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Synthesis and preparation of specific impuritiy of procaine penicillin

Liu Hui-qin, Mi Xiang-xin, Lii Guan-fang, Huang Juan, Wang Tan, Yan Zheng-ren and Wang Xin
(North China Pharmaceutical Group Semisyntech Co., Ltd, Shijiazhuang 052165)

Abstract Objective To synthesize and prepare the specific impurity of procaine penicillin
2-(2-((4-(2-(diethylamino)ethoxy))carbonyl)phenyl)amino)-2-oxo0-1-(2-phenylacetamido)ethyl)-5,5-
dimethylthiazolidine-4-carboxylic acid, and the impurity was reported for the first time. Methods The crude product
containing the target impurity was synthesized using the penicillin G potassium salt and the procaine hydrochloride
under the acidic condition of the raw material, and then the crude solid was separated by reverse phase preparative
chromatography and lyophilized for 12 hours to obtain a purified sample of the impurity. Results  Structural
information (MS and NMR data) of the purified sample agreed with the target impurity, which was obtained with a
total yield of 2.5%, LC-MS purity of 89.36%, and HPLC purity of 80.44%. Conclusion The purified sample was the
target impurity, 2-(2-((4-(2-(diethylamino)ethoxy))carbonyl)phenyl)amino)-2-oxo-1-(2-phenylacetamido)ethyl)-5,5-
dimethylthiazolidine-4-carboxylic acid, which could be used for the study on the quality of procaine penicillin.
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Fig. 1 Strong acid degradation products of procaine benzylpenicillin
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Chemical Formula: C,9H;3gN,O4S
Exact Mass: 570.25
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1.3.1 AR &%

Kt & R T 2omL R EN R, WOH R
R RN ¥ 75 TR R G HVA T 25mL 4i4boK,
FFMA 37.5mL HEE, HIKHHER GHIRER: 5CT
IF) R DRA TR P AL SRV, Smin INEE; B 3h
J&, FEI N 150mL. IIAN & H %t 200mL,  FHEE
100mL, 75 HiHEfE iR E, BN EAHUE,
WA WU B IR TR 7818 2h, S BIHIR A K%
R TR S E T4 24h, 15 3385 (R 44
132 #l&RETE

FERER: W R 220nm; Gkt
Xbridge Prep C, (19mmx50mm, 5pm); it 3 HH A:
K, WEIM B: OfE: ViiE: 20mL/min; FEAERFR
200uL o HEAT 45 43 B B BE RS B Nk 1 fTos . e
JE RGBT 120 1921 H bR A4 5 I SEAGRE &

1.3.3  LC-MS 247 77 %

FERER: R R K 220nm; B A
Xbridge C (4.6mmx50mm, 5um); Jia0AH A: 0.1% NH,.
H,O KW, TREAE B: OB E: 1.7mL/min; BEFE
WA Lo FEATASIN AP RE B AR 2 FioR
1.3.4 HPLC o4 77 %

Z: 18 EP9.0W mf 5 325 3 AT HPLC Kl A U 3k
K 225nm; 5 % . Kromasil C (4.6mmx*250mm,
5um); YLi#: 1.0mL/min; JishAHBIACE]: ¥ 250mL

R IR OIETB B

ZME 250mL 4lith /K s00mL &R A 14g/L.
DT B R4 EZ 6.5¢/L HIEIIR S, H 1mol/L A% 1k
A A pH=7.0. ¥iti#: 1.0mL/min.
1.3.5 MR T %

H br 2% 5 1) 47 1 0 C,,H, N,0,S, 4t tuni&l 2 fir
s X EH bR R BT BEAT SR 5, UL DMSO-d, MR
A, A E DY H IR RS (TMS) E N bR, X H AR 2%
JUA 'TH NMR. *C NMR. DEPT 90°. DEPT 135°.
'H-'H COSY. 'H-'3C HSQC £l 'H-3C HMBC #4174
TEAET o

T LR S AR LSOV 1 A 4 R
Tab. 3 Analytical results of NMR data for purified sample of the
target impurity

Position/n  8/(mult.) 8¢/(mult.) HMBC

Tab. 1 Gradient of the preparative chromatography

t/min WA A% BN B/%
0 90 10

10 70 30

12 5 95

15 5 95

15.1 90 10

20 90 10
20.01 =1k fF1k

&2 LC-MS Heflith/E
Tab.2 Gradient of the LC-MS

t/min BN A% I B/%
0 90 10

4.5 5 95

5.5 5 95

5.6 90 10

6 90 10
6.01 fF1k =1k

1 - 13643 C-2,C-6,C-7
2 7.2819~7.2992(d, J=6.92Hz, 1H) ~ 129.06  C-1

3 7.2313~7.2504(d, /=7.64Hz, 1H)  128.04  C-4,C-2

4 7.1643~7.1992(t, /=13.96Hz, 1H) 126.61  C-3,C-5

5 7.2313~7.2504(d, J=7.64Hz, 1H)  128.04  C-4,C-6

6 7.2819~7.2992(d, J=6.92Hz, 1H)  129.06  C-1

7 3.5384~3.5565(d, J=7.24Hz, 2H) ~ 41.8 C-1,C-8

8 - 17027 C-7

9 4.5900~4.6307(t, J=16.28Hz, 1H)  58.49 C-10,C-11
10 4.9276~4.9468(d, J/=7.68Hz, 1H) ~ 67.06 C-9

11 - 169.27  C9

12 3.5928~3.6013(d, J=3.4Hz, IH) 7275 C-16,C-13
13 - 58.99 gjg:c—u
14 1.5388(3H) 27.4 C-13

15 1.5388(3H) 27.08 C-13

16 - 17077 C-12

17 - 12419 C-22,C-18
18 7.7322~7.7542(d, J=8.8Hz, 1H) ~ 118.69  C-19,C-17
19 7.9062~7.9281(d, J=8.76Hz, 1H) ~ 130.23  C-20,C-18
20 - 143.16 531C92Cl
21 7.9062~7.9281(d, J=8.76Hz, 1H) 13023  C-20,C-22
22 7.7322~7.7542(d, J=8.8Hz, 1H) ~ 118.69  C-21,C-17
23 - 16519  C-20

24 4.3126~4.3416(t, J=11.6Hz, 2H) ~ 62.25 C-25

25 2.8515~2.8804(t, J=11.56Hz, 2H) ~ 50.37 C-24

26 2.6139~2.6672(4H) 46.93 C-27

27 0.9872~1.0227(t, J=14.2Hz, 6H)  11.42 C-26

28 2.6139~2.6672(4H) 46.93 C-29

29 0.9872~1.0227(t, J=14.2Hz, 6H) ~ 11.42 C-28

s B AN IR T IR AR T, TR



HE R ER R A o & XSS

L1513

2 HR(F3)

A O U F 50.4%, I A% Ay R

R 5%, B U F 2.5%. LC-MS 4l JF 89.36%,
HPLC 4 J¥ 80.44%. ESI-MS(m/z): 571.0[M+H]*.

286.0[1/2(M+H)], Axilk it & Rk 3 friom. 456
JR VB S5 AR 3 AT AT A T A, E A
FS ) £ 4 B I A0 RE S I 25 1015 B 5 B AR AR S 45 1)
WA, B 2-2-((4-(-( . FEE R ) 283 ) )
RH ) EWHE)-2- BAR -1-(- FRHE AR ) 23 )-5,5-
T SRR -4- SRR
3 TWig

AR AUTEM SRR EE REMEER G #HEH
RIERE, FERRMEFR FRIER T HE REEER
4 2--((4-(-( L BEE I ) L7 ) it ) 7K
) EEE)-2- JAC-1-- R OB EE ) &5 )-5,5-
TR 4- FRER, R A A BK AR ) A
BALLRE S, BUER 2.5%, 24k FE S LC-MS 4fi i
89.36%, HPLC 4% 80.44%, H1Ti%44FNE IKIRIE .
Rl, A4ifbAE i nT e AT IR, T e RNE

BEF N R .
£ E

(6]

Penicillin G Procaine[DB/OL]. https://www.rxlist.com/
penicillin-g-procaine-drug.htm.

B KA IMTE 2 . i NRILFIE 2584 [S]. (2015 SERRER
AR, Abs REE AR HARAL , 2015 1434-1435.
IPC. India Pharmacopoeia 2010[S]. Ministry of Health and
Family Welfare, 2010: 1970-1971.

EPC. European Pharmacopoeia 9.0[S]. Strasbourg: European
Directorate for the Quality of Medicines, 2017: 1826-1827.
ICH. ICH Harmonised tripartite guideline[S/OL].
International Conference On Harmonisation Of Technical
Requirements For Registration of Pharmaceuticals For
Human Use, Q3A(R2), 2006, 10: 8-10

EMA. Questions and Answers on the 'Guideline on the
Limits of Genotoxic Impurities'[EB/OL]. (2010-9-23).[2018-
3-29]. https://www.ema.europa.eu/documents/scientific-
guideline/questions-answers-guideline-limits-genotoxic-
impurities_en.pdf.

Romualdo B, Cecilia B, Olga T, et al. Worth, developmentof
structural alerts for the in vivo micronucleus assay
inrodents[R/OL][2018-3-29]. http://publications.jrc.
ec.europa.eu/repository/bitstream/JRC52274/eur_23844
en.pdf.

The Carcinogenic Potency Database[DB/OL]. [2018-4-13].
https://toxnet.nlm.nih.gov/cpdb/pdfs/structure.pdf.
European Pharmacopoeia 9.0[S]. Reference Standards, 2017:



