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NGHIEN CUU PIEU CHE HOAT CHAT DIETHYLTOLUAMINDE
UNG DUNG CHONG MUOI VA CON TRUNG

BUi Thay Trang*, Nguyén Thanh Vinh?
1Khoa Khoa hoc Co ban, Hoc vién Hdu can
2Khoa Hoa - Ly ky thudt, Pai hoc Ky thudt L& Quy Don

Tém tit

Hoat chét diethyltoluamide dugc dénh gi4 1a hi¢u qua trong xua dudi con tring néi chung
va duoc Trung tam Kiém soat va Phong ngtra dich bénh khuyén khich sir dung 1am chit xua
dudi con trung, ddc biét 1a chdng mudi trong nude ciing nhu trén thé gigi. Trong bai bao
nay, nhom téc gia trinh bay phuong phap tong hop va xac dinh diéu kién toi vu dé diéu ché
hoat chét diethyltoluamide tir axit 3-methyl benzoic. Sir dung tic nhan clo hoé 1a SOCIy,
quy trinh diéu ché dugc thuc hién dé& dang trong diéu kién phan ung ém diu va
diethyltoluamide thu dugc v6i hiéu sut dat 92%, quy mé dat trén 500 gam/mé.

Tir khéa: Diethyltoluamide; axit 3-methyl benzoic; chdt xua dudi con tring.

1. Mé dau

Mubdi 1a mot loai sinh vat ¢é sirc sinh s6i manh mé trong nhiéu méi truong song
khac nhau. Chiing xuat hién phan 16n tai nhitng qudc gia trén thé gidi nhu chau A, chau
Phi... ddc biét 1a nhitng noi c6 d6 4m va nhiét do cao, trong d6 c6 Viét Nam. Theo T
chic Y té Thé gisi (WHO), mudi 1a nguén truyén nhiém bénh nguy hiém nhat, 1ay
nhiém céc loai bénh cho hon mét ti ngudi va lam chét hang triéu ngudi moéi nim. Mudi
giy ra cac dich bénh nguy hiém nhu sot rét, sot xuat huyét, bénh vang da va gan day
nam 2015 1a gay ra dich virus Zika tai chdu My, chau Phi va mot s6 ving khac trén thé
gidi [1, 2]. Mot trong nhitng loai thudc chdng mudi hiéu qua nhat trén thi trudng hién
nay la diethyltoluamide (DEET), 14 thanh phan chinh trong céc san pham chéng mudi va
con trung. Co ché hoat dong cua DEET 1a cach ngan chin céac thyu thé khiru giac cta con
trung d6i voi 1-octen-3-ol, mot chat dé& bay hoi c6 trong mo héi va hoi thd ciia con
ngudi. DEET gay ra "mu" hodc "nham 1in" cic giac quan cta con tring mot cach hiéu
qua dé ban ning cin khong bi kich hoat béi cac hoa chat c6 trong mo hoi va hoi tho cua
con ngudi [3]. Ngoai ra, DEET c6 kha ning wrc ché hoat dong ctia enzim dan truyén than
kinh acetylcholine khién cho acetylcholine tich tu quéa nhiéu & cac khe khép than kinh,
gy nén té 1iét than kinh cua mudi ciing nhu con trung [4]. Mic du duoc sir dung rong
rdi nhung cho dén nay chua c6 nghién ctru tong hop hoat chit nay trong nudc va sb
luong cong bd vé hoat chat nay trén thé gidi rat han ché [5, 6]. Trong bai béo nay, nhém
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tac gia trinh bay phuong phap téng hop hoat chit nay tir 3-methylbenzoic bang hai
phuong phap khac nhau, nghién ctru tim diéu kién t6i wu phu hop véi diéu kién trong
nudce ciing nhu nghién ctiru kha ning nang quy mé diéu ché DEET.

2. Thyc nghiém

Tat ca cac hoa chat st dung déu cua hing Sigma Aldrich c6 do tinh khiét trén
98%. Cac phan tmg duoc thuc hién & diéu kién khan trong méi truong khi nito. Dung
mdi sir dung khan, tinh khiét déu duoc cit méi. Céc phan umg duoc thuc hién trong céc
binh cAu nhdm & nhiét d6 xac dinh c6 sir dung may khudy tir gia nhiét. Tién trinh phan
mg duoc theo ddi bang sic ky ban mong sir dung dung dich chét chi thi p-anisaldehit
hoiac dén UV-CAMAG budc séng 254 nm. Chat duoc tach va tinh ché bang phuong
phap sac ky cot SiO2 Across (0,040-0,063 mm). Pho cong huong tir hat nhan tH, 3C
NMR duge do trén may Brucker Avance 500 MHz va sac ky khi ghép khéi pho GC-MS
chup bang thiét bi Spectrometter LTQ Orbitrap XL™ tai khoa Ho4, Pai hoc Khoa hoc
Tu nhién, Pai hoc Qudc gia Ha Noi. Pho hong ngoai dugc chup bang méay Spectrum
Two (Perkin Elmer) tai b6 m6n Phong hda, Khoa Héa - Ly ky thuat, Pai hoc Ky thuat
Lé Quy bon.

T 5ng hop hoat chit DEET bting phwong phap 2 giai doan

Giai doan 1: 136 mg 3-methylbenzoic dugc hoa tan trong 40 mL ethanol khan.
Lam lanh hon hop v& 0°C r6i thém tir tr 5 mL H2S04 dic. Phan ung tiép tuc duoc khqu
¢ nhi¢t do nay thém 30 phut 1ol nang lén nhiét do phong. Sau khi khqu 0 nhiét do
phong thém 12 gio, thém tiép dung dich Na,COs bio hoa dé trung hoa axit. Chiét véi
etylaxetat (20 mL x 3 lan), 1am khan bang NaSO4 rdi cit quay chan khong thu duoc
chit rin khan. Tinh ché bang sic ky cot (hexan/ethylaxetat: 6/4) thu dugc 167 mg
DEET (hiéu suat 92%).

Giai doan 2: Phan tmg amit hoa tao DEET. Tu 167 mg este thu dugc ¢ giai doan 1
hoa tan trong n-hexan rdi thém tiép 60 mg diethylamine rdi khudy & nhiét d6 phong thém
12 gid cho dén khi hét cac chat tham gia phan tng (theo ddi tién trinh phan Gng bang sic ky
ban mong). Sau phan tmg, phan 1ap hdn hop san pham bang sic ky cot (hexan/ethyl axetat:
6/4) thu duoc san pham DEET 14 chét rdn mau tring (137 mg, 78%).

T 5ng hop hoat chit DEET bcing phwong phap 1 giai doan

Cho 136 mg axit 3-methylbenzoic (1 mmol, 1 dl), 73 mg diethylamine (1 mmol,
1 dl), 390 mg triethylamine (3 mmol, 3 dl) trong dung mdi phan ung vao binh cau day
tron c6 gia nhiét. Dung khudy tir tron déu hon hop, thém tiép tir tir tac nhan clo hoa.
Duy tri phan &ng & nhiét d6 thoi gian xac dinh, kiém tra tién trinh phan @ng bang sic ky
ban mong. Phan &ng két thic, cat quay bang may cat chan khong, thém dung dich muéi
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NaHCO; b&o hoa, roi chiét tach bang CH.Cl.. Pha hiru co dwoc thu hoi, 1am khé bang
NazSO4, 6 quay rdi tach bang sic ky cot (n-hexane/EtOAC: 6/4) thu duoc 176 gam san
pham 1a DEET. R¢ = 0.35 (hexane/EtOAc: 4/1). Pho IR v(cm™): 2972-2875, 1627, 1289,
1217. Phé *H NMR (500 MHz, CDCl3) & (ppm): 7.21-7.06 (m, 4H, ArH), 3.63-3.43 (m,
2H, NCHy), 3.47-3.18 (m, 4H, 2(NCHy)), 2.92 (s, 3H, ArCHs) 1.17-1.03 (m, 6H,
2(CH2CHa3)); Phd C NMR (125 MHz, CDCls) & (ppm): 171.5; 138.2; 123.1; 43.2;
39.1; 21.3; 14.2; 12.9. MS (EI, 70 eV) m/z: 190, 119, 91, 65.
3. Két qua va thao luin

Dau tién, phuong phap tdng hop hoat chit DEET 2 giai doan dugc tién hanh
nghién ctu. Phan tng este hoa duoc tién hanh gitra axit 3-methylbenzoic véi ethanol, sir
dung ethanol vira la tAc nhan vira 12 dung mdi phan tng. Sau khi dun héi luu véi xUc tac
axit H2SO4 dic trong 13 gio, este thu duoc véi hiéu suat 92%.

CHj CHgs

H,SO, d
©\ + CszOH 2 4 ©\
COOH COOC;Hs5

So d6 1. Phan iimg este hod giita axit 3-methylbenzoic véi ethanol.
Tiép theo, phan &ng giira este & trén véi diethylamine tao thanh hoat chat DEET,
san pham phan lap bang sic ky cot thu dugc hiéu suat 78%. Nhu vay, voi phuong phap
2 giai doan, hiéu suat tong cong tao thanh san pham DEET la 71,8%.
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Sor do6 2. Phan tng amit hod amin va este.

Phuong phap diéu ché DEET mot giai doan tryc tiép tir axit 3-methylbenzoic voi
tac nhan clo hoa la SOCI; va diethylamine trong dung mdi CH2Cl, dugc tién hanh thir
nghiém. Chi sau thoi gian 60 phat phan tng, thu dwoc san pham mong muén DEET voi
hiéu suat 80% (So d6 3).
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DEET
So dé 3. biéu ché hoat chat DEET bang phwong phdp mét giai doan.
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Két qua thu dugc cho thay ca hai phuong phap déu c6 kha ning diéu ché hop chét
DEET véi quy md phong thi nghiém véi hiéu suat tét. Tuy nhién, phuong phap 2 giai
doan can nhiéu thoi gian hon, hiéu suat thip hon va phai thuc hién phan Iap va tinh ché
ca san pham trung gian va san pham cudi do d6 hiéu qua khéng cao. Vi vy, trong
khuén khé nghién ciu, nhém tac gia lwa chon phuong phap 2 dé diéu ché hoat chit
DEET va tiép tuc nghién ciu khao sat cac yéu té anh huong dén hiéu suat dé tim diéu
kién ti wu tao thanh san pham mong mudn.

Tac nhan clo hoa anh hudng truc tiép dén hiéu suét tao thanh san phim va hai tac
nhan clo hoa l1a SOCI, va (COCI), duoc lya chon dé khao sat. Phan tmg déu duogc tién
hanh trong dung moi CH2Clz, ¢ nhiét 46 25°C, thoi gian phan trng 60 phut vai ti 1€ mol
giita axit : tic nhan clo hoa: amine 1 1:1:1. Két qua thu duoc cho thay ca hai tac nhan
nay déu rat hiéu qua cho phan tmg clo hoa, hiéu suit cuia phan tmg tuong tng 1a 80% va
83%. Tuy nhién, tac nhan (ClO), tao ra khi CO ddc va tac nhan nay khé bao quan do dé
bi phan huy ngay ¢ diéu kién thudong. Mit khac, SOCI, véi gia thanh ré hon, d& mua
cling nhu co thé bao quan ¢ nhiét d§ phong nén hiéu qua hon khi stir dung. Vi vay, tac
nhan clo héa SOCI, dugc lya chon sir dung dé nghién ctru tiép theo.

Qua khao sat, nhan théy dung mdi anh hudng truc tiép dén hiéu suit tao thanh san
pham DEET. Phan ung duoc tién hanh trong diéu kién ti 1& s6 mol giita axit
3-metylbenzoic, SOCI; va diethylamine 1a 1:1:1, thoi gian 60 phut tai cac nhiét d6 25°C
va trong cac dung méi khac nhau thu duge két qua nhu trong bang 1.

Bang 1. Két qua anh huong ciia dung méi dén hiéu sudt tao thanh DEET

Dung méi THF C,HsOH EtOAC CH3OH Aceton CH.CI,
Hiéu suat 74% 65% 72% 61% 76% 80%

DPéi voi cac dung moi phan cuc nhu ethanol, methanol hiéu suit tao thanh san
pham dat trung binh 61-65%. Diéu nay c6 thé giai thich do qua trinh solvat hoé cua cac
dung médi niy véi cac chat phan tmg manh lam giam kha ning tdn cong cia tic nhan
phan Gmg. Hon nita, cac dung mdi nay c6 kha ning phan tng v6i SOClz, lam giam nong
do6 ctia tac nhan clo hoa nén khi sir dung cic dung moi nay hiéu suét tao thanh san pham
khong cao. Nguoc lai, trong cac dung méi khong phan cuc nhu: THF, ethyl axetat,
axeton, CHxCl> phan mg xay ra thuan lgi hon, hiéu suit tao thanh san phém déu trén
70% (72-80%) va dat hiéu suat cao nhét 80% trong dung méi CH,Cla. Do d6, dung méi
CHaCl, duoc Iya chon dé tiép tuc tién hanh nghién ctru cho phan tmg diéu ché DEET.

Nhiét d6 c¢6 anh huong 16n, truc tiép dén hiéu suat cua phan tng. Phan tng duoc
tién hanh trong diéu kién: ti 18 s6 mol giita axit 3-methylbenzoic, SOCI. va diethylamine
14 1:1:1 trong dung m&i CH2Cl2, thoi gian 60 phuat va tai cac nhiét do khac nhau thu
dugc két qua nhu trong bang 2.
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Bang 2. Két qua anh huong cua nhiét do dén hiéu sudt tao thanh DEET
Nhiét do 0°C 25°C 50°C 75°C 100°C
Hiéu suat 35% 80% 88% 84% 55%

Hiéu suit thu dwgc san phdm DEET & cac nhiét d6 0°C, 25°C, 50°C, 70°C va
100°C lan luot 12 35%, 80%, 88%, 84% va 55%. Tir nhiét do 0°C hiéu suét phan tmg tao
thanh DEET ting dan dén cuc dai tai 50°C va dat 88%. Sau d6 tiép tuc ting nhiét d cua
phan tg thi thdy hiéu suat khong nhimg khong ting ma con giam do hop chat DEET
khong bén ¢ nhiét 6 cao, d& bi phan huy. Nhu vay, diéu kién t6t nhat cho phan tng 1a ti
1¢ s6 mol giita axit 3-metyl benzoic va diethyl amin 1a 1:1 trong dung mdi CHCly, thoi
gian 60 phut va tai nhiét d6 50°C.

Khao sat vé& thoi gian phan tng khi cac chat tham gia phan (mg c6 ti 1& s6 mol
gitra axit 3-methylbenzoic, SOCI, va diethylamine la 1:1:1 trong dung moi CHCl»,
nhiét d6 phan tmg 50°C theo cac thoi gian phan tng 1a 30 phut, 60 phat, 120 phat va
180 phut. Két qua thu duoc nhu trong bang 3.

Bdng 3. Anh hudng cua thoi gian phan iing dén hiéu sudt tao thanh DEET
Thoi gian 30 phut 60 phat 120 phat 180 phat
Hiéu suat 60% 88% 92% 85%

Nhan thay, ban dau khi ting dan thoi gian phan tng thi hiéu sut phan ung ting
dang ké va tang cuc dai dat 92% khi thuc hién phan mg trong thoi gian 120 phut.
Tuy nhién, néu kéo dai thoi gian phan @mg, hi¢u suét tao thanh hoat chat DEET giam do
san pham tao thanh bi phan huy trong diéu kién phan tng.

Nhu vay, diéu kién t6i wu thyc hién phan ung 1a: ti 1& s6 mol giita axit
3-methylbenzoic, SOCI va diethylamine 1a 1:1:1, thoi gian phan ung 120 phuat va 50°C,
trong dung moi CH,Cl, thu dugc hoat chat DEET véi hiéu suit cao nhat dat 92%.

Quy mb tong hop hoat chat DEET duoc tiép tuc nghién ctru ting 1én. Tir 408 gam
axit ban dau (3 mol) va diéu kién tdi wu & trén duoc ap dung, hoat chat DEET thu duoc
527 gam voi hiéu sudt dat 92%. Quy trinh thi nghiém dugc tién hanh 13p lai 3 1an déu
cho két qua on dinh véi quy mé dat trén 500 gam/mé va hoan toan cé thé tiép tuc nang
cao hon ntra.

Phd héng ngoai cua hoat chat DEET duoc thé hién nhu trong hinh 1 véi cac pic
dac trung nhu sau: Vi tri cac pic & 2972-2875 cm™ tng vé6i dao dong hoa tri cua lién két
C-H no (H lién két v6i C lai hoa sp®), pic 1724 cm™ g véi dao dong hod trj cua lién
két C=0, pic 1627 cm™ {mg vé&i dao dong hoa tri lién két doi C=C trong nhan thom,
pic 1217 cm™ tng véi dao dong hoa tri lién két O=C-N, pic 1289 cm™ tng véi dao dong
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ho4 tri lién két HoC-N. Cac vi tri pic trong ph6 IR hoan toan pht hop véi cong thirc ciu

tao ctia hoat chit DEET.

Céc tin hiéu proton thu dugc trong phd *H-NMR (Hinh 1) nhu sau: Céc pic tir
7.21-7.06 ppm ung véi 4 proton trong nhan thom; 2 pic chtra 2 proton tai vi tri 3.46 va
3.18 ppm twong tng v6i hai nhém CH; (ctia CH2-CHs) lién két truc tiép v6i N; nhom 3
proton tai 2.92 ppm tuong Gng véi nhém CHz gin truc tiép nhan thom; va 6 proton cua

2 pic tai 1.17 ppm va 1.03 ppm tng véi hai nhom CHz (ctia CH2-CH3).
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Trong phd cong hudng tir hat nhan *C-NMR ctia hoat chét (Hinh 2) thu dugc cac
pic dédc trung 171.5 ppm la ctia C trong nhom C=0; nhom céc pic 138.2-123.1 ppm ung
v6i cac C trong nhan thom; 2 pic tai 43.2 ppm va 39.1 ppm tng véi hai nhom CHp (cta
CHa,-CHs3); pic 21.3 ppm tng véi C trong nhém CHs gén truc tiép nhan thom va 2 pic
tai 14.2 ppm va 12.9 ppm tng véi hai nhom CH3z (ctia CH2-CH3) .

Nhu vay, phd *H-NMR va C-NMR cua san pham thu dwoc hoan toan phu hop
véi cu tric cia hoat chat DEET.

Phé khéi lugng cua hoat chit DEET diéu ché dugc co cac pic dac trung m/z tai
190, 119, 91, 65 hoan toan phu hgp véi manh phan tr [M-H] cling nhu cdc manh chira
nhan thom cua hoat chat DEET. Hon nita, trén sic ky d6 GC-MS ¢6 1 pic chinh tai thoi
gian Iuu 11,71 phut tng voi hoat chat DEET. Tir bang sd liéu ti 18 phan trim cac pic ¢6
trong hoat chét cho théy san phém thu duoc c6 do tinh khiét cao dat trén 99%.

Nhu vy, béng 3 phuong phap phé hién dai IR, NMR, GC-MS, chung minh dugc
cong thuc san pham dé tai diéu ché duoc 1a hoan toan phu hop véi cong thirc du kién.
Hoat chat DEET thu duoc v6i d6 tinh khiét ctia san pham trén 99%.

4. Két luan

Hoat chit DEET dugc nghién ciru tong hop tryc tiép tir axit 3-methylbenzoic bang
phuong phép mot giai doan va dugc khdo sat xac dinh diéu kién tdi wu cling nhu kha
ning nang cao cong suat quy trinh phan tng. Tac nhan clo hoa SOCI, cho thiy kha ning
phu hop cho phan tng. Véi ti 1¢ mol gitra axit 3-methylbenzoic : SOCI, : diethylamine
la 1:1:1, thoi gian phan ng 120 phat ¢ 50°C, trong dung mdi CH2Cl thu duge hoat chét
DEET véi hiéu suit cao nhat dat 92% vé&i quy mé cong suat trén 500 g/mé véi do tinh
khiét trén 99%. Quy trinh tong hop hoat chat DEET c6 kha ning ning cong suét cao
hon nira va nghién ciru ing dung 1am san pham chdng mudi va con tring s& duoc tién
hanh ¢ giai doan tiép theo.
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STUDY ON THE SYNTHESIS OF DIETHYLTOLUAMIDE
AS INSECT REPELLENTS

Abstract: Diethyltoluamide is evaluated as effective insect repellents with no side effects
and recommended by the Centers for Disease Control and Prevention, to be used as insect
repellents, especially mosquitoes, in Vietnam as well as in the world. In this paper, we present a
synthesis method including the optimal conditions to prepare the bioactive molecule
diethyltoluamide from 3-methyl benzoic acid. Using SOCIl, as a chlorinating agent, the
procedure is simple, under mild reaction conditions, the desired diethyltoluamide is obtained in
excellent yield up to 92% with the scale is over 500g/batch.

Keywords: Diethyltoluamide; axit 3-methyl benzoic; insect repellents.
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