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Abstract: Cephalexin (CEX) was a widely used o

antibiotic in clinic. The proportion of CEX in crystalline

mother liquor was about 10%, which must be recovered
1-Naphthol

in order to decrease economic losses, environmental ' Crystallization gy
’ T [BAqueous phase roducts
pollution and prevent the rise of drug-resistant bacteria. == Complexation Decomplexation p
. . . \ Clathrates
The preparation of CEX by enzymatic-catalyzed is a - - (solid)
green pharmaceutical technology, but recovery of CEX ((Orgamc phase
CEX Solution (decomplexing agent)

from the crystalline mother liquor had not been studied Reeyeling

systematically. In this work, the recovery of CEX in the

crystalline mother liquor by enzymatic-catalyzed preparation was investigated with benzene and naphthalene
compounds as complexing agents. The effect factors including complexing agent type, complexing agent dosage, pH,
temperature, concentration of residual raw materials and by-product on CEX complexation process were
systematically studied, and an optimization scheme was proposed. The results showed that CEX complexation rate
was higher using naphthalene compounds as complexing agents than that of benzene compounds. The type of
complexing agent and its dosage, pH were key factors on CEX complexation rate, while the temperature,
concentration of residual raw materials and main by-product, such as 7-amino-3-desacetoxicephalosporanic acid
(7-ADCA), phenylglycine methyl ester hydrochloride (PGME) and phenylglycine (PG) had no significant effect on
CEX complexation rate. The optimum parameters were as follows: 1-naphthol dosage of 4.4 g/L, pH of 4.72 and
temperature of 293 K. Under the optimal conditions, the CEX complexation rate was more than 97.0%, which
increased by 5.0% compared to that in the conventional industrial process. Using dichloromethane as a decomplexing
agent, the total recovery rate of CEX was more than 92%. Furthermore, the CEX products were analyzed by HPLC,
the content of CEX, 1-naphthol were 98.5% and 0.009%, respectively. While the impurities in the CEX products,
such as 7-ADCA, PGME and PG were not detected. The quality of CEX products conformed to Chinese
pharmacopeia standard. This work suggested an effective approach for CEX recovery and pollutions decrease.
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B E: URRNERMEWASEER, THFCRMENL B AME T E £ RO, B8 TRAFIME. FE. pH.
B BREA BRI =R B Sk R A R R, e T ORI R, d A T T AR AREY, KA
Fp2. FIEA pH 2N LE R SR IAREN R, KRR LME TR A XL REm. RERE TN -2 44
/L, pH N 472, HF 293K, B LR FRLERKT 97.0%, LLHIAEF TERET 5.0%.

LR SLEETE, SRR %E: ik
FESES: TQ465.1

1 ® B

SAE T (CEX) 2 — Mk hiAa R, | ZH Tk
PRU=3, 2013 4 [ 1 FH 229 2670 4, Skl & R r >R H
25 B R B AL A BRI 1571, LA F AT pH B
472, Tl A== Ao RS L A A A B R N R
Sk fags, S5 d BRI Sk METT R B E 4 12~15
g/L, ) RN 10%. Kk, 2540 mUscss f Bl ik B
ST, 7 WK 2 i R B Fl ™ B (3R 85875
e, ELA I 24 B R G A R D S R B0,

&5 it B P B Sk R R IR RSO VA i RO
RUKAHZERGEI RN, B 413V 28 A5y 042
TERS B2 e b, B A A 7 A O o ¥ Ak 8 ) R kP
W, PEEG YL ERUKAHZERGEEC, A2 5
FISORSA s, Pl A s FEREE ISR, B 7 5
&, WAL AR RN IE IR AR 45 i BRI, 4%
Bk Ak B RENL . BEREER LIS, &
F T IR B S AR s 4. SCERU4 T8I 252K
EWIRNGAT], WERER B YIDTTE RS T,
WHIE T 2R EW S LR LA B W] BetE Je 2%
BRIP4 G 5 Sk AR B IR BE R, X 2% 571
PIEEEA SR S, BIFRY LG RN T E R
Schroén “5UOMERHE M & BELBE TS EP AT 2-
5y, 1,5- R EZE, 2,7- TR EZE, 2.3- R EZE U
B, RO G Bk, IR TS RO
FER R PRI ARAE, ESE T 2,7- R HEZE 23- g
N VR0 R B MR, 53 AP Rl 48 4 750 Bl 1 5
ML /IN. I T 48 G R R TE FE R R 4 BRI P % Ak
MR R E R ERELE, AOEIAF A, &7
ARKERISERGY. T AR, RS
BRI A S AR, S5 A B P 1Sk IS R A 2-2K
NEEEFIFATE A E, kAR 26 2 181K(92%).
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BRI A A Bk N & — P B A S 4t
FIZHAR, BAMNE RIS SRS, L8
SRAEAMEC AR T Pk Ak, Bl [ PR A A
AR R, SO 1 Bl v 1) 2 ok SRS =l Ak
B A S LU 0 45 BRI R 32 R R S S L
B R TE KRR A 5B 1) SRR} 7- 8 2 -3- 2 L B AR 2 3k
TR (7-ADCA) 2R H 2R FH G 5 1R 2h (PGME) F B
AP YID-ZK B HER(PG). H i A& W& A B EEIL LS &
BER A S A E R I 7T i E

R TAE RGUHAITTE T 45 f B R IR B Sk
Mg G R L2, 874G 7R LFIE . pH.
JLRE . FREJERL 7-ADCA 1 PGME. 8I77%) PG WK E 4%
R 25 Skl 4 B FE I B2 A, B8 T SRR R ) [
R, WAL T 4 A I RR TR A RO 77 b TR A R
AL A T S E RS S R T, R Rk
AR PR YA HE S i — T 75 v

2.1 RS

LR —KEW . 7-FFH-3-5 OB LB b R
(7-ADCA). K H 2 F i 2R IR £ (PGME) ) tH AE A il 24
et A FIHRAE, T 4 CUKFERIRAF. 1-Z58) . 2-251 . 2%,
AROK My IR Y. HEE. SRR RN RS N A
Wrali, 2,7- —FIEZE (A E 98%) X 2 JE 2K FH R FH S (CP).
¥R FE K R 4R (CP) 35 6 T [ 2 48 P4k 30570 PR
AT 1L,6- T FREEZE 2,3- R L ZERI R G A Al
N 98%, T g e AERH A TR A F]. 1,5-F0 2
ZR(ZHE 98%)~ ABZ LR (AHSE 99%) [A]ZK —HH(AR)-
X FERI (AR) 2- R B (4l FE 98%) e D-ZRFEH 4
FR(PG)$3 I T Bl bz T k7745 PR A #.
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HI221 & B TH(E KR HANNA A #]), 90-4 fi
TR (LI IR ARG G R AR, 2518 1260 &
RO AR B (HPLC, [ 224846 A 7).

23 LWH*E
23.1 HERMN

TER 25 Sk AR E R 1 45 S B, EE R sk
%% 15 g/L, )N RR R 7-ADCA 4 g/L 1 PGME 25
g/L, El/“¥) PG 6 g/L.

AR TAE DA A S R4 d BB k), Fodh skl
FURWKEEN 14 /L, VEW pH=4.72(% H/5). WF5T pH 1)
SEMAS, F 6 mol/L B & 1 i ik 2= /K i 15 AL, BRI pH
fH. &7 /DR, 1930126700

I8 A TR BN 4 & R, fE—
EME K pHET, WEEHNERENE ML
WRHE R, TERE P T T4 & ) M. A HPLC Kl
R Sk AT BRI e 4G IR NPT (R], THE
LRI LA 2R E(%):

_ CuaV/imsa — CresusV i
ConaV i

KA Chuitial, Cresidual 73 5 AN BRI AN 256 [ N 5 ¥
% B SRS IR EE (/L) Vinitial, VResiduat 73 1] 9
PARFR RN 28 6 I S5 S A FR(L).
2.3.2 SrHrka iy

F HPLC RSk s Fik B . 3 4E 4.6 mmx150
mm, CI8(G1316A):, AR FEFIH M #%(G4212B),

E

x100%,

FEIR 313 K, A K 260 nm. FESIFILLECN 70% R
BN 2Z P 25 (20 mmol/L, pH=7.0)F1 30% H %, Wi 1
mL/min. FERFRE—ERTEL, HEFEE 20 pL.

Fi HPLC &3k #1207~ b 7 7-ADCA, PGME #l
PG B, H 303 K, Rl 220 nm, VizhAH A N
IR — S ANVAWL(0.2 mol/L, pH=5.0), WizhAH B A HEE.
SREUER FEGE L, Foe 4 E A L. st A F1 B AR L
W 1.

1 BEEIRREIE A A1 B BAFREE

Table | The volume proportion of mobile phase A and B
Time/min Mobile phase A/% Mobile phase B/%

0 98 2

1 98 2

20 70 30

23 98 2

30 98 2

M HPLC Sk Az w7 it 1-280, Ak
225 nm, VBHAHN 45%HEA0KAT 55% P, He % rFFE
E.
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3.1 BERNIEK

B kR et fnE B AR,
A RN R A, BT IRIRIR. £ 10 min J5 RN A& R
SRR HIR R AR, RSSO BEE . K
PR AL e . BT, Rk RE RS EMUTIE, Sl
T KV RIR P S AR 2 1 AR TR
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Fig.1 The scheme of CEX complexation process

3.2 KEBEYGITE
3.2.1 AR

WFFEROE ], SR NI A SN ] LLEE 278 K R
HEAT. ££ 278 K FHE TR RFIZE R A I KAl F
AR, SRME 2 s, ATUEH, ERE&S
A, PR SRR G R A, 1A 80.3%:
ZERBERIT, 1-ZEB 1 1,6- —F 3280 L A 1 2%
BRI, DHE 97.6%H 98.0%. 25 RN LA

R ERYFTRREEH. BE75RME TR
R, TFEE ARG EY. BRI EMEN A
—ANRMEIEEERS, KR TR, o5k MEw
G, HEH 5 LR REAR A S
BrsaleRmER. s, EadiEt, Ka6is
SAE R INEE LRI A nn AHELAEH, 28 R %%
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Fig.2 Effects of benzene and naphthalene complexing agents on CEX complexation rate
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1E 278 K J2 pH=4.72 AT, B8 T 1-Z50 7 &
X Sk RN A R AR, 45 R 3 poR. AT LE H,
B 1-ZEEy RGN, SkAECTRS SRk LA EA.
2 125N 2.76 g/L % 4.4 o/L i, SLIBETEH
AR 91.39%TF A 97.52%, FHHEHN 1-Z5W 157 &,
SLIBE R IB A RIEEARANA. Kk, 125877 &2
HBERN IR, mENEN44gL.
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Fig.3 Effect of 1-naphthol dosage on CEX complexation rate
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KPR A 24 pH T8 T2 s i, kil
BRI SRR B S T RWiE 2, kil
AR LU T NAETE TR K HR RV R i 1 K 121221,

FELSEIRIE 278 K I 1-Z5MFI &N 4.4 o/L 51
T, H5 pH XM TSGR M m, s8R0 4
FiR. WJLVE W, pH {EX Sk R4 A R I IR K,
FERM KA SN B 2. pH Y 1 392 2 1, ShfllR

NG R BURIGR pH 1 2 B 7 R, SRR
RGN, E5ERCKER TS SRR NE
97.6%; pH>T I, LRI G R IURITRE Ll
RUAPIMEE TR A, B AN TS 1A
FRIEG TG IE R 7M. LS utiEd, 1 Ak
TR PR AL B eI (2 B e ) 70 DL BE A
ERE 534 2 AR 0 7 I B BRI R
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HERR. Bt SRAERS G R pH (E Y 4.72.

= 100 - o —

5 8o+

G

=]

L

s 60

g °

S 40

8

s |

5 2

E -
Q\\ 1 1 1 1 1 1
1 2 3 4 5 6 1 8

pH

4 pH Xk AIECR L & R MR
Fig.4 Effect of pH on CEX complexation rate
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33 MEFHREKELZ

gE bnran, AEFMESHE. pH &Rk
FEG R ER, Mk 7-ADCA, PGME 1 PG
WREE SR RS MR TSR IMEIRADN. RESE T
SN 1-ZEBy N A 1-ZEW5 & 4.4 g/L K& pH=4.72
FIQI3K), TEMLFKAE T PATHAT 5 HEE RBSES,
LA RS ERNEK 2, FHKEEN 97.41%.
3.4 LS FRTRRE

FERAESE T2 & LA RS EWUTIE, KH

R RELZTABITHEEER
Table 2 The complexation rate of CEX under the best

parameters
No. 1 2 3 4 5 Average
Complexati
OMPICXaUON 9776 9716 9744  97.69  97.51  97.41
rate, E/%

H AT Tk R i = SR e e & 12, g RIS 3|
Sk R E. R4S YUTE FIMA KA &k
(EFALE1:3), 6 mol/Lum BV R A 15 1% WiipH 2 U1 IE 78
VR, 1-ZEENEE N ST, SRR R T KA
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R, BERN92.3%, KBE N EEN98.5%, i PGMEKEIWIPG, 1-Z5M5k B & 590.009%, i 2 [E
A2 2GS EDR (2 95%) 23, SRR B I I 253 ER(<0.05%) ),
@) (b) CEX product
§ CEX product
"g PG reference §
—é’ 7-ADCA reference ‘é 1-Naphthol
el
<
PGME 1-Naphthol reference
L 1 L 1 L 1 L 1 L 1 L | | L 1 L 1 L 1 L 1 L 1 A 1 L 1 L
0 5 10 15 20 25 30 0 2 4 6 8 10 12 14
Time/min Time/min

K7 4585 kA 7= i A1 7-ADCA, PGME, PG HE it J 1-Z5 Ty 36F HEL it 1) e 200k 3%
Fig.7 HPLC profiles of CEX product, 7-ADCA, PGME, PG and 1-naphthol references
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G, DL-ZERINE GRS T HAE 454 2.

(2) HEFIMI, FIEL pH &M LHEAF%EE
Rk &, MiLE & 7-ADCA, PGME 1 PG K FE %
AR MFZIRN.

(3) mESE LENKER-ZEM . flEdd gL
pH=4.72. =Ei#(293 K), K LM TR EHEKT
97.0%.

(4) VLG BE R4 G 70 IS 28 A P e H 0 Sk
MR, BICRKT92.0%. kAT Mmd, SkE
WEENIRS%, 1-F W& E N0.009%, A il F
7-ADCA, PGMEFPGEEA: T, 77 i i BT A 25 JLE R
S E Ak
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