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MARSCHALK REACTION APPROACH FOR A SIMPLE SYNTHESIS OF 
(*)4-DEMETHOXYDAIJNCMYCINONE 

A.B.Argade, A.R.MehendaIe and N.R.Ayyangar* 
National Chemical Laboratory, Pune 411 008, India 

SUMMARY - Marschalk reaction of leucoquinizarin 2 with levulinic (oxo-ketal) aldehyde 1 gave 
Z-(4’-0x0-n-pentane)-quinizarin *, which on formylation followed by second Marschalk reaction 
led to (&4-demethoxy-7,9-dideoxydaunomycinone 6, which is further exploited for the synthesis 
of (+)-4-demethoxydaunomycinone lb. 

During the recent past, the anthracycline antibiotics such as adriamycin and daunomycin 

have emerged as effective drugs for cancer chemotherapy’. However, like other anti-cancer 

drugs, these compounds also display some side effects, the most serious being the cumulative 

dose dependent cardiotoxicity. To overcome this drawback, considerable efforts have been directed 

towards the synthesis of new derivatives such as (+)4-demethoxydaunomycin la, which is orally 

active and also shown to be 5 to 10 times more active than adriamycin and daunomycin2. 

a: R= 

b: R=H 

Our main efforts are directed towards the synthesis of the aglycone &, because la is 

not available by fermentation process and synthesis of L-daunosamine3, and its coupling with 

the aglycone was already established4. 

Among the various approaches employed for the synthesis of k5, the Marschalk reaction 

approach was relatively less expIored6. Albeit, it remained as one of the promising approaches 

for the large scale synthesis of &. The recent report7 for introducing the free formyl group 

d- to carbonyl function further prompted us to extend this methodology for the synthesis of lb. 

Our synthetic strategy therefore centred upon condensation of leucoquinizarin 2 (a commer- 

cial dyestuff intermediate) with the aldehyde 1, employing our modified Marschalk reaction con- 

ditions to get s, which on formylation, followed by second Marschalk reaction would give 5. 
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The aldehyde 3 was obtained in two steps from easily available methyl levulinate. 

lization of methyl levulinate [(CH20H)2, PTS acid, C6H6, 8 h azotropic reflux] afforded 

Keta- 

methyl 

(0x0-ketai) levulinate (SO%), which on reduction (DIBAL, C,H,CI-$-78”, 2 h] gave the aldehyde 2 

(SO%), b.p. (5 mm) 85-90°C. 

SCHEME I 

4b: X=0 

0 OH 

*l&y 
0 OH 

5a : d=cl, R2=CH3. 6 - 

5 b : R’ R2=CI - =CH3 , _ 

The Marschalk reaction of 2 with 3 either using Lewis condition - _ 9 tiPrOH, piperidinium 

acetate, refluxed I h) or in only 1% aqueous sodium hydroxide [I h, SO”C, N2]followed by acidi- 

fication [CHC13, . MeOH, HCI] gave 4b in 61% and 50% yield respectively (m.p. 121°C). Formylation - 
0f 4b [DMF, POCI~, - 6O”C, l/2 h] gave a separable mixture of geometrical isomers cis 5a (38%), 

m.p. 150-1°C and trans 5b (40%), m.p.166”C. Intramolecular Marschalk reaction 10 - of both 5a and - - 
5b (1% aq. NaOH, Na2S204, - RT 2 h) followed by acidification directly gave 4-demethoxy-7,9- 

dideoxy daunomycinone 6 (50%) m.p. 186-7”C, lit.” 186-7°C identical with authentic sample in 

all respects (m.p., IR, ‘H-NMR, MS) 12 . 

Since the introduction of C-9 and C-7 hydroxy groups in 6 was already known 13,14 this 

constitutes a simple and practical approach for the synthesis of (+)4-demethoxydaunomycinone 

lb. 
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3531 

References and Notes 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

F.Arcamone, “Doxorubicin-Anticancer Antibiotics”. Medicinal Chemistry - A series of 

monographs, Vo1.17, Academic Press, New ‘fork (1980). 

F.Arcamone and R. Reggiani, Cancer Treat. Rep. 60, 829(1981). 

M.K. Gurjar,V.J. Pati1,J.S. Yadav and A.V.Rama Rao, Carbohydrate Research 129, 267 

(1984) and references cited therein. 

Y. Kumura,M.Suzuki, T.Matsumoto,A.Abe and T. Terashima, Chem.Lett. 501 (1984). 

a) A.V.Rama Rao, J.S. Yadav, K. Bal Reddy and A.R.Mehendale, Tetrahedron (Symposia 

in print) Ire, 4643 (1984) and references cited therein. 

b)Y. Tamura, M.Sassho, S.Akai, H. Kishimoto, J.Sekihachi and Y. Kita, Tetrahedron Lett. 

27 195(1986). _-9 
F. Benneni, J. Florent, M. Koch and C.Monneret, Tetrahedron Lett. 25,3975 (1984). 

F. Huet, Synthesis 5, 496 (1985). 

Alternatively the aldehyde 1 could be obtained fran methyl-(oxo-ketal) levulinate by 

reduction [LAH-Et20, R.T.,3 h](80%), followed by oxidation [PCC, CH2C12, NaOAcl (70%). 

C.E. Lewis, J. Org. Chem. 35, 2938(1970). 

a) C. Marschalk, J. Koening and Ouroussot, Bull. Chim. Sot. Fr. 1545(1936). 

b) C.J.Sih and F. Suzuki, J.Am.Chem.Soc. 100, 2272(1972). 

A.V.Rama Rao, G.V.Swami, S.M.Javeed,V.H.Deshpande and B.R.Rao, J.Org.Chem. 48, 

1551 (1983). 

The cyclization and replacement of chloro group with hydroxy and subsequent rearrangement 

to ketone took place simultaneously in both 5a and b, although the reaction rate of - 

5a was faster. - 
M.V. Lakshmikantham, K. Ravichandran,D.J. Goscinialk and M.P.Cava, Tetrahedron Lett. 

26, 4703 (1985). 

D. Dominguez, R.J.Ardecky and M.P.Cava, J.Am.Chem.Soc.105, 1608 (1983). 

All new compounds gave satisfactory elemental and spectral analysis. 

a) Levulinic (oxo-ketal) aldehyde 2 IR timax(Neat) 2710 and 1730 cm -I. ‘H-NMR (CDC13): 

61.2 (3H, s, 6-CH3); Z.l(ZH, m P-CH2); 2.4 (ZH, m,&-CH2); 3.9 (4H, s,(OCH~)~ and 9.6 

(IH, t, -CHO). MS: m/e = 144 (Mf). 

b) 2-(4’oxoketal-n-pentane) quinizarin 4a: IR 2) max(Nujol): 1620 and 1590 cm -‘. ‘H-NMR 

(CDC13):6.1.25 (3H, s, 5’-H); 1.7 (4H), m,2’and 3’-H); 2.7 (ZH, m, II-H); 3.8 (4H, s, (OCH2)2); 

7.1 (lH, s, 3-H); 7.8 (ZH, m, 6- and 7-H); 8.3 (ZH, m, 5- and 8-H); 12.8 (IH, s, -OH) and 

13.25 (IH, s, -OH). MS: m/e 368 (M:). 

c) 2-(4’-oxo-n-pentane)quinizarin 4b: IR Y - max(Nujol): 1705, 1630and 1590 cm-‘. ‘H-NMR 

(CDCI3): 6 1.3 (ZH, m, 2’-H); 2.15 (3H, s, 5’-H); 2.5 (ZH, m, 3’-H), 2.6 (ZH, m, II-H); 7.1 

(IH, s, 3-H); 7.8 (ZH,m, 6- and 7-H; 8.3 (ZH, m, 5- and 8-H). 12.9 (IH, s, -OH) and 13.3 

(IH, s, -OH). MS m/e = 324 (Mt). 



3532 

d) 2-(Cis-4’-chloro-3’-formyl-3’-pentene)quinizarin 5a: IR Vmax(Nujol): 2700, 1740, 1720 - 
1665 and 1580 cm-‘. ’ H-NMR (CDC13): 5 2.4 (3H, s, 5’-H); 2.7 (4H, bs, II-and 2’-H); 7.1 

(IH, s, 3-H); 7.9 (2H, m, 6- and 7-H); 8.35 (2H, m, 5- and 8-H); 10.0 (IH, s, -CHO); 12;9 

(IH, s,-OH) and 13.35 (IH, s, -OH). MS m/e = 370 CM+); 372 (M+ +2). 

e) Z-(Trans-4’-chloro-3’-formyl-3’-pentene)quinizarin 5b: IR Y max(Nujol): 2700,1650, 1640, 

1605 and 1580 cm -I. ‘H-NMR (CDC13):62.25 (3H, s, 5’-H); 2.85 (4H, bs, II-and 2’-H). 7.1 

(IH, s, 3-H); 7.9 (2H, m, 6- and 7-H); 8.4 (2H, m, 5- and 8-H). 10.0 (IH, s, CHO); 12.9 (IH, 

s, -OH) and 13.35 (IH, s, -OH). MS: m/e = 37O(M+); 372 (M+ +2). 
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