duogc su dung & mot ty 1€ du du va nho vay né
6 thé vira déng vai trd tic nhan vira lam dung moi.
Hon hop (eugenol, DMC, xic tic) duogc dun sdi
trong thiét bi autoclave cho phép diéu chinh 4p suat
dé dap tmg diéu kién nhiét do ctua phan tng metyl
héa. Bang 1 trinh bay két qua phan ung metyl héa
trong thiét bi phan tng cao 4p tai cdc nhiét do khic
nhau. Do phéan tng dugc tién hanh trong hé kin, su
béo hoa san phém phu (CO,, hoi metanol) trong bau
khi quyen cua h¢ phan mg ngan can qud trinh metyl
héa chuyén dich hoan toan thanh san pham cudi
cling. Viéc xa dp dé phéng thich CO, va hoi metanol
ciing kéo theo sy that thoit DMC dong thoi cin mot
khoang thoi gian nhét dinh dé hé thiét 1ap lai nhiét
d6 can thiét cho phan tmg. Vi vy, thoi gian tién
hanh phan tmg khoéng dugc rit ngin hon so voi
phuong phdp phan tng trong dung mdi va van can
phai str dung xiic tic & mot ty 18 déng ké.

Bdang 1: Phan ung metyl héa eugenol (phuong phap
autoclave, ti 1€ mol: eugenol/DMC/K,CO; = 1/18/2,
hiéu suit duge xdc dinh béng
phuong phap sic ky khi)

Ap sudt, | Nhiétdo, | Hiéu suit, | Thoi gian,
bar °C % h
6,2 160 92 20
7,9 170 93 17
10 180 92 12
12 190 95 8

Nhiam khic phuc nhiing nhugc diém néi trén,

Mot vi du sir dung dimetyl cacbonat...

phan tng metyl héa ¢6 thé dwoc thyc hién hiéu qua
hon tai 4p suét khi quyén theo mgt phuong phdp cai
tién st dung thiét bi CSTR. DMC dugc nap lién tuc
vao hé thiét bi phan tmg chira hdn hop dugc dun
néng eugenol va xuc tic K,COs. Pé dat nhiét do
phan ng mong mudn tai dp suét thudng, nhitng cau
tir ¢ nhiét do so6i thap (san pham phu metanol va
DMC du) dugc lién tuc cét loai ra khoi moi truong
phan tng trong khi DMC van duoc nap bd sung véi
mot toc do dong phu hgp va ro le nhiét cho phép
khéng ché méi truong phan tng tai nhiét do can
thiét (hinh 3).

DMC + MeOH + CO,

i

dS

UaVal gVaVaVaVaVal aVaVaVaVaVaVaVaVy
[e]

o o

o]

° 0
° 160-190°C
K,COs

Role diéu
nhiét o o
e
oono

Hinh 3: So db nguyén ly qua trinh metyl héa
eugenol sir dung thiét bi CSTR

Béang 2 cho théiy hiéu suit thu dugc san phém
khi tién hanh phéan tng tai nhiét d6 160 °C la cao
nhat. Khi nang nhiét d6 1&€n, ham lwong DMC c6 mat
trong mdi truong phan ung cé thé giam, gdy anh
huéng nhe téi hidu suat phan tng.

Bdng 2: Anh hudng ctia nhiét d6 téi hiéu suat phan
ung metyl héa eugenol (phuong phép CSTR,
eugenol = 0,5 mol, xic tic K,CO; = 0,02 mol, DMC
(¢,) = 0,15 mol, tdc d6 dong DMC = 0,15 mol/gio,
thoi gian phan @ng 5 gio, hiéu suat dugc xdc dinh
bang phuong phdp séc ky khi)

Nhiét dg, °C 160 170 180 190
Hiéu suit, % 98 96 95 95

Vi thiét ké ciia hé thiét bi CSTR, san pham phu
(CO, va MeOH) lu6n dugc tach ra khdi moi truong
phan tng, trong khi tic nhan phan tmg DMC lién tuc
duoc bd sung gidp cho sy chuyen héa dién ra hoan
toan & ap suat thuong, tai nhiét do ranh gidi cho
phan tmg metyl héa (160°C) trong mot khoang thoi
glan duoc rut ngan o rét (5 gio). Viée tinh ché san
pham ciing don gian do phan ung c6 do chon loc
cao, cdc tap chit chi gf)m CO,, MeOH (san phém
phu) va DMC (tac nhan dung mdi) cé thé loai bod
bang phuong phap cét loai, nho d6 gidp dat t61 hiéu
suat toi da cta qué trinh phan Gng. Xuc tic c6 thé
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duoc sir dung & ty 18 thap va c6 thé thu hdi cho céc
vong phan rng sau.

3.3. Vai tro ciia xidc tac va kha nang tai sir dung

xuc tac

Anh hudng cta cdc xuc tdc bazo khic nhau da dugce
khao sat khi tién hanh phan tng metyl héa theo

Phan Thanh Binh va cong sw

phuong phdp CSTR. Khi khong ¢6 mat chét xiic tac,
phan mg khong xay ra, néu sir dung CaCOs, hau
nhu khong c6 san phém tao thanh. Viéc sir dung xic
tac Na,COs chi cho san phim véi hiéu sudt thap.
béng chi ¥, céc bazo chira ion K™ ¢6 anh hudng 16
rét toi hiéu suit cua phan ng, dac bi¢t khi cé mat
xic tic K,COs; hiéu sudt phan tng dat t6i 95%
(bang 3).

Bang 3: Anh hudng cua xuc tac téi hiéu suét cia phan rng metyl héa eugenol
(phuong phap CSTR, eugenol = 0,5 mol, xic tac = 0,02 mol, DMC (z,)=0,15 rqol, toc d6 dong DMC =0,15
mol/gid, nhié¢t d phan trng = 160 °C, thoi gian 5 gio, hiéu suat dugc xdc dinh bang phuong phép sac ky khi)

Xiic téc K,CO; KHCO; KOH Na,CO, CaCO; Khong xic téc
Hiéu suit, % 95 65 40 28 0 0
Xidc tic K,CO; da duogce téi ché va tdi st dung. TAI LIEU THAM KHAO

Hoat tinh xtc tac da duoc kiém tra va cho théy sau 3
lan st dung d6 chuyén héa cua phéan ing van cé thé
dat & murc tot (> 96%).

4. KET LUAN

Két qua nghién cuu cho théy c6 thé thay thé cic tic
nhan (MeX, DMS) trong qué trinh san Xuét metyl
eugenol bang tic nhin metyl héa than thién hon -
dimetyl cacbonat. C6 thé xem day 1a mot vi du vé
kha nang cai tién nhitng quy trinh cong ngh¢ cii theo
dinh hudng san xuat “sach hon”.

Vi thiét b phan tmg CSTR, phan tng metyl héa c6
thé dugc tién hanh mot cich thuan loi, dat hiéu qua
tdt, ddp tng céc tiéu chi san xuat cong nghiép.

Loi cAm on: Nghién cuu dwoc thuc hién voi sy hé
tro kinh phi tir churong trinh phdt trién héa chdt bao
vé thuc vdt co ngué‘n g(fc sinh hoc cua Bo Cong
Thuong. Cdc tdc gia bay to sy cam on toi phong thi
nghiém Tong hop Hitu co, Pai hoc Tong hop Lédz,
Cong hoa Ba Lan da tgo diéu kién cho phép thuc
hién cdc thi nghiém trong thiét bi phan vmg nap liéu
lién tuc (CSTR), thiét bi phan img cao dp
(Autoclave) va phdn tich sdc ky khi. Cdc tdc gid
ciing bay 16 sw cam on t6i thac si Nguyén Ngoc
Thanh, Nguyén Thu Huwong va Nguyén Thanh Loan
vé nhitng gitip d& quy bdu trong qud trinh thiec hién
nghién ctru nay.

Lién hé: Phan Thanh Binh
Trung tdm Hoéa Thuc vat,
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S6 2 Pham Ngii Lio, Hoan Kiém, Ha Noi
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