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Fig. 1 New synthetic process route of the target product 1

1 SEIgE

1.1 RKF S5

i 58 Avance 111 HD #Z #4336 P54 (NMR , £ E Bruker 23 7)) s Ikt ACQUITY WAH B 3% Bk F X
(LC-MS, 2 Waters 23 Al ; Thermo Scientific Ultimate 3000 &5 2% H (4,38 1L (HPLC, % [H Thermo Fish-
er 2y #]) 3 Thermo Scientific Trace 1300 S AH G (GC, 3 E Thermo Fisher 22 H]).

XK G L 2- ML RE 20 R R (B 4l 1 22 s AR AR AR e A B2 /D 5 B (4 7 46,
# BB AL WA BR A FD 5 AR B TC KB RR 4N AR A AN B IR TSR (W R (A ATl R T KAk A iR
HAk ) s LR O BR TEK OB B ali, i 2R B B A R A s OB (i 4, R e 33 3 B4 A R
IS 3 R8I FH 7K Sy e A 4l K R B e 0 4 A PR FDD.

1.2 XIid#E
1.2.1 A 4 A

] = O OIA T 28 (50 mL) (2-5 ke (&4 3.11.0 g.99 mmoD) I AN (7.7 g.198 mmol) . Ff 1k
ZERHZEOO CE.ZEHEMGERHE LG58 2,10.0 g.66 mmol) i B 28 (10 mL) ¥ ¥ . N 52 5 5 B4
FHRTHEZE 10 °C 4k SE I N 38 ax S €3 W I sz iy 9E AR L 24k A 4 2 BN 58 4 i 2 0k IO R RO A Ak
Bl K WUk V& A BILAH 28 TC /K B R A T 08 I T 4 L A 30 20 R i IR VR AR, B Hp (DA 4 (141 g, BOR 93.5 %0, 4
¥ 95.7%).'H NMR(400 MHz,CDCl;)6:8.63~8.56 (m,1H),7.72(td, ] =7.7,1.8 Hz,1H),7.43~7.31
(m,5H),7.30~7.22(m,1H),5.29(s, 1H).

TRy % R GC AU — 1k ik 3% 45 1F - Agilent DB-5 3% (30 m X530 pm X3 pm) ; #EFE T
ML 250 °C R A5 260 °Csap kb 20 ¢ 1 #0 MM 2.0 mL/min; A& 1 pL AP FHR 120 °C (R 4F
10 min), Bk 10 °C/min JF & 240 °C (f£4F 40 min).

1.2.2 Efk s B
] = O oA A 4R 4(10.0 g, 44 mmol), T % i F 2218 % in & A fk 44 (10.6 g, 264 mmol) B 7K
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(15 mL) T 58 R R R Z I IINFAE 130 “C 4k 2 52 1 . 3 2o YA €335 W 0 i 1y o 2 24 rpr )44 4 B 58 42
Jei 2 0k VLB R TR MR Ve AV R INAK I SR CBRAE B, A I LA, FHOK BRI 3 1K 4 0K B R
BT RS v 4 L A5 B 20 A AR A, B APl 5(8.2 g, KR 92.1% . 4l 96.5%)."H NMR (600 MHz,
CDCI;)6:8.54~8.50(m, 1H),7.54(td, ] =7.7,1.9 Hz, 1H),7.25~7.21(m,2H),7.19~7.15(m, 2H),
7.10~7.05(m,2H) ,4.09(s,2H).

s R 7 7 R HPLC AR IH — Ak i 835 254« 435 4F ES Caprisil C18 100A (250 mm X 4.6 mm
5 pm) s A% K 225 nms AR 30 °C s 1.2 mL/min; #ERERE 10 pLs S A SR8 R £5 22 vh il (BUBE iR —
A 11.5 g K GE TR INBERR 1 mL, HKA B E 1 000 mL) . JshAH B A0k Z & - 47 86 B 6 0 . 91
I B AR 10% RF43 %0 . 25 min B FHZE 25% ,40 min B & 40 % 31545 % 45 min, 50 min B ZE 10 % I
£E4F % 60 min.

1.2.3  Halfk 7 gyl &

1] = O o A 26 (80 mL) )44 5(10.0 g,49 mmoD) FIfk &4 6(10.6 g.74 mmol) , ¥ KRB HE
10 CJa »sr#b & 18 i A& L84 (5.7 g.147 mmoD) Jin5e, F 10 “C4kLE i 30 min, FfiJ5 2818 IM#A = 100 C
JO7 . 308 A A £ 3 N S g R 2 A S I AU — VO IR T 2 90 B 2 ok RN ORE R TR R = R
FH A B KV W VE U AT MLAE 268 T /K B R 0 1 8 5 9 T 28 18 (B 28 J << —0.09 MPa) , it 4 140~170 C1#
I3 A3 R AR B R R R 7(12.6 g IR 93.4 %0, 46 96.8%)." H NMR(400 MHz,CDCL,)8:8.57 ~
8.53(m,1H),7.56(td,J =7.7,1.9 Hz,1H),7.28(d,J] =8.6 Hz,2H),7.24(d.J] =8.5 Hz,2H),7.14(dt, ] =
7.9,1.1 Hz,1H),7.11~7.07(m,1H) ,4.12(t,] =7.4 Hz,1H),2.49~2.41(m,1H),2.29~2.21(m,9H).

H PRI 7 2 R GC T BRIA — bk 835 2514 : Agilent DB-5 354 (30 m X530 pm X 3 pm) ; #EFE H
M 250 C iR #R IR 260 °Csr bk 20 ¢+ 1; 8 A 2.0 mL/min; A 1 pL AP FHR 120 °C (%
10 min), KA 20 °C/min F+ & 250 C (£#$F 60 min).

1.2.4 HRBEAFNMHEALEY DRl &

] = FUR o A EHA 7(50 g,0.18 moD) MITE/K 2 (150 mL) , bifi J5 22 1% 3 i 5 Sk iR (23.6 g,0.2 moD)
[ IEK (50 mL) IR 56, SR8 E1 & 0 “C M dh 6 h, i U8 J5 15 I ok iR S0 28 A8 f0RL 5 (65.6 g, IR
92.2% 4l FE 95.3 %) A §h & TC/K £ E CRLE B & 1) 2 %) F 45 &, 15 80 1 @ B, Bk &9 1362.0 g, IR
94.5% . HPLC 4 J¥ 99.8%).' H NMR (400 MHz,CDCl;)8:8.59~8.55(m,1H),7.56(td, ] =7.7,1.8 Hz,
1H),7.31~7.27(m,2H) ,7.25~7.22(m,2H) ,7.19~7.14(m,1H) ,7.11(d, ] =8.0 Hz,1H),6.28(s,2H) ,
4.11(t,J =7.6 Hz,1H),3.02~2.96(m,2H) ,2.79(s,6 H),2.79~2.76 (m,1H) ,2.46~2.42(m,1H).

K 7 3 HPLC 1 BUH — b3k 3% 2 14 . 3% 4 ES Caprisil C18 100A (250 mm X 4.6 mm,5 pm) ;
Rl P 225 nm A 30 °C s 3iE 1.2 mL/min; #EAE & 10 pL; JEBNAH A S 85 R h 22 vho i (IO R — A B
11.5 g /K& B M iR 1 mL, KB B R 1 000 mL) . WS A B A g 20 . HE4T 46 B UL . W 4 B A1
J910% .25 min I FF 2 25% ,40 min BFFFE 40% ,45 min BFFE R 10 % I3 FF 2 50 min.

2 SRS

2.1 FRIEME 4 I E &R

B A 4 f A R AR S TV R L) T 2 B e A TR ZE R VL A s T 9 R O S8 T TET . 0 i) O E T
DU R N, N - R B e, R RN 1, 4- RN ER L IR 6 & BT A A R N R R R e A
14 3 55 2 12 A 14 S e o D 5k 0T X SRR B Y o7 AT 25 B Ak, DA 8 i R T P 1 B B RS %
W2 I Bl 5 S A e D A5 A —— 5 B AN W) TG T U B ) S A R, g K i IR 3 AT
FESR B BE 7 . Tl b# A& NaNH,  NaH T B 80 45, A ] ff B oM 505 19 1F T 26 2 5 LDALAS B
ST 3T 2R 45 56 X AR ] 28 B % Rl U AT T 0 %k (NaNH, (K, CO; \NaOH,CH; ONa,NaH BT BE4) , 45 F %
BH R R NN & A O 5 TEAILBRAR 14 s g LA SR AT, A ATL v e e s o7 S8 R e 4, v, NaNHL, 1 4l
JE R MR i v 5 AR e A RS SRR E T T R B LDA AR B35 5 T NaNH, . R A& Tl ik
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JUT e AR A B i L SE R AR A5 T R R A S RERE B OR T i, T AR TE i A e R TR
B R, Bk NaNH, (77— 8 B FE R M AR 25 5 RO 80R AR P2 A L T8 AT B I ik & 1S Bl vk 5 2
1A P 2% NaNH, A5 2 24 5 5048 A9 26 6. NaNH, B9 FH o6 By B AT 8 35 5 ), i H A s 38 i (e (BB 9 3) -
n(NaNH,) =1 : (0.5~4)) , =Yy al{k 4 Aoz SR e m G BRI  NaNH, &R o (G 3) ¢
n(NaNH,) =1 : 3 B}, e W RCR Fedl - W83k 93.5 %, 8B E A 95.7 %.
2.2 HEE s BEI &S ERL

H AR 5 A B ok R AR IR B S AR AL A . SCHR R T SR FH Bt 4 J A A B R AR B L AR T R
Gehm e T AR Bk S S S B (R D BT R O R, O R T SRR RTSER R F 5 1~ 4, Kk B R
S R 249 T S RO L TR I S Ak AR v AT R B A B T E S R, LS A B T R A O A R
EOHLER SN BUA SRR AR R JUH 2 NaOH (9 W30 F0 40 32 i e 95 900 HH 02 52 o B By 19 SC B OF 5 2,5~
8) K fE ik Z2 I PR AN U AL A AV S T L0 S o CPP IR 4) = o (BURD = om G FRD =
1:1: L5UF5 6B M85 B AR AR B H B o CRIRIR 4) 2 m (BFGRFD = m GEFD =1.5 1 JF 5 2) fig
P AL TR R AT A Y B0 aek AR L O e L AR Y 8 5 ik XU 55 AR L T DA A R e AR R R

ESWE-TSESor R §eavaE A

Tab. 1 The influence of various factors on the decyanation reaction

o N EREEl i
L B m CREAR 4) = om (BEFIRFD o GEFD A et/
1 KOH 1:1:1.5 93.9 91.7
2 NaOH 1:1:1.5 96.5 92.1
3 # H, SO0, 1:1:1.5 85.8 81.6
4 # HCI 1:1:1.5 82.6 80.3
5 NaOH 1:2:1 95.2 91.0
6 NaOH 1:1:1 96.9 92.3
7 NaOH 1:1:2 51.5 47.6
8 NaOH 1:1:3 30.2 27.6

2.3 HEE 7 BEIEEGMRL

2% N AL B 5 55— 25 ARl BRIk Sy B AEC RO AS , 358 R A [) 0 3 700 LR 5 R et Ak T 3 700 it L 0 RHIC LE A
BV 2SR (3 ) AR R AL R OF S 1~3) , (m CREME 5) /VAEFD) / (kg « L) =1/8 If, fi #¥
R AL AR BAF WOR 5 4l B f v AE YRS He 7 18 OF 5 2,4~6) sn (RN 5) = n CRIEIK 6) ¢ n (A ILEN) =
1+ 1.5 = 3PS R S AR T 0t Lo 481 B s I A 58 4, 3k v DS S50 D) 33 1 4 i B L R B (O i B AR T
10,50,90,100,110 °C)XF Sz 1 5 el &t 2 AR T 50 °C Bf S 1 92 1% o Wi 36 K 4l B 95 A1 5 i o ik 88 o o S o 3 8
IR o 5 AR B k3. 100 °C B S g 80 2R e A a0F — 2 4 v 1R B ) 45 2R TC I 3 R T B RE .

2 BFRARXNHBEREZAM

Tab. 2 The influence of various factors on the amination reaction

i TR _ PRI A W/ MR/ %
Gn CRIAR 5) /VOEFD) / (kg « L1 nCREA S) = n O EA 6) ¢ n (RIS
1 1/6 1:1.5:3 89.9 85.7
2 1/8 1:1.5:3 96.8 93.4
3 1/10 1:1.5:3 90.3 87.9
4 1/8 1:1:2 84.1 78.6
5 1/8 1:1.2:2.5 86.8 82.0
6 1/8 1:2:3.5 89.5 86.1

T RV AR s AR A& T R IA.
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A FEXF K2 L R AP 26 55 0 B e EE AT ekl JEE e ] LB E A R S S S B AT A (R
30 B R i e v s BEARE T T K T S TN T R DA B o O B S TR T A R b 2 R 2 L TN TR R SR i G, TE K
LT 255 B e LB R T D5 T (o0 301 5 6 T I RV R AR B R 7 JBORE R 2,46 4% 259 R IR BT R
Sy R TRLAS 7 SR B 4 ATERRE 7 RO R R B f s SR IR T B DT T (S 1~5) W BiE Oy n (BB 2) ¢
n (ORI =1+ 1 EP AR A 7 SR B OMEFE SRR S i A S RN (a5 2) 2 n (5
KIR) =1+ 112 W, B BOR e 7™ il WSO VA0 8 di o 5 4K 25 384 o P B 0] 0 T i, 5 T T 3 XA &
pH i 85 b JSA TH v AP b e BE 5 R R 7 ) B A R RN F 5 2,6~9).0 °C L DU I, e & (EAR
T 0 CL AR = T 0 CC IR M e, P SR AT AR IELEE D 0 °C BT AR I (2.4 .6,8,10 h) B A 45 R R
6 h N fefd, R ATIA 94.5 )0 A5 fhad B A I TG /K £ A Sy H 45 A 700 I 7 i B9 20 B2 5 Wi R B
T 5 A AN N R 2 A S8R B 0 EE A AR T B 50 (55 2,10~ 12) , 45 51 27 ¥ 5 (A BRUR D L it o
A 2 A% I ROR B L R A T RE S B R SE 4x B T R B AT T B R A T 5 T R 2 ) M i R O
dn AT HG IR, 5 BOBCR T R

x3 BEEMNMERNEERELZRNFIN

Tab. 3 The influence of various factors on the salt-forming reaction and recrystallization

2 PRI BT IR/ C A /Y WOR/
n(bEW 2) = n (BRI Gn CHLED /VAEFD) / (kg « L™
1 1:1 0 1/2 99.8 75.0
2 1:1.12 0 1/2 99.8 94.5
3 1:1.25 0 1/2 99.8 91.5
4 1:1.5 0 1/2 99.8 90.4
5 1:1.75 0 1/2 99.7 92.2
6 1:1.12 —10 1/2 95.6 95.5
7 1:1.12 —5 1/2 96.9 95.8
8 1:1.12 10 1/2 99.8 74.5
9 1:1.12 20 1/2 99.8 68.9
10 1:1.12 0 1/1 96.5 93.8
11 1:1.12 0 1/3 99.8 88.3
12 1:1.12 0 1/4 99.8 82.4

25 R KRFmaH
KA IR B9 2 PR BEAT I8 21 3 At b i, 3% B P [ 25 48 ) (2025 4F O AR EREAT A TN S5 2R W 3% 4 PR
3 At il B AF A i [ 24 ) (2025 4F RO R G EDR.

3 #Hig

AT EH EZRIH A8 T (D a4 A 5 B B DU R NaOH oK 3 3 35 5 8L AR 3 1 750 3 AR
DMSO & B 12 55 53 5t 5 5 i 1w 175 G 00 o 45 3 0 P OO AR 4, OB AT A 17 i Ak B L 4 TH 4R A 22 42
k. (2D 78 B AL B L SR JH A T BB/ 95 0 AR A% S8 T B I I AR L S B 17 0 0 ik 1 B A8 0 0 e 4
] A 28 A e FEE A St Al P 5 R S o i Sl T S SRR 8T 2 BN A A TR IR A v R R K Y A AT A
LR AL . (3) T B R THE 70.0 0 KA b, 7= S 4 RE 35 99.7 06 LA L, IF N 58 K 50 kg SR,
BUE T HE R DO 5 A v 7 (4) 3l i B A S B A P R R TR AR R A 4l HAR TR
S 5 F5e 28 7 b AR TG 7K W F s I F 45 B AT BRAG 40 8 il I 3 D0 R T AR S TR SR AR
YUSZ:N

B ARBI UL T — 2R LI EOR S R IR R 224 5 R 65 S R 4 A8 RN A TR IR SR
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AR BB A B A S L A P T A5 A0 A 8 v i) 15 e 267 it At R 77 B, 3 2 3 1 v 3™ o 2
S EPIRT 99.700 IR T 0.1 00, AR BT 0300 454 (R 25 L) (2025 4F RO AR e, B )
L B AR AT AT

F4 3HFEFRENER
Tab. 4 Test results of three batches of products

it
FEIH B i ok
o —it 5t 5 =it
ECg Xt SR N Bk 50 kg 50 kg 50 kg
PR [ERERZFTY R E N AN FELSSMER AR, TR A% MERA. TR EssmERER, TR
R/ C 131.5~135 132.5~134 133~134 134~135
W Wi 22 % 212~222 213 213 212
LS o7 WL B A E A e T AR E
R /pH {H 1.0~5.0 4.8 1.8 4.7
N S P o7 V8 i JE B S ) BT
EEES7n L =0.3% 0.01%,0.04% KA, 0.02%, F A4 ,0.002% ,
0.03%.,0.04% 0.05%.0.05% 0.060%,0.004 %
pSES <0.9% 0.20% 0.10% 0.10%
Bk B 71 ) LA 5 ML A A tH A A H A
by A U 15 R o O LR, ARG IR A HLE 7 ML e TF A HLE
TR At 0.5% 0.035% 0.003% 0.015%
TR R i Rt 0.1% 0.04 % 0.06 % 0.07%
o E B TRL A Cis HiCIN, « CHL Oy 99.9% 99.7% 99.7%
AT 98.5%
B 72.8% 74.9% 73.9%
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Study on the green synthesis process of chlorpheniramine maleate

Yan Han'?, Zhang Chenchen', Ma Chunhua', Wang Junchen®, Zhang Dandan'

(1. School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007, China; 2. Zhumadian Institute for

Drug and Medical Device Control, Zhumadian 463005, China; 3. Topfond Pharmaceutical Co., Ltd., Zhumadian 463002, China)

Abstract: Chlorpheniramine maleate, or chlorphenamine, is a widely used propylamine-type H1 receptor antagonist.
This study details a systematically optimized synthesis of chlorpheniramine maleate from p-chlorophenylacetonitrile through a
four-step sequence: condensation, decyanation, condensation, and salification. The process innovation centers on a critically
improved decyanation step by substituting concentrated sulfuric acid with an inexpensive aqueous inorganic base. This novel ap-
proach affords precise control over the cyano conversion pathway, effectively suppresses undesirable side reactions, drastically
reduces high-salt aqueous waste, and conforms to the principles of green chemistry. The process's industrial viability was vali-
dated through a successful 50 kg pilot-scale run, delivering an overall yield of over 70.0%. The resulting chlorpheniramine mal-
eate exhibited exceptional purity(the main component purity exceeding 99.0% , with any single impurity below 0.1% , and total
impurities not exceeding 0.3%) , fully complying with the Pharmacopoeia of the People’s Republic of China (2025 Edition).
Combined with its mild reaction conditions and operational simplicity, this process demonstrates strong potential and commer-
cial viability for industrial-scale application.

Keywords: chlorpheniramine maleate; process study; decyanation reaction; green; industrialization

[REHRRK BERE XEFE]



