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Summary

In this study, 5,7-dibromobenzofuran-2-carbohydrazone derivatives (3a—d) were designed,
synthesized and structurally characterized by IR, MS and NMR spectral techniques. The 1D-NMR
and 2D-NMR results confirmed the 5,7-dibromobenzofuran-2-carbohydrazone derivatives exist in a
mixture of two conformers anti-E (major) and syn-E (minor) in DMSO-d6 solvent. The study showed
some factors that affect the ratio of two conformers including solvent and N-alkylation. In addition,
the ability of intramolecular hydrogen bond formation of 2-COOH substituent was also investigated.
The results from this study will be applied in structural analysis as well as SAR studies of the
5,7-dibromobenzofuran-2-carbohydrazone scaffold in subsequent studies.
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Pat van dé

Dwa trén hoat tinh sinh hoc tiém nang cda di
vong 2-aroylbenzofuran va dan chét hydrazid-
hydrazon, trong nghién ctru trwéc cac dan chat
hydrazid-hydrazon mang di vong
5,7-dibromobenzofuran dwoc thiét ké va nghién
clru quy trinh téng hop hwéng dén tbng hop va
danh gia hoat tinh sinh hoc ctia cac dan chét
nay. Két qua phan tich phd "H-NMR clia mot s
clu truc hydrazid-hydrazon so' bé xac nhan coé
sy ton tai & 2 kiéu cAu dang anti-E (chinh) va

Br

syn-E (phu) trong dung mdi DMSO-ds. Ngoai ra,
nghién ctru con cho thay viéc tao thanh lién két
hydro ndi phan t& cling nhw d6 bén cla lién két
nay da lam gia tang do bén clia cAu dang anti-E ',
Tiép ndi két qua tlr nghién ctu trwdc, cac dan
chat hydrazid-hydrazon 3a-d duoc thiét ké,
tbng hop va phan tich cau tric nhdm tiép tuc
mé& rdng nghién ctu v& hoa hoc lap thé cla
khung ciu tric 5,7-dibromobenzofuran-2-

carbohydrazon (hinh 1).

Hinh 1. C4u triic dan chét 5,7-dibromofuran-2-carbohydrazon (3a—d)
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Nguyén liéu va phwong phap

Nguyén liéu

Cac nguyén liéu st dung trong nghién clru
dwoc mua tr cac hang héa chat nhu Acros
Organics (Geel, Bi), TCI Chemicals (Tokyo,
Nhat) va Hang Merck (Darmstadt, Buc).

Thiét bi

Nhiét d6 nong chdy dwgc do trén may do
diém chay Gallenkamp (Sanyo, Anh). Phé cong
hwéng tir hat nhan ("TH-NMR, *C-NMR, HSQC,
HMBC, NOESY) duwgc do trén may Bruker

(Shimadzu, Nhat Ban).

Phwong phap nghién ctru

Cac dan chéat 5,7-dibromobenzofuran-2-
carbohydrazon (3a-d) dwoc téng hop theo so
dd 1. Trong d6, 5,7-dibromobenzofuran-2-
carbohydrazid (1) dwoc téng hop tir nguyén liéu
5-bromosalicylaldehyd va ethyl cloroacetat qua
trung gian ethyl 5,7-dibromobenzofuran-2-
carboxylat dwa trén quy trinh trong nghién ctru
trwoc . DAn chat hydrazid-hydrazon (3a—c)
dwoc tdbng hop dwa trén phan (ng ngung tu

Avance 500 MHz (Bruker, M§). Phé khéi (MS) gitra aldehyd/ceton (2a—c) Vo
do trén may Shimadzu LCMS-IT-TOF 5,7-dibromobenzofuran-2-carbohydrazid (1) ™,
(Shimadzu, Nhat Ban). Phé hdng ngoai (IR) alkyl héa 3a thu duoc dén chét 3d P,
dwoc do trén may Shimadzu [IRAffinity-1S
R 0]
1
o)\R D ”/N\\r&
Br 0 2 e}
N\ 2a-c Br R
O NHNH, ] -
I§ EtOH, AcOH, 70-80 °C 3amc
1 3a: R1=H; R2=CGH5
3b: R1=R2=CH3
3c: R1=H; R2= 2-HOOCC6H4
3a

ey
/\/Br N N,N\
Br 9]
K,COs, aceton, 45-50 °C l
Br

3d

So dd 1. So db téng hop dan chét 5,7-dibromobenzofuran-2-carbohydrazon (3a—d)

Thwc nghiém, két qua va ban luan

Téng hop hoéa hoc va diac diém san pham
thu dwoc

Téng hop N’-benzyliden-5,7-
dibromobenzofuran-2-carbohydrazid (3a) "

Cho 1 g (3 mmol) 5,7-dibromobenzofuran-2-
carbohydrazid (1), 0,35 g (3,3 mmol)
benzaldehyd (2a), 10 mL EtOH va 2 giot acid
acetic béng vao binh cau 1 ¢d 100 mL. L&p sinh
han, khudy déu, dun phan (*ng & nhiét do
70-80 °C. Theo dbéi phan (rng bang SKLM voi

hé dung méi DCM : MeOH (30:1). Sau 3 gi®, khi
da hét vét nguyén liéu 1 thi cho vao binh cau
10 mL nwéc dé két thac phan ¢ng. Lam lanh
trong nwéc da 30 phat sau dé loc 4p suét giam
thu ta. Rra tia bang 10 mL EtOH va sdy trong
ti sdy chan khoéng. Két qua thu duwoc 1,21 g,
hiéu suat 95%.

Tinh chét: Bot két tinh mau trdng kém tan
trong DCM, EtOAc, MeOH, khéng tan trong
n-hexan, PE. Nhiét do néng chay: 178-180 °C.

Két qua bién gidi phé: IR (v, cm™): 3223
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(N-H), 3065 (C-H thom), 1663 (C=0), 1570
(C=N), 1439 (C-N). MS (ESIl) m/z: 422,9176
[M+H]+, tinh toan 422,9167 (C16H11BF2N202).
'H-NMR (500 MHz, DMSO-dg) 6 (ppm): 12,16
(s) va 12,10 (brs) (1H, NH); 8,51 (s) va 8,18
(brs) (1H, CH=N); 8,10 (brs) va 8,04 (brs) (1H,
H-4); 7,92 (d, J = 2 Hz, 1H, H-6); 7,82 (brs, 1H,
H-3); 7,77-7,75 (brm, 2H, H-2’, H-6’); 7,49-7,45
(m, 3H, H-3", H-4’, H-5"). *C-NMR (125 MHz,
DMSO-ds) ¢ (ppm): 153,9 (C=0); 150,7 (C-7a);
149,5 (C-2); 149,2 (CH=N); 133,9 (C-1"); 131,5
(C-6); 130,4 (C-4’); 129,8 (C-3a); 128,8 (C-3,
C-5); 127,3 (C-2’, C-6"); 125,0 (C-4); 116,3
(C-5); 110,6 (C-3); 104,8 (C-7).

Téng hop "-isopropyliden-5,7-
dibromobenzofuran-2-carbohydrazid (3b) "

Cho 0,2 g (0,6 mmol) 5,7-dibromobenzofuran-
2-carbohydrazid (1) va 10 mL aceton (2b) vao
binh cdu 1 ¢ 100 mL, thém 2 giot acid acetic
bang. Lap sinh han, khudy déu, dun phan ng &
nhiét dd 45-50 °C. Theo d&i phan (rng bang
SKLM v6i hé dung méi DCM : MeOH (30:1).
Phan tng két thuc sau 2 gi®, cd quay dung mdi
thu dwoc cén. Hoa tan cén trong lwong téi thiéu
DCM, sau dé thém t& tir n-hexan dén khi dung
dich bat dau duc. Ngam lanh cho két tinh hoan
toan. Loc &p suét gidm thu tha. Sy taa trong ta
s8y chan khong. Két qua thu dwoc 0,15 g, hiéu
Suat 65 %.

Tinh chét: Chat rdn mau trdng tan trong
aceton, it tan trong DCM, MeOH, EtOAc, khéng
tan trong n-hexan, PE. Nhiét do nong chay:
186-189 °C.

Két qua bién gidi phé: IR (v, cm-1): 3165
(N-H), 3076 (C-H thom), 2880 (C-H béo), 1668
(C=0), 1557 (C=N), 1400 (C—N). MS (ESI) nv/z:
374,9098 [M+H]+, tinh toan 374,9167
(C12H11BF2N202). 1H-NMR (500 MHz, DMSO-O’B)
J (ppm): 10,85 (brs) va 10,74 (brs) (1H, N-H);
8,07 va 8,03 (d, J = 1,5 Hz, 1H, H-4); 7,91 va
7,88 (d, J = 1,5 Hz, 1H, H-6); 7,76 va 7,6 (brs,
1H, H-3); 2,04 (s, 3H, CH3); 1,97 (s, 3H, CH3).
*C-NMR (125 MHz, DMSO-ds) § (ppm): 162,5
(C=N); 153,6 (C=0); 149,8 (C-7a/2a); 131,3
(C-6); 129,9 (C-3a); 124,8 (C-4); 116,1 (C-5);
109,9 (C-3); 104,8 (C-7); 25,0 (CH3); 18,2
(CH3).

Téng hop N’-(2-carboxybenzyliden)-5,7-
dibromobenzofuran-2-carbohydrazid (3c) !

Cho 0,5 g (1,5 mmol) 5,7-dibromobenzofuran

-2-carbohydrazid (1), 0,22 g (1,5 mmol)
2-carboxybenzaldehyd (2c) vao binh cdu 1 c¢b
100 mL. Sau d6 thém 10 mL EtOH va 2 giot acid
acetic bang vao binh cau. Lap sinh han, khuay
déu, dun phan &ng & 70-80 °C. Theo d&i phan
&ng badng SKLM v&i dung méi DCM : EtOAc
(1:1). Khi da hét vét nguyén liéu 1 (sau 10 gi®)
thi thém 20 mL nwéc dé két thac phan ng. Lam
lanh trong nwéc da 30 phut d& san pham két
tinh hoan toan sau dé loc ap suét giam lay tua.
Rira tha bang DCM. Két qua thu dwoc 0,51 g,
hiéu suat 73%.

Tinh chéat: Bot mau tréng, rat kém tan trong
MeOH, hdu nhw khéng tan trong EtOAc, DCM,
n-hexan, PE. Nhiét do néng chay: 232-233 °C.

Két qua bién gidi phé: IR (v, cm™): 3330—
2400 (O-H), 3075, 3019, 2982 (N-H, C-H),
1676 (C=0), 1557 (C=N), 1409 (C—N). MS (ESI)
m/z: 466,8912 [M-H]-, tinh toan 464,8909
(C17HgB|’2N204). 1H-NMR (500 MHz, DMSO-O’G)
é (ppm): 13,32 (brs) va 13,30 (brs) (1H, COOH);
12,40 (s) va 12,23 (brs) (1H, NH); 9,25 (s) va
8,93 (brs) (1H, CH=N); 8,12 (brs, 1H, H-4); 8,08
(d, J =8 Hz, H-3"); 7,94 (d, J = 2 Hz, H-6); 7,92
(dd, J = 8 Hz, 1 Hz, H-6’); 7,86 (brs, 1H, H-3);
7,66 (t, J = 7,5 Hz, H-5"); 7,56 (td, J = 7,5 Hz,
1 Hz, H-4"). ®C-NMR (125 MHz, DMSO-dg) &
(ppm): 168 (C=0 acid); 154,1 (C=0 amid); 150,8
(C-7a); 149,4 (C-2); 147,9 (C=N); 134,3 (C-1’);
132 (C-5'); 131,6 (C-6); 130,7 (C-2/3/4/6’);
130,3 (C-2'/3/4'/6’); 129,9 (C-3a); 126,8
(C-2'/13/416’); 125 (C-4); 116,3 (C-5); 110,7
(C-3); 104,9 (C-7).

Téng hop  N-allyl-N’-benzyliden-5,7-
dibromobenzofuran-2-carbohydrazid (3d)

Cho 0,3 g (0,71 mmol) N*-benzyliden-5,7-
dibromobenzofuran-2-carbohydrazid (3a), 0,15 g
(1,08 mmol) K,CO3; va 20 mL aceton vao binh
cdu 1 ¢6 100 mL, sau dé cho thém 0,1 g
(0,85 mmol) allyl bromid. Lap sinh han, khudy
déu, dun phan &ng & 45-50 °C. Kiém tra phan
ng bang SKLM véi hé dung méi DCM :
n-hexan (1:1). Sau 8 gi®, khi da hét nguyén liéu
3a thi thém vao binh cdu 20 mL nuéc dé két
thdc phan ng. Lam lanh trong nwéc da 30 phat
roi loc ap suét gidm thu tda. Sac ky cot véi hé
dung mdi DCM : n-hexan (1:1) dé thu san phadm
tinh khiét. Két qud thu duwoc 0,14 g,
hiéu suét 43 %.
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Tinh chét: Bot két tinh mau tréng, it tan trong
MeOH, EtOAc, DCM, aceton, khdng tan trong
n-hexan, PE. Nhiét do néng chay: 125-126 °C.

Két qua bién gidi phd: IR (v, cm™): 3080,
2920, 2850 (C-H), 1654 (C=0), 1551 (C=N),
1420 (C-N). MS (ESI) nm/z: 462,9479 [M+H]+,
tinh toan 462,9480 (C19H158F2N202). 1H-NMR
(500 MHz, DMSO-ds) ¢ (ppm): 8,18 (d, J = 2 Hz,
1H, H-4); 8,15 (s, 1H, CH=N); 7,94 (d, J =
1,5 Hz, 1H, H-3); 7,90 (s, 1H, H-3); 7,81-7,79
(m, 2H, H-2’, H-6’); 7,52-7,47 (m, 3H, H-3’, H-4’,
H-5). 5,97-5,90 (m, 1H, Hc); 5,24 (dd, J =
10,5 Hz, 1,5 Hz, 1H, Hb); 5,18 (dd, J = 17,5 Hz,
1,5 Hz, 1H, Ha); 4,88-4,87 (m, 2H, CH2).
*C-NMR (125 MHz, DMSO-ds) § (ppm): 158,1
(C=0); 150,3 (C-7a); 148,7 (C-2); 143,5 (C=N);
134,1 (C-2’, C-6’); 131,5 (C-6); 130,5 (CH2=CH);
130,04 (C-4’); 129,95 (C-3a); 128,9 (C-3’, C-5);
127,5 (C-1’); 125,4 (C-4); 116,9 (C-5); 1159

(CH2=CH); 115,3 (C-3); 104,7 (C-7); 43,6
(CH2).

Ban luan

Dwa trén phan &ng nguwng tu gilra

5,7-dibromobenzofuran-2-carbohydrazid (1) va
dan chat benzaldehyd/aceton (2a—c) v&i sy xuc
tdc cla acid acetic, cac san pham
5,7-dibromobenzofuran-2-carbohydrazon (3a-c)
da dwoc tdng hop thanh cdng véi hiéu suét sau
tinh ché la 95 % (3a), 65 % (3b) va 73 % (3c).
Theo d&i phan (rng bang sac ky I&p méng dén
khi hét nguyén liéu cho thdy phan &ng ngung tu

vOi benzaldehyd (2a) va aceton (2b) xdy ra
nhanh (2-3 gi®¢), trong khi dé v&i
2-carboxybenzaldehyd (2c¢) phan (ng xay ra
cham hon (10 gi®), diéu nay co thé do su che
chan khéng gian ctia nhém 2-COOH. Phan tng
N-allyl héa 3a dién ra twong d6i cham cho san
pham 3d vé&i hiéu suét trung binh 43 %.

Két qua phan tich phé ctia cac san pham déu
phu hop véi clu tric dw doan. Trén phd IR cac
dan chét hydrazid-hydrazon (3a—c) déu cho cac
van phé tai ving 3300-3100 cm™ dac trwng cho
dao déng héda tri trong lién két N-H hydrazid,
riéng dan chét N-allyl 3d khéng con tin hiéu nay.
Cac san pham déu cé cac van phd trong ving
3100-3000 dac trwng cho dao déng hda trj trong
lién két C—H nhan thom, cac van phé trong vung
1700-1600 cm”,  1600-1585 cm” va
1500-1400 cm™ dac treng cho dao ddng héa tri
clia lién két C=0, C=N va C-N. San pham 3c c6
van phd dinh ti & ving 3330-2400 cm™ dac
trwng cla O-H acid carboxylic. Két qua phan
tich phd MS cac san phdm 3a-d cho két qua
cac pic ion gid phan t& [M+H]+, [M-H]- c6 m/z
phii hop vé&i tinh toan. Két qua phd "H-NMR va
BC-NMR phu hop véi cau tric dy kién. Twong
tw két qua tlr nghién clu trudc M tren phd
"H-NMR dan chét 3a co hién twong cho 2 tin
hiéu ctia mot sb proton nhw CH=N, N-H, H-4
trong dung mdi DMSO-ds. Trén phd *C-NMR
cling ghi nhan rdé hién twong nay trén mot sé
carbon nhw C=0, C-7a, C-2, CH=N (hinh 2).

N-H ‘
jN'H
CH=N i s i
| 12 H-4 N
| B | |/ /
o CH=N - o
_,j \\_ . Y. k /\H 4 \__/ d \ A
B:G 8.‘5 814 813 812 8‘.1 310 719 718 717 716 715 714 ppL‘n
- - L= 18
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CH=N
|
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C-7a ; .
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105 ppm

Hinh 2. Két qua phd "H-NMR va *C-NMR ctia san pham 3a trong dung méi DMSO-ds

Dé Iam r6 dac diém ddng phan lap thé trén
khung ciu tric 5,7-dibromobenzofuran-2-
carbohydrazon, din chéat 3b da dwoc tbng hop
va phan tich cu truc. Két qua phd "H-NMR cua
san pham 3b ciing ghi nhan rd 2 tin hiéu cla
mot sb proton nhw N-H, H-4, H-6 ho&c dang

dinh tu cta H-3 (hinh 3). Két qua nay gilp loai
trlr khd nang tén tai ddong phan hinh hoc Z/E
trén lien két imin C=N ma 1a do sw tdn tai cla
2 kiéu cAu dang syn/anti trén lien két amid
CO-NH trong dung méi do phé DMSO-ds.

H-6
e |
J'uﬂ J
N-H Zk /\ H-3
. /| |\ H6 A~
N-H L NS AN e
110 105 815 810 805 800 795 780 785 780 775 770 765
e &
Hinh 3. M6t sé tin hiéu phé "H-NMR cda sdn pham 3b trong dung méi DMSO-dj

Két qua phan tich phd NOESY cuia san pham
3a cho thay cé su twong tac gitra proton amid
N-H (6 12,16 va 12,10 ppm) va proton imin

CH=N (6 8,51 va 8,18 ppm) khéng dinh ching
cung phia trong khéng gian twong &ng véi dong
phan E & ca 2 cAu dang syn va anti (hinh 4).
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Hinh 4. Phé NOESY cla san phdm 3a

Dé khao sat sy &nh hwdng cla dung moi
trén ty 1& gita 2 cAu dang syn-E/anti-E,
san phdm 3a da duoc do phd 'H-NMR trong
dung méi CDCl3. Dya trén dwong tich phan tai
mot sb pic nhw N-H, CH=N cho thay ty I&

clla 2 cAu dang syn/anti c6 sy khac biét &
2 dung méi do, cu thé trong dung mdi DMSO-ds
ty 1& syn-E : anti-E = 3:10, ty 1&é nay trong dung
méi CDCl; la 2:10 (hinh 2 va 5).
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Hinh 5. Phé "H-NMR cta 3a trong dung méi CDCls

Két qua tr nghién ctu trwdc cho thay dan
chat hydrazon khéng cé nhém 2-OH c6 ty 1é
cau dang syn-E khodng 20-30 %, trong khi d6
hydrazon khi mang nhém thé 2’-OH c¢6 ty 1é céu
dang syn-E khoang < 10 % hodc chi ton tai duy
nhat & cu dang anti-E. Sy khac biét nay 1a do
nhom thé 2-OH da hinh thanh lién két hydro noi
phan tl& v&i N imin nén da gay can tré sw quay
quanh tryc cta lién két amid CO-NH . Trong
nghién ctru nay, dan chat hydrazid-hydrazon 3c
véi nhém thé 2-COOH dwoc nghién ciru nham
danh gia kha nang tao lién két hydro néi phan tir

gitra H ctia COOH va O ctia CONH, tir d6 c6 thé
anh huwédng téi dd bén ciing nhw ty 1& gitra 2 cau
dang syn/anti trong dung méi do phd. Két qua
phd "H-NMR cho thdy van cé 2 tin hiéu cua
proton N-H & ¢ 12,40 (s) va 12,23 (brs), CH=N
& 69,25 (s) va 8,93 (brs) chirng t& co sy ton tai
clia ca 2 kiéu ciu dang syn-E va anti-E véi ty 1é
khoang 2,2:10, twong tw v&i ty 1& cla cac dan
chét khéng c¢6 lién két hydro ndi phan t& trong
cac nghién ciru trwdc nén so bod két luan khong
cé sw hinh thanh lién két hydro ndi phan t&
trong san pham 3c (hinh 6).

N-Hantie CHI=Nant,'.E I : : ‘
|
| ‘ ‘ ¥
| i
I _ ‘ [
s o[ [ ]
] ‘\ | [ ; [,“ -
e _.“.7 - B - - P _J,L‘VN.J.‘V ,'l___
T T T T T \ T I ‘ ' : ‘ |
) 13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5
= = — \ / e h = ) K\‘ ( \
K ‘gHg‘ ‘8 12/ ‘;ﬁfggg}gg
° e - o - IGHES B B

Hinh 6. Phé "H-NMR cia sdn pham 3c trong dung méi DMSO-d,
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Trén phé NMR, dan chat N-allyl 3d chi ghi
nhan tin hiéu ctia mét loai cdu dang, diéu nay
chirng t6 sy cé méat ciia nhém thé N-alkyl sé
ngan can viéc quay cua lien két C-N amid

nén khoéng con tao ddng phan ciu dang
(hinh 7). Két qua nay ciing phu hop véi két qué
cla nghién ctvu trén khung cAu tric 4-methyl-2-
phenylpyrimidin-N-acylhydrazon !,

Mo

[ & & F & J& & & 5o = O a2

5.5 ppm

1.06
2.15
1

Hinh 7. Phé "H-NMR ctia san pham 3d trong dung méi DMSO-ds

8.0 1.5 7.0
| ARG -
ol
Lall Olv| [N ~

Két luan

4 dan chat hydrazid-hydrazon (3a—d) da
duwoc thiét k&, tdng hop va phan tich ciu tric
bang phé IR, MS va NMR. Két qua phan tich
phd NMR da khadng dinh cac dan chat 5,7-
dibromobenzofuran-2-carbohydrazon trong dung
moi do phd DMSO-d; tdn tai & ddng phan E trén
lién két CH=N va & 2 kiéu ciu dang syn/anti trén
lién két CO-NH. Nghién ctru da xac nhan mot
sb yéu tb c6 kha nang anh huédng téi ty & cua
2 cAu dang gdm dung méi (DMSO, CDCl;) lam
thay déi ty 1& clia 2 cAu dang syn/anti va khi ¢
mat cia nhém thé N-allyl s& khéng con hién
twong déng phan cau dang. Ngoai ra, kha néng
tao lién két hydro ndi phan t&r clia nhém thé
2-COOH ciing dwoc nghién clru. Két qua tw
nghién clru nay sé dwgc st dung trong phan
tich cAu tric cling nhw nghién clru lién quan cau
tric tac dung sinh hoc cGa dan chéat
5,7-dibromobenzofuran-2-carbohydrazon trong
céac nghién clru tiép theo.
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