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The bis(substituted aminoalkyhunino)anthraquinones, hereafter referred to as 
the aminoanthraquinones, are a new class of cancer chemotherapeutic agents develop- 
ed in response to structure-activity studies among DNA intercalating agents1*2. The 
structures of these compounds (Fig. 1) are exemplified by the parent compound of 
the series, 1,4-bis({2-[(2-hydro~ethyl)amino~ethyl),lO-anthraccnedione 
(NSC 287513). This compound and a number of the other aminoanthraquinones have 
been found to have very high activity against murine tumors including P388 and 
L1210 leukemias, Bid melanoma and colon carcinoma 26 (ref_ 3)_ Recent studies in 
this laboratory have aiso shown that the in viva active aminoanthraquinones exhibit 
saturable binding and specificity to a number of macromolecular lipids extracted 
from murine L1210 tumors4. It was during these latter studies that we found it 
nw to develop methods to assess the purity of the various aminoanthroquinones 
prior to their use in binding and kinetic experiments_ We thus report here the suc- 
cessful separation of a number of aminoanthraquinones by high-performance liquid 
chromatography (HPLC). Except for a preliminary report on the purifkation of NSC 
287513 using a ~Bondapak C,, reversed-phase systems, this is the first report of the 
HPLC analysis of these compounds. 

Chenzicals 
Analyticakeagent HPLC grade solvents were used throughout this study after 

appropriate micropore filtration and de-gassing. Water was fust deionized and then 
glass-redistilled prior to use. Commercially available HPLC grade water was found 
unsuitable for use on reversed-phase columns, resu!+-ing in spurious peaks when used 
in acetonitrile and es_pecially methanol gradients. Anthraquinone, 1 &diaminoanthra- 
quinone, 1,5diaminoanthraquinone, 1-amino4-hydroxy-anthraquinone and 1,4- 
dihydroxy-anthraquinone were purchased from Aldrich (Milwaukee, Wk., U.S.A.). 
AU bis(substituted aminoall@mino)anthraquinones were protided by Drug Research 
and Development, Division of Cancer Treatment, National Cancer Institute, Be- 
thesda, Md., USA. All btier salts were analytical-reagent grade. 
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Fig. 1. Stim of the antbraquiuones and bigsubstituted a.minoa&ylamino)anthraquino~~ 
analyzed in this study. 

Apparatus 

A Micromeritics Model 701-21203-02 liquid chromatograph (Micromeritics, 
Norcross, Ga., U.S.A.) equipped with full gradient dution capacity, a variable 
wavelength u!travio!et-visible detector and a column oven was used in these studies. 
In addition, the eluate from the detector was passed through the flow cell of a Varian 
Model 635 ultraviolet-visible scanning spectrophotometer (Varian, Palo Alto, C&if., 
U.S.A.) which was used with the stop-ffow feature available on the Micromeritics 
instrument to determiue the absorbance spectrum of the column eluate at any point 
during an analysis. The column eluate was &ally directed to a fraction colkctor 
allowing collection of-the separated aminoanthraquinones for fnrther analysis- If 
,requkd, most of the aminoanthraquinone could be extracted from the HPLC 
C&ESIII efBuents with methylene chloride, ethyl acetate or chloroform. 

Detection of the aminoanthraquinones in the column eluates was routinely 
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carried out with the HPLC detector at 254 mu. When scar&rig was not required, 
the eluates were also monitored at 630 nm with the spectrophotometer, thus pro- 
viding a dual wavelength monitoring capability. 

The columns used, FPorasil, pBonda_pak Crs, +ondapak CN and ~Bondapak 
NH, (Waters Assoc., Milford, Mass., U.S.A.), were 30 cm x 4 mm I.D. in size. The 
columns were routinely assess& for theoretical plate cmnts and efkiency according 
to the manufacturer’s instructions and were discarded if changes in these parameters 
cxcurred. Column flow-rate was routinely 2.0 ml/min and operating pressure s=ngecr 
from 1500 to 2800 p.s.i. 

A number of solvent and gradient systems utilizing a variety of aqueous buffer 
salt solutions in combination with methanol, acetonitrile and 2-propanol were used 
in development of the reported methods. The two most efficient systems used were 
as follows: 

(1) PBondapak CN column, eluting With a l5-min convex mobile phase 
gradient (curvature = 4) of 20-90x methane! in 0.05 M NarHp0,-NaH2P0,, pH 
8.0, and a flow-rate of 2.0 ml/min. 

<2) ,&ondapak NH, column, eluting with a 15-min convex mob:le phase 
gradient (curvature = 4) of I&90% acetonitrillethauol {l :l) in 0.05 Man.monium 
acetate-ammonium hydroxide pH 8.0 and a flow-rate of 2.0 ml/mm. 

RESULTS AND DISCUSSJON 

Initial trials on aminoanthraquinone separations using normal phase columns 
such as ~Porasil and solvent combinations of chloroform with various alcohols 
resulted in the compounds being either retained on the column (retention time >90 
miu) or eluted as broad arid/or skewed peaks. Thus, normal-phase HPLC of the 
aminoanthraquinones was abandoned and reversed-phase colunms were evaluated. 
Initially, FBondapak C18 columns were used, eluting with aqueous mixtures in meth- 
anol and acetonitrile. While the aminoanthraquinones did elute from this column, 
such dution was chamcterized by long retention times and poor resolution of mix- 
tures_ The ~Bondapak CN and pBondapak NH, columns were next evaluated and 
both proved suitable for aminoanthraquinone analysis. Replacement of the water in 
the mobile phase with various bufEer salt solutions markedly enhanced elution and 
resolution of the compounds. This was especially apparent with the @ondapak CN 
column which required the relatively strong buffering capacity of &urn phosphate 
for aminoantluaquinone elution. Variation of the mobile-phase aqueous solution pH 
from pH 4.0 to 8.0 remIted in znaximum resolution of the amiuoauthraquiuones at 
pH 8.0. More basic solutions were not used since it has been reported that exposure 
of silica based reversed-phase packing materials to basic solvents (pH > 7.5) results 
in accelerated degradation of the packing materials. Variations in gradient times from 
10 to 40 min and in gradient curvature utilizing linear, convex and concave curva- 
tures established that a gradient time of 15-25 min together with a convex gradient 
curvature of from 2 to 4 was optimal for aminoanthraquinone separations on either 
column. Initial tials utilizing the ~Bondapak NH, column showed that the use of 
methanol in the mobile-phase resulted in very long aminoanthraquinone retention 
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times while the use of acetonitrile resulted in shorter retention times but loss of 
rmxtnre resolution; Thus, mixtures of acetonitrile-methanol were tested and found, 
at a L:L volume ratio, to optimalize resolution of the aminoautbraquinones on the 
/zEondapak NE& column. 

Table I lists the retention times found for the anthraquinones~ and aminoan- 
thraquinones studied utilizing the l ondapak CN and pBondapak NH2 columns in 
systems 1 and 2, respectively. Fig. 2 illustra?Zs the separation of nine aminoanthra- 
quinones in system 1. The separation shown was carried out at a column oven tern- 
per&me of 50”. Comparison of aminoanthraquinone separations on system 1 at 22, 
25, 30, 40, 50 and 60” established that the separations were signiGcantly enhanced 
at the higher temperatures with concurrent decreases in aminoanthraquinone reten- 
tion times, especially in the cases of the more non-polar compounds such as NSC 
294725,294726 and 279837. In fact, HPLC of the latter compounds at 25” in system 
1 resulted in broad and skewed elution peaks with elution times >30 min. A similar 
enhancement of aminoantbraquinone separation was observed at elevated tempera- 
tures with the @ondapak NH2 column (system 2) as shown in Table I which com- 

TABLE I 

RETENTION TIMES OF THE BIS(SUBSTlTUTED AMINOALKYLAMINO)ANTHRAQUI- 
NONES AND RELATED COMPOUNDS 

System I * System 2’ 

25” 50” 

Anthraquinone 7.1 
1,4-Diaminoznthraquinone 4.7 
1.EDiaminoantbraquinone 4.1 
I-Amin~ydroxy-arlthr2qtione 5.4 
1,4xxhydro~-an~qtiouinone 6.4 
NSC 287513 7.3 
NSC 276740 14.9 
NSC 278467 13.6 
NSC 279836 8.3 
NSC 279837 32.0 
NSC 279838 9.7 
NSC 281246 7.3 
NSC 281249 6.0 
NSC 285688 4.7 
NSC 291923 10.0 
NSC 291924 11.7 
NSC 293844 13.8 
NSC 294725 18.5 
NSC 2p6726 19.7 
NSC 295560 8.9 
NSC 295561 9-4 
NSC 299187 6.3 
NSC 300576 10.8 
NSC 300579 6.7 
NSC 300580 6.4 

39 
2.6 
2.8 
3.8 
3.9 
6.8 

12.6 

iz (B)” 
52.2 
9.4 

10.3 
4.7 
3.7 
5.7 
9.7 

123 
38.9 (B) 
57.8 @) 
6.8 

14.5 
6.8 

11.1 
5.2 

3.7; 4.3 

3.6 
2.7 
2.9 
3.6 
3.8 
6.3 

11.4 
7.1 
8.0 

50.9 
9.1 
9.4 
4.7 
3.5 
5.1 
8.4 

11.2 
324 
41-l 

7.1 
12.4 
63 
9.6 
5.3 

4.1; 4.4 

- see the text for de5criptions of each syste.n.l. 
“B denotes a broad and cma.Uy unntical elution peak. 
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pares the elution times of the compounds studied in system 2 at 25 and 50”. fn 
addition, Fig. 3 ilhrstrates the separation of eight aminoanthraquinones in system 2 
at 25 and 50”. Most notable in the latter comparison is the decrez~& total time 
required for the separation from 23 to 18 min, and the increased resolution of the 
nuxture including resolution of NSC 287513 and 278467 at 50”. 0ur results agree 
with those of other workers who have reported increased resolution and decreased 
retention times utilizing reversed-phase cohmms and increased temperatures7*s. Thus, 
eEzvated temperature appears a valuable aid in the HPLC anaiysis of ffie amino- 
anthraquinones. We chose not to exceed 50” in our &raL systems since trials at 60” 
did not appreciably increase the resolution of the aminoanthraquinone mixtures and 
since we wished to limit any thermal stress on ffie cohmms_ 

i 
Q2L I -m 

f 

1.. . I,, , f 

8 to 20 33 40 
w M!. 

IFig. 2. Separation of ti aminoanthraquinones on system 1 at 509 Sample amounts were I-2pg 
of each compound. Attenuation ~2s 0.2 absorbance tits full scale. 1. NSC 285688; 2, NSC 237513; 
3, riSC 295561; 4, NSC 300576; -5, NSC 291924; 6, NSC 278467; 7, NSC 276740; 8, NSC 294725; 
9, NSC 279837. 

The value of the on-line .scannin,o spectrophotometer in our system is il- 
Iustrated by the case of ampound NSC 293844. As supplied to us, the compound 
is resolved into two peaks in both HPLC systems with a peak area ratio between 
peaks I and 2 of 2:3. In system 2 at 50”, peaks 1 and 2 have respective retention 
times of 5.3 and 11.2 min. While both peaks are detected at 254 nm, niether is de- 
tected at 630 nm, an observation not unexpected since the compound has a visible 
absorbance maximum in methanol-water (I :l) of 526 nmg_ By utilizing the stop- 
flow mo& on the HPLC and scanning each peak from 250-700 urn, it was found that 
peak 2 had th? expected absorbance spectrum for NSC 293&U, while peak 1 had no 
visible absorbance maxima. Thus, peak 1 was assumed to represent a contaminant 
of NSC 293844. It was also found that NSC 300580 was resolved into two major 
peaks upon HPLC analysis (Fig. 3). Spectrophotometric scans of each peak resulted 
in very similar spectra, each with the expected visible absorbance maximum at 374 
nm for the compound9. We thus concluded that the two peaks represent isomers of 
the compound although no attempt was made to define the structures of the two 
compounds. 

The HPLC systems described are capable of resolving positional isomers 
present among the aminoanthraquinones analyze& For example, the aminoanthra- 
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Fig. 3. Separation of eight aminoantbraq~ones on system 2 2t (A) 25” and (B) 50’. Sample zmounts 
and attenuation were as described in Fig. 2.1, NSC 300580; 2, NSC 291923; 3, NSC 287513; 4, NSC 
278467; 5, NSC 291924; 6, NSC 300576; 7, NSC 276740; 8. NSC 295.561. 

quinones NSC 294726,293844 and 294725 represent the 1,4-, 1,5- and l,S-dimethyl- 
aminopropylamino isomers of the same aminoanthraquinone. All three compounds 
are well resolved in both ELPLC systems (Table I) in the retention time sequence of 
1,5 -=: 1,8 < 1,4. 

The sucassful develocment of the reported methods for aminoanthraq-uinone 
separruion represents a valuable analysis aid not only for purity determinations but 
also for the separation of related new compounds with potential chemothera,Deutic 
use. In addition, the described methods are apphceble to prechnical and clinical 
studies directed at the physiological disposition of aminoanthraquinones in biological 
samples. 
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