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Application of uniform design on the process optimization of flucloxacillin sodium

Liu Hui-qin, Yan Zheng-ren, Wang Li-jie, Lii Guan-fang and Huang Juan
(North China Pharmaceutical Group Semisyntech Co., Ltd, Shijiazhuang 052165)

Abstract  Uniform design is suitable for multi-factor and multi-level experimental design. In this paper, the
process parameters of the flucloxacillin amide condensation reaction unit were optimized using uniform design. The
U10 (10') uniform design table was used to screen the reaction temperature, the acetone volume, the pH value for
10 levels. In addition, the paper also detected the relationship between rate of reaction, impurity 1~3, and the levels
of factors. By using SPSS software to regress the data, the linear regression equation between the rate of reaction,
impurity 1~3, and the levels of factors was obtained. Then, the optimal process parameter range of flucloxacillin
condensation unit was predicted. Finally, the regression equation was tested and verified. The predicted values and the
measured values had good consistency.
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Tab. 1 The uniform design table
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i T/C VoV i pH
1 -5+1 1:1 6.00+0.1
2 0=1 1:1.2 6.50£0.1
3 5+1 1:1.4 7.00+0.1
4 10£1 1:1.6 7.50+0.1
5 15+1 1:1.8 8.00+0.1
6 201 1:1 6.00+0.1
7 25+1 1:1.2 6.50+0.1
8 30+1 1:1.4 7.00+0.1
9 35+1 1:1.6 7.50+0.1
10 40+£1 1:1.8 8.00+0.1
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Tab.2 U, (10') uniform design table
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Tab. 3 The experimental data

B5 RS B (7: fit = R /% GHFCIEI DAE At /(%) Apurig /%) Avpuriny /(%) RS A] /min
1 1 5 7 20130422a 84.807 0.9928 4.853 6.98 5.155 240
1 1 5 7 20130422b 85.333 0.0072 4,902 7.054 5.414 240
1 1 5 7 20130506 84.803 4.439 5.034 3.036 240
2 2 10 3 20130424a 76.837 0.3642 5.417 9.928 7.34 240
2 2 10 3 20130424b 78.678 0.6358 5.299 10.223 6.701 240
2 2 10 3 2010424¢ 78.007 5.343 10.346 7.148 240
3 3 4 10 201304102 76.459 0.2662 2.188 5.351 5.442 160
3 3 4 10 20130410b 73.625 0.7338 3.124 5.311 4.952 165
3 3 4 10 20130411 77.487 2.075 7.352 5.824 160
4 4 9 6 201304152 90.235 0.2117 2.35 8.014 4302 150
4 4 9 6 20130415b 90.561 0.7883 291 4.835 4.188 150
4 4 9 6 20130415¢ 89.024 3.501 5.942 4.634 150
5 5 3 2 201304072 81.178 0.7793 2.473 6.997 5.549 85
5 5 3 2 20130402 83.623 0.2207 2.141 6.481 6.061 75
5 5 3 2 20130403 80.486 2.446 6.109 5.728 75
6 6 8 9 20130407b 55.105 0.1592 3.622 11.165 8.955 85
6 6 8 9 201304082 60.534 0.8408 3.321 13.155 10.473 95
6 6 8 9 20130408b 61.562 3.16 10.236 9.664 85
7 7 2 5 20130412a 62.985 0.8901 1.681 9.028 9.141 60
7 7 2 5 20130425 63.276 0.1099 3.318 19.915 11.262 60
7 7 2 5 20130426 65.632 2.992 14.07 8.888 55
8 7 1 20130416 81.326 0.7783 2.511 8.712 7.065 50
8 8 7 1 201304172 78.597 0.2217 2.529 8.78 5.804 45
8 8 7 1 20130417b 77.820 2.277 8.61 8.896 45
9 9 1 8 201305082 49.930 0.2703 7.252 25.413 14.825 40
9 9 1 8 201300508b 51.151 0.7297 7.593 22.153 12.736 40
9 9 1 8 20130508¢ 50.821 7.669 21.724 11.93 40
10 10 6 4 20130508d 54.567 0.6619 7.088 16.498 8.939 25
10 10 6 4 20130508¢ 53.717 0.3381 7.294 14.626 7.109 25
10 10 6 4 20130508 56.231 6.841 17.694 9.446 25
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Tab. 4 Regression equation

BRI AR 58 X EY =y B AR & E

e ¥=153.457-0.595x,-12231x,-9128x, X0 SOSERBE /C: -5~45C

Asmpuritg /A(%0) y=-0.180+-0.044x,+5.829x, %o ViV pge 0.2~1

Ampuriey2/ A(%0) Y=1.537+0.270x,+7.787x, xy: S pH: pH6.0~8.0

Alpurivy/ A (%) J=-2.491+0.122x,+1.129x,

PHIRBE /% 3=0.327+0.037x,
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VAW, 18 6-APA VAR, #173 6-APA WE MRV IMNIK W % 1. H6-APA 5.4g, I A 100mL K, &
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41 pHe.0, F2HIIEEE -5°C . HPLC By i hn 52
Ji 1 S 2 o

X5 2: B 6-APA 5.4g, A 100mL /K, FHEZE
40°C, N 4% NaOH ¥R 25mL, i Jiis (8] 20min.
N 5E Ja N 3-(2'- & -6'- 7K 5t )-5- F O - S B
WA B S P TN R 9 (6.7 B4R +125mL TR R ), 4 )

pHS8.0, I 40°C. HPLC Aol B i m 56 5 1)
SANALE

iR 96 3: HU 6-APA 5.4g, il A\ 100mL /K, Ff
WA 5°C, W 4% NaOH ¥ % 25mL, 5 hn i 6]

20min. YEMFEFIIN 3-(2'- & -6'- FAIE )-5- 3 -
S5 M AR P P TR TR VR TR (6.7 TELAA +150mL I ),
Pt pH8.0, FEHIRE 5°C. HPLC K I By i hn 58
Ji F S LR o

4 g

&5 WU
Tab. 5 Verify experiment data

Ul it a5 SSLEE % Appuri /A (%) Appurig/ (%) Aoty A(%) PRV
1 20130613 W EAE 97.303 1.123 1.107 2.066 0.487
FHRIIME 99.218 0.766 1.744 3.673 0.142
2 20130614 M EAE 56.16 8.904 26.307 17.579 1.404
FHIME 44.402 7.409 20.124 3.518 1.807
3 20130615 A 93.279 1.083 1.969 2.457 0.667
TRAE 93.779 1.201 4.444 4.893 0.512
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