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Abstract: Losoxanfrone. a potent anticancer agent, has been efficiently synthesized in a 6 step process from 5- 

hydroxy-1,4dichloroanthracene-9,10-dione. 

Losoxanfr0fle 1 is an anticancer anthrapyrazole compound which is In ciinfcai studies. This agent has produced 

a good response rate in breast cancer patients. and may cause less cardiotoxicfty, hair loss and gastrointestinal 

disturbance than doxorubicin and mftoxantrone. 112 There have been a number of reports on the synthesis of 

Losoxantrune.3~4~5 All these reported processes, however, required several protectiondeprotection procedures and 

very tedious chromatography separations. Moreover, the inaccessibility of large quantities of 2-[(2- 

hydrazinoethyi)amino] ethanol, which is a key reagent in previously reported processes, increased the difficulty of 

producing /osoxanlrone in large scale. Therefore, an efficient synthesis of /osoxanIrone 1 from easily accessible 

starting materials is necessary for commercial production of this important antineoplastic agent. 
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The first synthetic approach to losoxanfrone began from 5-hydroxy-1.4dichbroanthracene-9,10dione 6 and 2- 

hydroxyethyihydrazine. The anthracene-9,10-dione 6 was synthesized from ieucoquinazarin by a modffied procedure 

as outlined in Scheme1 .3 
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(a)PCie, 77%. (b) pentanol, reflux, 99%. (c) HNQ, H2SO4, 87%. (d) Fe, HOAc, 70%. 

(e) HO3SONO. H2sO4.9796. 

Scheme 1 
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(a) 2_hydroxyethyfhydrazine, 50%. (b) SOCl2.90%. (c) ethanolamine. K~03,80%. 

(d) 2-(2-aminoethylamino)-ethanol. Py.; HCI. 

Scheme 2 

Surprisingly, the reaction of 6 with 2-hydroxyethylhydrazine in a mixted solvent of THF and DMAc (l/l ratio) 

provided the undesired lo-hydroxy regioisomer 7 as the major product (80% yield, 4/l ratio). This isomer 7 can be 

isolated by crystallization (SC%, 97% purity). Due to the poor solubility of 7 in a number of solvents its structure was 

assigned via the soluble derivative 8 (Tablel). The nOe between the protons at positions 3 and 11 of 8 verified that the 

pyrazole ring was on the same side of the molecule as the hydroxyl group. Furthermore. compound 8 was converted 

into the regioisomer of losoxantmne (2) as shown in Scheme 2. by reaction of hydroxyethylamine to provide the 

anthrapyrazole 9 and amination of the anthrapyrazole 9 with 2-(2-aminoethylamino)ethanol.2a The regioisomer of 

/osoxantrone (2) possesses some interesting anticancer activity but it is less potent than losoxar~fn~ne.~~ 

Table 1. 1 H and 13C NMR Spectroscopic Data of 8 8 16 

16 

Positions 1 H(wm) 13C@fm o lH(wm) 13Chwm) 
1 0 0 0 
2 0 0 0 
3 :20 

7176 
117.4 8.07 118.8 

4 131.0 7.59 131.4 
5 0 127.1 0 128.5 
6 0 180.4 187.3 
7 7.84 119.9 00 163.8 

: 7.40 7.37 120.6 129.1 6.90 7.57 117.9 136.8 
10 8.00 153.9 7.41 113.0 
11 50.8 4.88 51 .o 
12 4.20 44.0 4.14 43.9 

The distribution of products that resulted from reacting 6 with 2-hydroxy-ethylhydrazine was not antkipated. 

Apparently, the pyrazole ring was formed predominantly on the more hindered side of the anthracene ring to give 

regioisomer 7. This unusual regioselectivity might arise from neighboring phenok group participation in which an 

intramolecular hydrogen bonding rendered the carbonyl group more electron deficient as shown in Scheme 3. 



f%ntnatton of the hydrogen bonding by addition of different bases to the reaotion medium fatled to reverse the 

e- 

In a funher effort to eliminate the undesired intramolecular hydrogen bonding, the protection of the phenolic 

group was studied. A number of different protecting groups have been studied resulting in the choice of td~th~~ 

chbride. Other protecttrig agents either gave poor yieids or did not survive the conditions of hydra&a required in the 

next step. Reaction of 6 with tdmeth~nzyt chloride3 in the presence of cesium carbonate afforded the protected 

dichtoro anthracene 10 in 98% yield. Condensation of 10 with Z-hydroxyethyihydrazine in the presence of 

dtieopropytathyfamine generated a mixture of the 7-trimethylbenzoxyanthrapyrazole t2 and lo-trimethytbenzoxyanthra- 

pyrazole 11 in 85% yield and 411 ratio. The reaction took place pre~~nantly from the less hindered side of the 

anthracene ring and produced the desired regioisomer 12 as the major product. The structure was oonfirmed by a 

strong nOe between the protons designated H3 and Hll in compound 16. Since separation of 12 from 11 was 

extremely dffficutt and required costly preparative HPLC, an effective regiospecific preparation became of critical 

important for tffe success of this synthetic route. 
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(a) t~~hy~~ chforide, CszCO3,93%. (bf 2~yd~xyethy~h~r~ine, (i-Pr)qNEt, 85%. 

(cf TsCI. Py., 83% isomer recovery. (d) ethanolamine, K&03.91%. (e) HCI, log%. 

{f) 2-(2-aminoethylamino)-ethanol, Py.; HCf. 55%. 

Scheme 4 



Alteranumberot~eriitwas~~nnfthat12underOoestoriyl~ionPlta~~than11. Whenth8 

mixture of 11 and 12 was reacted with tosyl chloride in methylene chtortde in the presence of pyrtdfna, 12 was 

compktety convened into the tosylated product 13 while most of 11 remained. The pure 13 was obtained by 

crystalttxatkn from a mixed sotvent of methyiene chlortde and methanol w&h 83% lsomer recovery. This success 

pmvtded an easity accessfbk route to pure 13 which is ~~ to ~rn~~~ preparatkns. Raplacement of the 

tosylate with 2-hydroxyethyiamine in the presence of potassium carbonate proceeded smoothty and affOrded the 

desired compcund l! in 91,% yield. The trimethykMn%yl proteding group was removed by treatment with HCI to give 15 
in quantttatfve yield.3 Nucleophllll replacement of the chloride in compound 15 with 2-(2.amtnoethytamlno)ethanot3 

provided &soxaflfrone 1 in 55% yield (Scheme4). 

This new synthetic route provided ~~xa~f#ne in six steps and 28% overall yield from Albany available 

material 6. The key step in the synthesis is the regkspecific preparation of tosylate 13 in high yfetd (83%). This 

success coupled with other steps has provided a chromatography-free commercial process for manufacture of 

kxwxai#nMe. 

me structural asstgfnments6 of 8 and lb were made with the assistance of NMR spectroscopy canted out by Dr. Grsg 

Nemeth and Mr. Tom Schob. 
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8: mp. 1788O*C; ‘H NMR (300 MHz, DMSO) 6 4.20 (2H, t, J = 4.8 Hz), 5.0 (2H. t, J = 4.8 Hz), 7.37 (t H, dd. J 

= 6.0 8 1.5 Hz), 7.48 (iH, 1. J = 7.8 Hz), 7.76 (lH, d, J = 7.9 Hz), 7.84 (1H. dd. J - 8.0 8 1.5 Hz), 8.29 (lH, d. J 

= 7.9Hz), 10.06 (tH. s); t3C NMR (75 MHz, DMSO) 643.96, 60.75, tt7.05.117.39. 119.88, 120.57.t20.65, 

123.15, 127.15. 129.12. 131.04, 1X3.89. 136.94.137.66. 153.92, 180.46. 16: mp. 210.12*C; ‘H NM (390 

MHz, DMSO) 6 4.14 (2H, t, J = 4.8 Hz), 4.68 (2H, t, J = 4.8 Hz), 6.89 (1X. d. J = 8.1 Hz), 7.41 (lH, d, J P 7.7 

Hz), 757[lH, t, J = 8.0 Hz), 7.59 (tH, d, J = 6.8 Hz), 8.07 (lH, d, J = 8.8 Hz), 13.05 (lH, s); ‘3C NMR (75 MHz, 

DA/SO) 643.87,51.04, 112.99, 116.47, 117.68, 118.75. 120.03. 122.66, 128.50,136.94, t3i.46,136.78,1 

37.41, 138.15, 163.64.187.21. 


