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Abstract

Preparative counter-current chromatography (CCC) purification of valrubicin (AD-32) from crude synthetic drug has been successfully
performed for the first time using upright coil planet centrifuge with four multilayer coils connected in series with 1600 ml capacity. The
two-phase system used was composed of light petroleum (bp 6G)}96thyl acetate—tetrachloromethane—methanol-water at an optimized
volume ratio of 1:1:8:6:1. Target compound (1.2 g) with a purity of 99.88% was obtained from 1.5 g of crude synthetic drug with a purity
95.49% based on HPLC peak area percentage. ldentification of the target compound was performed by electrospray ionization mass
spectrometry, one- and two-dimensional nuclear magnetic resonance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction much interest to pharmaceutical chemists. Because AD-32 is
a semisynthetic derivative of ADR or daunorubicin, the crude
Valrubicin (AD-32) is anN-trifluoroacetyl, 14-valerate  synthetic drug contained several impurities so thatit should be
derivate of the anthracycline adriamycin (ADR) and daunoru- further to purify for preclinical and clinical chemotheraphy.
bicin [1,2]. Unlike ADR, AD-32 is a lipophilic compound  The preparative purification of AD-32 from crude synthetic
and rapidly traverses cell membranes and accumulates in thgroduct is tedious and usually requires multiple chromatog-
cytoplasni3]. Its mostinteresting feature is the lack of capac- raphy steps, such as column chromatography (CC) and thin-
ity to intercalate with DNA4,5]. In preclinical and clinical layer chromatography (TLJ)L6-18] To obtain high pure
studies AD-32 was shown to be superior to the parent com- AD-32 is difficult because of its unstable properties and ir-
pound in several areas, including toxicity and antitumor effi- reversible adsorption on solid support column chromatog-
cacy[6—14] The drug possesses potential antitumor activity raphy. Counter-current chromatography (CCC) is a unique
against urinary bladder cancer and other tumors. It is also as-iquid—liquid partition chromatography without use of solid
sociated with significantly less toxicity, including less contact support matrix{19]. Therefore, it eliminates the complica-
toxicity and no cardiotoxicity in human subjects. Futhermore tions resulting from the solid support matrix, such as irre-
a six-week course of AD-32 has proved effective in ablating versible adsorptive sample loss and deactivation, tailing of
a marker tumof15]. solute peaks, and contamination. The method has been suc-
In view of the potential therapeutic values, the synthesis cessfully applied to the analysis and separation of various
and purification of AD-32 and its analogues have been of natural and synthetic produ¢2)—22] Recently, we have de-
veloped a versatile type-J CCC with four upright multilayer
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upright CCC apparatus is very useful for large-scale isola- BinPump, G1314A variable-wavelength detector (VWD), a
tion and purification of crude extracts of natural products or model 7725 injection valve with 20l loop, a PT100 column
synthetic compounds. So far, no report has been published oroven and Agilent ShemStation for LC.

the use of CCC for the purification of AD-32. The purpose

of this study, therefore, is to develop a CCC method for the 2.2. Reagents

preparative purification of AD-32 from crude synthetic drug. ) ]
All organic solvents used for CCC were of analytical grade

and purchased from Huadong Chemicals, Hangzhou, China.

2. Experimental Reverse osmosis Milli-Q water (18®) (Millipore, Bedford,
MA, USA) was used for all solutions and dilutions. Acetoni-
2.1. Apparatus trile used for HPLC analysis was of chromatographic grade

and purchased from Merck, Darmstadt, Germany.

The CCC isolation and purification of AD-32 from crude  The crude synthetic drug was kindly obtained from Zhe-
synthetic drug was performed by upright coil planet cen- jiang Biopharm. Co., Hangzhou, China. Itis synthesized from
trifuge with four multilayer coils connected in series. Its de- the reported reactions as showrfiig. 1 [18]
sign principle and dimensions were described in detail in the
literature[23]. The upright CCC apparatus holds four iden-
tical multilayer coil columns and four same counter-rotating
hollow tube supports in the alternate symmetrical positions

around the rotary frame to maintain perfect balance of cen- light petroleum (bp 60-90C)—ethyl acetate—tetrachloro-

trifuge system without the use of a counterweight. The unique .
. : methane—chloroform—methanol-water at various volume
gear arrangement on the rotary frame establishes a twist-free _ . A D o
; : . ratios, i.e., 1:0:6:4:1, 0:1:6:4:1, and 1:1:8:6:1. The solvent
mechanism of the flow tubes so that continuous elution can . . .
. . mixture was thoroughly equilibrated in a separatory funnel at
be performed without the use of rotary seal. Each separation
- . : room temperature and the two phases were separated shortly
column was made by winding a single piece of 4 mm I.D. ; .
) before use. For the present preparative CCC separation, the
and 1 mm wall thickness polytetrafluroethylene (PTFE) tub- S
. . . . total volume of the prepared two phases each time is 61.
ing directly onto the holder hub of 5cm diameter forming The sample solutions were prepared by dissolving the
three layers of right-handed and left-handed coils alternating P prep y g

in each layer between a pair of flanges spaced 35 cm apart.CrUde synthetic drug in a solvent mixture consisting of equal

. . ; . . volumes of both upper and lower phases at suitable concen-
The B value (ratio of helical radius of the coil and revolution : . : .
. . : ) . tration according to the preparative scale of CCC separation.
radius) of the multilayer coil varies from 0.28 at the inter-

nal terminal to 0.48 at the external termingl<r/R where
r is the distance from the coil to the holder shaft, &dhe
revolution radius or the distance between the holder axis and  preparative CCC was performed as follows: the four up-
central axis of the centrifug®=9 cm). The four multilayer  right multilayer coil columns connected in series were first
coils are connected in series on the rotary frame using a flow gpjrely filled with upper phase as stationary phase, and then
tube (PTFE, 1.6 mm I.D. and 0.7 mm wall thickness) to give he sample solution was injected through the sample port and
a total capacity of 1600 ml in such a manner that the exter- the |ower phase as a mobile phase was pumped in head-to-
nal terminal of the first column joins the internal terminal of 5| elution mode at flow rate of 7 ml mirt while the column

the second column and, similarly, the external terminal of the \y55 rotated at 500 rpm. The effluent was monitored on-line
second column joins the internal terminal of the third column. 5t 280 nm and automatically collected in 20 ml test tube per
In this way all multilayer coils are subjected to the identical 3 min using a BSZ-100 fraction collector. Peak fractions were

elution modes. _ collected according to the elution profile and HPLC detection.
The apparatus can be operated up to maximum speed of

800 rpm with a speed Sunwind control unit (Shenduo Elec- 2.5. HPLC analysis and identification of CCC peak
tric Corp., Shanghai, China) and up to®Dwith a temper- fractions
ature control unit. In addition, this CCC system is equipped
with a Type-J-W metering pump (Zhijiang Petroleum Equip- The crude sample and CCC peak fractions were an-
ment, Hangzhou, China), a HD-9704 UV spectrometer oper- alyzed by HPLC. The analyses were performed with an
ating at 254 nm and 280 nm, Shimadzu C-R1B ChomatopacYMC-Pack ODS-A column [150 mnt 4.6 mm [.D., 5um
recorder, BSZ-100 fraction collector, a sample injection valve (particle size), 126\ (pore size)]. The mobile phase was
with a 30 ml sample loop and NT2000 data analysis system acetonitrile—0.015 M orthophosphoric acid (70:30, v/v). The
(Institute of Automation Engineering, Zhejiang University, flow-rate was 1.0 mImin!, and the effluent was monitored
Hangzhou, China). at 254 nm.

The high-performance liquid chromatography (HPLC) Identification of the CCC peak fraction was carried out
system used was Agilent 1100 system including G1312A by mass spectrometry (MS) on Bruker Esquire 3000 plus

2.3. Preparation of two-phase solvent system and
sample solutions

The two-phase solvent system used was composed of

2.4. Separation procedure
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Fig. 1. Synthesis of AD-3P18].
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Fig. 2. Chromatograms of (A, B) HPLC analyses and (C) CCC separation of AD-32; (A, C) crude sample, (B), purified AD-32Ame&8R. CCC conditions:

column, PTFE tube of 4.0 mm 1.D. with the total capacity of 1600 ml; rotary speed, 500 rpm; column temperat@resdBent system, light petroleum (bp
60-90°C)—ethyl acetate—tetrachloromethane—methanol-water (1:1:8:6:1, v/v); mobile phase, lower phase; elution mode, head-to-tail; flow raté; 7 mlmin
detection, 280 nm; sample size, 1.5g crude AD-32 in 5ml upper phase and 5ml lower phase; retention of the stationary phase, 76.9%. HPLC conditions:
column, YMC-PACK ODS-A column (150 mm 4.6 mm I.D., 5um, 120,&); column temperature, 25C; mobile phase, acetonitrile—0.015 M orthophosphoric

acid (70:30, v/v); flow-rate, 1.0 ml mirt; detection, 254 nm. Purity (A) 95.49%, (B) 99.88%.
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spectrometer, one- and two-dimensional NMR spectrome-  Successful CCC separation depends on the correct of
try on a Bruker Advanced DMX 500 NMR spectrometer. the solvent system. Generally speaking, the two-phase sol-
NMR experiments were performed with dimethyl sulphox- vent system should satisfy the following requirements: (1)
ide (DMSO) as solvent and TMS as internal standard, and no decomposition or denaturation of the sample; (2) suf-

operated at 500 MHz fofH and 125 MHz for*3C. ficient sample solubility; (3) suitable partition coefficient
values; (4) satisfactory retention of the stationary phase
3. Results and discussion [21]. Due to the lipophilic property and poor water solu-

bility of AD-32, the two-phase solvents with medium po-
The crude synthetic AD-32 drug was first analyzed by larity composed of light petroleum (bp 60-80)—ethyl
HPLC. As shown irFig. 2A, the analysis indicates several —acetate-tetrachloromethane-methanol-water at various vol-
impurities were contained and the content of AD-32 in Ume ratios were used as start solvents. In order to achieve
crude sample is about 95.49% based on HPLC peak arean efficient resolution of target compound, 500 mg each time

percentage. of crude sample dissolved in 5ml of upper phase and 5ml
Table 1
One- and two-dimensional NMR data of AD-32 (in DMSO)
Atom ¢ (ppm) DEPT HMQC 8y (ppm) HMBC correlation with 1H-'H COSY correlation with
1 7067 CH 4.88 (1H, s) H-1 2-Heq, 2-Hax.
2 3697 CH, 2.00 (1H, dJ=14.26 Hz, 2-Hy) 3-OH 2-Heq, H-1
2.34 (1H,dJ=14.18 Hz, Hq) 2-Hax.
76.07 qh 3-OH, 4-Hyq, 4-Hax., 2-Heq,
4 3263 ChH 2.76 (1H, dJ=14.26 Hz, 4-Hy) 3-OH, H-2-Hy. 4-Heg.
3.00 (1H, d,J=18.15Hz, 4-Hg) 4-Hgy
4a 13468 q 5-OH, 4-Hy,4-Heg,
5 15547 q 5-OH, 4-Hyq,
5a 11140 q 5-OH
6 18704 q H-7
6a 13537 q H-7
7 11983 CH 7.79 (1H, m) H-9 H-8
8 13704 CH 7.81 (1H, dJ=7.35Hz) H-9
9 12050 CH 7.52 (1H, dJ=8.20 Hz) H-7, H-8 H-8
10 16164 q H-13, H-7, H-8
10a 12074 q
11 18719 q
1lla 11152 q 12-OH
12 15703 q 12-OH
12a 13614 q 12-OH, 4-Hyg, 4-Hax., 2-Heq,
13 5742 CH 3.92(3H, s)
14 20898 q 3-OH, 15 Hy, 15 Heq,
15 6644 Ch 5.16 (1H, dJ=17.81Hz, 15-Hy) 15-Heq.
5.27 (1H,dJ=17.88 Hz, 15-H;) 15-Hax,
16 17340 q H-17, H-18, 15-kk,, 15-Heq,
17 3387 ChH 2.42 (2H,tJ=7.29Hz) H-18 H-18
18 2757 CH 1.57 (2H, M) H-20, H-17 H-19, H-17
19 2252 ChH 1.36 (2H, qJ=7.52Hz) H-20, H-17, H-18 H-18, H-20
20 1460 CH 0.9 (3H, t,J=7.32Hz) H-19, H-18 H-19
r 10115 CH 5.25(1H, s) 2Hax.
2 29.73 ChH 1.49 (1H, dJ=14.26 Hz, 2-Hzx) H-4 2'-Heg,
2.10 (1H, dd,J=9.84, 12.89 Hz, 2Heq) 2-Hax, H-3
3 47.96 CH 4.05 (1H,1)=6.41, 6.19Hz) 2Hax, 2—Heq, H-4, H-1' 7'-NH, 2—Heq., 2-Hax.
q 67.98 CH 3.53 (1H, s) 2Hay, H-6 4-OH
5 67.38 CH 4.28 (1H,1)=5.94, 6.51 Hz) H-6 H-1' H-6'
6 17.79 CHs 1.16 (1H, d J=6.35Hz) H-5
g 15675 q
9 11679 q
4-OH 5.01 (1H, s) H-4
7-NH 9.11 (1H, dJ=7.35Hz) H-3

a8 DEPT 90 and DEPT 135 experiments.
b Quaternary carbon.



S. Wu et al. / J. Chromatogr. A 1076 (2005) 207-211 211

of lower phase were used and the two-phase solvent system®&eferences
with volume ratios, i.e., 1:0:6:4:1, 0:1:6:4:1, and 1:1:8:6:1,
have been examined using the present CCC apparatus. Thelll S.V. Onrust, H.M. Lamb, Valrubicin, Drug Aging 15 (1999)

result indicated that using the solvents system with the vol- 2l 29('3 van der Heijden, J.A. Wities, EAU Update Series 1 (2003)
ume ratio of 1:1:8:6:1, the high retention of stationary phase 71 ' '

(upto 75%) and high purity of AD-32 (up to 99.5%) are easier (3] a. krishan, M. Israel, E.J. Modest, E. Frei Ill, Cancer Res. 36 (1976)
to achieve in one-step separation as compared with other sol-  2108.
vent systems. Therefore, the optimized solvent system with [4] L.F. Chuang, R.T. Kawahata, R.Y. Chuang, FEBS Lett. 117 (1980)

volume ratio of 1:1:8:6:1 was used for large-scale purification __ 247: .
of AD-32 [5] R.Y. Chuang, L.F. Chuang, R.T. Kawahata, M. Israel, J. Biol. Chem.

: _ . 258 (19831062).
Fig. 2C shows the preparative CCC separation of 1.59 [e] M. Israel, E.J. Modest, E. Frei Ill, Cancer Res. 35 (1975) 1365.
of the crude synthetic AD-32 sample using the solvent [7] R.H. Blum, M.B. Garnick, M. Israel, G.P. Canellos, I.C. Henderson,
system composed of light petroleum (bp 602@)—ethyl E. Frei lll, Cancer Treat Rep. 63 (1979) 919.
acetate—tetrachloromethane—methanol-water (1:1:8:6:1, v/ [8 H.B. Niell, R.F. Hunter, H.G. Herrod, M. Israel, Cancer Chemother.
Peak fracti lected ding to the el t.' Pharmacol. 19 (1987) 47.
V)' ) eak fractions were _CO ecied according 1o the ¢ u_lon [9] T.W. Sweatman, R.F. Parker, M. Israel, Cancer Chemother. Pharma-
profile and HPLC detection. As a result, 1.2 g AD-32 with col. 28 (1991) 1.
99.88% purity was obtained. The HPLC analysis of purified [10] M. Markman, H. Homesley, D.A. Norberts, J. Schink, F. Abbas, A.
AD-32 is shown inFig. 2B. Its negative ESI-MS spectrum Miller, J. Soper, N. Teng, N. Hammond, F. Muggia, M. Israel, T.

showed the characteristic ion @¥z 722 due to [M—H]~ Sweatman, Genecol. Oncol. 61 (1996) 90. .
[11] R.E. Greenberg, R.R. Bahnson, D. Wood, S.J. Childs, C. Bellingham,

corresponding J.[O the_mOIeCUIar formUI@‘ﬁ?’GF?’NQg' Its M. Edson, M.H. Bamberger, G.D. Steinberg, M. Israel, T. Sweatman,
one- and two-dimensional NMR data are showable 1, B. Giantonio, P.J. O'Dwyer, Urology 49 (1997) 471.
which identified the chemical structure of AD-3R2ig. 2). [12] A.L. Patterson, R.E. Greenberg, L. Weems, R. Bahnson, Z. Wajsman,

In conclusion, large-scale preparative counter-current M. Israel, T. Sweatman, D. Webber, J. Gulfo, Urology 56 (2000)
chromatography purification of AD-32 from the crude syn- 282.

. . . . [13] G. Steinberg, R. Bahnson, S. Brosman, R. Middleton, Z. Wajsman,
thetic drug was successfully performed using upright coil M. Wehle, J. Urology 163 (2000) 761.

planet centrifuge which holds four identical multi-layer coil [14] G.p. Steinberg, D.D. Kuznetsov, R.C. O'Connor, N.F. Alsikafi, Ex-
columns in the symmetrical positions around the centrifuge pert Opin. Pharmacother. 2 (2001) 1009.

axis, and yielded 1.2 g AD-32 at 99.88% purity from 1.5 g of [15] D.W.W. Newling, J. Hetherington, S.K. Sundaram, M.R.G. Robin-
crude synthetic sample in one-step separation. The present, son, L. Kisbenedek, Eur. Urol. 39 (2001) 643.

T . . 6] B. Barbieri, R. Abbruzzi, A. Benigni, M. Rizzardini, M.G. Donelli,
study indicated that the CCC apparatus is very practical S. Garattini, M. Salmona, J. Chromatogr. 163 (1979) 195.

for the preparative separation of AD-32 from crude Syn- [17] M. Israel, D. Taube, R. Seshadri, J.M. Idriss, J. Med. Chem. 29

thetic drug. However, a drawback to the method is tetra- (1986) 1273.

chloromethane, a toxic solvent. [18] C. Ma, Y. Wang, J. Shi, Y. Chen, Syn. Commun. 29 (1999) 3581.

[19] Y. Ito, R.L. Bowman, Science 167 (1970) 281.

[20] Y. Ito, J. Chromatogr. 538 (1991) 3.

[21] N.B. Mandava, Y. Ito (Eds.), Countercurrent Chromatography: The-
ory and Practice, Marcel Dekker, New York, 1988.
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