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JV-Phosphoryl Derivatives of Bisantrene. Antitumor Prodrugs with Enhanced 
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The selective phosphorylation of bisantrene (1) affords bis(phosphonoguanidinic acid) 6, a prodrug 
with enhanced aqueous solubility (as sodium salt 7) at physiological pH. Unlike 1, in a rat tail 
vein model, no precipitation was observed when bis(phosphonoguanidinic acid) 6 was injected. 
While in rats 6 hydrolyzed to monophosphonoguanidinic acid 9 with a half-life of ca. 12 min., 
complete hydrolysis to bisantrene required several hours. The corresponding monophospho
noguanidinic acid 9 was synthesized from bisantrene and also showed good solubility and antitumor 
activity. While the antitumor activities of 6 in mice were comparable to bisantrene against B-16 
melanoma and P-388 and L-1210 leukemias, it was inactive in vitro vs several tumor cell types. 
Thus, its activity in vivo resulted from its ability to serve as a prodrug for bisantrene. 

Introduction 
Bisantrene (I)1-3 is a synthetic antitumor agent that is 

clinically active against breast cancer,4 leukemias,5 and 
lymphomas.6 While its mode of action is attributed to 
intercalation into DNA7 and subsequent DNA cleavage,8 

it differs from adriamycin, mitoxantrone, and some other 
antitumor DNA intercalators in that it is essentially not 
cardiotoxic.9 The drug, as the soluble dihydrochloride, is 
typically administered slowly into a central vein via a long-
line catheter to minimize complications, e.g., phlebitis, 
due to precipitation of either its salts or the free base at 
physiological pH.10 Alternative formulations, e.g., lactate 
salt11 or emulsions,12 were equally problematic. Thus, a 
search was made for a more easily administered, but slowly 
hydrolyzed, prodrug of bisantrene. During the course of 
these studies, the bis(phosphonoguanidinic acid) 6 was 
identified as a candidate for further antitumor evaluation. 

Few examples of phosphonoguanidinic acid prodrug 
entities have been cited. Similarly, there are few citations 
on either the syntheses13 and stability14 of phospho
noguanidinic acids. The most notable are phosphocreatine 
(2) (creatine phosphate) and iV4-phosphoarginine (3) 
(arginine phosphate), which are mediators of energy 
storage in muscle,16 and benfosformin (4),16 an experi
mental prodrug for phenformin. 
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Chemistry 
The chemical problems posed in the development of 

phosphorylated prodrugs of bisantrene include (a) the 
synthesis of suitably protected iV^V"'-bis(phosphoryl)-
bisantrene derivatives and (b) their deprotection. With 
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typical acylation, phosphorylation, or sulfonylation con
ditions employing tertiary amines, amidine bases, or 
aqueous bases, complex mixtures containing much un-
reacted bisantrene (1) (as free base or salt) were obtained. 
However in the presence of 2V,0-bis(trimethylsilyl)acet-
amide as a hydrogen chloride scavenger,17 diphosphoryl-
ation of bisantrene with diethyl chlorophosphate or 
diphenyl chlorophosphate gave bis(diethoxyphosphoryl)-
bisantrene (5a) (32%) and bis(diphenoxyphosphoryl)-
bisantrene (5b) (54%), respectively. Subsequently, a 
convenient synthesis of 5a was developed using diethyl 
cyanophosphonate (98%). Phosphorylation on the imi
dazoline nitrogen atoms of 5 rather than on the acyclic 
nitrogen atoms was evidenced by the nonequivalence of 
the chemical shifts in both the CMR and 1H NMR signals 
for the -NCH2CH2N- moieties and by comparison with 
bisantrene derivatives of known structure.1,17 

The tetraethyl ester 5a was chosen to allow the use of 
trimethylsilyl iodide (or bromide) for deblocking18 to give 
bis(phosphonoguanidinic acid) 6 (Scheme I). This pro
tection scheme avoided the more stringent conditions 
required for hydrogenolyses, aqueous hydrolyses with acid 
or base, or reduction with zinc that are typically used for 
removing other frequently used phosphate-blocking 
groups.19 The anticipated problems with these other 
deblocking methods include poisoning of hydrogenation 
catalysts by bisantrene,20 lability of the phosphorus-
nitrogen bond to hydrolysis,21 and reduction of the 
anthracene ring at the 9- and 10-positions by zinc. 

Fortuitously, in one phosphorylation reaction with 
partially hydrated bisantrene, a separable mixture of 
bisphosphoryl product 5a and monophosphoryl product 
8 was obtained. Deblocking of 8 with trimethylsilyl iodide-
triphenylphosphine afforded monophosphonoguanidinic 
acid 9, which also had good aqueous solubility at pH 7.4. 
In the absence of triphenylphosphine to scavenge iodo-
ethane, the deblocked product 9, as the intermediate silyl 
ester, undergoes N-ethylation on the more basic substit-
uent to give 10. 

Bis(phosphonoguanidinic acid) 6 was also converted to 
the disodium salt 7 which in aqueous solution had a pH 
of 7.4, so in vivo the dianion is the predominant form. 
Thus, in vivo the polarity of 7 is opposite from that of 1, 
i.e., anionic rather than cationic. It is interesting to note 
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Scheme I* 
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Table I. Antitumor Evaluation of N-Phosphorylbisantrene 
Derivatives 

CH=NNR 

L 5 - 6 (symmetrical series) S -lfl(unsymmerricnl series) 

no. 

1 
5a 
5b 
6 
8 
9 
10 

R R1 

H H 
PO(OC2Hs)2 H 
PO(OC6H6)2 H 
PO(OH)2 H 
PO(OC2H6J2 H 
PO(OH)2 H 

median % increase in life span 
(optimum dose, mg/kg) 

P-388 
leukemia" 

137 (12.5)« 
20 (100) 
60 (200) 
265 (25) 
>164 (25) 
345 (25) 

PO(OH)2 C2H6 132(50) 

"Cures"6 

17/42 

3/6 
4/6 
2/6 

B-16 
melanoma0 

122 (6)' 
NT 
NT 
163 (25)/ 
>164 (25) 
120 (12.5) 
114 (100) 

"Cures"'' 

2/10 

3/6 
3/12 
3/12 

0 BDFi or CDFi mice were injected ip with 106 ascitic leukemia 
cells and dosed ip on days 1,5, and 9. b "Cures" = number of survivors/ 
total at 30 days. When the cures were 50 % or greater, the experiment 
was continued until a specific ILS could be calculated.c BDFi mice 
were implanted ip with a homogenate from 0.05 g of tumor and dosed 
ip on days 1-9. d "Cures" = number of survivors/total at 60 days. 
• Data are for 1-2HC1.f Against L-1210 leukemia the corresponding 
values were 100(25) vs concurrent 47(25) for bisantrene. NT = not 
tested. 

the contrasting bulk stability profiles of these products. 
While bulk 6 was stable for at least 5 years at ca. 24 0C, 
both the disodium salt 7 and monophosphonoguanidinic 
acid 9 decomposed within 6 months. In contrast, the 
iV-ethylmonophosphonoguanidinic acid 10 was stable for 
at least 1 year. 

Biological Results 
Bisantrene dihydrochloride 1 and its bis(phospho-

noguanidinic acids) and monophosphonoguanidinic acids 
(6 and 9) had comparable antitumor activities in mice 
against P-388 leukemia and B-16 melanoma (Table I). 
Additionally, against L-1210 leukemia, 6 gave a maximum 
increase in life span of 100% at 25 mg/kg vs a concurrent 
47% at 25 mg/kg for 1. No precipitation was detected 
when [9,10-14C]-6 was injected into the tail vein of rats, 
and initial hydrolysis to [9,10-14C]-9 occurred with a half-
life of 12 min. Further hydrolysis to bisantrene required 

PO(OH)2 

PO(OH)2 

several hours, as shown by HPLC assays of plasma samples. 
Surprisingly, these hydrolyses were not observed in vitro 
in plasma or whole blood. It is therefore likely that the 
hydrolyses were not only enzymatic, but that they pro
ceeded in some cellular compartment(s). In contrast, 
derivatives 5a-b were weakly active (Table I) via intra
peritoneal injection. 

The [9,10-14C]bisantrene 1 was prepared via conden
sation of [9,10-14C]anthracene-9,10-dione with dimeth-
ylsulfonium methylide to give the corresponding dioxirane 
ll ,2 2 and subsequent transformations to [9,10-14C]-6 
followed previously reported procedures (Scheme II).1 

Conclusion 

Bis(phosphonoguanidinic acid) 6 could be attractive as 
a second generation prodrug successor to bisantrene. It 
appears to have a greatly reduced potential for phlebitis, 
but its gradual hydrolysis to bisantrene could also reduce 
other toxicities. While preliminary animal test data 
suggest enhanced antitumor effectiveness, further eval
uation might also show a broader spectrum of antitumor 
efficacies due to the reverse polarity and altered phar
macodynamics of this prodrug. 

Experimental Section 
All infrared (IR) (KBr) and ultraviolet (UV) spectral deter

minations were obtained on Nicolet Model 7199-FT or Hewlett-
Packard 8450-A spectrophotometers, respectively. 1H NMR 
spectra were obtained with Varian FT-80 or Nicolet NT-300 WB 
spectrometers. Mass spectra were obtained on a Finnigan MAT 
CH-7 spectrometer. Except for 9 and 10, all compounds gave 
satisfactory elemental analyses. Antitumor testing followed the 
protocols of the National Cancer Institute.23 
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9,10-AnthracenedicarboxaldehydeBis(2-imidazolin-2-yl-
hydrazone) (Bisantrene Base, 1). A solution of 60.0 g of 9,-
10-anthiacenedicarbozaldehydebis(2-imidazolin-2-ylhydrazone) 
dihydrochloride-2.5H20 in 1400 mL of water was treated with a 
solution of sodium carbonate in 400 mL of water, with vigorous 
stirring. To facilitate filtration, the resulting fine suspension 
was allowed to stand for 5 h. The solid was then collected and 
washed with 0.003 M aqueous ammonia until the washings were 
chloride free to afford free base 1 (47.2 g) as a light orange solid. 
Anal. (C22H22N8)CH1N. 

[9,10-Anthracenediylbis[methylidynehydrazo(4,5-dihy-
dro-lH-imidazole-2,l-diyl)]]bis[phosphonic acid] Tetra-
ethyl Ester (Sa). Method A. To a stirred suspension of 7.97 
g (20 mmol) of 1 in 400 mL of anhydrous methylene chloride, 
under argon, was added consecutively 8.14 g (40 mmol) of N1O-
bis(trimethylsilyl)acetamide and 6.90 g (40 mmol) of diethyl 
chlorophosphate. After stirring for ca. 3 h, the solution was 
chromatographed through a 3.8-cm-wide column containing 200 
g of neutral alumina (methylene chloride). The combined colored 
eluate was concentrated to 40 mL, and then 100 mL of toluene 
was gradually added to the boiling mixture, with swirling, as a 
crystalline solid separated and the volume boiled down to ca. 100 
mL. The solid was washed consecutively with toluene and then 
methanol to afford 4.36 g (32 %) of orange needles: mp 214-215 
0C; 1H NMR (CDCl3,300 MHz) S 1.47 (t, 12H, CH8), 3.57 (t, 4H, 
PNCH2CH2N), 3.98 (t, 4H, PNCH2CH2N), 4.37 (m, 8H, OCH2), 
5.90 (s, 2H, NH), 7.48 (m, 4H, arom), 8.55 (m, 4H, arom), 9.38 
(s, 2H, CH=N); 13C NMR (CDCl3,75 MHz) 6C 16.233 (d, VCp -
7.2 Hz, OCH2CH3), 41.403 (d, 3J0P = 7-5 Hz, C=NCH2), 46.819 
(d, 2JCP = 3.4 Hz, PONCH2), 64.069 (d, 2JCp = 6.5 Hz, OCH2CH3), 
125.726 (s, aromatic CH's), 125.967 (s, aromatic CH's), 129.495 
(s, C-9 and C-10), 129.849 (s), 150.816 (s, HC=NNH) and 160.316 
(d, 2JcP = 8.9 Hz, -NHC=N); FABMS (thioglycerol) m/z 671 (M 
+ H). Anal. (C80H4ON8O6P2) C, H, N. 

Method B. A mixture of 398 mg (1 mmol) of 1,359 mg (2.2 
mmol) of diethyl cyanophosphonate, and 5 mL of DMF was stirred 
for 5 h under argon (Caution: Hydrogen cyanide is formed). 
The resulting thick mixture was diluted with 15 mL of dry ether, 
and the solid was collected and washed with ether to give 655 mg 
of orange crystals, mp 215-216 0C, with identical TLC charac
teristics [silica gel, chloroform-methanol (8/1) (v/v)3 to that of 
the product from method A, i.e., a very strong spot at Rf 0.8 and 
a barely detectable spot (under UV light) at Rf 0.5. The latter 
spot may result from adventitious methanolysis of 5a by the 
TLC system. (Note: After standing at 25 0C for several hours, 
a solution of 5a in chloroform-methanol (3/1) (v/v), by TLC, 
showed three major spots and four minor spots, including a spot 
at R/ 0.5.) 

[9,10-Anthracenediylbis[methylidynehydrazo(4,5-dihy-
dro-lH-imidazole-2,l-diyl)]]bis[phosphonic acid] Tetra-
phenyl Ester (5b). This was prepared as in 5a (method A) in 
52% yield: mp 214-215 0C; 1H NMR (CDCl3,300 MHz) S 3.41 
(t, 4H, PNCH2CH2N), 3.91 (t, 4H, PNCH2CH2N), 5.86 (s, 2H, 
NH), 7.15-7.60 (m, 2OH, arom), 8.58 (m, 4H, arom), 9.50 (s, 2H, 
CH=N);FABMS (thioglycerol) m/z863 (M + H). Anal. (C46H40-
N8O6P2-O^C6H6CH3) C, H, N, P. 

[9,10-Anthracenediylbis[methylidynehydrazo(415-dihy-
dro-lH-imidazole-2,l-diyl)]]bis[phosphonicacid] (6). To a 
stirred, cold solution (0 0C) of 8.74 g (13.1 mmol) of Sa in 150 
mL of anhydrous methylene chloride, under argon, was added 
13.0 g (65 mmol) of iodotrimethylsilane. After 30 min, the solution 
was evaporated in vacuo and the glassy residue suspended in 150 
mL of acetone containing 5.2 mL of water to hydrolyze the 
intermediate silyl ester. The suspension was stirred for 16 h and 
the solid collected and washed with acetone to give 8.17 g of 
solid. This solid was recrystallized by dissolving in 200 mL of 
methanol containing 5.94 mL of triethylamine and then slow 
addition of 1.82 mL of 97 % formic acid. The solid was collected 
by filtration and washed with ethanol to give 6.04 g (78%) of 
yellow solid which became yellowish-orange when dried, mp 235-
238 0C. At pH 7.4 the solubility of 6 was 20 mg/mL, and HPLC 
data indicated <5% hydrolysis during 1 month at ca. 24 0C. 
Routine analysis of 6 showed the absence of free bisantrene. 
Recrystallization of 6 (methanol-triethylamine-formic acid) was 
not detrimental to its stability as determined by 1H NMR and 
TLC (silica gel; 0.05 M pH 7.0 phosphate buffer, pH 7.0, RfQA): 
1H NMR (D20-pyridine-d6 (49/1) (v/v); 300 MHz) 8 3.81 (t, 4H, 

PNCH2CH2N), 4.08 (t, 4H, PNCH2CH2N), 7.54 (d, 4H, arom), 
8.10 (d, 4H, arom), 8.44 (s, 2H, CH=N); 13C NMR (D2O-KOD; 
75 MHz) «c 44.484 (d, 2J0P - 3.2 Hz, PONCH2), 49.886 (C=NCH2), 
127.573 (aromatic CH's), 128.763 (C-9 and C-10), 129.560 
(aromatic CH's), 131.183 (aromatic C), 150.525 (HC=N) and 
158.843 ppm (d, 2J0P = 7.4 Hz, -NHC=N); FABMS (dithio-
threitol/dithioerythritol (5/1)) m/z 557 (M + H); UV (0.1 N-pH 
6.0 phosphate buffer) X1111I1261 nm (e 78100), 408 («15 800). Anal. 
(C22H24N8O6P2^H2O) C, H, N, P. 

Disodium[9,10-Anthracenediylbis[methylidynehydrazo-
(4,5-dihydro-lH-imidazole-2,l-diyl)]]bis[phosphate] (7). A 
stirred suspension of 585 mg of 6 in 10 mL of water, monitored 
by a pH meter, was treated dropwise with 18.3 mL of 0.1 N sodium 
hydroxide to give a final pH of 7.4. Lyophilization of the resulting 
solution afforded 629 mg of reddish-orange solid 7. It softened 
from 200 0C and blackened at ca. 300 0C. After standing at 
ambient temperature for 16 months, the solid was no longer 
soluble in water. Anal. (C22H22N8O6P2Na2-H2O)C1H1N1P1Na. 

[2-[[[10-[[(4,5-Dihydro-lH-imidazol-2-yl)hydrazono]-
methyl]-9-anthracenyl]methylene]hydrazino]-4^-dihydro-
lJ7-imidazol-l-yl]phosphonic Acid Diethyl Ester (8), 1:1 
Complex with Acetamide. The procedure was scaled up from 
the synthesis of 5a except that 41.56 g (0.104 mol) of starting 
bisantrene, not specially dried, was used. Unreacted bisantrene 
(4.37 g) was recovered by filtration, and the filtrate was 
chromatographed over 1 kg of alumina (methylene chloride) to 
afford 12.50 g of 5a from the first 2 L of eluate; the next 7 L of 
eluate gave 13.31 g of a mixture (by TLC) from which 5a was 
mostly removed by trituration with 80 mL of methylene chloride. 
The solid was then washed with water to remove byproduct 
acetamide. A solution of the remaining 6.50 g of solid in 200 mL 
of methylene chloride was filtered through 30 g of silica gel and 
then concentrated to 30 mL. The solid which crystallized was 
washed sequentially with methylene chloride and then carbon 
tetrachloride to afford 4.50 g of yellow leaflets 8, mp 202-206 0C; 
TLC on silica gel (CHCl8-MeOH (9/1)) gave R10.3 (vs Rf 0.6 for 
6). An analytical sample was recrystallized from toluene-
methylene chloride. Drying at 80 °C/0.1 mm/24 h did not remove 
an equimolar amount of cocrystallized acetamide: 1H NMR 
(CDCl3, 300 MHz) S 1.47 (t, 6H, OCH2CH3), 1.98 (s, 3H, CH3-
CON), 3.58 (t, 6H, NCH2), 3.96 (t, 2H, NCH2CH2NP)1 4.38 (m, 
4H1 OCH2C)1 5.81 (S1 IH1 NH)1 6.03 (s, IH, NH), 7.48 (q, 4H, 
arom), 8.56 (m, 4H1 arom), 9.21 (s, IH, CH=N), 9.38 (s, IH, 
CH=N); FABMS (dithiothreitol/dithioerythritol, 5/1) m/z 535 
(M + H); UV (MeOH) X1811261 («76 600), 414 («16 700). Anal. 
(C26H31N8O3P-CH3CONH2) C, H, N, P. 

[2-[[[10-[[(4,5-Dihydro-lH-imidazol-2-yl)hydrazono]-
methyl]-9-anthracenyl]methylene]hydrazino]-415-dihydro-
lH-imidazol-l-yl]phosphonic Acid-1.17 HI-l/3Acetone*0.83 
H2O (9). A solution of 1.07 g (2 mmol) of 8, 5.25 g (20 mmol) 
of triphenylphosphine, and 90 mL of anhydrous methylene 
chloride, under argon, was treated with 1.0 g (0.71 mL, 5 mmol) 
of iodotrimethylsilane. After 30 min, the clear orange solution 
was evaporated to dryness and then reevaporated twice after 
addition of 50-mL aliquots of anhydrous methylene chloride. 
The residue was suspended in 50 mL of acetone and 1 mL of 
water was added, precipitating an orange gum which solidified 
on standing overnight. The solid was collected and washed with 
acetone, giving 1.2 g of an orange solid: 1H NMR (Me2SO-d6,300 
MHz) 8 2.08 (acetone), 3.77 (m, 8H1 NCH2CH2NP and NCH2-
CH2N)17.66 (m, 4H, arom), 8.49 (m, 4H, arom), 8.79 (s, 2H)18.92 
(S1 IH), 9.34 and 9.36 (s X 2,2H, CH=N), 12.58 (s, IH, NC=N+H-
); FABMS m/z 479 (M + H); UV (MeOH) X0111258 (e 76 100), 412 
(«15 400). 

Synthetic 9 was identical (by NMR and HPLC) to a metabolite 
isolated from rat plasma after intravenous injection of 6. After 
storage for 1 year in the dark at 24 0C, 9 had become dark brown 
and was insoluble in 0.05 M pH 7 phosphate buffer. 

[2-[[[10-[[(4,5-Dihydro-lJff-imidazol-2-yl)ethylhydrazono]-
methyl]-9-anthracenyl]methylene]hydrazino]-4,5-dihydro-
lH-imidazol-l-yl]pho8phonic Acid-1.37 HI0.2H2O (10). A 
similar procedure for the synthesis of 9 was used except no 
triphenylphosphine was used. The crude, concentrated reaction 
mixture in 10 mL of methanol was filtered through 1 g of alumina. 
The filtrate was evaporated to partial crystallization, and acetone 
(20 mL) was added. After standing overnight, the solid was 
collected and washed with acetone, giving 1.057 g of orange solid: 
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mp 210-225 0C; 1H NMR (Me2SO-d6,300 MHz) o1.23 (t, CCH3), 
3.68 + 3.77 + 3.85 (m, >12H, N+CH2CH2 + N+CH2CH2N + 
PNCH2CH2N + H2O), 7.70 (m, 4H, arom), 8.44 + 8.49 (m, 4H, 
arom), 8.78 (s, 2H), 9.04 (s, IH), 9.34 (s, IH, CH=N), 9.43 (s, IH, 
CH=N), 12.54 (s, IH, NC=N + H or POH); FABMS (dithio-
threitol-dithioerythritol (5/1)) m/z 507 (M + H); UV (MeOH) 
Xn., 257 (« 76 300), 406 («13 200). 

Bis(phosphonoguanidinic Acid) in Vivo Hydrolysis Stud
ies. In vivo hydrolysis of the bis(phosphonoguanidinic acid) 6 
was investigated using a rat model system. Plasma samples were 
obtained from Sprague-Dawley rats which had received single 
20 mg/kg intravenous doses of [9,10-14C]-6. Plasma aliquots were 
added to solid-phase extraction cartridges (Bond-elut SCX, 
Analytichem International) which had been preconditioned with 
water. The cartridges were centrifuged to remove plasma 
components, while 6 and related components were retained. Drug-
related material was recovered by elution of the cartridges with 
a mixture of methanol and ammonium hydroxide. 

The eluate from the sample preparation procedure was 
evaporated and subsequently redissolved in 0.1 M pH 7.4 
potassium phosphate buffer for HPLC analysis. Reversed-phase 
gradient HPLC analysis was used to quantitate 6 and its 
metabolites. Acetonitrile and 0.1 M pH 7.4 potassium phosphate 
buffer (containing 0.01 M tetrabutylammonium hydroxide) 
comprised the mobile phase, while an IBM Ci8 column (4.5 mm 
X15 cm, 5 j^m) was used with a Model IC radioactive flow detector 
(Radiomatic Instruments, Inc.) to measure all drug-related 
material. 

Acknowledgment . We thank Dr. Ralph R. Ryall and 
his associates for microanalysis data, Dr. John M. Baldoni, 
Mr. George Morton, and their associates for spectral data 
and interpretations, Dr. Janis Upeslacis for helpful dis
cussions, and Elizabeth M. Bailey and Martin R. Damiani 
for technical assistance. Dr. Michael K. May supplied 
the radiolabeled compounds; Drs. Narendra Desai and 
Pradeep V. Niphadkar supplied solubility and stability 
data. 

References 
(1) Murdock, K. C; Child, R. G.; Lin, Y.-i.; Warren, J. D.; Fabio, P. 

F.; Lee, V. J.; Izzo, P. T.; Lang, S. A.; Angier, R. B.; Citarella, R. 
V.; Wallace, R. E.; Durr, F. E. Antitumor Agents 2. Bisguanyl-
hydrazones of Anthracene-9,10-dicarboxaldehydes. J. Med. Chem. 
1982, 25, 506-518. 

(2) Editors. Drugs Future 1981, 6, 753; 1982, 7, 895; 1983, 8, 1034; 
1984,9,922; 1985,10,1002. Fuks, J. Z. Drugs Today 1984,20,209. 

(3) (a)Wunz,T.P.;Dorr,R.T.;Alberts,D.S.;Tunget,CL.;Einspahr, 
J.; Milton, S.; Remers, W. New Antitumor Agents Containing The 
Anthracene Nucleus. J. Med. Chem. 1987, 30, 1313-1321. (b) 
Alberts, D. S.; Door, R. T.; Wunz, T. P.; Remers, W. A; Einspahr, 
J.; Liu, R.; Salmon, S. E. In-Vitro Cytotoxicity Against Fresh Human 
Tumors and P388 Leukemia Predicts The Differential In-Vivo 
Activity of A Series of Anthracene Anticancer Agents. Anti-Cancer 
Drugs 1991, 2, 69-77. 

(4) (a) Yap, H.-Y.; Yap, B.-S.; Blumenschein, G. R.; Barnes, B. C; 
Schell, F. C; Bodey, G. P. Bisantrene, An Active New Drug in the 
Treatment of Metastatic Breast Cancer. Cancer Res. 1983, 43, 
1402-1404. (b) Osborne, C. K.; Von Hoff, D. D.; Cowan, J. D.; 
Sandbach, J. Bisantrene, An Active Drug in Patients With Advanced 
Breast Cancer. Cancer Treat. Rep. 1984,68,357-360. (c)Pandya, 
K. S.; Falkson, G.; Muggia, F. M.; Kaplan, B. M.; Skell, R. T.; 
Ettinger, D. S. A Phase II Study of Bisantrene in Advanced 
Refractory Breast Cancer. Am. J. CUn. Oncol. 1985,8, 353-357. 
(d) Cavalli, F.; Gerard, B.; Ten Bokkel Huinink, W.; Clavel, M.; 
Rozercweig, M. Phase II Evaluation of Bisantrene in Metastatic 
Breast Cancer. Cancer Treat. Rep. 1985, 69, 337-338. 

(5) (a) Marty, M.; Ferme, C; Gisselbrecht, C; Guy, H.; Clark, M. J.; 
Bancillon, A; Boiron, M. Phase I Study of Bisantrene in Acute 
Nonlymphoblastic Leukemia. Cancer Treat. Rep. 1985,69,703-
706. (b) Mills, G. M.; Dahlberg, S.; Cowan, J.; Neilan, B. A.; 
Gumbart, C. H.; Hussein, K.; Coltman, CA., Jr. Phase II Evaluation 
of Bisantrene in Acute Leukemia A. Am. J. Clin. Oncol. 1989,12, 
507-510. 

(6) (a) Miller, T. P.; Cowan, J. D.; Neilan, B. A.; Jones, S. E. A Phase 
II Study of Bisantrene in Malignant Lymphomas—A Southwest 
Oncology Group Study. Cancer Chemother. Pharmacol. 1986,16, 
67. (b) McLaughlin, P.; Cabanillas, F.; Hagemeister, F. B.; 
Velasques, W. S. Activity of Bisantrene in Refractory Lymphomas. 
Cancer Treat. Rep. 1987, 71, 631. 

Journal of Medicinal Chemistry, 1993, Vol. 36, No. 15 2101 

(7) (a) Wu, W. H.; Nicolau, G. Disposition and Metabolic Profile of a 
New Antitumor Agent: CL216.942 (Bisantrene) in Laboratory 
Animals. Cancer Treat. Rep. 1982,66,1173-1185. (b) Denny, W. 
A; Wakelin, L. P. G. Mode and Kinetics of DNA Binding of The 
Antitumor Agent Bisantrene. Anti-Cancer Drug Des. 1987,2,71-
78. (C) Wunz, T. P.; Craven, M. T.; Karol, M. D.; Hill, G. C; Remers, 
W. A. DNA Binding By Antitumor Anthracene Derivatives. J. 
Med. Chem. 1990, 33,1549-1553. 

(8) (a) Lown, J. W.; Hanstock, C C; Bradley, R. D.; Scraba, D. G. 
Interaction of the Antitumor Agents Mitoxantrone and Bisantrene 
with Deoxyribonucleic Acids Studied By Electron Microscopy. MoI. 
Pharmacol. 1984, 25, 178-184. (b) Bowden, G. T.; Roberts, R.; 
Alberts, D. S.; Peng, Y.-M.; Garcia, D. Comparative Molecular 
Pharmacology in Leukemic L1210 Cells of the Anthracene Anti
cancer Drugs Mitoxantrone and Bisantrene. Cancer Res. 1985,45, 
4915-4920. (C) Foye, W. 0.; Karnick, P. S.; Sengupta, S. K. DNA-
Binding Abilities of Bisguanylhydrazones of Anthracene-9,10-
dicarboxaldehyde. Anti-Cancer Drug Des. 1986, 1, 65-72. (d) 
Elliot, J. A; Wilson, W. D.; Shea, R. G.; Hartley, J. A.; Reszka, K.; 
Lown, J. W. Interaction of Bisantrene Anticancer Agents with 
DNA Footprinting, Structural Requirements for DNA Unwinding, 
Kinetics and Mechanism of Binding and Correlation of Structural 
and Kinetic Parameters With Anticancer Activity. Anti-Cancer 
Drug Des. 1989, 3, 271-282. 

(9) (a) Ng, T. C; Daugherty, J. P.; Evanochko, W. T.; Digerness, S. B.; 
Durant, J. R.; Glickson, J. D. Detection of Antineoplastic Agent 
Induced Cardiotoxicity By Phosphorus-31 NMR of Perfused Rat 
Hearts. Biochem.Biophys.Res.Commun. 1983,220,339-347. (b) 
Dorr, R. T.; Shipp, N. G.; Lee, K. M. Comparison of Cytotoxicity 
in Heart Cells and Tumor Cells Exposed to DNA Intercalating 
Agents In-Vitro. Anti-Cancer Drugs 1991, 2, 27-33. 

(10) (a) Von Hoff, D. D.; Myers, J. W.; Kuhn, J.; Sandbach, S. F.; 
Pocelinko, R.; Clark, G.; Coltman, C. A. Phase I Clinical Investi
gation of 9,10-Anthracenedicarboxaldehyde Bis[(4,5-dihydro-lr7-
imidazol-2-yl)hydrazone] dihydrochloride (CL216.942). Cancer 
Res. 1981,41,3118-3121. (b) Powis, G.; Kovach, J. S. Disposition 
of Bisantrene in Human and Rabbits: Evidence for Intravascular 
Deposition of Drug As A Cause of Phlebitis. Cancer Res. 1983,43, 
925-929. (c) Jenkins, J.; Corden, B. J. Vesicant Activity of 
Chemotherapeutic Agents. Cancer Treat. Rep. 1983, 67, 409. 

(11) Dahlin, D.; Nicolau, G. Unpublished results. 
(12) (a) Evans, W. K.; Shepherd, F. A.; Blackstein, M. A; Osoba, D.; 

Taylor, D. Phase II Evaluation of Bisantrene in Patients with 
Advanced Renal Cell Carcinoma. Cancer Treat. Rep. 1985, 69, 
727-728. (b) Buck, M.; Tsukamoto, T.; Kvols, L. K.; Kovach, J. 
S. Proc. 14th Intemat. Congr. Chemother., Kyoto, 1985, 540. 

(13) (a) Cramer, F.; Vollmar, A. Acylation of Guanidines and Amidines 
with Phosphoryl Chlorides and Anhydrides. Chem. Ber. 1958,91, 
911-918. (b) Cramer, F.; Vollmar, A. Preparation of Isothioureido-
phosphates and Phosphorylguanidines. Chem. Ber. 1958,91,919-
923. (c) Cramer, F.; Vollmar, A. Synthesis of Creatinine- and 
Guanidinoacetic Acid Phosphate. Chem. Ber. 1959,92, 392-398. 
(d) Cramer, F.; Scheiffele, E.; Vollmar, A. The Synthesis of Arginine 
Phosphate and the Reaction of JV-Phosphorylisoureas with Amines. 
Chem. Ber. 1962, 95,1670-1682. 

(14) (a) Brown, D. M. Phosphorylation. Adv. Org. Chem. 1963,3,75-
157. (b) Clark, V. M.; Hutchinson, D. W. Phosphoryl Transfer. 
Prog. Org. Chem. 1968, 7, 75-115. 

(15) (a) Szent-Gydrgyi, A. G. Structural and Functional Aspects of 
Myosin. Adv. Enzymol. Relat. Subj. Biochem. 1955,16,313-360. 
(b) Todd, A. R. Proc. Chem. Soc. 1962,199-204. (c) Heap, B.; 
Saunders, B. C J. Chem. Soc. 1948,1313-1316. 

(16) (a) Loiseau, G.; Millischer, R.; Berthe, G.; Donadieu, A. M.; Lohier, 
P.; Marquet, J. P. Phosphorylated Biguanide. Benfosformin (JAV 
852). I. Hypoglycemic and Antidiabetic Properties. Arzneim.-
Forsch. 1973,23,1571-1576. (b) Loiseau, G.; Millischer, R.; Berthe, 
G.; Donadieu, A. M.; Lohier, P.; Marquet, J. P. Phosphorylated 
Biguanide. Benfosformin (JAV 852). II. General Pharmacological 
Properties. Anneim.-Forsch. 1973, 23,1576-1583. 

(17) Murdock, K. C U. S. Pat. 4,900,838, 1990. 
(18) (a) Schmidbaur, H.; Seeber, R. Chem. Ber. 1974,107,1731-1738. 

(b) Schmidt, A. H. Aldrichim. Acta 1979,14, 31-51. 
(19) Mizuno, Y. The Organic Chemistry of Nucleic Acids; Elsevier 

Publishing Co.: New York, 1986; p 161. 
(20) Murdock, K. C; Brown, G. Unpublished results. 
(21) Preobrazhenskaya, N. N. Reactions of Phosphoramidic Acid. Russ. 

Chem. Rev. 1972, 41, 54-74. 
(22) Lin, Y.-i.; Lang, S. A, Jr.; Seifert, C M.; Child, R. G.; Morton, G. 

O.; Fabio, P. F. Aldehyde Synthesis. Study of the Preparation of 
9,10-Anthracenedicarboxaldehyde. J. Org. Chem. 1979,44,4701-
4702. 

(23) Geran, R. I.; Greenberg, N. H.; MacDonald, M. M.; Schumacher, 
A. M.; Abbott, B. J. Protocols for Screening Chemical Agents and 
Natural Products Against Animal Tumors and Other Biological 
Systems. Cancer Chemother. Rep. 1972, 3, Part 3,1-103. 


