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NGHIEN CUU TONG HQP MOT SO DAN XUAT UREA
BANG PHUONG PHAP HO TRQ VI SONG
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ABSTRACT

Substituted ureas have found widespread applications as pharmaceutical and agricultural
products, additives to petroleum products,... 4-Nitrophenylchloroformate has been known
to be a useful alternative to phosgene for the carbonylation of amines to carbamates and
subsequently to urea derivatives. Under microwave irradiation conditions, symmatric and
asymmatric disubstituted ureas have been successfully prepared from n-butylamine, sec-
butylamine, tert-butylamine and benzylamine, using 4-nitrophenylchloroformate as the
carbonylating agent. In all studied cases the obtained yields were equally high while a
significant decrease in the reaction time was observed compared to that under non-
microwave irradiation conditions.
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Title: Studies on Microwave-Assisted Synthesis of Urea Derivatives
TOM TAT

Cdc dan xudt urea dwoc g dung rong rdi trong nhiéu linh viec nhw dwoc pham, nong
nghiép, chat phu gia cho xang dau,... Hop chat 4- -nitrophenylchloroformate dwoc biét la
mét tac nhan carbonyl héa hiéu qua thay thé cho ) phosgene trong tong hop carbamate va
dan xuat urea. Duwéi tdc dong ciia vi séng, cac dan xudt urea doi xieng va bat doi xing da
dwge tong hop thanh céng tr n-butylamine, sec-butylamine, tert-butylamine va
benzylamlne s dung 4-nitro- phenylchloroformate nhu la tac nhan carbonyl hoa. Trong
tat ca cac truong hop khdo sat, hiéu sudt phan vmg dat dwoc cao twong duong so voi
trieong hop khéng cé g dung vi séng nhung thoi gian phdan teng gidm ddng ké.

Tir khéa: din xudt urea, carbamate, tong hop vi séng, carbonyl héa

1 PAT VAN PE

Ngay nay, dan xuét urea 14 mot trong nhitng hop chét phd bién va duoc img dung
rong rai trong cudc sdng nhu ding lam chat khang nam, khang vi it do c6 hoat
tinh sinh hoc manh (D. J. Kempf et al., 1991); 1a nguyén li¢u san xuit thudc bao vé
thuc vat trong nganh nong nghiép, 1a chat phu gia trong xang diu, my pham
(Goodman G. et al., 1980),...

Céac phuong phap truyén théng tong hop urea tir amine thuong st dung cac chit
doc hai va co tinh dn mon cao nhu phosgene (Hegarty, 1995) va ciac dan xuét
phosgene (Keisha-Gay Hylton, 2004), isocyanate,... Bén canh do, cac phuong phap
tong hop nay can thoi gian phan tng kha dai, nhidu san pham phu va hiéu suét
thuong khong cao.

1K hoa Khoa hoc Ty nhién, Trudng Pai hoc Can Tho

20



Tap chi Khoa hoc 2010:13 20-26 Truong Pai hoc Can Tho

Téng hop hiru co véi sy hd tro cua vi song duge biét 1 mot phuong phap tong hop
hiéu qua, giup giam thiéu dang ké thoi gian phan tng, giam lugng tic cht ciing
nhu dung moéi sir dung, it san pham phu va do d6 dap tmg dugc nhitng tiéu chi caa
nganh hoa hoc xanh (Brittany L.Hayes, 2004).

D3 c6 mot sb cong trinh nghién ctru img dung vi song trong tong hop cac din xuat
urea thé mot 1an hodc nhiéu lan, d6i xtmg hoic bat ddi xung (Alan R. et al., 2003).
Tuy nhién, cac phuong phap nay cing con nhimg han ché nhat dinh nhat la trong
tong hop dan xuét urea bat ddi xung.

Nhitng nghién ctu gin diy cho thay 4-nitrophenylchloroformate la tac nhan
carbonyl hoa hitu hiéu amine trong téng hop dan xuét urea mot 1an thé (Qi Liu et

., 2001). Phuong phap tong hop nay tao ra san pham trung gian carbamate bén
trong moi trudng nudc. Hiu sudt phan tng dat rat cao trong treong hop amine bac
mot, amine bac hai va ca amine cé tinh than hach yéu nhu aniline. Tuy nhién,
phuong phap nay phai st dung luong khé 16n dung moi doc hai (dichloromethane
— CHCly) va thoi gian phan ing kha dai (6 gio).

Nham muc tiéu gidm thi€u thoi gian phan ing va gidm lugng dung moi doc hai su
dung, chling t6i tién hanh nghién ctru phuong phap tong hgp cac dan xuat urea hai
lan thé do1 xting va bat do1 xuing tir cdc amine bac mot vdi sy ho trg cia vi song.

2 PHUONG PHAP NGHIEN CcUU

Trong nghién ctru nay, cic dan xuit urea dugc tong hop tir cac amine bac mot véi
tdc nhan carbonyl hoa la 4-nitrophenylchloroformate (4-NPCF) 1 dudi sy ho tro
cua vi song (So do 1).

OzN O,;N
\O\ 0 R;NH, o) R,NH, o)
Pyridine Et;N )}\
A, e B A

€l chyel, 0" "NHR; "CH,CI, N

Microwave Microwave
1 2 3

So d6 1: Tong hop din xuit urea qua trung gian carbamate

Qua trinh téng hop trai qua 2 giai doan. Trong giai doan thtr nhat, cac amine bac
mot dugc cho phan ung véi 4-NPCF 1 trong dung mdi CH2Cl> khan c¢6 mat
pyridine v&i sy hd tro ciia vi song tao thanh hop chat trung gian carbamate 2. Day
thudc loai phan ung thé than hach ctia din xuat acyl. Pyridine trong phan @mg nay
dong vai tro 1a mot chét xuc tac. Ngoai ra, pyridine con tao méi trudng base gitp
trung hoa luong HCI sinh ra trong phan tng.

Giai doan tht hai 13 giai doan chuyén héa carbamate thanh cac dan xuat urea.
Carbamate 2 sau khi tinh ché cho phan tmg tiép tuc véi cac amine trong dung moi
CH.Cl, khan c6 mit cta triethylamine (Et;N) dé tao thanh urea hai lan thé ddi
xtng hay bat d6i xing. Pay ciing thudc loai phan tng thé than hach cua din xuét
acyl voi tac nhan than hach la amine. Trong phan Ung nay, tuy vao loai amine
tham gia phan tng s& tao thanh urea hai 1an thé d6i xtmg hay bat ddi xtng.
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Céc yéu td co thé anh huong dén hiéu sudt phan Ung cta ca hai giai doan bao gom:
ti 16 mol tac chit phan tng, thoi gian phan tmg, nhiét do phan tng, cong suit chiéu
cta 10 vi séng, loai amine, loai dung méi,... Trong gi6i han cua dé tai nay, ching
t6i chi tap trung khao sat diéu kién nhiét do va thoi gian phan u:ng g véi bon loai
amine sir dung la benzylamine, n-butylamine, sec-butylamine va tert- butylamine.
Tién trinh phan img dugc theo doi bing sic ky 16p mong (TLC). San pham trung
gian carbamate va dan xuét urea dugc tinh ché bang sic ky cot silica gel. Cau trac
clia cac san pham duoc xac dinh bang cac phwong phép phd nghiém hién dai nhu
IR, IH-NMR, *C-NMR, DEPT.

3 KET QUA VA THAO LUAN

Phan tng duoc thue hién véi thiét bi vi song (CEM Discovery, cong suat chiéu xa
t6i da 12 300W, tan sd 50/60 Hz), trong binh phan tmg kin c6 thé tich 10 mL. Cac
dir liéu pho 'H-NMR, 3C-NMR, DEPT duoc ghi trén may Bruker Advance 500
MHz (Vién Cong Ngh¢, 18 Hoang Quéc Viét, Cau Giay, Ha Néi) Do dich chuyén
hoa hoc, 3, dugc tinh bang ppm; hang sé ghép cip, J, tinh bang Hz. Cac hoa chat
sir dung déu c6 xuat xir Merck, Prc.

3.1 Tong hop chit trung gian carbamate

Chung toi tién hanh tong hop chét trung gian carbamate tir 4-NPCF va bon loai
amine la benzylamine, n-butylmine, sec-butylamine va tert-butylamine. Qua trinh
thuc hién phan tng nhu sau: Cho vao binh phan mg cta thiét bi vi song (10 mL)
lan lugt 2 mL CHCl, khan; 1 mmol pyridine va 2 mmol amine. Lic ky dé hoa tan
hoan toan amine. Sau d6 tiép tuc thém vao 1 mmol 4-NPCF. Day nap binh phan
mg va thuc hién phan ing & cong suat chiéu 1a 50W. Cac khoang nhiét d6 khao
sat bao gém 50°C, 60°C, 70°C, 80°C va 90°C. Cac khoang thoi gian khao sat bao
gom 30 phut, 40 phut, 45 phdt va 50 phat. Tién trinh phan tmg duoc theo ddi bang
sac ky 16p mong voi hé dung moéi giai ly la hexane: CH,Cl; = 1:4. Sau khi két thic
phan ng, hdn hop dugc pha lodng voi 10 mL CH2Cl, va rira 1an luot v6i dung
dich NaHCO3 1M (10 mL), nudc cat (10 mL) va dung dich NaCl bdo hoa (10 mL).
Dung dich sau rira dugc lam kho béng Na>S0; khan, loc va ¢6 dudi dung moi béng
thiét bi c¢6 quay chan khoéng thu dwgc san pham carbamate thd. San pham
carbamate dugc tinh ché bang sic ky cot silica gel véi hé dung moi rira giai
hexane:CH2Clo=1:9. Cac san pham sau khi tinh ché 1a cac chit ran c6 dang tinh thé
hinh kim khong mau. Két qua tong hop cac chit trung gian carbamate dugc trinh
bay trong bang 1.

Két qua tur bang 1 cho thdy, trong giai doan tong hop carbamate, yeu t6 chudng
ngai 1ap the duong nhu dong vai trd quyét dinh. Ung véi thoi gian tong hop tot
nhat cia mdi amine thi cac amine it chudng ngai lap thé nhu n-butylamine va sec-
butylamine cho hiéu suat tong hop kha tot. Khi mic do cong kénh cia tic chat
tang nhu trong truong hop cua tert-butylamine thi hiéu qua tong hop giam han.
Mot diém dang luu ¥ 1a trong tat ca cac truong hop khao sat, phan tmg dugc hoan
thanh trong thoi gian kha ngan. Trong trudng hop benzylamine, dudi sy trg giup
ctia vi séng, thoi gian dé phan tng xay ra hoan toan 1a 20 phut trong khi phai can
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dép 6 gio dé chuyén hoa hoan toan benzylamine thanh carbamate twong ung trong
diéu kién thong thuong (Qi Liu et al., 2001).

Bang 1: Két qua tong hop carbamate

O,N
O RlNH2
)J\ )J\ Ry
o~ I CH2C|2
2a-d

1 Pyridine
Ri Nhiét do Thoi gian Hiéu suit
2a: Benzyl 80 20 64
2b: n-Butyl 80 50 72
2¢: sec-Butyl 140 20 64
2d: tert-Butyl 100 30 39

3.2 Tong hop din xuit urea

Tir cac san pham trung gian carbamate vira tong hop dugc, dé tai tiép tuc khao sat
diéu kién chuyén hoa carbamate thanh din xuat urea dudi tic dung cua vi song.
Qua trinh thue hién phan tng nhu sau: San pham 4-nitrophenyl carbamate (2a-d,
0.5 mmol) duwoc lan luwot cho phan ung véi n-butylamine, benzylamine,
tert-butylamine va sec-butylamine dé tao thanh cac dan xuat urea ddi xing va bat
d6i xtng twong tmg. Trong mdi truong hop déu tap trung khao sat hai yéu té 1a
nhié¢t d6 va thoi gian phan ing. Phuong phap khao sat cing tuong tu nhu giai doan
tong hop carbamate: co dinh ti 1€ mol amine:carbamate:triethylamine = 2:1:1, cdng
suat chiéu cua 1o vi song 1a S0W. Cac khoang nhiét do khao sat bao goém 40°C,
50°C, 55°C, 60°C va 65°C. Cac khoang thoi gian khao sat bao gbm: 3 phut, 5 phut,
8 phut va 10 phat. Mtc d6 chuyén héa cua phan ting dugc theo ddi bang sic ky
ban mong (hexane:ethyl acetate = 1:2). Hon hop sau phan g duge pha loang voi
10 mL CHzCIz, rira bang dung dich NaOH 10% (2 x 20 mL), sau d6 tiép tuc rira
v6i nude cat (2 x 20 mL) va bang dung dich NaCl bdo hoa (20 mL), lam kho bang
Na2SOs khan, loc va loai dung méi bang thiét bi ¢6 quay chan khong thu dugc san
pham tho. San pham dugc tinh ché bang sic ky cot vdi hé dung moi giai ly 1a 5%
CH3OH trong CH2Cl,. Két qua duoc trinh bay trong bang 2.

Tir nhitng két qua trong bang 2 cho thiy hiéu suat urea thu dugc kha cao trong da
sO trudng hop. Déc biét thoi gian phan g giam dang ké so véi khi thuc hién phan
Ung trong diéu kién khong str dung vi song. Chi trong thoi gian khoang 5 phut, hau
nhu tit ca cac carbamate déu da chuyén hoa hoan toan thanh dan xuét urea tuong
tmg. Dan xuat N-benzyl-N'-tert-butylurea dugc tong hop véi hidu suat 1a 87%
trong vong 3 phut trong khi dé thuc hién phan tmg nay & diéu kién thong thuong
phai can thoi gian 1a 30 phut (hiéu suat 91%) (Qi Liu et al., 2001). Mit khac, trong
ca hai giai doan tong hop, luong dung moéi CH,Cly st dung ciing it hon so véi
trong diéu kién thong thuong.
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Bang 2: Két qua tong hop din xuit urea

OoN
2 ? R,NH i
)1\ Ry — Rl\N N/Rz
O N CH,CI,

H EtsN H H
2a-d 3e-n
R1 Nhiét 4o Thoi gian Hiéu suat Rz

3e:  Benzyl 60 3 89.2 Benzyl
3f:  Benzyl 60 5 70.3 n-Butyl
3g: Benzyl 60 3 49.3 sec-Butyl
3h: Benzyl 80 3 86.9 tert-Butyl
3i:  n-Butyl 70 5 84.2 n-Butyl
3j:  n-Butyl 70 3 915 tert-Butyl
3k: tert-Butyl 80 5 - tert-Butyl
3l:  sec-Butyl 60 5 81.2 sec-Butyl
3m: sec-Butyl 60 8 55.6 tert-Butyl
3n: sec-Butyl 60 3 80.1 Benzyl

Céiu tric cia cac san phim urea tong hop dugc déu dugc xac dinh bang céac
phuong phap phd nghiém hién dai IR, 'H-NMR, 3C-NMR va DEPT. Cac két qua
déu phu hop vai dit liéu phd da duoc cong bd (K. Orito et al., 2006) va dugc trinh
bay tom tit nhu sau:
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4-Nitrophenyl butylcarbamate (2b): (Rf = 0.56, hexane:CH2Cl,= 1:9)
'H-NMR (500 MHz, CDCls): & 8.23 (d, 2H, J = 9 Hz, CH-benzene), 7.31
(d, 2H, J = 9 Hz, CH-benzene), 5.12 (br, 1H, NH), 3.28 (g, 2H, J=7 Hz,
NHCH>), 1.60-1.55 (m, 2H, NHCH.CH>), 1.43-1.38 (m, 2H, CH2CH?3), 0.96
(t, 3H, J=7.5 Hz, CH3). 3C-NMR (500 MHz, CDCls): § 156.12 (C=0), 153.11
(C-Benzene), 125.11 (CH-benzene), 121.92 (CH-benzene), 41.17 (N-CHy),
31.81 (NCH2CH?>), 19.91 CH2CHs), 13.67 (CHa).

1,3-Dibenzylurea (3e): (Rr = 0.63, hexane:ethyl acetate = 1:2), IR (KBr, cm™):
3327, 1625, 1574, 1248, 701; H-NMR (500 MHz, CDCls): & 7.24-7.32
(m, 10H, benzene), 4.65 (br, 2H, 2NH), 4.37 (d, J= 6 Hz, 4H, -2CH>);
13C-NMR (500 MHz, CDCls): & 155.988 (C=0), 137.475 (C-Benzene),
128.945 (CH-benzene), 128.006 (CH-benzene), 127.753 (CH-benzene),
125.129 (CH-benzene), 121.935 (CH-benzene), 45.511 (CHy).

Benzyl-n-butylurea (3f): (R = 0.64, hexane:ethyl acetate = 1:2), IR (KBr,
cm): 3352, 2932, 2875, 1625, 1593, 1272, 697; *H-NMR (500 MHz, CDCls):
§ 7.27-7.34 (m, 5H, benzene), 4.56 (br, 1H, NH), 4.37 (d, J= 5.5 Hz, 2H,
-CHy), 4.25 (br, 1H, NH), 3.17 (q, J= 7 Hz, 2H, -CHy), 1.49 - 1.43 (m, 2H,
-CHa), 1.35 - 1.29 (m, 2H, -CH?>), 0.91 (t, J = 7 Hz, 3H, -CH3); 3C-NMR (500
MHz, CDClz): 6 158.07 (C=0), 139.21 (C-Benzene), 128.69 (CH-benzene),
127.52 (CH-benzene), 127.39 (CH-benzene), 44.73 (CH:-benzene), 40.46
(CH>), 34.11 (CHy), 32.26 (CH>), 13.75 (CHsa).

Benzyl-tert-butylurea (3h): (Rt = 0.72, hexane:ethyl acetate = 1:2), *H-NMR
(500 MHz, CDCl3): 6 7.33-7.23 (m, 5H, benzene), 4.45 (br, 1H, NH), 4.31
(d, 2H, Ph-CHz, J=6 Hz), 4.21 (br, 1H, NH), 1.32 (s, 9H, (CHa)s).
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13C-NMR (500 MHz, CDCls): § 157.30 (C=0), 139.46 (C-Benzene), 128.66
(CH-benzene), 127.56 (CH-benzene), 127.31 (CH-benzene), 50.57 (C(CHs)s3),
44.60 (Ph-CHy), 29.57 (C(CHa)s).

- Benzyl-sec-butylurea (3g): (Rt = 0.66, hexane:ethyl acetate = 1:2), H-NMR
(500 MHz, CDCls): 6 7.33-7.24 (m, 5H, benzene), 4.56 (br, 1H, NH), 4.35
(d, 2H, Ph-CH2, J =5.5 Hz), 4.09 (br, 1H, NH), 3.69-3.66 (m, 1H,
CoHsCHCH3), 1.45-1.39 (m, 2H, CHCH2(CHs), 1.09 (d, 3H, J =7 Hz,
CH-CHBs), 0.88 (t, 3H, J=7.5 Hz, CH.-CH3). *C-NMR (500 MHz, CDCls):
6 157.63 (C=0), 139.35 (C-Benzene), 128.69 (CH-benzene), 127.53
(CH-benzene), 127.38 (CH-benzene), 47.77 CoHsCHCHs), 44.77 (Ph-CHy),
30.26 (CHCH2CHs), 21.05 (CHCHB3), 10.24 (CH2CHs).

- tert-Butyl-sec-butylurea (3m): (Rt = 0.71, hexane:ethyl acetate = 1:2),
'H-NMR (500 MHz, CDCls): & 4.03 (br, 1H, NH), 3.83 (br, 1H, NH),
3.63-3.58 (m, 1H, CoHsCHCHB3), 1.48-1.38 (m, 2H, CHCH>(CH3), 1.33 (s, 9H,
(CHs)3), 1.09 (d, 3H, J =6.5 Hz, CH-CH3), 0.90 (t, 3H, J=7.5 Hz, CH2-CH3).
BC-NMR (500 MHz, CDCls): & 157.18 (C=0), 50.31 (C(CHzs)s), 47.35
(CoHsCHCH3), 30.38 (CH2), 29.64 (C(CHs)3), 20.99 (C2HsCHCHy),
10.31(CH3CH2CHCH3).

- 1,3-Dibutylurea (3i): (Rr = 0.61, hexane:ethyl acetate = 1:2), *H-NMR (500
MHz, CDCls): 6 4.15 (br, 2H, 2NH), 3.17-3.14 (m, 4H, 2NHCH>), 1.51-1.45
(m, 4H, 2CH>), 1.37-1.33 (m, 4H, 2CH>), 0.93 (t, J= 7.5 Hz, 6H, 2CHy).

— 1,3-Di-tert-butylurea (3k): *H-NMR (500 MHz, CDCls): & 3.97 (br, 2H,
2NH), 1.31 (s, 18H, 2(CHa)a).

4 KET LUAN

Téng hop voi sy hd trg vi séng thuc sy 14 mot phuong phap tong hop hiéu qua
gitip giam thiéu dang ké thoi gian phan tng ciing nhu lugng dung méi st dung. Dé
tai da budc dau thiét 1ap phuong phéap tong hop dan xuat urea hai lan thé doi xtng
va bat ddi xting bang phuong phap vi song, st dung 4- -nitrophenylchloroformate
[am t&c nhén carbonyl hda amine. Theo phuong phéap nay, tm dan xuét urea hai
lan thé dbi xtmg va bat ddi xing da duoc tong hop véi hiéu suat kha cao tir bon
amine la n-butylamine, tert- -butylamine, sec-butylamine va benzylamine. Nghién
clru (101 vGi cac amine c6 dic diém cdu trac khac dic biét 1a amine bac hai dang
duoc tiép tuc thuc hién nham hudng téi thir tng dung phuong phép nay trong tong
hop enzyme DMP 323 va DMP 450, mot trong nhiing hoat chat co kha ning trc
ché virus HIV (Keisha-Gay Hylton, 2004).
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