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Cinnamoyl-N-acylhydrazone-donepezil hybrids: synthesis and evaluation
of novel multifunctional ligands against neurodegenerative diseases
Cindy Juliet Cristancho Ortiz?, Caio Miranda Damasio?, Letizia Pruccoli®, Nathalia Fonseca Nadur®, Luciana

Luiza de Azevedo®, Isabella Alvim Guedes®, Laurent Emmanuel Dardenned, Arthur Eugen Kiimmerle®, Andrea
Tarozzi® and Claudio Viegas Jr.2

All compounds were characterized by IR, NMR and HRMS techniques, also the purity was determined by
HPLC (Pag. 37). The spectra of the synthesized compounds as well as their intermediates are shown below.

Spectrum data of compounds intermediates 6a-j
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Figure 1. Absorption spectra in the infrared region of (E)-3-(4-hydroxy-3-methylphenyl)
acrylohydrazide (6a) (ATR).
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Figure 2. *H NMR spectra of (E)-3-(4-hydroxy-3-methylphenyl)acrylohydrazide (6a) (300 MHz,

DMSO-ds).
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Figure 3.
DMSO-ds).

13C NMR spectra of (E)-3-(4-hydroxy-3-methylphenyl)acrylohydrazide (6a) (75 MHz,
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Figure 4. Absorption spectra in the infrared region of (E)-3-(3-hydroxy-4-methoxyphenyl)
acrylohydrazide (6b) (ATR).
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Figure 5. 'H NMR spectra of (E)-3-(3-hydroxy-4-methoxyphenyl)acrylohydrazide (6b) (300 MHz,
DMSO-ds).
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Figure 6. *C NMR spectra of (E)-3-(3-hydroxy-4-methoxyphenyl)acrylohydrazide (6b) (75 MHz,

DMSO-dg).
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Figure 7. Absorption spectra in the infrared region of (E)-3-(3,4-dihydroxyphenyl)acrylohydrazide
(6¢) (ATR).
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Figure 8. *H NMR spectra of (E)-3-(3,4-dihydroxyphenyl) acrylohydrazide (6¢) (300 MHz, DMSO-

de).
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13C NMR spectra of (E)-3-(3,4-dihydroxyphenyl)acrylohydrazide (6¢) (75 MHz, DMSO-
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Figure 10. Absorption spectra in the infrared region of (E)-3-(3,4-dimethoxyphenyl)acrylohydrazide

(6d) (ATR).
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Figure 11. *H NMR spectra of (E)-3-(3,4-dimethoxyphenyl) acrylohydrazide (6d) (300 MHz,

DMSO-ds).
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Figure 12. 3C NMR spectra of (E)-3-(3,4-dimethoxyphenyl) acrylohydrazide (6d) (75 MHz, DMSO-
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Figure 13. Absorption spectra in the infrared region of (E)-3-(4-methoxyphenyl)acrylohydrazide (6e)
(ATR).
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Figure 14. 'H NMR spectra of (E)-3-(4-methoxyphenyl)acrylohydrazide (6€) (300 MHz, DMSO-ds).
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Figure 15. 3C NMR spectra of (E)-3-(4-methoxyphenyl)acrylohydrazide (6e) (75 MHz, DMSO-dg).
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Figure 16. Absorption spectra in the infrared region of (E)-3-(4-hydroxyphenyl)acrylohydrazide (6f)
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Figure 17. *H NMR spectra of (E)-3-(4-hydroxyphenyl)acrylohydrazide (6f) (300 MHz, DMSO-ds).
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Figure 18. 3C NMR spectra of (E)-3-(4-hydroxyphenyl)acrylohydrazide (6f) (75 MHz, DMSO-ds).
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Figure 19. Absorption spectra in the infrared region of (E)-3-(4-(trifluoromethyl)phenyl)

acrylohydrazide (69) (ATR).
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Figure 20. *H NMR spectra of (E)-3-(4-(trifluoromethyl)phenyl)acrylohydrazide (6g) (300 MHz,
DMSO-ds).
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Figure 21. ®C NMR spectra of (E)-3-(4-(trifluoromethyl)phenyl)acrylohydrazide (6g) (75 MHz,
DMSO-ds).
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Figure 22. Absorption spectra in the infrared region of (E)-3-(benzo[d][1,3]dioxol-5-yl)

acrylohydrazide (6h) (ATR).
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Figure 23. 'H NMR spectra of (E)-3-(benzo[d][1,3]dioxol-5-yl)acrylohydrazide (6h) (300 MHz,
DMSO-ds).
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Figure 24. C NMR spectra of (E)-3-(benzo[d][1,3]dioxol-5-yl)acrylohydrazide (6h) (75 MHz,
DMSO-ds).
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Figure 25. Absorption spectra in the infrared region of (E)-3-(4-chlorophenyl)acrylohydrazide (6i)
(ATR).
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Figure 26. 'H NMR spectra of (E)-3-(4-chlorophenyl)acrylohydrazide (6i) (300 MHz, DMSO-dg).
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Figure 27. 3C NMR spectra of (E)-3-(4-chlorophenyl)acrylohydrazide (6i) (75 MHz, DMSO-ds).
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Figure 28. Absorption spectra in the infrared region of Cinnamoylhydrazide (6j) (ATR).
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Figure 29. 'H NMR spectra of Cinnamoylhydrazide (6j) (300 MHz, DMSO-ds).
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Figure 30. 3C NMR spectra of Cinnamoylhydrazide (6j) (75 MHz, DMSO-ds).
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Figure 31. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
hydroxy-3-methoxyphenyl) acrylohydrazide (4a) (ATR).
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Figure 34. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-hydroxy-3-methoxyphenyl)

acrylohydrazide (4a) (ESI-MS).

18



%T

60

551
50!
45!
a0:
35!
30!
25!

20!

4000 2500 2000

Wavenumbers (cm-1)

3500 73000

L2537 3H

1415.70

1528.83

1314.25

1609.39
1350.54

1649.83

1500

870.4

930.62

959.73

10
1015'04985.39

1125.281106.76

“1000

82721

" 500

Figure 35. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3-

hydroxy-4-methoxyphenyl) acrylohydrazide (4b) (ATR).
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Figure 37. ¥C NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3-hydroxy-4-
methoxyphenyl) acrylohydrazide (4b) (75 MHz, DMSO-ds).
+MS, 0.1-0.8min #7-47
Intens. ] +MS, 0.1-0.8min #7-47
x106
3801964
6-
4_
2_
261.1235
402.1783
o 1?7.9552 [ )
100 1s0 200 250 @00 350 400 450 'soo | 550 mez

Figure 38. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3-hydroxy-4-methoxyphenyl)

acrylohydrazide (4b) (ESI-MS).

20



1007
95-:
go-:
85-:

80-

%T

75+

70+

65 -

3243.80

60+

55

50
3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure 39. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-
dihydroxyphenyl) acrylohydrazide (4c) (ATR).
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Figure 41. C NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-dihydroxyphenyl)
acrylohydrazide (4c) (75 MHz, DMSO-d).
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Figure 42. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-dihydroxyphenyl)
acrylohydrazide (4c) (ESI-MS).
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Figure 43. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-

dimethoxyphenyl) acrylohydrazide (4d) (ATR).
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Figure 44. *H NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-dimethoxyphenyl)
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Figure 45. 3C NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-dimethoxyphenyl)
acrylohydrazide (4d) (75 MHz, DMSO-d).
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Figure 46. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-dimethoxyphenyl)
acrylohydrazide (4d) (ESI-MS).
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Figure 47. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
methoxyphenyl) acrylohydrazide (4e) (ATR).
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Figure 48. 'H NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-methoxyphenyl)
acrylohydrazide (4e) (300 MHz, DMSO-dg).
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Figure 49. BC NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-methoxyphenyl)
acrylohydrazide (4e) (75 MHz, DMSO-d).
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Figure 50. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-methoxyphenyl)

acrylohydrazide (4e) (ESI-MS).
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Figure 51. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
hydroxyphenyl) acrylohydrazide (4f) (ATR).
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Figure 52. 'H NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-hydroxyphenyl)
acrylohydrazide (4f) (300 MHz, DMSO-d).
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Figure 53. BC NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-hydroxyphenyl)
acrylohydrazide (4f) (75 MHz, DMSO-ds).
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Figure 54. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-hydroxyphenyl)

acrylohydrazide (4f) (ESI-MS).

28



100 -
95-. %
©o
f N
9of s >
g o o < | o9 3
| S B i <9 g
85 g ¥ ¥ |w 2l T
I mn 9 o Te} - <
> P ~ N
t N N —
~ n
801 8 3 N
2 D ]
| N = @
f o
75 -
— | =]
s 70: o
[ (=]
| N 39'
65+ I ]
| q 3
| - —
60 -
™
i P ]
551 © m'
- ™
] -
50 -
45-
40
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure 55. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
(trifluoromethyl)phenyl) acrylohydrazide (4g) (ATR).
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Figure 56. 'H NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-(trifluoromethyl)phenyl)
acrylohydrazide (4g) (300 MHz, DMSO-ds).
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Figure 57. 3C NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-(trifluoromethyl)phenyl)

acrylohydrazide (4g) (75 MHz, DMSO-ds).
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Figure 58. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-(trifluoromethyl)phenyl)

acrylohydrazide (49) (ESI-MS).
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Figure 59. Absorption spectra in the infrared region of (E)-3-(benzo[d][1,3]dioxol-5-yI)-N'-(1-
benzylpiperidin-4-ylidene)acrylohydrazide (4h) (ATR).
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Figure 60. *H NMR spectra of (E)-3-(benzo[d][1,3]dioxol-5-yl)-N'-(1-benzylpiperidin-4-ylidene)
acrylohydrazide (4h) (300 MHz, DMSO-ds).
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Figure 61. °.C NMR spectra of (E)-3-(benzo[d][1,3]dioxol-5-yl)-N'-(1-benzylpiperidin-4-ylidene)
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Figure 62. HR-MS spectra of (E)-3-(benzo[d][1,3]dioxol-5-yl)-N'-(1-benzylpiperidin-4-ylidene)
acrylohydrazide (4h) (ESI-MS).

32



100
95-f
90-f
ss-f
80-5
75-f

65+

%T

60
55-f
so-f
45-f
35:
30-
25-f

20!

3500

3164.12
3051.04

3000

2905.57

2754.79

2792.38

2500

©
=
] 1] )
4 b N
N 2] @
— o
> =)
19 o~
Bl o N
© Iy :
3 N~ R
© Hl o S
© || 4 —
w || b ||t
=1 ]
B q
D ~
< g
+H o S
«® )
ﬁ <
3 ~ g Q
4 — | o|®
(= D — -
o @ < | o
Sy 32 © [
A rel INERNG
Ny N 405
- o
;‘ N 9 o
Jmo o
S oY 1
N M®
Y] e
™
<
-
1o)
Q
0
—
©
©
F!H
o
©
©
—
2000 1500 1000

Wavenumbers (cm-1)

7117969464

741.25

" 500

Figure 63. Absorption spectra in the infrared region of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-

chlorophenyl) acrylohydrazide (4i) (ATR).
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Figure 64. 'H NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-chlorophenyl)
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Figure 65. ¥C NMR spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-chlorophenyl)
acrylohydrazide (4i) (75 MHz, DMSO-ds).
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Figure 66. HR-MS spectra of (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-chlorophenyl)

acrylohydrazide (4i) (ESI-MS).
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Figure 69. *C NMR spectra of N'-(1-benzylpiperidin-4-ylidene)cinnamohydrazide (4j) (75 MHz,

DMSO-dg).
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Figure 70. HR-MS spectra of N'-(1-benzylpiperidin-4-ylidene)cinnamohydrazide (4j) (ESI-MS).
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HPLC Chromatograms of compounds 4a-j
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Figure 71. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-hydroxy-
3-methoxyphenyl) acrylohydrazide (4a).
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Figure 72. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3-hydroxy-
4-methoxyphenyl) acrylohydrazide (4b).
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Figure 73. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-

dihydroxyphenyl) acrylohydrazide (4c).
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Figure 74. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(3,4-
dimethoxyphenyl) acrylohydrazide (4d).
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Figure 75. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
methoxyphenyl) acrylohydrazide (4e).
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Figure 76. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
hydroxyphenyl) acrylohydrazide (4f).
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Figure 77. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
(trifluoromethyl)phenyl) acrylohydrazide (4g).
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Figure 78. HPLC chromatogram of compound (E)-3-(benzo[d][1,3]dioxol-5-yI)-N'-(1-
benzylpiperidin-4-ylidene) acrylohydrazide (4h).
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Figure 79. HPLC chromatogram of compound (E)-N'-(1-benzylpiperidin-4-ylidene)-3-(4-
chlorophenyl) acrylohydrazide (4i).
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Figure 80. HPLC chromatogram of compound N'-(1-benzylpiperidin-4-ylidene)cinnamohydrazide
(4)).
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