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(Abstract] Objective To conduct targeted synthesis of five major impurities (A, C, D, E, and F) of amiodarone hydrochloride
and optimize their synthetic processes, so as to prepare high—purity impurity reference standards and provide a material basis
for the quality control of amiodarone hydrochloride active pharmaceutical ingredient (API). Methods Based on the synthetic
route of amiodarone hydrochloride, the sources and structural characteristics of the impurities were analyzed, and the synthetic
routes for each impurity were designed and optimized. Impurities A and C were respectively prepared from the corresponding
hydroxybenzophenone derivatives and 2—(diethylamino)ethyl chloride hydrochloride via O-alkylation. Impurities D and F were

synthesized by selective iodination reaction of (2-butyl-1-benzofuran-3-yl) (4-hydroxyphenyl) methanone. Impurity E was obtained

(Y75 B #9)2026-01-27

(EETE VR A TR GRS 2R A A E KRB 5 (R2023139) ; 1 B4 20 F 7T RHIF 6 0050 H (2540275 ) 5 £ BH 17 BEH 437 6 F % 351 H
(202550028002 ) ; 1 245 453 14 15 B 245 9y A 5 3 48 R R B a5 6 3 0 i M T R 4 35 H (25PTKEF1004)

(BEEE ) X0, B, #5042, 55 24 501, E-mail : dragon5240@126.com .



1122 W1 R TP s 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn 2026 “E5 46 £

from 2-butylbenzofuran and p-methoxybenzoyl chloride through Friedel-Crafts acylation followed by demethylation. The structures
were confirmed by 'H-NMR and HPLC-MS, and the product purities were determined by HPLC. Method validation was
performed for the impurity limit test of amiodarone hydrochloride using HPLC with the following conditions. Results All five
impurities were successfully synthesized, and their structures were confirmed by spectroscopic data. The product purities were
all higher than 91%, meeting the requirements for impurity reference standards. The optimized synthesis routes improved yields
and simplified purification processes, enabling large—scale preparation. The acceptance criteria for impurities were established
according to domestic and international pharmacopoeial standards, and the developed analytical method was verified to be
reliable. The impurity profiles of three batches of the API samples all complied with the specifications. Conclusion This study
provides a material foundation for the related substances testing and quality standard improvement of amiodarone hydrochloride

APIL. Through the optimization of synthetic routes and purification methods, the accessibility of impurity reference standards has

been enhanced, providing direct support for quality control of APIL

(Keywords) amiodarone hydrochloride; impurities; synthesis; quality standards; consistency evaluation
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MS m/z: 393.8 [M+H]|*, 'H-NMR (500 MHz,
DMSO0-d6): 6 7.79 (d, J = 8.5 Hz, 2H), 7.59 (d,
J =82 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.30
(t, J =77 Hz, 1H), 721 (1, J = 7.5 Hz, 1H), 7.06
(d, J = 85 Hz, 2H), 4.11 (1, J = 6.1 Hz, 2H), 2.82
(dt, J = 20.4, 6.8 Hz, 4H), 2.55 (q, J = 7.0 Hz,
4H), 169 (, J = 7.5 Hz, 2H), 127 (q, J = 74 Hz
2H), 098 (t, J = 7.2 Hz, 6H), 082 (1, J = 7.5 Hz,
3H).
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DMSO-d6): 6 821~8.17 (m, 1H), 7.83 (d, J = 8.6,
2.1 Hz, 1H), 7.64 (d, J = 82 Hz, 1H), 7.39~7.27
(m, 2H), 7.26 (1, J = 7.5 Hz, 1H), 7.19 (d, J =
8.6 Hz, 1H), 4.65~4.48 (m, 2H), 4.03 (q, J = 7.1
Hz, 4H), 2.81 (1, J = 7.6 Hz, 2H), 1.98 (s, 2H),
1.69 (m, J = 7.6 Hz, 2H), 1.28 (m, J = 6.9, 6.4
Hz, 6H), 1.17 (t, J = 7.1 Hz, 2H), 0.83 (1, J =

7.3 Hz, 3H),
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BRI 60.22 g K LI A ) N o8 e TS R AR
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JLI 58 G, TR 2 HOI A 31% 1) 45 0 6% 2 60 7K %
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MS m/z 547.0 [M+H]*, 'H-NMR (500 MHyz,
DMSO-d6): 6 10.44 (s, 1H), 8.10 (s, 2H), 7.57
(d, J = 82 Hz, 1H), 741 (dd, J = 7.8, 1.3 Hz, 1H),
733~727 (m, 1H), 723 (1, J = 7.5 Hz, 1H), 2.79~
2.69 (m, 2H), 1.66 (m, J = 7.6 Hz, 2H), 1.24 (m,
J =74 Hz, 2H), 0.81 (1, J = 7.3 Hz, 3H),

Z&J5 D (% 'TH-NMR %48 5 SCik iz 8 — 207, i
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TR K, 7K 58 B I 2 20~30 °C, A 2—
TR IR Ik 501.71 g AR 4R SR R R R A
500.04 g, HEFEH AT AN A = E kK 478.42 ¢,
W AR 2 THIR 2 40~50 °CIRE 2~3 h(HPLC Wi $
RN R o ROV 5E R K O TR B P 180 A 4R R
HLAZ R RN, it ik RS WA B, A LA
R R M 7K S W (25.42 ¢ BRFR BRIV % T 1 000 mL 7K
HO PRI — K, FE K BRI P (R 1 000 mL
K)o VRURTEERE B LA A ] 3R A BR K
2 h,BRAKZERUS I ZE 0 CLAF, InA =& 1L
740.22 ¢, ¥ il B 25 FEAE-0.05~0 MPa, i B 4 7 76



2026 55 46 &

W1 R TP s 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn 1127

80~90 C FAfIRI N 2~3 h(TLC Wi R W& ),
R 58 S RN TR A B A R R vh L2k R
N, A AUR KPS =R (B 1 000 mL 7K)
PR SEYE R BRI B -10~0 C45 5, i€, TR 15
# 668.62 g Z&JF E, IR 78.9% , Z=Ji E AR M
F R A&, 28 HPLC A&, H 46 B 4799.90% .,

MS m/z: 295.0 [M+H]*, 'H-NMR (500 MHz,
DMSO-d6): & 10.42 (s, 1H), 7.71~7.66 (m, 2H),
7.58 (d, J = 82 Hz, 1H), 7.35 (d, J = 7.8 Hz,
1H), 731~726 (m, 1H), 724~7.18 (m, 1H), 6.93~
6.87 (m, 2H), 2.80 (1, J = 7.5 Hz, 2H), 1.64 (m,
J =75 Hz, 2H), 122 (m, J = 7.3 Hz, 2H), 0.78
(t, J = 74 Hz, 3H),

%457 E (19 "TH-NMR %48 5 Sk it E — 20, w1k
K (2T 12K I Wk iRg -3 -3k ) (4— ¥R FL R IL ) HH
3.7 ZRFEF WA NS S5 e

#£ 200 mL SR I EE 8.63 ¢ iR 4
6.18 g Ml 543 g /K 3.13 g K (2- T H-1-2Ffuk
M -3 ) (4-F2 HE R L) H i 6.42 o, BRI AIG
IR E FIHOR A . FERRURAES T, A 30% 1 &0 4
LA 6.47 ¢, AEd RN S5 R BEA T DR TR LY 5~6 h
(TLC Weda R 28 550) o SO 58 U , 5 R 7818 7%
Pt ZEMRAS S ] R AR & i A H R 60 mL
R 15 mL, THE Z 80~90 CHl MR A M , /3, 4
PLARFHZK 150 mL PR —K, Yk sE 5 A P
R e 4, B 3 ORI BRI 2 0~5 C4h i, i
UE, TGS 6.76 ¢ 245 FCR 73.1%, 4% F 1
NSRS RN I = L SN oL R 1)
100.00% ,

MS m/z: 419.0 [M+H]*, 'H-NMR (500 MHz,
DMSO-d6): & 11.35 (s, 1H), 8.11 (d, J = 2.0 Hz,
1H), 7.68 (dd, J = 8.5, 2.1 Hz, 1H), 7.62 (d, J =
8.1 Hz 1H), 7.38 (dd, J = 7.9, 1.2 Hz, 1H), 7.33
(ddd, J = 83, 7.2, 1.4 Hz, 1H), 7.25 (m, J = 7.6,
09 Hz, 1H), 700 (d, J = 84 Hz, 1H), 279 (1, J =
7.6 Hz, 2H), 1.68 (m, J = 7.5 Hz, 2H), 1.26 (m,
J =73 Hz, 2H), 0.82 (t, J = 7.4 Hz, 3H),

Z=2 5 F 1 '"H-NMR %4 5 SCHk i — 30, 1
WEN (2T F-1-ZE I ki —3-3% ) (4-F2 -3 -pi K
) B

4 EREEHFHNA

4.1 FFRERETE
e it A ] TR M Al R ] PN A AH S SCHK, X L o3

B 1 (AR N B SR A 24 it ) (56 ] 24 il ) H A 24 i)
(O [ 2 AL )T U 245 4L ) X6 4 6 % o e 28 17 12024 ) HL
Hh (S T 24 ) (% [ 2 0 ) (O 2 i ) v R BT A
C.D.E.F (MFREEZR YN 0.2%, 7 IR L, At
G I L E T S R i UL JOAE 24 1R T 4 T (ALC
D .E F) AT hrE,
42 T EFWIE
42.1 2y 5iEH KES R S A LR R 30%
i ARSI Ry oAt W B R RO AR T
O RS R i Al i [ 95 B Tedia 24
422 AU BB EIE (L (Agilent 1260 Infin-
ity 11,35 ZHERRHE A IR A 5 L K- (Sarto-
rius, K5 B 0.01 mg, 78 =28 Z FI A 7)) ;pH 11 (5
i, 1A B AR A A BR A D)
423 @3% &M (3% HE :Agilent ZORBAX E-
clipse XDB Cs #£ (150 mmx4.6 mm, 5 wm); i 3
A pH 4.9 VKES IR 22 vhvif - H BE - 2 (30:30:40) ; 7
B O 7K (1:1) s K S . 240 nm; 1 30 °C
Wk ;1.5 mL/min; #FFEE .10 pl,
424 VEWHE B A 10 meg, WEHERE, B
100 mL 3t A s B 500 s i 0T e 45 20 #2650
RS HE S A8 T, BBOG BB A P 459 1 mL, & 50 mlL
ORI R 2, BT AR 2R B A X R
W, 245 C.DE F 4 B T il & ik 525 A
Xof BRI — B, BUER R e LR 10 mg, K 25K
10 ml O I R R A R AT BRI
WL

AW R G IE R TR R e
PR A PR St M bR B
Vs CRR s M I S T A )y v T R T 4 A
T3 B ARG 3 B 7 iR SR TR A5 S A Iy VA AR
PUE 1 55 45 8 1T LA 50 G 0 7= it 1) A DG 2%
JoT, PR TE R AT SR
43 HmKNESR

SR FHZ 43 AT 5 15 56 UE 3o (4G 0 32, Xoh WA R A
Fiig £ W B 2G5 4 ARAT BR AT 2 w1 B 3 b Uk Eh R
LR (315 . 220301 ,220302 220303 ) 4 41 % 2= S T
JR W | 45 A R W45 % BT AR B AR B iU T AR i, 3
U R T P AT 1% R O 24 T 0 e 5 SR UL 1

5 itig

AW R G BT R I LR Y 5 A S BREAE ¢
Z2BU(A C.D.E.F), LN RERE T2
BT IR T 2% 2R BT A ok U
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Table 1 Determination results of related impurities in

three batches of amiodarone hydrochloride

P F3n 220301 220302 220303 FATARME
1 2 A ND ND ND <0.2%
2 A C 0.023% ND ND <0.2%
3 FIE D ND 0.024%  0.051% <0.2%
4 25 E ND ND ND <0.2%
5 BT F ND ND ND <0.2%

7 :ND(not detected ) e A H

TEA BUR WS b X T2 BT A Rl C, A BF 98k
T m AU Ot AL BR 2R | 1 Bl WG A 207 1A 22 %)
T AT X T 85 LAk i 4% 5T D A1 F 38 3k
B 42 1 S22 400 0 Ak 2 T 5 Ry 2, o il S BT
o T B 1 BULAE 5 B LAE A R TR A
AN, 2T E A BT TR T I AL S R A
KA G T F 46 RSO B,

FEAAL ik b AR ST £ AN [ 2% 5 1) 4 B AL
SVERT, AR T E A (A A D E F) i 2
B (2% 0 C) 45 7 2, Bkt T X B 5% HL A B R PR Y
Tl £ WRORH £ 135 B AR, B 25 % ok B B RS AL
il &5/ oK o

B AT fe & 7= #4938 i 'H-NMR Al HPLC-MS
17 1 F8 0 W AS /i, g ik 5t 5 H AR 4548 58 4
— S0, % Bl ) A B T B R

g Lk AR T 5 R AR A A R 2k
STl X R B 2R 5 A, O A IR i L
JEUAk 24 1 Joi e 2 R T R B R S R S
P, B 125 & — e P iR
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