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Liquid Chromatography of Clindamycin 2-Phosphate on 
Trie t hy laminoet hy 1 Cellulose 

WALTER MOROZOWICH and ROGER G. WILLIAMS 

Abstract 0 The separation of clindamycin 2-phosphate from clin- 
damycin 3-phosphate, clindamycin 4-phosphate, clindamycin B 
2-phosphate, and lincomycin 2-phosphate was achieved by liquid 
chromatography on triethylaminoethyl cellulose using a 254-nm 
monitor. The compounds have low molar absorptivities a t  254 nm 
(<17), and UV detection is made possible by the high capacity 
support triethylaminoethyl cellulose. Linear peak height response 
versus concentration allows rapid quantitation of clindamycin 2- 
phosphate. 

Keyphrases 0 Clindamycin 2-phosphate-separation from other 
clindamycin compounds, triethylaminoethyl cellulose column, liq- 
uid chromatography 0 Triethylaminoethyl cellulose-used for liq- 
uid chromatographic separation of clindamycin 2-phosphate from 
other clindamycin compounds 0 Liquid chromatography-separa- 
tion, clindamycin 2-phosphate from other clindamycin compounds 

Clindamycin 2-phosphate1 (clindamycin phos- 
phate) (I) is an antibacterial agent synthesized in an 
attempt to decrease the pain on injection associated 
with the compound clindamycin (1). The purpose of 
this work was to explore the separation of clindamy- 
cin 2-phosphate from related isomeric phosphate es- 
ters using background absorbance monitoring (254 
nm), made possible by the high capacity support 
triethylaminoethyl cellulose. 

EXPERIMENTAL 

A liquid chromatograph2 with a 254-nm detector was used. 
Column Packing-Triethylaminoethyl cellulose3 was freed of 

fines by slurrying 1-4% suspensions in water and allowing the ma- 
terial to settle for 1-1.5 hr. The supernate was discarded and the 
slurrying-settling process was repeated six times. The purified 
support was isolated by filtration, washed with acetone, and air 
dried for 24 hr. 

A funnel was attached to  a 2.1-mm i.d. X 1-m stainless steel col- 
umn, and 5-10 mg of triethylaminoethyl cellulose was added from 
an inverted container supported on a 50-mesh screen by brief me- 
chanical vibration of the screen. The side of the column was vi- 
brated for a few seconds, and the material within was compacted 
with a loosely fitting stainless steel rod (1.8-mm diameter) with an 
applied hand force of 0.2-0.7 kg (0.5-1.5 lb). The tamping rod was 
turned 120°, and three such compressions were made after each 
addition of support. Excessive compaction force results in columns 
with poor flow rates, and practice is required to produce columns 

Cleocin Phosphate, The Upjohn Co. 
Du Pont model 820. 

'3 Cellex-T, BioRad Laboratories, Richmond, Calif. 

with adequate flow (0.4-1.5 ml/min) using 2000 psi a t  room tem- 
perature. 

The fully packed column was converted to the borate form by 
pumping about 50 ml of aqueous 0.5 M sodium borate (pH 8.80) 
through the column prior to  use. 

Mobile Phase-A solution of 0.25 M aqueous boric acid was 
prepared with addition of 10 N sodium hydroxide to give a pH of 
8.80 f 0.01. The solution was degassed externally for 10 min with a 
water aspirator while stirring vigorously. 

Samples-Solutions of the phosphate esters were prepared a t  a 
concentration of 2-15% in water with addition of 5 N sodium hy- 
droxide to give a pH of 8.80 f 0.10. Injections of 7 1 1  were normally 
made using a 10-11 syringe4 under continuous flow conditions. 

Peak Identification-The identity of the collected peaks was 
confirmed by TLC, using silica gel plates previously sprayed with a 
5% solution of boric acid, pH 8.0 (sodium hydroxide), and air dried 
overnight. The developing system was chloroform-methanol- 
water-ammonium hydroxide (40506:5), and detection was 
achieved with a 15% ammonium sulfate spray followed by heat. 
The Rf values were: clindamycin 2-phosphate, 0.2; clindamycin 3- 
phosphate, 0.4; and clindamycin 4-phosphate, 0.3. 

Phosphatase Hydrolysis (2)-A solution of 0.05-1 mg of the 
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Figure 1-Separation of about 0.4 mg of clindamycin 2- 
phosphate from a crude sample of the corresponding 3- a n d  4- 
phosphate esters, using a 2.1-mm x 1-m column of triethyl- 
aminoethyl cellulose a n d  0.25 M boric acid (pH 8.80) a t  60' 
(flow 0.23 ml/min, 410 psi). 

4 Hamilton 701N, Chaney type I1 adaptor. 

Vol. 64, No. 2, February 1975 /313 



reactive cis-3,4-diol: 

C-NH-C-H J 
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0- 

11: clindamycin 2-phosphate-borate complex 

nonreactive 2,4-diol: 

I: clindamycin 2-phosphate 

nonreactive trans-2,3-diol: 

CH, 
I 

t 

6- ' OH 

111: clindamycin 4-phosphate 

/ C-NH-C-H 

0- 
IV: clindamvcin 3-uhosohate ~. 

Scheme I-Complexation of isomeric clindamycin phosphate esters with borate 

clindamycin phosphate ester in 3 ml of 0.25 M boric acid (pH 8.8) 
was treated with 1 ml of 0.1 M magnesium chloride. Alkaline phos- 
phatase5, 50 mg, 1.45 units/g, was added and the mixture was vig- 
orously shaken in a 15-ml centrifuge tube until solution was at- 
tained. After 18 hr a t  37 f 2'. the solution was shaken vigorously 
with 8 ml of chloroform. The mixture was centrifuged at  20,000 
rpm for 30 min and the aqueous layer was removed by aspiration. 

The clear chloroform layer was dried with sodium sulfate, and a 
3-ml aliquot was taken to dryness under a stream of nitrogen. Tri- 
fluoroacetic anhydride (0.1 ml) was added and the vial was sealed 
with a Teflon-faced screw cap. The solution then was heated a t  45O 
for 1 hr. After cooling to room temperature, about 10 mg of anhy- 
drous sodium carbonate was added. The container was resealed 
immediately, and 1-J samples were taken by syringe penetration 
through the Teflon-lined septum. GLC was conducted on a gas 
chromatograph6 (flame-ionization detector), using a 0.6-cm X 0.6- 
m (0.25-in. X 2-ft) glass column containing 1% SE-30 on Gas 
Chrom Q (100-120 mesh) a t  170O. 

Crude Clindamycin %Phosphate a n d  Clindamycin 4-Phos- 
phate-A solution of 98.5 g of clindamycin 2-palmitate hydrochlo- 
ride (3) in a mixture of 145 ml of pyridine and 290 ml of acetone 
was added dropwise to a solution of 14.3 ml of phosphorus oxy- 
chloride in a mixture of 70 ml of pyridine and 70 ml of acetone. 
After 0.5 hr, 600 g of ice was added and the solvent was removed in 

The residue was dissolved in a mixture of methanol, ether, 
water, and ammonium hydroxide (280 ml of each). After 20 hr a t  
room temperature, the solution was extracted with ether and the 
aqueous phase was taken to dryness under vacuum. The residue 
was chromatographed on 190 g of silica gel7 (0.05-0.2 mm), using 
chloroform-methanol-water-ammonium hydroxide (88:l:l). The 
pooled product fraction was evaporated to  dryness and the residue 
was dissolved in methanol (100 ml). The solution was desalted by 
careful acidification with sulfuric acid. 

After filtration, removal of the solvent gave 3.5 g of a crude mix- 
ture containing clindamycin 3-phosphate and clindamycin 4-phos- 

uacuo. 

Worthington Biochemicals. 
Hewlett-Packard model 402-B. 
Merck. 
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Figure 2-Liquid chromatogram of 1.05 mg of pure clinda- 
mycin 2-phosphate (7 pl of a 15% solution, p H  8.85). Condi- 
tions were the same as in Fig. I. 

phate (RI 0.4 and 0.3, respectively, on borate-silica gel plates). The 
RI values were identical with those of the authentic 3-phosphate 
reported previously (2) and the authentic 4-phosphate prepared by 
a modified route. GLC-mass spectrals analysis, after conversion of 
authentic clindamycin 4-phosphate to the tris(trimethylsily1) de- 
rivative (1% OV-1 on Gas Chrom Q, retention time of 2.8 min a t  
210°), gave the following key fragmentation: mle 792 (M+), 777 

LKB 9000. 
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Figure 3-Gas chromatogmm of peak Z from Fig. 2 after 
phosphatase hydrolysis and conversion to the trifluoroacetate 
derivative (conditions: 1 % SE-30, 170'). 

MINUTES 

(M+ - CH3), 756 (M+ - HCl), 741 (M+ - HCl - CHd, and 713 

Phosphate analysis, according to the method of Bartlett and 
Lewis (4), showed a phosphate content of 5.25% for authentic clin- 
damycin 4-phosphate, which is in agreement with the theoretical 
value of 5.76%. 

(M+ - HCl - C3H7). 

RESULTS 

Borate was chosen as the mobile phase for liquid chromato- 
graphic studies since reversible interaction should occur with clin- 
damycin 2-phosphate (I) but not with clindamycin 3-phosphate 
(IV) or clindamycin 4-phosphate (111) (Scheme I). Borate interac- 
tion is specific for vicinal cis-diols (5) and is provided only with 
the 2-phosphate ester. 

Liquid chromatography was conducted using a 254-nm detector; 
the conditions for chromatography were: 0.25 M boric acid, pH 
8.80, 410 psi, 0.23 ml/min at  60°. The isomeric phosphate esters 
were eluted in the order clindamycin 4-phosphate < clindamycin 
3-phosphate < clindamycin 2-phosphate (Fig. l ) ,  as verified by 
TLC analysis of the collected peaks. 

As expected, clindamycin 2-phosphate was eluted last, presum- 
ably due to the retarding influence of the increased anionic charac- 
ter of the borate complex 11. The separation of the 2- and 3-phos- 
phate esters in the borate system was superior to that provided by 
several other electrolytes. Lincomycin 2-phosphate (6) is well sepa- 
rated from clindamycin 2-phosphate (retention times of 21.7 and 
28.2 min, respectively). 

The chromatograms of pure clindamycin 2-phosphate show the 
presence of a minor peak preceding the major peak (Fig. 2). Peak 
collection followed by phosphatase hydrolysis (2) and GLC analy- 
sis in comparison with authentic standards showed that the major 
liquid chromatographic peak I1 (Fig. 2) was clindamycin 2-phos- 
phate and the minor liquid chromatographic peak I was clindamy- 
cin B 2-phosphate. Phosphatase hydrolysis liberated clindamycin 
from the former and clindamycin B from the latter, as established 

T 

Clindamycin 

\ 
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Figure I-GLC of peak 11 from Fig. 2 after phosphatase 
hydrolysis a n d  conversion to the trifluoroacetate derivative. 
Conditions were the same as in Fig. 3. 

by GLC (Figs. 3 and 4) in comparison to retention times with au- 
thentic samples (7). Clindamycin B is the 4'-ethyl analog of clinda- 
mycin, which is produced in the synthesis of clindamycin (8) from 
the biosynthetically prepared lincomycin containing lincomycin B 
(9). 

The theoretical plate number (10) for the clindamycin 2-phos- 
phate peak (Fig. 2) showed that approximately 750 theoretical 
plates were attained on the 1-m triethylaminoethyl cellulose col- 
umn. The column is remarkably stable, and one column was used 
for 3 months a t  60° with little change in retention times or theo- 
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Figure 5-Liquid chromatographic peak height response 
versus amount of clindamycin 2-phosphate injected. 
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retical plate number. A t  room temperature, but not a t  60”, a pro- 
gressive decrease in flow rate is often experienced. 

Plots of peak height versus amount of clindamycin 2-phosphate 
injected showed slight deviation from linearity a t  high sample 
charges (0.8-1.0 mg) (Fig. 5). Below 0.6 mg, excellent linearity is 
observed and peak heights can be used for quantitation. 

DISCUSSION 

The separation of clindamycin 2-phosphate from isomeric and 
related phosphate esters is sufficient to allow quantitation by the 
peak height approach. 

Detection of clindamycin 2-phosphate by UV monitoring of 
background absorbance is remarkable and worthy of comment. 
The molar absorptivity of clindamycin 2-phosphate a t  254 nm is 
only 16.8 in water a t  pH 8.90. Detection of clindamycin phosphate 
was made possible only by use of the high capacity support 
triethylaminoethyl cellulose. The exchange capacity of a 2.1-mm X 
1-m column is 810-1160 bEq, as calculated from the column weight 
and the exchange capacity of the support. This value is approxi- 
mately 20 times larger than the conventional liquid chromato- 
graphic ion-exchange supports which normally contain 4 8 4 0  pEq 
in the same size column (11). The use of high capacity supports 
should allow the detection of many compounds with low back- 
ground absorbance at  254 nm. 
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Simultaneous High-speed Liquid Chromatographic 
Determination of Tetracycline and Rolitetracycline in 
Rolitetracycline Formulations 

A. G. BUTTERFIELDX, D. W. HUGHES, W. L. WILSON, and 
N. J. POUND 

Abstract A rapid, precise high-speed liquid chromatographic 
procedure for the simultaneous determination of tetracycline and 
rolitetracycline in rolitetracycline formulations is described. Sam- 
ples are dissolved in water, chilled to OD, and chromatographed on 
a pellicular cation-exchange resin. The specificity of this method 
represents a significant improvement over present analytical pro- 
cedures, which fail to differentiate between rolitetracycline and its 
hydrolysis product, tetracycline, in these formulations. 

Keyphrases Rolitetracycline and rolitetracycline nitrate formu- 
lations-simultaneous high-speed liquid chromatographic analysis 
of tetracycline and rolitetracycline 0 Tetracycline and rolitetra- 
cycline in rolitetracycline and rolitetracycline nitrate formula- 
tions-simultaneous high-speed liquid chromatographic analy- 
sis High-speed liquid chromatography-analysis, simultaneous, 
rolitetracycline and tetracycline in rolitetracycline and rolitetra- 
cycline nitrate formulations 

Rolitetracycline (I) (2-N-pyrrolidinomethyltetra- 
cycline) is an antibiotic formed by N-aminometh- 
ylation of the carboxamide function of tetracycline 
(11). Compound I is formulated either as the base or 
nitrate salt for intravenous or intramuscular use. 
These formulations are intended to be made at the 
time of use with water suitable for injection. 

The official method of assay of I in Canada (1) is 

microbiological. This method, however, gives no in- 
formation on the extent of hydrolysis of I, since the 
test organism is also sensitive to 11, nor any estimate 
of epimerization or degradation products expected to 
be formed under the assay conditions used. One 
would expect I, a Mannich base, to be susceptible to 
hydrolysis in aqueous solution, and Brunzell(2) dem- 
onstrated that aqueous solutions of I are indeed rap- 
idly hydrolyzed with the formation of I1 and 4-epite- 
tracycline (111). 

By using high-speed liquid chromatography 
(HSLC), the stability of I was studied and it was con- 
firmed that aqueous solutions are rapidly hydrolyzed 
to I1 (3). In addition, formulations of I were also 
found to contain 11. Although the hydrolysis of I to I1 
does not involve a loss of microbiological activity, the 
presence of I1 in formulations could be an indication 
of poor manufacturing practice. 

This report describes a rapid HSLC procedure for 
the simultaneous assay of I and I1 in rolitetracycline 
formulations. Being precise and highly specific, the 
method represents a significant improvement over 
present analytical procedures for the quality control 
of rolitetracycline formulations. 
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