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Antiviral Drugs

Anti-IPF Drugs

Inflammation-related  Drugs

Other Drugs

Introduction of 22 Chemical Drugs Applied for Clinical Trials for the Treatment of COVID-19 in China

(14 types)

(2 types)

(3 types)

(3 types)
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Compound 13, ECBN-D-2 -Nal-Dab-C12 , was recommended as a candidate for further research and 
development because of its good antifungal activity, low hemolytic toxicity and high water solubility

Design of
derivatives

•aromatic amino
acids

•positively
charged polar
amino acids

•fatty acids

Solid-liquid
synthesis

•solid-phase
peptide
synthesis

•synthesis of
echinocandin B
derivatives

Analysis and
purification

•RP-HPLC
analysis

•RP-HPLC
purification

•mass spectrometry

Activity assay

•antifungal
activity

•hemolytic
toxicity

•water solubility

A B

A：白念珠菌ATCC 10231，B：克柔念珠菌ATCC 6258

●-对照组，▲-2 g/ml 的13，■-0.5 g/ml的阿尼芬净
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levofloxacin hemihydrate

An improved synthetic process of levofloxacin hemihydrate was reported. This process
solved the problems of large residual amounts of high-boiling solvents in target product
and large amounts of low-boiling solvents used in levofloxacin hemihydrate preparation.
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In order to control the quality of the bulk drug and preparation of sotalol hydrochloride, five related substances 
including one novel impurity of sotalol hydrochloride were prepared and their structures were confirmed.
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c d
a：细胞生长曲线图，b：细胞存活率曲线图，c：乳酸代谢曲线图，d：抗体产量及生产能力对比图
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The culture parameters were optimized by 
the central composite design experiment. 

 

culture duration shift temperature viable 
cell density 

initial viable cell density 

The experimental results were as follow: 
antibody production was up to 5.3 g/L and 
lactic acid levels were significantly reduced 
to 0.4 g/L.  

Problems of original culture conditions, 
low protein yield and high lactic acid 
level before harvest might lead to 
process failure. 

basic medium composition concentration of CuSO4·5H2O 

The effects of five culture parameters 
were evaluated with antibody yield and 
final concentration of lactic acid as the 
indexes by full factorial design. 

The optimized process was then verified 
through cell culture. 
 

Mathematical models based 
on the antibody yield and 
lactic acid concentration were 
established. 

The optimized process was predicted through 
mathematical models. 
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Effect of Sialic Acid on Human Follicle Stimulating Hormone Bioactivity Assessment················
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UPLC 法测定单硝酸异山梨酯中的有关物质······刘彩云，刘朝辉，张敏敏，刘思光，张贵民*
Determination of the Related Substances in Isosorbide Mononitrate by UPLC···························· 
···················································LIU C Y, LIU C H, ZHANG M M, LIU S G, ZHANG G M*
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银杏二萜内酯葡胺注射液与一次性输液器的相容性考察·················································
······························································胡军华，钱频非，于桂芳，王  雪，王振中*
Compatibility between Diterpene Ginkgolides Meglumine Injection and Infusion Sets for Single Use  
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米卡芬净中间体 FR901379 的分离纯化············李  敏，谢新宇，王晶珂，郑学丽，张雪霞*
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氟 喹 诺 酮 类 药 物 左 氧 氟 沙 星 半 水 合 物

(levofloxacin hemihydrate，1) 广泛应用于临床已 30

年，主要制剂为片剂和注射剂，它微溶于水、丙

酮、乙醇和甲醇，极易溶于乙酸、DMSO、DMF、
DMA 和乙腈 [1]。其有效成分左氧氟沙星 (2) 具有

多种不同的晶型，其中无水的晶型有 α、β 和 γ 3 种，

而含有水的晶型结构有 2 种，即一分子水的结晶物

和半分子水的结晶物 1[2]。

根据文献报道 [3]，2 的药用晶型为半水合物 1。
多年来有效制备 1 的方法较少。有专利指出无水物、

左氧氟沙星半水合物的制备工艺

舒理建，沈晓峰，杨平爱，杜  超，王哲清

(浙江普洛康裕制药有限公司，浙江东阳 322118)

摘要：本研究对左氧氟沙星半水合物 (1) 的合成工艺进行了改进。将硫酸钠十结晶水合物作为制备 1 的定量水分的来源，

在乙醇中逐步缓慢加热，于 33 ～ 35 ℃保温 1 h，再升温至 65 ～ 70 ℃，保温 2 h，促使硫酸钠十结晶水合物释放出所含水分，

从而保证左氧氟沙星专一性地生成 1。改进后的工艺解决了文献中高沸点溶剂在 1 中残余量大、低沸点溶剂用量大的问题，

更方便可靠。
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Preparation Process of Levofloxacin Hemihydrate

SHU Lijian, SHEN Xiaofeng, YANG Ping'ai, DU Chao, WANG Zheqing
(Zhejiang Apeloa Kanyu Pharmaceutical Co., Ltd., Dongyang 322118)

ABSTRACT: An improved synthetic process of levofloxacin hemihydrate(1) was reported. Sodium sulfate 
decahydrate was used as the source of quantitative water for the preparation of 1, and the reaction system was slowly 
and gradually heated in ethanol, keeping at 33 - 35 ℃ for 1 h, then heated to 65 - 70 ℃, keeping for 2 h, to promote the 
release of water from the sodium hydrate decahydrate, which ensured that 1 was obtained specifically from levofloxacin. 
The improved process solved the problems of large residual amounts of high-boiling solvents in target product and large 
amounts of low-boiling solvents used in preparation of 1, which was more convenient and reliable.

Key Words: levofloxacin hemihydrate; sodium sulfate decahydrate; synthesis; process improvement

一水合物和半水合物三者之间会随着溶剂中水分含

量、制备温度和反应时间的不同而相互转化 [4]。文

献中描述 2 粗品用混合溶剂重结晶，混合溶剂由含

水的乙醇和乙酸乙酯、或氨水和乙醇组成，但生成

的产品是一水合物和半水合物 1 的混合物 [5]。

文献还报道了采用重结晶纯化制备半水合物 1
的方法 [6]，使用的溶剂是昂贵的高沸点的非质子极

性溶剂，如 DMSO、DMA、丙二醇单甲醚、乙腈

和正丁醇，属于毒性较大的第二类或第三类有机溶

剂。由于其沸点高，即使通过长时间的减压干燥也

难以使溶剂残留量符合药物的允许标准。

有专利报道了采用低沸点的混合有机溶剂体系

纯化制备半水合物 1 的方法 [7]。由于 2 实际上是一

个有机酸，并且具有多个极性官能团，因此在甲醇、
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乙醇、乙酸乙酯等这些溶剂中的溶解度很小，只能

用大量有机溶剂溶解粗品，此法大大降低了工厂的

设备利用率。可见，寻找一种简便可靠、成本低廉

而有质量保证的工艺方法是目前生产1的迫切任务。

硫酸钠十结晶水合物 (Na2SO4·10H2O) 是一个

无毒无味的白色结晶，在化学反应范畴中属于中性

盐类，惰性，不参与大多数的化学反应。它在加热

过程中会逐步缓慢地失去十分子结晶水，在 32.4 ℃
时十分子结晶水全部失去成为无水硫酸钠。利用它

的化学稳定性、药理安全性以及物理定量脱水特性，

本研究将 Na2SO4·10H2O 作为制备 1 的定量水分的

来源，方法已申请了美国专利 [8]。

有专利还报道了 2 在含水量为 4％～ 5％的一

些溶剂中可以制得 1[4]。本课题组发现了更方便和

更可靠地制备 1 的工艺方法 (图 1)，即在甲醇或乙

醇溶剂体系中，逐步缓慢加热，促使 Na2SO4·10H2O

释放出所含水分，从而可以保证专一性地生成所需

的半水合物 1，而不被一水合物所污染。加热分二

阶段：于 33 ～ 35 ℃保温 1 h，再升温至 65 ～ 70 ℃，

保温 2 h，经纯化可得到纯度大于 99.8％的产品 1，
收率为 95％。1 的水分经卡尔费休法和元素分析确

证，晶型经粉末 X- 射线衍射分析，其特征值与文

献报道一致 [4]，质量经全检符合企业自拟用于世界

卫生组织 (WHO) 注册标准，同时也符合美国药典

38 版 (USP38) 标准。

实验部分

将无水乙醇 (1 680.0 L) 和 2( 自制，99.6％，

210.0 kg，581.4 mol) 依次加至反应釜中，室温搅

拌下，加入 Na2SO4·10H2O( 温州市化学用料厂，

99.5％，63.0 kg，195.5 mol)。釜内缓慢升温至 33 ～

35 ℃，保温 1 h，再升温至 65 ～ 70 ℃，保温 2 h。
降温至 55 ～ 60 ℃，过滤，滤除硫酸钠固体。滤

液于 78 ～ 80 ℃常压浓缩至 630 ～ 735 L。生成的

浆状物控温至 10 ～ 15 ℃，继续搅拌析晶 3 h，离

心、甩干，滤饼用冰冷无水乙醇 (210 L) 淋洗、甩

干。氮气保护下，滤饼于 30 ～ 35 ℃减压干燥得淡

黄色固体 1(204.4 kg，95％ )，纯度 99.94％ [HPLC

峰面积归一化法：色谱柱 YMC-Pack ODS-A 柱

(150 mm×4.6 mm，3.0 µm) ；流动相 A 为缓冲液

( 将乙酸铵 3.08 g 和一水合高氯酸钠 8.43 g 溶于

水 500 ml 中，再用水稀释至 1 000 ml，用磷酸调

至 pH 2.2，过滤并脱气 )∶乙腈 (84 ∶ 16)，B 为

缓冲液∶乙腈∶甲醇 (50 ∶ 30 ∶ 20)，梯度洗脱

(0—5 min ：A 100％，5—10 min ：A 100％—82％，

10—15 min ：A 82％—40％，15—30 min ：A 40%，

30—30.1 min ：A 40 ％—100 ％，30.1—38 min ：

A 100%) ；检测波长 280 nm ；柱温 38 ℃；流速 
1.0 ml/min ；进样量 10 µl]。mp 234.9 ℃ (文献 [4] ：

234.0 ℃ )；采用卡尔费休法测得水分含量为 2.4％
(理论值 2.43％ )；元素分析 (C18H20FN3O4·0.5H2O)

实测值(计算值，％): C 58.22(58.37), H 5.78(5.71), 
N 11.05(11.35)；粉末 X- 射线衍射分析 (光管 铜靶，

波长 0.154 nm，管压 40 kV，管流 40 mA，样品台 

玻璃样品架，LynxEye 探测器，发散狭缝 1 mm，

索拉狭缝 0.4 °，2q 扫描，步长 0.02 °，扫描速率

8 °/min，衍射范围 3 ～ 45 °)2θ: 6.7 和 13.1 °( 文献 [4]：

6.7 和 13.2°) ；无机盐灰分为 0.05％ ( 标准要求≤

0.1％ )。质量经全检符合企业自拟用于 WHO 注册

标准，同时也符合 USP38 标准。
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levofloxacin hemihydrate

An improved synthetic process of levofloxacin hemihydrate was reported. This process
solved the problems of large residual amounts of high-boiling solvents in target product
and large amounts of low-boiling solvents used in levofloxacin hemihydrate preparation.
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图 1   1 的合成路线

Fig.1   Synthetic Route of 1
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