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TONG HOQP VA XAC PINH CAU TRUC MOT SO CARBOXYLIC ACID
CO CHUA DI VONG BENZOTHIAZOLE TU ALDEHYDE THOM

Nguyén Thi Ngoc Mait, Vit Hong Nam?, Binh Ngoc Thirc, Trinh Ngoe Cuong?
TOM TAT

Trong bai bao nay, ba hop chat carboxylic acid 7A1, 7A2, 7B1 c6 chiza di vong
benzothiazole da dwoc tong hep thanh cong tir cac chat dau 1a 4-hydroxylbenzaldehyde va
vanillin thdng qua 6 giai doan phan ung. Trong do, giai doan dong vong benzothiazole cd
hé tror chiéu xa vi séng da rat ngan thoi gian va nang cao hidu sudt cia phan #ng. Cdu tric
cua ba carboxylic acid 7A1, 7A2, 7B1 duoc xac dinh chinh xac thdng qua cac phuong phap
phé hién dai nhu NMR va MS.

Tur khoa: Aldehyde thom, benzothiazole, carboxylic acid, 10 vi song.
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1. PAT VAN BE

Benzothiazole (1) 1a hop chét di vong ngung tu gdm 1,3-thiazole gin véi vong
benzene. Hi¢n nay, cac dan xuit benzothiazole dang nhan dugc nhiéu sy quan tam cua cac
nha khoa hoc vi nhitng tmg dung ctia nd trong cac nganh cong nghiép hoa chit va dugc
pham [1]. Mot s6 hop chat chira di vong benzothiazole di tro thanh thude thuong mai nhur:
Riluzole (2) dugc sir dung dé diéu tri bénh nhan méc chimg xo cliing teo co mot bén,
Zopolrestat (3) dwoc sir dung dé didu tri bénh da day than kinh do tiéu dudng,
Ethoxazolamide (4) dugc st dung dé diéu tri tang nhan ap, say do cao, mot $6 dang dong
kinh va tinh trang phu né do suy tim [2+3]. Ngoai ra, nhiéu nghién ctru da chimg minh cac
dan xuit ciia benzothiazole co kha ning (rc ché virus (ddc biét 1a HIV-1) [4], khang viém
[5], chong khéi u [6], khang khuan [7], khang nam [8] ... Pang chii y, mot s6 dan xuit cua
benzothiazole c6 hoat tinh kich thich sinh truéng thuc vat trén mdt sb giéng lta, ngd, dau
nhu cac chat 5, 6 va 7 [9-11]. Piém chung ctia cac hop chit nay vé mat ciu tao 1a chung gom
3 hop phan: dong vong thom (benzene, naphthalene); di vong thom (indole, quinoline,
pyridine); gbc carboxylic (-COOH) hodc —(CH2)nCOOH hoic —~O—(CH2)sCOOH tuong tir
chat kich thich sinh trudng thyc vat loai auxin (8) [12]. Duya trén co so khoa hoc nay, nghién
ctru tap trung thiét ké va tong hop day carboxylic acid chira di vong benzothiazole nham tim
kiém céc hoat chat kich thich sinh trudng thuc vat moi. Bai viét nay trinh bay phuong phap
tong hop va xac dinh cau tric mot s carboxylic acid c6 chtra di vong benzothiazole duoc
tong hop thanh cong tir 4-hydroxylbenzaldehyde va vanillin. Cau tric cua cac carboxylic
acid dugc xac dinh chinh x4c théng qua cac phuong phap phd hién dai NMR va MS.
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Hinh 1. Mgt s6 din xuit ciaa benzothiazole c6 hoat tinh sinh hoc

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit va thiét bj

Hoa chat: vanillin, 4-hydroxybenzaldehyde, acetic acid, nitric acid, o-
aminothiophenol, ethanol, sodium dithionite, potassium hydroxide, hydrochloric acid, co
xudt x{r Viét Nam, Trung Qudc va Merck.

Thiét bi: Ph6 cong huong tir hat nhan (NMR) duoc do trén may Avance Bruker 500
MHz (*H NMR) va 125 MHz (**C NMR), trong dung mdi DMSO-ds & nhiét d6 phong, do
tai Vién Hoa hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Pho khéi luong ESI —
MS dugce do trén may LQT Orbitrap XL trong dung m6i CHsOH. Lo vi song dan dung duoc
str dung hd trg trong mot vai giai doan tong hop.

2.2. So' dd téng hop cac chit

Céc chat duoc tong hop theo So dd 1 va dua theo tai liéu [13].
H,N

s
HNO3 HS
H A9y H
OOCHO CH3;COOH OOCHO Microware N/ o
1A:R=H ONsA R =H 3A:R=H NO,
1B: R = OCHg3 2B: R = OCHg 3B: R = OCHg; R
R s
S
_Na25204 (j‘: P OH CH3COOH E;‘:N/ OH
erson N NH—C—CHs
AA: R=H NH> 5A: R=H Pt
4B: R = OCHgs 5B: R = OCHj;
R R @) R R (@)
DMF, K,COg, Nal s 1 2, 1.KOH s 1
Ry Iij‘: 7 o o—/ 2.Hcl Iij‘: 2 o O—-H
HN—C-CHs HN—C—CHjs
© 6Al1: R=H,R;=H,X=Cl O 7A1: R=H,R;=H,X=Cl O
6A2: R = H, Ry = CHj3, X = Br 7A2: R=H, R; = CHz, X =Br
6B1: R = OCHjs, R1=H, X =ClI 7B1: R = OCHg, R1=H, X =CI

So dd 1. So' db tdng hep cac carboxylic acid cé chira di vong benzothiazole
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2.3. Tong hop cac chat
2.3.1. Tong hop 24, 2B

Tong hop 24: Dung dich HNO3 dic (2,5 ml) duoc nho tir tir vao binh cau 4 g 4-
hydroxybenzaldehyde va 50 ml acid acetic & 0-5°C trong 30 phit. Hon hop phéan tng tiép tuc
duogc khudy ¢ nhiét d6 phong thém 30 phit, sau d6 gia nhiét 1én 80°C cho dén khi c6 khi mau
nau do thoat ra thi dimg lai. Hon hop phan tmg dugc thém 50 ml nudc lanh ¢6 chit rin mau
vang nhat tach ra. Loc, rua chét ran nhiéu lan véi nudc lanh dén pH =6 + 7 va 1am kho thu
duoc chat rén, dang bot min, mau vang nhat, ky hiéu 2A (4-hydroxy-3-nitrobenzaldehyde),
higu sut dat 80%.

Téng hop 2B: Nho tir tir 2,5 ml dung dich HNO3 dic vao binh cdu chira 5 g vanillin va
50 ml acetic acid & 0-5°C trong 30 phat. Hén hop dwoc khudy & nhiét do phong trong 60
phut thi dimg phan @mg. Chét rdn dugc loc va rira nhiéu 1an véi nudce lanh cho dén pH =6 +
7 va lam kho thu dugc dugc nitrovanillin, ky hiéu 2B (4-hydroxy-3-methoxy-5-
nitrobenzaldehyde), hiéu suat dat 85%.

2.3.2. Tong hop 34, 3B

Tron déu hon hop gdm 2A hoic 2B (3,3 mmol) VO’l 2- amlnothlophenol (3,3 mmol,
0,35 ml) trong cbc thuy tinh dung tich 100 ml. Bit kin cbc va chiéu xa vi song trong thoi
gian tir 6-8 phut. Chét ran thu dugc, két tinh trong ethanol tuyét dbi, thu dugc tinh thé mau
vang cam, ky hiéu 3A (4-(benzo[d]thiazol-2-yl)-2-nitrophenol) hoac 3B (4-
(benzo[d]thiazol-2-yl)-2-methoxy-6-nitrophenol), hi¢u suat dat 92-96%.

2.3.3. Tong hop 44, 4B

2 mmol 3A hodc 3B dugc hoa tan hoan toan trong binh cau chtra 20 ml ethanol. Cho
tur tir 2,1 gam NaxS>04 vao binh cau chira 3A hoic 3B di dugc hoa tan & trén. Hon hop dugc
dun hoi luu 6-8 gid dén khi dung dich phan img mat mau hoan toan. Loc nong hdn hop, bo
chat ran, 1y phan dung dich. Phan dung dich ¢6 can 1/3 thé tich, sau d6 cho thém nuéce lanh
thu duoc tinh thé hinh kim mau vang nhat, ky hiéu 1a 4A (2-amino-4-(benzo[d]thiazol-2-
yl)phenol) va 4B (2-amino-4-(benzo[d]thiazol-2-yl)-6-methoxyphenol), hiéu suat 85-87%.

2.3.4. Tong hop 54, 5B

Hdn hop gém 2 mmol 4A hoic 4B va 50 ml acetic acid dugce dun hoi luu trong 8 gio.
Hon hop phan ing dugc lam ngudi dén nhiét d6 phong thi co chét ran tach ra. Chat ran dugc
loc va két tinh lai trong ethanol tuyét ddi thu dugc tinh thé hinh kim mau hong nhat, ky hiéu
la  5A  (N-(5-(benzo[d]thiazol-2-yl)-2-hydroxyphenyl)acetamide) va 5B  (N-(5-
(benzo[d]thiazol-2-yl)-2-hydroxy-3-methoxyphenyl)acetamide), hiéu suat dat 78-80%.
2.3.5. Tong hop day ester 64, 6B
Hon hop gom 0,8 g K2COs, 0,4 ml CICH,COOC;Hs hoic CHsCH(Br)COOC;Hs (0,4
ml) va 0,6 g Nal duoc cho vao binh ciu chira 2 mmol hop chit 5A hoic 5B va 10ml DMF.
Khuéy hén hop ¢ 70°C trong khoang 3 gid. Hon hop san pham dugc loc dé loai chat ran, giir
phan dung dich. Lam bay hoi dung dich thu dugc chat rin mau tring va két tinh lai trong
ethanol thu duoc tinh thé hinh kim mau tring, ky hiéu 1a 6A1, 6A2 va 6B1, hi¢u suat >75%.
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2.3.6. Tong hop day acid carboxylic 741, 742, 7B1

Phuong phdp téng hop chung: Hop chat 6A1 hoic 6A2, 6B1 (3 mmol) duge cho vao
5 ml dung dich NaOH 1M (0,6 g NaOH, 15 ml H20). Hdn hop duoc khudy trong 1 gior &
nhiét 6 phong, sau d6 acid hoa bang dung dich HCI 5% dén pH = 6. Két tua tring tach ra
sau khi acid hoa duoc loc va két tinh lai trong MeOH, ky hi¢u la 7Al (7A2, 7B1), hi¢u suét
cac phan tng dat >90%.

Tong hop chat 2-(2-acetamido-4-(benzo[d]thiazol-2-yl)phenoxy) acetic acid (7A1)

Puoc thuc hién theo phuong phap chung, 6A1 (1,11g, 3,0mmol) duge thuy phan bang
dung dich NaOH & 80°C. Acid hoa dung dich sau phan {mg bang dung dich HCI (5%) dén
pH = 6. Chét ran thu dwoc dem két tinh trong ethanol thu dwoc tinh thé hinh kim, mau vang
(7A1, 0,929, 90%, mp: 272-273°C); *H NMR (500 MHz, DMSO-ds) ¢ (ppm): H2: 8,11 (d,
J=7,5Hz, 1H); H3: 7,44 (td, J = 8,0, 1,0 Hz, 1H); H4: 7,52 (td, J = 7,5, 1,0 Hz, 1H); H5:
8,02 (d, J = 8,0 Hz, 1H); H9: 7,76 (dd, J = 8,5, 2,0 Hz, 1H); H10: 7,11 (d, J = 8,5 Hz, 1H);
H13: 8,86 (s, 1H); H14: 4,88 (s, 2H); H12b: 2,16 (s, 3H); NH: 9,36 (s, 1H); 3C NMR (125
MHz, DMSO-ds) o (ppm): 134,2 (C1); 122,1 (C2); 125,1 (C3); 126,4 (C4); 122,4 (C5); 153,5
(C6); 167,0 (C7); 126,1 (C8); 123,0 (C9); 113,0 (C10); 150,1 (C11); 125,8 (C12); 120,0
(C13); 65,4 (C14); 169,8 (C15); 168,8 (C12a); 23,9 (C12b); ESI-MS m/z: 342,9 [M+H]"
(C17H1504N,S 343).

Tong hop 2-(2-acetamido-4-(benzo[d]thiazol-2-yl)-6- methoxyphenoxy) acetic acid (7A2)

Puoc thuc hién theo phuong phap chung, 6A2 (1,20g, 3,0 mmol) dugc thuy phan béng
dung dich NaOH ¢ 80°C. Acid hoa dung dich sau phan tng bang dung dich HCI (5%) dén
pH = 6. Chét ran thu dwoc dem két tinh trong ethanol thu dwoc tinh thé hinh kim, mau vang
(7A2, 1,00g, 90%, 356 g/mol, mp: 258-259°C). *H NMR (500 MHz, DMSO-ds) va *C NMR
(125 MHz, DMSO-ds) (Bang 1); ESI-MS m/z: 356,9 [M+H]" (C1sH1704N.S 357) va 354,8
[M-H] (C18H1504N>S 355).

Téng hop 2-(2-acetamido-4-(benzo[d]thiazol-2-yl)-6-phenoxy) propionic acid (7B1)

Pugc thyc hién theo phurong phap chung, 6B1 (1,20g, 3,0 mmol) duoc thuy phan bang
dung dich NaOH & 80°C. Acid hoa dung dich sau phan tmg bang dung dich HCI (5%) dén
pH = 6. Chét ran thu dugc dem két tinh trong ethanol thu duoc tinh thé hinh kim, mau vang
(7B1, 1,00g, 90%, mp: 282-283°C). *H NMR (500 MHz, DMSO-ds) & (ppm): H2: 8,15 (d,
1H); H3: 7,46 (td, J = 8,5; 1,5 Hz, 1H); H4: 7,53 (td, J = 7,0; 1,0 Hz, 1H); H5: 8,08 (d, 1H);
H9: 7,49 (d, J = 2,0 Hz, 1H); H13: 8,60 (s, 1H); H10a: 3,97 (s, 3H); H12b: 2,17 (s, 3H);
H14: 4,71 (s, 2H); NH: 9,88 (s, 1H); *C NMR (125 MHz, DMSO-ds) & (ppm): 134,2 (C1);
122,1 (C2); 125,1 (C3); 126,4 (C4); 122,5 (C5); 153,6 (C6); 167,0 (C7); 125,7 (C8); 113,6
(C9); 128,6 (C10); 149,8 (C11); 123,1 (C12); 120,0 (C13); 73,0 (C14); 172,6 (C15); 56,1
(C10a); 168,7 (C12a); 24,0 (C12b); ESI-MS m/z: 372,9 [M+H]" (C1sH170sN2S 373) va 370,8
[M-H] (C18H1505N2S 371).

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Tong hep

Quy trinh tong hop tir hop chat 1A dén 4A dugc thyc hién theo tai liéu tham khao [13-
14], v6i uu diém ndi bat 1a sa dung hd tro chiéu xa vi song ¢ giai doan dong vong
benzothiazole, trong diéu kién khong sir dung dung méi va chét xuc tac. Viée sir dung chiéu
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xa vi song dd lam cho phan tng xay ra trong thoi gian ngin va voi hiéu suat cao hon so voi
cac phuong phap dong vong benzothiazole thong thuong. Mat khac, viéc khong str dung
dung méi va chét xtic tac gitip tiét kiém chi phi, ddng thoi han ché chit thai ra méi truong
nén dap tng dugc yéu cau ciia tong hop héa hoc xanh. Quy trinh tong hop amine 4A tir hop
chat nitro twong Gmg 3A ciing di dugc cai tién so v6i tai liéu tham khao [14] nham tao ra
hop chit o-aminophenol 4A & dang tu do. O day, phan tng khtr duoc thuc hién trong moi
truong trung tinh, sit dung dung moi 14 ethanol tuyét ddi va tac nhan khir 1a Na»S;04. Uu
diém ciia phuong phap khir nay 1a san pham 4A thu duogc ¢ dang 0-aminophenol ty do, quy
trinh xtr Iy don gian, hiéu suét cao (75%), tic nhan Na,S,04 kha ré va d& kiém [15].

Tdéng hop hop chat 5A tir o-aminophenol 4A Ia quéa trinh acetyl hda nhém -NH, bang
cach dun hoi luu 4A véi AcOH. Ether 6A dugc tong hop thong qua phan mg Finkelstein
v6i xtc tac Nal va Ko2COs. O day c6 sy trao doi ion halide (CI va Br dugc thay thé bang I)
nén tao ra cac dan xuét alkyl iodide c6 kha nang phan tng manh hon so v&i alkyl chloride
va bromide. Piéu kién cua phan tng ciing dugc cai tién, cu thé 13 str dung dung méi DMF
thay thé cho dung moéi acetone di 1am cho phan mg xay ra d& dang hon va hiéu suét cao
hon. Piéu nay dugc giai thich 1a do diém s6i cia DMF cao hon acetone va DMF c6 kha ning
hoa tan chat phan tng tot hon [16].

3.2. Xac dinh céu truc

Céc tin hidu ciia proton va carbon dugc quy két thong qua viéc phan tich phd *H, °C
NMR va HMBC dua vao tai liéu [17]. Hop chat 7A2 dugc lua chon 1am chét dai dién dé
trinh bay chi tiét két qua phan tich phd dé xac dinh ciu triic, hai chat con lai 7A1 va 7B1
duoc suy ra tuong tu nhu 7A2. Dé thuén tién cho viéc quy két phé, cac tin hiéu C va H cta
7A2 dugc danh sb thir ty nhu cong thire 6 Hinh 2 va 3.

Theo cong thirc dy kién, hop chit 7A2 c6 cong thire phén tir 14 C18H16N204S (M=
356 amu) ung voi phé [M+H]" la C1gH17N204S (M/z = 357 amu) va phé [M+H] la
C1sH15sN204S (M/z = 355 amu). Két qua do phd (+) ESI-MS (Hinh 3) c6 pic m/z = 356,9
amu (100%) va phé (-) ESI-MS ¢6 pic m/z = 354.8 amu (100%). Do d6 cong thirc phén tir
ctia hop chit 7A2 nhu dy kién ban dau 13 chinh xac.

Trén phd *H NMR ctia hop chat 7A2 (Hinh 2) c6 day du tin hiéu cua cac proton. Tin
hi¢u ctia cac proton bao hoa (H12b, H14, H16) thé hién & vung 6 < 3 ppm. Cuy thé, tin hiéu
cua H12b la mdt van don, cuong do 3H ¢ 0 = 2,18 ppm; tin hi¢u cia H14 1la mdt van bon,
cuong d6 1H ¢ 6 = 2,18 ppm (J = 7,0 Hz); tin hiéu cia H16 la mét van doi, cuong d6 3H &
S =1,64 ppm (J = 6,5 Hz). Ving pho véi d6 chuyén dich hoa hoc § = 7 + 9 ppm 14 tin hiéu
clia cac proton thom. Dua vao d6 chuyén dich hoa hoc, hinh dang van phd va hing sb trong
tac spin — spin ¢ thé quy két nhu sau: tin hiéu cua H2 1 van d6i & & = 8,11 ppm (d, J = 8,0
Hz, 1H) do H2 ¢6 tuwong tac voi H3; tin hiéu cua HS 1a van d6i ¢ 6 = 8,02 ppm (d, J = 8,0
Hz, 1H) do HS ¢6 tuong tac voi H4; tin hi¢u ctia H3 1a van ba - d6i 6 6 = 7,43 ppm (td, J =
1,0 Hz va 8,0 Hz, 1H) do H3 ¢6 tuong tac voi H2 va H4; tin hiéu ctia H4 1a van ba - 461 6 &
= 7,52 ppm (td, J = 1,5 Hz va 7,5 Hz, 1H) do H4 c6 tuong tac v&i H3 va HS; tin hi€u cua
H9 1a mdt van d6i — doi ¢ 6 = 7,76 ppm (dd, J = 2,0 Hz va 8,5 Hz, 1H) do H9 c¢6 tuong tac
v6i H10 va H13; tin hi€u cua H10 1a mét van d6i ¢ 6 = 7,08 ppm (d, J = 8,0 Hz, 1H); tin
hi¢éu cua H13 1a mét van don & 6 = 8,86 ppm (s, 1H). Tin hi€u cong hudéng cua NH duogc
thé hién 1a mot van don, cudng d6 1H & & = 9,23 ppm.
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Dbi véi tin hiéu cong hudng ciia carbon ciia 7A2, dwa vao phd *C NMR co thé dé
dang quy két duoc cac tin hiéu C ¢ ving no: C12b (& = 24,0 ppm), C14 (5 = 73,0 ppm),
C16 (0 = 18,1 ppm) va 2 tin hi¢u C ctua 2 nhom carbonyl: C12a (6 = 168,7 ppm), C16 (6 =
172,6 ppm), con cac tin hi€u cdng hudng cua carbon vung thom (C1 + C13) phai dua vao
cac peak giao trén phd 2 chiéu HMBC (Hinh 3).

Tin hi¢u cta C6 (0 = 153,6 ppm) duogc xac dinh thong qua van giao cua H2 va H4;
tin hiéu ctia C1 (0 = 134,2 ppm) dugc xac dinh qua van giao ciia H3 va H5. Tur van giao cua
H10 suy ra dugc tin hiéu cua C8 (6= 125,7 ppm ) va C12 (6 = 123,1 ppm). Tin hiéu cta
C13, Cl11, C7 dugc quy két dya vao van giao cua H9; tin hi¢u cua C9, C11, C7 dugc quy
két dua vao van giao cua H13. Mot cach tuong tu co thé quy két duoc tat ca cac tin hiéu
cong huong ciia C ving thom. Két qua phan tich phd cong hudng tir hat nhan cia 7A2 duoc
trinh bay chi tiét & Bang 1.

Bang 1. Tin hiéu céng huéng caa *H NMR, C NMR va HMBC cia 7A2

ls
3©: > 78 11 0,, O
4 6 N o 2 H
5 H 1554
7TA2 H3C12 16
12b O
'H NMR BC NMR HMBC
Proton J (ppm), J (Hz) Carbon o (ppm) X: ¢ van giao

- - C1 134,2 -
H2 8,11 (d, J=8,0, 1H) Cc2 122,1 H2xC4, H2xC6
H3 7,44 (td, J=8,0, 1,5, 1H) C3 125,1 H3xC5, H3xC1
H4 7,52 (td, J=7,5, 1,0, 1H) C4 126,4 H4xC2, H4xC6
H5 8,02 (d, J=8,0, 1H) C5 122,5 H5xC3, H5xC1

- - C6 153,6 -

- - Cc7 167,0 -

- - C8 125,7 -
H9 7,76 (dd, J=8,5, 2,0, 1H) C9 113,6 HI9xC13, H9xC11, H9xC7
H10 7,08 (d, J=8,5, 1H) C10 128,6 H10xC8, H10xC12

- - Cl1 149,8 -

- - C12 123,1 -
H13 8,86 (s, 1H) C13 120,0 H13xC7, H13xC9, H13xC11
H14 5,02 (q, J=7,0; 1H) Cl4 73,0 H14xC16, H14xC15

- - C15 172,6 -
H16 1,64 (d, J=6,5; 3H) Cl16 18,1 H16xC14; H16xC15

- - Cl2a 168,7 -
H12b 2,18 (s, 3H) C12b 24,0 H12bxC12a
NH 9,23 - - NHxC13
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4. KET LUAN

Tur hai aldehyde thom 1a 4-hydroxylbenzaldehyde va vanillin, thong qua 6 giai doan
phan mg da téng hop thanh cong 3 chit méi la cac carboxylic acid 7A1, 7A2 va 7B1 ¢6
chtra di vong benzothiazole. Trong quy trinh tong hop c6 cai tién & mot sd bude da gitp ting
hiéu suét tong hop. Ciu tric ciia cic chat mai 7AL, 7A2, 7B1 duoc x4c dinh chinh x4c théng
qua cac phuong phap phd hién dai *H NMR, *C NMR, HMBC va MS.
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SYNTHESIS AND DETERMINATION OF THE STRUCTURE OF
SOME CARBOXYLIC ACIDS CONTAINING BENZOTHIAZOLE
FROM AROMATIC ALDEHYDES

Nguyen Thi Ngoc Mai, Vu Hong Nam, Dinh Ngoc Thuc, Trinh Ngoc Cuong
ABSTRACT

In this study, three carboxylic acids 7A1, 7A2 and 7B1 containing benzothiazole
heterocyclic moiety were successfully synthesized from the starting materials 4-
hydroxylbenzaldehyde and vanillin through 6 reaction steps. In particular, the benzothiazole
ring-closing step using microwave irradiation method shortened the reaction time and
improved the reaction efficiency. The structures of carboxylic acids were accurately
determined by modern spectroscopic methods such as NMR and MS.

Keywords: Aromatic aldehydes, benzothiazole, carboxylic acid, microwave.
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