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Design, synthesis and antidepressive activity of duloxetine derivatives
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Abstract: In this paper, duloxetine was chosen as the lead compound. The pharmacophores with 5-HT 4

antagonism activity were used to replace the naphthyl of duloxetine. A series of duloxetine derivatives had
been designed and synthesized and whose structures were confirmed with elemental analysis, MS and 'H NMR.

All synthesized compounds were tested by tail suspension test and forced swimming test in vivo. The test

results revealed that most of the compounds have shown better activity than duloxetine at the same dosage.

Some of them are worth to be studied further.
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Figure 1  Structures of fluxetine and duloxetine
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Figure 2 Structures of target compounds
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Scheme 1  Synthetic route of target compounds
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Table 1  Structures of compounds (l,, Iy)
Elemental analysis / %
Compd. X R, R, Yield/% mp/C Calced. (Found)
C H N
la; S CH; CH; 332 85-88 62.93 (62.80)  6.27 (6.33) 4.59 (4.68)
la, — S CH,CH;  CH,CH; 318 94-98  64.84 (64.92)  6.95(6.82)  4.20 (4.28)
las X7 R, S  CH,CH, CH, CH, 28.2 104-108  65.23 (65.17)  6.39 (6.30)  4.23 (4.31)
lay o % NfRZ(H) S  CH,CH, CH, CH, CH, 352 118-120  66.06 (66.22)  6.71 (6.62)  4.05 (3.95)
las ( :@ 0 CH; CH; 232 97-101  66.42 (66.57)  6.62 (6.56)  4.84 (4.79)
by ° S CH; H 21.6 120-123 61.83 (61.75) 5.88 (5.92) 4.81 (4.90)
b, (0] CH; H 17.8 130-133 65.44 (65.54)  6.22 (6.25) 5.09 (4.98)
lag xi S CH; CH; 39.1 89-92 63.92 (63.81)  6.63 (6.70) 4.39 (4.50)
la; o. 2 N:F:(H) 0 CH; CH; 19.1 130-132  67.31(67.42) 6.98(6.89)  4.62 (4.55)
Ibs [;@ S CH; H 34.1 128-131  63.93 (63.84) 6.27(6.35)  4.59 (4.70)
lag X7 S CH; CH; 26.7 87-90  67.97(67.86)  6.71(6.78)  9.32 (9.40)
0 No R

(/\/© Ra (H)

lag y o) CH, CH; 19.0 84-87  71.81(71.94)  7.09 (7.01)  9.85 (9.79)
H

Table2 MS and 'H NMR data of compounds (l,, ly)

Compd.

MS (m/z)
[M+H]"

"H NMR (400 MHz) &

la;

la,

laz

lag

las

1b;

1b,

lag

la;

1b;

lag

lag

306.5

3342

332.5

346.4

290.4

292.2

276.1

320.5

304.3

306.4

301.2

285.4

(DMSO-dg) 7.47 (d, J = 8.0 Hz, 1H, thiophene-5H), 7.10 (d, J = 4.0 Hz, 1H, thiophene-3H), 6.96 (dd, 1H, thiophene-4H), 6.68
(t, 1H, Ph-6H), 6.56 (dd, 2H, Ph-7H), 5.97 (s, 2H, OCH,0), 5.73 (t, 1H, CHO), 2.28 (t, 2H, CH,N), 2.19-2.21 (m, 1H,
CH,CH)N), 2.11 (s, 6H, N(CHj3),), 2.06-2.08 (m,1H,CH,CH,N)

(DMSO-ds) 7.25 (dd, 1H, thiophene-5H), 6.97 (d, J = 4.0 Hz, 1H, thiophene-3H), 6.82 (dd, 1H, thiophene-4H), 6.54 (t, 1H,
Ph-6H), 6.43 (d, J = 8.0 Hz, 1H, Ph-7H), 6.35 (d, J = 8.0 Hz, 1H, Ph-5H), 5.81 (s, 2H, OCH,0), 5.69 (t, 1H, CHO), 2.34-2.54
(m, 6H, CH,N(CH,CH3),), 2.06—2.12 (m, 1H, CH,CH,N), 1.86—1.92 (m, 1H, CH,CH,N), 0.80—0.84 (t, 6H, N(CH,CHs),)
(DMSO-dq) 7.47 (dd, 1H, thiophene-5H), 7.11 (d, J = 4.0 Hz, 1H, thiophene-3H), 6.96 (dd, 1H, thiophene-4H), 6.68 (t, 1H, Ph-6H),
6.58 (d, J= 8.0 Hz, 1H, Ph-7H), 6.54 (d, J = 8.0 Hz, 1H, Ph-5H), 5.97 (s, 2H, OCH,0), 5.73 (t, 1H, CHO), 2.40-2.50 (m, 6H,
CH,N(CH,CHs),), 2.16—2.25 (m, 1H, OCHCH,CH,N), 1.94-2.03 (m, 1H, OCHCH,CH,N), 1.67-1.68 (m, 4H, CH,CH,CH, CH,)
(DMSO-ds) 7.47 (dd, 1H, thiophene-5H), 7.10 (d, J = 4.0 Hz, 1H, thiophene-3H), 6.96 (dd, 1H, thiophene-4H), 6.69 (t, 1H,
Ph-6H), 6.59 (d, J = 8.0 Hz, 1H, Ph-7H), 6.54 (d, J = 8.0 Hz, 1H, Ph-5H), 5.97 (s, 2H, OCH,0), 5.72 (t, IH, CHO), 2.30-2.32
(m, 6H, CH,N(CH,CH>),), 2.05-2.13 (m, 1H, HOCHCH,CH;,N), 1.93-2.01 (m, 1H, HOCHCH,CH,N), 1.45-1.49 (m, 4H,
N(CH,CH,),CH,); 1.35-1.37 (m, 2H, (CH,CH,),CH,)

(DMSO-dg) 7.63 (dd, 1H, furan-5H), 6.64 (t, 1H, Ph-6H), 6.61 (d, J= 8.0 Hz, 1H, Ph-5H), 6.56 (d, J = 8.0 Hz, 1H, Ph-7H), 6.46
(d, J=4.0 Hz, 1H, furan-5H), 6.40 (dd, 1H, furan-4H), 5.96 (s, 1H, OCH,0), 5.46 (t, 1H, CHO), 2.26 (t, 2H, CH,N), 1.99-2.09
(m, 2H, CH,CH,N), 2.11 (s, 6H, N(CH3),)

(DMSO-dg) 7.47 (d, J = 4.0 Hz, 1H, thiophene-5H), 7.11 (d, J = 4.0 Hz, 1H, thiophene-3H), 6.96 (dd, 1H, thiophene-4H), 6.68
(t, 1H, Ph-6H ), 6.59 (d, /= 8.0 Hz, 1H, Ph-7H), 6.54 (d, J = 8.0 Hz, 1H, Ph-5H), 5.97 (s, IH, OCH,0), 5.78 (t, 1H, CHO), 2.51
(t, 2H, CHxN), 2.24 (s, 6H, N(CHs),), 2.11-2.19 (m, 1H, CH,CH,N), 1.90—1.98 (m, 1H, CH,CH,N)

(DMSO-dg) 7.63 (dd, 1H, furan-5H), 6.71 (t, 1H, Ph-6H), 6.63 (d, J= 8.0 Hz, 1H, Ph-5H), 6.56 (d, /= 4.0 Hz, 1H, Ph-7H), 6.46
(d, J = 4.0 Hz, 1H, furan-3H), 6.40 (dd, 1H, furan-4H), 5.96 (s, 1H, OCH,0), 5.50 (t, 1H, CHO), 2.52 (t, 2H, CH,N), 2.25 (s,
6H, N(CHj3),), 2.10-2.16 (m, 1H, CH,CH,N), 1.99-2.05 (m, 1H, CH,CH,N)

(CDCl;) 7.23 (dd, 1H, thiophene-5H), 6.99 (dd, 1H, thiophene-3H), 6.93 (dd, 1H, thiophene-4H), 6.63 (t, 1H, Ph-7H), 6.50 (d,
J =4.0 Hz, 2H, Ph-6, 8H), 5.49 (t, 1H, CHO), 4.27 (t, 4H, OCH,CH;O0), 2.46 (t, 2H, CH,N), 2.35-2.42 (m, 1H, CH,CH,N),
2.25 (s, 6H, N(CHj3),), 2.08-2.13 (m, 1H, CH,CH,N)

(DMSO-dg) 7.63 (s, 1H, furan-5H), 6.64 (t, 1H, Ph-7H), 6.55 (d, J= 8.0 Hz, 1H, Ph-6H), 6.45 (d, /= 4.0 Hz, 1H, Ph-8H), 6.39—
6.40 (m, 2H, furan-3, 4H), 5.32 (t, 1H, CHO), 4.20 (t, 4H, OCH,CH,0), 2.25 (t, 2H, CH,N), 1.99-2.23 (m, 2H, CH,CH,N),
2.10 (s, 6H, N(CHjs),)

(DMSO-dg) 7.45 (dd, 1H, thiophene-5H), 7.09 (dd, 1H, thiophene-3H), 6.96 (dd, 1H, thiophene-4H), 6.60 (t, 1H, Ph-7H), 6.52
(d, J =4.0 Hz, 1H, Ph-8H), 6.42 (d, J = 8.0 Hz, 1H, Ph-6H), 5.65 (t, 1H, CHO), 4.20—4.24 (m, 4H, OCH,CH,0), 2.54 (t, 2H,
CHuN), 2.26 (s, 3H, NCH3), 2.12-2.16 (m, 1H, CH,CH,N), 1.95-1.99 (m, 1H, CH,CH,N)

(DMSO-dg) 11.06 (br, 1H, NH), 7.42 (dd, 1H, thiophene-5H), 7.21 (t, 1H, thiophene-4H), 7.12 (d, J = 4.0 Hz, 1H, thiophene-
3H), 6.95 (d, J = 8.0 Hz, 1H, indole-7H), 6.96 (d, J = 4.0 Hz, 1H, indole-2H), 6.88 (t, 1H, indole-6H), 6.51 (d, J = 8.0 Hz, 1H,
indole-5H), 6.45 (t, 1H, indole-3H), 5.76 (t, 1H, CHO), 2.32-2.40 (m, 2H, CH,N), 2.17-2.26 (m, 1H, CH,CH)N), 2.13 (s, 6H,
N(CHjs),), 1.98-2.04 (m, 1H, CH,CH,N)

(DMSO-dg) 11.06 (br, 1H, NH), 7.62 (s, 1H, furan-5H), 7.20 (t, 1H, indole-2H), 6.98 (d, J = 8.0 Hz, 1H, indole-7H), 6.92 (t, 1H,
indole-6H), 6.56 (d, J = 8.0 Hz, 1H, indole-5H), 6.45 (d, J = 4.0 Hz, 1H, furan-3H), 6.39-6.41 (m, 2H, furan-4H, indole-3H),
5.49 (t, 1H, CHO), 2.32-2.40 (m, 2H, CH,N), 2.12 (s, 6H, N(CHj3),), 2.03-2.29 (m, 2H, CH,CH,N)
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AR K 20.0 g (0.16 mol) 2-ZHEBEWY (11). 16.8 g
(0.21 mol) —FIZEEMRER . 9.5 g (0.32 mol) £ H
150 mL /K ABEE T 150 mL = #0fH, 3 nvk £k
FR %S pH 3~4, INFARNAR 8 ho 551N, FIRAHE
Filh, BNVKFE (4 °C) I, Hhuk, MEUEHIEK S
Myt A0, e 312 g I 89.6%.
1.2 3-ZHRRE-1--EW)-1-AE (1V,) EK #
30.8 g (0.14 mol) 3-== H e d-1-(2-ME My )-1- A il £ ik
£ (1) % 150 mL ZME/KF, #0 2.5 mol- L™ &
AR E pH 10 247, F 4R 4155 (3%100 mL)
U, AIFAHUE, MRS A AR I PE IR, TEK
TRERAN T8, Yol 28150 1R LK, 73 338 (O IR A4«

B EIRARYE T 30 mL oK DU, 22080
Jn# LiAIH, (7.8 g, 0.21 mol) f#) 100 mL JE/K PY&( K
WY, VKER (10 C) il e MR . i BE i
UK, HILRON 2 h, 45 5ROV o R N 27 1
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Figure 3 Effects of compounds on immobility time in the tail
suspention test in mice (ip: 20 mg-kg ', n =10 — 20)
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Figure 4 Effects of compounds on immobility time in the
forced swimming test in mice (ip: 20 mg-kg™', n = 10 — 20)

Table 3  Effects of la; on immobility time in the tail suspension
test by oral administration. Compared with solvent group, "P <

wokok

0.05, "P<0.01, P <0.001

Compd. Dosage/mg'kg'  Mice number  Immobility time
Solvent group - 10 135.4 +28.3
Duloxetine 10 10 81.0£44.7"
lag 5 10 66.1+44.9™"

10 10 51.8+36.0""
20 10 22.0+16.9™"
Table 4 Effects of la; on immobility time in the forced

swimming test by oral administration. Compared with solvent

ok

group, ‘P <0.05, P <0.01,""P<0.001

Compd. Dosage/mg-kg”'  Mice number ~ Immobility time
Solvent group - 10 144.6 + 53.4
Duloxetine 40 10 60.5 = 44.1™"
la; 5 10 104.1 £39.7

10 10 83.7+34.2"
20 10 60.1+33.8™"

INTCK 21, P40 LiAIH, RN SEHEE, gl
LK, R Z BRI AW, & H %S (3x50 mL)
REL, AIEE VU, MR &AL B KO IR, TEK
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PR, DR 2SR S b, 49 1 i Ak 3-
[ He-1-(2- Wy )-1- N BE 22.9 g, LA 88.3%.

oAl R AR S B I WV (A BTV
1.3 N, N-ZHHE-3-[4-FH[1, 3| —FRIF)-FXE]-3-
(2-"ZM) WhE (la) EEREMEK F3-HlKk-1-
(2-EWY)-1-N EE (1V4) (1.85 g, 0.01 mol). 4-F5HE-4IF
[1, 3] % F.¥F (1.38 g, 0.01 mol) #1 PPh; (3.93 g,
0.015 mol) %1 80 mL Jo/KPUSEmIH, 2212 N
DEAD (2.61 g, 0.015 mol) [¥) 20 mL J& 7K PYZ Rk G ¥
W, UKERAE (10 C) 0 S N L, N oE FE
W vkER, SN 24 he RNV SERSE, KRR
VUSRS, K BT AS R DRI A% T 100 mL 412 4.1
W, 30 mL (R RR SR AR K A ORI R S A Al 7K
WA MIYE 1 IR, ToKOR R T8, RERCH: (il 7 e,
PR PR N, N-— L3 [(4- 28T, 3]1—=4%
FLER)-5H KL ]-3-(2-MEY ) I 1.07 g

¥ LR WA T 30 mL LR AEET, A
0.32 g (0.035 mol)EJR 5 AR, A& 2=, K
FA U (-10 ‘CLAUR) JCE 2 h, g, JEPHHA 4R
CFRVEG:, fHERB R AR K 1.31 g, % 33.2%.

Hbr &Y lay~lag (& RS IR H L EY) 1a,
G T
1.4 N-BBE-3-[4-FEF[1, S]=ERIF)-FE]-3-2-E
M) AAZ (Ib,) EEEASHE H 1.26 g (4.14 mmol)
N, N- "3 [(4-ZKFF[1, 3] 48 )48 JE]-3-(2- 1
Wy) Pl 50 mL oK 2R, kel 0.5 h P
W 0.78 g (4.97 mmol) SLH FRRES M 10 mL Jo/K H
TV, AR FEIRNR 1 h, RN, A EHIE =,
30 mL S5 (2.5 mol- L") ZKIEWRUES SN K,
YA N, ZEMKUEA AR R k. oK IR
BATAR, DB TR, DRk ZE R FROR, AR IR ) .

) _ESRWeR Y R o 1, 2-18 % 40 mL, K 1.65
g (4.14 mmol) S LN T 10 mL 208 /K )5 % 0
B FIR 1, 2-8 ZEEAECT, SRR 3 b, Ik
SN, AHIE R HEER (0.1 mol-L™") /K Y
pH 4 3, iR FHFERN 1 h, IEC%E 3x30 mL) %
W, SR ERANA . KA S A A K B0 T pH
£ 10, LR 4ME(B*30 mL) A0, A IFAHUAH G AR
A EhyK 30 mL Peik, To/KBRIREN T4, 1R 28R
FIEFAL 20 mL, A 0.37 g (4.14 mmol) Hfiz,
HAMPErs A, IFAEIE 0.5 h, WHIRER, K
AU (10 ‘CLAR) JBUE 4 ho g, JEVHHA 2RO
Bevk, 19 Ak AR 1A 0.34 g, ICF 21.6%.

H AR AW by 71 1bs (1 5 2 I H Ak &40 1oy

(1) T o

2 HIEEMLE

21 INREEELE  HEPE ICR /MR (SPF ), AE
18~22 g, £ 25 cm x 25 cm x 25 cm A&k 4 AR 0
ag BIE—Je 7, FNRJRSR 1 om A2 BIE, Sk
FAE I 4~5 cm. SCKGHT 30 min JE R T 5 0k 92 56 1
60 min RS T4 I 29 B BP0 2 BEM YT, A
& 6 min, 215 4 min /pRAZTE . NEREES
BN )BT, PR E F B .

2.2 /IRIRIEHEKSE MM ICR /ML (SPF 4),
A 18~22 g, Fi/NEUE T 7K 25 *C KRN 10 em
MBIEEL (4210 cm, =20 cm) N, ME6 min, it
K5 4 min /N BB TSR] (REZS BUS G S)
E B85 T s 30 PR R B AT AN Bl (R TR ) TRD ), S5
I 30 min J i T BUSEEGHT 60 min IRES T 47l 25
W) e BRI ot B2 PV VYT o /N B kA 0 B ) e
BUAWAR A FH B .
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