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DETERMINATION OF 6,7-DIFLlJORO-l- 
(2,4-D1FLUOROPHENYL)-1,4-DIHYDRO+0XO-3- 
QUlNlLlNECARBOXYLlC ACID AND RELATED 

COMPOUNDS BY HIGH PERFORMANCE 
LlQU I D CHROMATOGRAPHY 

L. ELROD, JR, T. G. GOLICH, 
D. L SHAFFER, AND B. P. SEEIAT 

PhysidAMtytieal Chemistry zlqmment 
pharmaceutical products Divirion 

Abbott L~OW&S 
1401 sheridan Rod 

Noplh C h w  Illinois 60064 

6,7-~ifl~l-(2,4-diflwKophen~l)-1,4-dihydro-4oxo-3- 
q- xylic acid (Am-72931) and related compounds are determiaed 
by high performance liquid chromatography (HPLC). A hvo-part assay 
procedurequmWesbotb t b e h g  substanceand the related compounds. The 
chro- used is based on a Bakerbox~P C-4 columu with a 0.04 M 
citrate buffer @H 4.4) eluent modified with THF. Detection is at 254 nm. 
Quantitation of Abbot.-72931 is achieved wing am external sladard method 

with a 75% buffed2596 THF eluent. Assay precision (RSD values) for two 
I d s  of AW-72931 ranged from f 0.66% to f 0.97%. Qwustitation of 
related compouuds in Abbot&-72931 is achieved by an external stsadard method 
using the same c-y, with gradient elution to remove the more 

ahd an Abbott-72931 refereace s t d a d .  An isocratic HPLC system is used 

S&O& retained 
ethyl ester is Quantitated Using a~ A m - 7 2 9 3 1  ethyl ester reference standard. 
Other~~mpormds an qnantigtedv-the Abbott-72931 refet.ence stsndard. 

from the C O ~ .  U d ~ y d d y d  Abbott-72931 
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4 52 EiLRODETAL. 

Assay precision of related compounds determined in two lots of Abbott-72931 
at levels of 0.04% to 1.0% ranged from f 58% to f 6.8%. Detector response 
for Abbott-72931 and Abbot-72931 ethyl ester is linear to at least 25.4 and 
9.9 pg/mL, respectively (correlation coefficients > 0.999, essentially 
intersecting the origin). Recovery of known related coqunds  of Abbtt- 
72931 ranged from 94.4 to 107.5% when added to the drug substance at levels 
of 0.2% to 2.0%. 

The use of Abbott-72931, which is chemically 6,7difluoro-1-(2,4- 

di fluorophenyl)-l,4-dihydr0-4-0~0-3quinilin~xylic acid and closely 

related compounds in the synthesis of a variety of fluoroquinilone 

antibacterials, has been described (1-3). It is necessary to control the purity of 

this material in order to eliminate undesired side reactions and carry over of 

impurities contained in the intermediate into the final bulk drug. This papr 

describes the use of high performance liquid chromatography (HPLC) for the 

quantitation of Abbott-72931 and related compounds. 

HPLC was used in this work because it potentially offered the desired 

combination of speed, sensitivity and specificity. In addition, the technique 

eliminates the derivatization step necessary in gas chromatographic assays for 

these types of compounds (4-5). A number of HPLC procedures have been 

reported for fluoroquinilones. Previously reported methods have largely dealt 

with determining the active drug substance and metabolites (6-10). 

Quantitation of Abbott-72931 as an impurity in temafloxacin has been reported 

by this laboratory (1 1). The large differences in retention and chromatogra- 

phic properties between Abbott-7293 1 and finished fluoroquinilone drugs 
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ABm-m1 AND RELATED coMpouNDs 453 

necessitated the developmt of a different separation which is more 

approPriate for Abbott-72931 and its related compounds. 

Reaeen_ts 

Sodium citrate dihydrate and citric acid were reagent grade from 

Fisher. A 0.04 M citrate buffer at pH 4.4 was prepand by dissolving 12.0 g 

of sodium citrate dihydrate and 8.0 g of citric acid in 2 liters of deionized 

water. Acetonitrile and tetrahydrofuran 0 were HPLC grade from EM 

Science. Abbott-72931 and Abbott-72931 ethyl ester were prepared in-house. 

.. romakgnpb and Conditlong 

The liquid chromatographic system used consisted of a Spectra-Physics 

Model 8800 pump and a Model Spectra-100 UV detector (Spectra-Physics, San 

Jose, CA). A Shimadzu Model SIL-9A autosampler and Model C-R4A data 

system were used (Shimadzu Corporation, Kyoto, Japan). An HPLC column 

heater maintained at 40°C was used (Jones Chromatography, Littleton, CO). 

Chromatographic separations were achieved using a Bakerbond. C-4 reverse 

phase column measuring 4.6 mm x 250 mm (5 pm particle size), (J.T. Baker, 

Phillipsburg, NJ). Flow rates of 1.5 mUmin., W detection at 254 nm and 

50 pL injection volumes weae used throughout this work. The HPLC eluent 

was 75% citrate buffed2596 THF for the Abbott-72931 assay. For the 
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454 ELROD ET AL. 

TABLE I 
Gradient Profile Used for Abbott-7293 1 Related Compounds 

O* 
13 
35 
50 
55** 
70** 

75 
75 
50 
50 
75 
75 

25 
25 
50 
50 
25 
25 

* Initial Conditions 
** Used to re-equilibrate the column to initial conditions 

determination of Abbott-72931 related compounds, gradient elution was used 

to 50% THF. The gradient profile is shown in Table I. 

Abbott-72931  ASS^ 

dard and Sample Preparations 

Approximately 15 pg/mL solutions of Abbott-72931 were prepared 

by dissolving 150 mg of either Abbott-72931 standard or sample in 

acetonitrile. The stock acetonitrile solutions were further diluted in the eluent. 

procedure 

Replicate injections of standard and sample preparations were made 

to obtain integrated peak areas with calculated relative standard deviations of 

I 2%. The Abbott-72931 content in each sample was calculated by the 

external standard method using the following equation: 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ABm-72931 AND RELATED OOMPOUNDS 455 

A mixed standard solution containing 1.5 pg/mL each of Abbott- 

72931 and Abbott-72931 ethyl ester was prepared in b u f f e r m  (75:25). 

Each Abbott-72931 sample was prepwed by dissolving 150 mg of material in 

100 mL of acetonitrile, then diluting to 150 pglmL concentration in 

buffer/THF (75:25). 

Pr.Q!ak 

Replicate injections of the mixed standard prepamm ' weremade 

using the initial conditions shown in Table I to obtain integrated peak areas of 

Abbott-72931 and Abbott-72931 ethyl ester with RSD values 5 5%. Using 

the gradient elution prognun shown in Table I, a blank solution of buffer/THF 

(7225) and each sample Preparation was injected. The chromatopams were 

traced to 50 minutes in orda to insure complete elution of the related 

compounds. The percent Abbott-72931 ethyl ester was calculated using the 

Abbott-72931 ethyl ester referenoe standard. Each additional related 

compound not detected in the blank solution was calculated using the Abbott- 

72931 reference standard. The following equation was used: 
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456 ELRODETAL. 

x 100% 100 
[lo0 x %UID***] *area@ X -- Wd x d. pvuv* x w** x 

mg. pe5k ortll $tli. @. corn. n@mL 

* HouesSemd;udswith99%puritirSwersd 
*+ RRF @dative Respome Ratios) for raloted wmpomd8 is the peak area maponaa of 

Abbott-72931 divided by peak ma responss for the impurity. 
*** Lose on Drying at 60°C for two hwrs 

The relative response ratios used for determining known related compounds of 

Abbott-72931 are summarized in Table II. 

Shown in Figure 1 are typical chromatograms for the Abbott-72931 

determination. Detector linearity was demonstrated by chromatographing 

standard solutions containing 0.53 )cg/mL to 25.4 pg/mL of Abbott-72931. 

The plot of Abbott-72931 concentration versus integrated peak area is shown 

in Figure 2. The linear regression data for this plot is included in Figure 2. 

These data show that the plot is linear (correlation coefficient > 0.9999) and 

essentially intersects the origin (y-intercept = -210 counts). 

To determine the assay precision, two lots of Abbott-72931 were 

determined on separate days by different analysts. As shown by the data in 

Table III, the assay precisions (RSD values) were f 0.66% and f 0.97%. 

Figure 3 is a chromatogram of a synthetic mixture of Abbott-72931 

and known related compounds. Peak identities in Abbott-72931 samples can 

be made by comparing relative retention times for related compounds with 
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458 ELRODETAL.. 

A. StandvdPrrpultion B. Sample Preparation 

m .a a, 

Figure 1. Typical Chromatograms for Abbott-72931 Assay (HPLC 
Conditions Stated in Text) 

those from a synthetic mixture. To accurately estimate the concenmtion of 

known related compounds, differences in response between Abbott-72931 and 

related compounds are corrected by applying relative response factors. These 

values were obtained by ratioing the slopes for calibration curves of Abbott- 

72931 to those of the individual related compounds. Four-point curves at 

concentrations of approximately 0.20 pg/mL to 2.0 &mL were used. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ABBO'IT-72931 AND RELATED aOMPOUNDS 459 

f 1000000 - 
000000 -- 
8WooO - -  
700000 -- 
600000 -. 

peak arsa 500000 

Slope = 39.2 x 10' 
400000 -- 

Y-Intaccp = -210 

100000 

0 

0 5 10 15 20 25 

concantration (mc!JhIl) 

Figure 2. Linearity Curve for Abbott-72931 Assay 

HPU: cadilions: Rated in Text 
Peak Identities: Shawn in Table U. 

30 

Figure 3. Chromatogram of a Synthetic Mixture of Abbott-72931 and 
Known Impurities 
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460 ELRODETAL. 

Table III 
Abbott-72931 Assay Precision Data 

Lot 1 
WAnalvst 

1 1 
1 1 
1 1 
2 2 
2 2 
2 2 

Mean 
SD 
RSD 

YUm 
98.9 1 
97.7 1 
97.8 1 
96.4 2 
98.9 2 

97.4 2 
97.9 2 
f 0.95 
f 0.97% 

Lot 2 

1 
1 
1 

Analvst 

2 
2 
2 
2 
Mean 
SD 
RSD 

wt.0 
98.7 
97.7 
97.1 
97.2 
96.8 
97.6 
98.1 

97.6 
f 0.65 
f 0.66% 

Shown in Figure 4 are typical chromatograms for the standard and 

sample preparations. Detector linearity for Abbott-72931 ethyl ester was 

demonstrated by chromatographing standard solutions containing 0.59 pg/mL 

to 9.91 pglmL of analyte. The plot of Abbott-72931 ethyl ester concentration 

versus integrated peak area is shown in Figure 5. The plot is linear 

(correlation coefficient > 0,9999) and essentially intersects the origin 

(y-intercept = 212 counts). 

Assay precision was determined by quantitating related compounds 

in two lots of Abbott-7293 1. Two analysts performed the determinations on 

separate days. The precision data are presented in Tables IV and V. As 

shown, relative standard deviations ranged from f 6.8% to f 58% for 

individual compounds present at the 1.0 to 0.0496 levels. 

Standard addition and recovery experiments were performed for 

related compounds of Abbott-7293 1. Authentic impurity samples were used to 
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46 1 

HPLC Cwdilioar: Stated in Tut 
Peak Identities Shown in Tabk I1 
(u) = U n b  

Figure 4. Typical Chromatograms for Aka-72931 Impurity 
Determination 

spike the Abboit-72931 sample Pnparation. Known additions were made at 

approximately 0.2 to 2.0% levels. Recoveries were calculated versus authentic 

impurity standard Preparations. These data are presented in Table VI. As 

Shawn, recoveries mgd from 94.4 to 107.5%, which is quantitative within 

the precision of the method. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Diu
 1 1 1 1 1 2 2 2 

An
alv

st 
1 1 1 1 1 2 2 2 Me
an
 =

 
SD
 =

 
RS

D 
=

 

TA
BL

E 
IV
 

Pr
ec

isi
on

 D
at

a 
fo

r 
D

et
er

m
in

at
io

ns
 o

f R
el

at
ed

 C
om
po
un
ds
 in

 A
bb

ot
t-7

29
31

, L
ot

 1
 

Ih
h

Q
w

d
 

0.
02

 
0.

04
 

0.
03

 
0.

01
 

0.
06

 
0.

07
 

m
 

0.
04

 
f
 0

.0
23

 
f
 5

8%
 

__
-_

_ 

A
bb

ot
t-7

29
3 1

 
Ild

uu
- 

0.
93

 
1.

23
 

0.
86

 
0.

82
 

0.
84

 
0.

97
 

1.0
4 

Is
e 

0.
97

 
f
 0

.1
4 

f
 1

4%
 

Un
kn
ow
n 

2 

0.
12

 
0.

16
 

0.0
6 

0.
11

 
0.

07
 

0.
13

 
0.

14
 

m
 

0.
12

 
f
 0

.0
38

 
f
 3

2%
 

7-
(2

,4
-d

ifl
~O

ID
- 

an
ili

no
)-S

U
bS

tit
ut

ed
 

A
bb

ot
t-7

29
3 1

 

0.
10

 
0.

31
 

0.
21

 
0.

21
 

0.
24

 
0.

24
 

Q
3
 

0.
24

 
f
 0

.0
8 

f
 3

2%
 

Pr
ec

ur
so

r t
o 

A
bb

ot
t-7

29
3 1

 
Jiw

-B
m

 
0.

33
 

0.
45

 
0.

33
 

0.
31

 
0.

31
 

0.
40

 
0.

14
 

w
 

0.
34

 
f
 0

.0
9 

f
 2

8%
 

E 0 U
 F 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
V

 
he

ci
si

on
 D

at
a 
fo
r 

D
et

em
m

a . 
tio

ns
 of
 R

ela
te

d 
C

om
po

un
ds

 in
 A

bb
ot

t-7
29

31
, L

ot
 2

 

7
-(

2
,4

d
if

l~
0

~
 

A
bb

ot
t-7

29
3 1

 
an

ilin
o)

-S
U

bS
tit

ut
ed

 
pa
r 

An
alv

st 
lit

hY
u-

 
un

ltn
ow

nz
 

1 
1 

0.
89

 
0.

27
 

0.
28

 
1 

1 
0.

94
 

0.
27

 
0.

31
 

1 
1 

0.
93

 
0.

26
 

0.
24

 
2 

2 
1.

11
 

0.
23

 
0.

28
 

2 
2 

1.
11

 
0.

24
 

0.
31

 
2 

2 
Qb

24
 

Q
a
 

M
ea

n 
=

 
1 .o

 
0.

25
 

0.
28

 
SD
 =

 
f
 0

.1
1 

f
 0

.0
17

 
f
 0

.0
26

 
R

SD
 =

 
f
 1

1%
 

f
 6

.8
%

 
f
 9

.3
%

 

Pr
ec

ur
so

rt
o 

A
bb

ot
t-7

29
3 1

 

0.
19

 

0.
17

 
0.

21
 

0.
21

 
sL

24
 

0.
20

 
f
 0

.0
21

 
f
 1

0%
 

0.
19

 
v
) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
VI
 

St
an

da
rd

 A
dd

iti
on

 a
nd

 R
ec
ov
er
y 

D
ata

 fo
r 

A
bb

ot
t-7

29
31

 R
ela

ted
 C

om
po

un
ds

 

1 
0.

39
8 

0.
39

4 
99

.0
 

2 
0.

35
8 

0.
34

9 
97

.4
 

5 
0.

34
8 

0.
35

5 
10

2.
0 

3 
0.

40
2 

0.
40

0 
99

.5
 

6 
0.

37
0 

0.
35

0 
94

.5
 

7 
0.

41
0 

0.
41

6 
10

1.
5 

*I
m

pu
rit

y 
l3

tm
m

IW
 s

ho
w

n 
in 

Ta
bl

e I
I. 

0.
79

5 
0.

75
0 

94
.4

 
0.

71
5 

0.
75

3 
10

5.
3 

0.
80

5 
0.

80
9 

10
0.

5 

0.
74

0 
0.

70
2 

94
.9

 
0.

69
5 

0.
72

8 
10

4.
7 

0.
82

0 
0.

77
7 

94
.8

 

1 
=

 7
-h
yd
mx
y-
~~
b~
ti
t~
t~
d-
Ab
bo
tt
-7
29
31
 

2 
=

 7
&

xy
-~

~b
~h

te
d-

A
bb

ot
t-

72
93

 1 E
th
yl
 E

ste
r 

3 
=

 A
bb

ot
l-7

29
31

 E
th

yl 
b
 

5 
=

 7
-e

th
ox

y-
~~

b~
tit

~t
ed

-A
bb

ot
t-

72
93

 
1 

6 
=

 7
-(

2.
C

ai
fl

~0
1-

0d
h

)-
t~

b
ti

t~
te

d
-A

b
b

o
tt

-7
29

3 
1 

7
=

R
in

e
o

p
a

n
c

d
m

to
(3

) 

1.
59

 
1.

56
 

98
.2

 
1.

43
 

1.
45

 
10

1.
6 

1.
61

 
1.

61
 

10
0.

2 
1.

39
 

1.
44

 
10

3.
8 

1.
48

 
1.

42
 

95
.7

 
1.

64
 

1.
59

 
96

.9
 

3.
18

 
3.

11
 

97
.7

 
2.

86
 

2.
90

 
10

1.
6 

3.
22

 
3.

24
 

10
0.

6 
2.

78
 

2.
80

 
10

0.
6 

2.
96

 
3.

18
 

10
7.

5 
3.

28
 

3.
22

 
98

.3
 

E 8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



465 

Figure 5. Linearity Curve for Abbott-72931 Ethyl Ester 

The authors thank Ms. Peggy Machak for her assistance in the prepatation of 
the manu4cript. 
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