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Ab-Optically active Qdemethoxy-anthracyclinones related to daunorubicin were synthesized in 
several steps from lactose as chiral precursor of ring A and from leucoquinkrine ss precursor of rings B, C 
and D. 

The total synthesis of naturally occurring anthracyc- 
lines, daunorubicin 1 and doxorubicin or adriamycin 2 
and of related structural analogs has been the subject of 
intense studies over the last decade.’ However, only a 
limited number of reported syntheses are adaptable to 
the preparation of the apywne portion of these 
molecules on a large scale and/or in optically pure 
fotm3 The synthesis of chiral aglywnes is of particular 
importance as loss of the valuable sugar moiety as a 
result of the formation of diasterwisomeric products in 
the fmal glywsidation step can thus be avoided. 

It was with this fact in mind that we decided to 
develop a chiral synthesis of several aglycones 
following routes which could be scaled up to the 
preparative level. 

As recent findings indicate that 4-demethoxy 
daunorubicin 3 is approximatively five or ten times 
more potent than daunorubicirP4 and that substi- 
tution of the acetyl side chain of 3 by an hydroxymethyl 
group as in 4 (NSC 272681) does not result in a 
significant loss of the activity,5 our tirst target was the 
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between leucoquinizarine7 and the synthon I)(followed 
by suitable transformations of the adduct 6). The 
aldehyde 8 itself can be prepared from a readily 
available precursor, a-rGsosaccharino-1,4 lactone 9 
obtainedonalargescale(4OOor 5OOg)fromlactose.The 
choice of this carbohydrate avoids, as we shall see, the 
major problem of introducing the hydroxyl groups at 
C-7 and/or at C-9.3b 

a-D-isosaccharino-1,4 lactone 9 was prepared by 
treatment of lactose with calcium hydroxide9 and its 
vicinal diol protected as an isopropylidene. Reaction of 
the isopropylidene derivative lOi with borane- 
methylsulfid complex’ ’ (94% yield) or LAH (90”/, yield) 
gave the alditol lla characterized as its tri-0-acetyl 
derivative llb. It was expected that the conversion of 
lla to aldehyde 8 could be achieved in two steps : (a) 
protection of the vicinal diol, (b) oxidation of the 
primary alcohol. Unfortunately, treatment of lla with 
either a mixture of acetone-HCl or with 2,2- 
dimethoxypropane-pTsOH in DMFledinvariably to a 
mixture of the diastereoisomers 12 and 13, separated 
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2 R =OCH3, RI=CCCH$~H 

3 R=H, R,=COCH3 
4 R=OCH,, R,=CH&H 

Formula 1. 

daunomycinone analog, 4-demethoxy-9-deacetyl-9- by wlumn chromatography on silica gel. The 
hydroxymethyl daunomycinone, 5, bearing both these spectroswpic data for these compounds were 
modi8cations.t . consistent with bis-acetonide structures and their 

From the retrosynthetic analysis presented in the formation could be explained by raamixation of the 
Scheme 1, it can be seen that aglywne 5 could be quaternary center according to the Scheme 2. 
~n~tructd by means of an intermolecular aldohsation lnviewofthisresultandwith~amountsofthe 
reaction under Lewis’ or Marschalk* conditions alditol lla available, we mod&d the above approach 

in order to prepare aldehyde 14. With thispurpose the 

t During the course of this work a dikent approach to the alditol lla was,rcactcd with nodium periodate to afford 
13-aoetyl derimtivt of 5 has b&n published by Broadhurst et 14 (hcmk~tal form as shown by IR and NMR spectra) 
d. BJ well aa the comxpondiig daunosatoinyl and U-i- which was subsequently wmknaed with leuwquini- 
dauwsaminyl glycosides.6 zarine 5 under Lewis wnditions7 (refluxing 
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isopropanol-piperidum acetate, N, atm). This led 
&I aerial oxidation, extraction and cluomatograpbic 
purification, to the anthraquinone derivative 15 in 
good yield (75%). 

Treatment of 15 under various oxidation 
conditionst-DMSO-acetic anbydride,12 DMSO- 

tSimilardif6culticshaveheencn~untautbyS.Tcra&ima 
et 01.” during oxidation of closely related structural analog. 

trilluoroac&ic anhydride,13 N-iodo-auccinimide- 
tetrabutylammonium iodide’*-resulted in either the 
recovery of starting material or the formation of 16 
along with many sideproducts. It was eventually found 
that 15 could be efficiently oxidized to 16 using N- 
chlorosu ccinimidaMe,S-Et,N” or Moffatt oxid- 
atiorP (DMSO-DCCpyridinium tritluoroacetate) in 
60 and W/, yields respectively. The intramole&lar 
cyclization of 16 was carried out under Marschalk 
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conditionss (sodium dithionite-ICOH-THF) at 0” to 
give 17(60!!!! yield). As shown by TLC examination and 
by ‘H-NMR spectroscopy at 270 MHz(Experimenta1) 
17 was in fact a diastereoisomeric mixture of C-10 
alcohols produced in the ratio of 3 : 2. Hydrogenolysis 
of this mixture in the presence of palladium on barium 
sulfate and in ethanol followed by acid hydrolysis gave 
the 7deoxy-anthracyclinones I8 and 19 (overall yield 
for the last two steps = 80%). 

At this stage, in order to obtain directly our target 
molecule having the hydroxyl group present at C-7, 
we decided to reinvestigate the preparation of the 
aldehyde 8. With this goal in mind, lactone 10 was 
converted into the dimethylamido derivative 20 
(Me,NH-CHCl,-r.t., 65xyield)so that the terminal 
vi&ml dial could be protected without epimerization of 
the quatemary carbon atom under acid catalysis. Thus 
24 led to the fully protected bis-acetonide 21 in 90”/, 
yield. Subsequent reduction of 21 with LAH in ether at 
-40” afforded the aldehyde derivative 8 in 78% yield.? 

kind diol was carried out using one molar equivalent 
of sodium periodate in the presence of acetic acid. The 
aIdehyde 27 as shown by IR and NMR spectra (400 
MHz) exists in its hemiacetal form (mixture of 
anomers). Massspectroscopy(E.L)and analysiswerein 
full agreement with this structure. 

Intramolecular cyclization of 27 under Marschalk 
conditions* at room temperature afIorded the 7deoxy 
anthracyclinone 19 in 80% yield. In contrast when this 
reaction was carried out at 0”. two others 
anthracyclinones, slightly more polar (R, 0.30and 0.28) 
than 19 (R, 0.46) were also detected by TLC 
examination. (CH,Cl,-MeOH, 95 : 5). Their struc- 
tures were unambiguously established as the cor- 
responding ‘I-hydroxy derivatives and the configur- 
ation of the C-7 was deduced from their ‘H-NMR 
spectra at 400 MHz in pyridined,. The structure of 
trans derivative 7(R), 9(S) was attributed to the less 
polar compound 29 (a 5.86 ppm and J = J’ = 6 Hz for 
the 7-H signal) while the broad singlet at 6 5.69 ppm 

22 R,=R2=MTM 

Condensation of 8 with leucoquinizarine 7 in the 
presence of piperidinium acetate’ at regux for 20 hr led 
to 24 in 75% yield after chromatography on silica gel. 
Deprotection of 24 by stirring in a mixture of 
THF-MeOH containing N hydrochloric acid 
afforded the tetrol ii. Selective cleavage of the terminal 

t Thelack ofreactivity of21 toward lithium triethoxyalum- 
inohydride in ether tmlution can be understood in terms of 
steric hindran= oftk amide functi0n.L” This lxn explain also 
the formation of only small amounts of the alcohol 13 during 
the rcductbn with LAH.” As already observed with various 
N,Ndisubstituted amidea the reaction sequence stops at the 
aminoabXholsta@ 

: 7.5 Hz) observed for the 7-H in the more polar 9 
cgin agreement with a conliguration 7(S), 9(S) of cis 
derivative. Mass spectra and analysis of 29 and 30 were 
in full agreement with these structures. Owing to the 
difficulty of separating these compounds by column 
chromatography (poor recoveries) the crude product 
mixture was reacted with pmethoxytriphenylmethyl 
chloride (or panisyl chloride) giving the expected 
ethers 30 and 31. These derivatives were readily 
separated by column chromatography on silica gel. 

As this protecting group did not appear to be stable 
under several attempts of glycosidation of31 (although 
it has already been used in adriamycinone chemistry) 
we chose to reinvestigate the last steps of the synthesis. 

Selective hydrolysis of 24 led to the mono-acetonide 
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derivative 25t (WA yield) which was treated with 
sodium periodate producing aldehyde 28 in essentially 
quantitative yield. Intramolecular cyclization under 
Marschalk conditions at - 10” gave the cis anthracyc- 
linone, 7(S), 9(S), 32, exclusively in 75% yield after 
crystallization. Such a high asymmetric induction may 
be due to the presence of the bulky isopropylidene ring 
present in the molecule. 

EXPERIMENTAL 

General procedures. Mps were determined on a K6fler hot 
stage microscope and are uncorrected. Microanalyses were 
performed by the “Laboratoire de Microanalyse du CNRS”, 
Gif sur Yvette and Lyon. 

IR spectra were recorded on a Perkin-Elmer Model 257 
Spectrophotometer, calibrated against polystyrene film and 
are expressed in cm-‘. PMR spectra at 270 MHz wefe 
obtained on a Brucker HX 270 and at 400 MHz on an IEF 
instrument built at the “Institut d’Electronique d’Orsay. 
France” (P. Gonord, S. K. Kan and M. J. Sauzade, J. Mqn. 
Res. 24,457 (1976) and S. K. Kan, P. Gonord, M. Fan, M. J. 
Sauzade and J. Courtieu, Rev. Sci. Instrum. 49,785 (1978)). 

Chemical shii are reported in ppm relative to internal 
TMS with the notations indicating the multiplicity of the 
signal. Spin multiplicity is given by s = singlet, d = doublet, 
t = triplet, q = quartet and m = multiplet. The coupling 
constants are expressed as J values in units of Hertz. 

MassspectrawererecordedonaNermagR 1OlOandforE.I. 
are obtained at an ionizing voltage of 70 eV. 

Silica gel for column chromatography was Merck Silica Gel 
H Type 60 no 7736. 

Analytical TLC were performed on Merck Silica Gel 60 F- 
254. 

a-D-isosacchonno 1,4&ctone (9). This was obtained as 
described by Whistler and BeMiller.g 

2,2’ - lsopropylidene - Q - D - isosaccharino 1,4 - la&one (10) 
was obtained in accordance with the procedure described by 
Whistler and BeMiller :I0 m.p. 56“ l&,+43” (c 1, CHCI,); IR 
(tiv,: 1775,122Oand 106Ocm-‘;‘H-NMR(CDCl,#U 
MHz): 4.72 (lH, m, 4-H); 4.34 (lH, d) and 4.12 (IH, d) (AB 
signal, J = 9, 2’-H); 3.97 (lH, dd) and 3.60 (IH, dd) (ABX 
signal, J = 13, J’ = 3, 5-H); 3.01 (lH, OH); 2.46 (1H. m) and 
2.j4(lH,m)(ABXsignal,j = 14,? = 7,3-H); 1&(3fi,s)and 
1.43 (3H, sl ICMe,): 13C-NMR : 176.5 (1-C). 112.4 fCMe,l 
81.1 (4, ii.1 (2-c), 71.8 (2’~C), 63 (5-Cj, 28.i and is.7 (6 
isopropyl.); MS (E.I.): m/z: 203 (M+ 1. traces), 187 (M-15, 
100%),145(M+1-58,12%),128(1~~),85(19%)and43(36%). 
(Found: C, 53.54; H, 7.02; 0, 39.57. Calc for CgH,,O, 
(202.20): C, 53.46; H, 6.98; 0, 39.56%). 

3-Deoxy-2-C-hydroxymemerhyl-2,2’-O-isopropylidene-~ 
glycero-pentitol (lla) 

(a)Byreduction with BH,-Me,Scomplex.“Toasolnof10 
(log, 49.2 mmol) in dry THF (235 ml), a 2M diborane-methyl 
stdfide soln (120 ml) was added dropwise at room temp. After 
stirring for 24 hr, the excess of diborane was d*ltroyed by 
cautious addition of water at 0”. The water was then removed 
under reduced pressure and the residue was taken up in 
MeOH and evaporated. This was repeated three times 
affordingasyrupyresidue(9.4g),pureenoughforthefollowing 
reaction. 

(b) By reduction with LAH. To a stirred soln of 10 (10 g, 49.2 
mmol) in dry THF (200 ml) cooled to 0”. was added, in small 
portions over 2.5 hr, LAH (4 g). The mixture was left at r.t. 

7 Alternatively thepartialreductionoftheamidederivative 
22 (where the C-4 and C-5 OH groups are protected as their 
MTM ethersIP) to the aldehyde 23 followed bv condensation 
with leucoqui&arine gave ihe adduct 26 whir&n the MTM 
groups could be selectively cleaved by reaction with 
HgO-HgC1210 to lead to 25. 

overnight and the excess of LAH was destroyed by sequential 
addition of water (4 ml), 15% NaOH aq (4 ml) and Hz0 (12 
ml).” After filtration, concentration under reduced pressure 
of the filtrate led to 9.5 g of 11s as a syrupy residue, 
homogeneous on TLC (hexancacctone 1: 1). 

This product was described as its tri-0 acetylated derivative 
Ilb. 

3-Deoxy-2-Chydroxymethyl-2.2’ - O-isopropylidene-~- 
glycero-pentitol 1,4,5 triacetate (lib) 

Toastirredsolnoflla(2OOmg)inpyridine(3ml)wasadded 
Ac,O (1 ml). After 12 hr, the soln was diluted with ice-water 
andextractedwithetherinausuaIworkup.Thecrudeproduct 
was purified by preparative TLC (hexantacetone 2 : 1). 

Purellbwasisolatedasasyrup,~a~o-16”(cl,CHCl~);IR 
(tihn): v,,: 1740, 1235, 1050 (CO ester) and 1375 cm-’ 
(CMe~);‘H-NMR(CDCl,,4OOMHz):5.27(lH,m,4-H);4.34 
(lH,dd,J = 12;J’ = 3.5)and5.08(lH,dd,J’= 6)(ABX,5-H); 
4.15(lH,d)and4.02(lH,d)(ABsignal, J = 11.5,2’-H);3.98 
(lH,d)and 3.78(lH,d)(ABsignal.J = 9,1-H);2.19-1.90(2H, 
m, 3-H); 2.10(3H,s), 2.07(3H,s)and 2.05(3H,s)(3 OAc); 1.40 
(3H, s) and 1.39 (3H, s) (CMe,). (Found: C, 5427; H, 7.14; 0, 
38.63. Calcfor C,,H,,Os (332.34): CalcC, 54.35; H, 7.27; 0, 
38.51%). 

3-Deoxy-2(R),4(SF2-C-hydroxymerhyl-2.2’ : 4,5-di-O- 
isopropylidene-D-glycerqwuitol(l2) and its 
diustereoisomer 2@).4@) (13) 

To a stirred soln of Ila (800 mg, 3.9 mmol) in f2- 
dimethoxypropane (2.5 ml) was added dry pTsOH (96 mg). 
After 12 hr the mixture was poured into a soln of cold loo/, 
NaHCO, aq and extracted with ether. Concentration under 
reducedpressuregaveasyrupyresidue(622mg)whichshowed 
two spots by TLC examination (hexane-AcOEt 1: 1). 
Chromatography on silica gel (60 g, same solvent as for TLC) 
provided respectively 12 and 13. 

Compound 12: syrup: (&-IO” (c 1, CHCl,); ‘H-NMR 
(CDCl,,270MHz):4.32(lH.m,4-H);4.lO(lH,dd, J = 8.5. J 
= 6)and3.49(lH,t,J’ = 8)(ABXsig&,5-I$;4.0l~lH,d)~d 
3.75(lH. d)(AB sianal. J = 9.2’-H): 3.63 IlH.dland 3.57flH. 
d)(ABsi&i,J =i2,l-H);1:87(2ji,m,3:H)fl.>7(6H,s),i.38 
(3H, s) and 1.35 (3H, s) (2CMe,). 

Compound13:syrup~a~,0”(cl,CHCl,);’H-NMR(CDCl,. 
270 MHz): 4.13 (lH, m, 4-H); 4.04(lH, dd) and 3.52 (lH, dd) 
(ABX signal J = 8;J’ = 6, iH);4.01 (lH,b)and 3.8?(1H,dj 
(AB sinnal J = 9.5.2’-H) : 3.52 (2H. m. 1-H) : 1.89 IZH. m. 3-H): 
i.4O(<H, s) and l.j4 (3H; s) (2t?M&); MS’(E.1.):.&‘23i (M’ 
-15,520/,),216(11%),215(680/.),173(M-58-15,18%),101 
(lW/,). (Found: C, 58.67; H, 9.04; 0, 32.38. Calc for 
C,2H220s (246.30): C, 58.51; H, 9.00; 0,32.48%). 

The 2-C configuration of 12 and hence of 13 has been 
deduced from comparison of spectroscopic data with a sample 
obtained from 21 (wide ir@a). 

3-Deoxy-2-C-hydroxymethyl-2,2’:4,5-di-O- 
isopropyl&me-D-ribose (8) and 3-deoxy-2-C- 
hydroxymethyl-2.2’ : 4,5&0-isopropylidenedene-D_ 
glyceropentitol(l2) 

(a) Reduction az low temperature. To a stirred suspension of 
LAH (1.32 g, 35 mmol) in anhyd ether (200 ml) at -40’ was 
added dropwise a soln of ribonamide derivative 21(10 g, 35 
mmol) in anhyd ether (100 ml). After 4 hr, the mixture was 
quenched at - 40” with EtOAc (= 50 ml) and was allowed to 
warm toO’.This wasfollowed byadditionofwater(50ml)with 
subsequent addition of N NaOH (50 ml). The suspension was 
filtered through cclite and the filtrate extracted with EtOAc. 
Usual work up followed by concentration under reduced 
pressure yielded 8 (7 g, 78% yield) containing less than 5% of 
alcohol 12 and pure enough for the following step. 
Chromatography of an aliquot on silica gel (hexancEtOAc 
2: 1) gave an analytical sample of 8: syrup Ial,-53” (c 1, 
CHCI,); IR (iihn) v _: 2840,173O (CH=O) and 1375 cm-’ 
(CMe,);1H-NMR(CDCl,,400MHz):4.31(lH,m,4-H);4.23 
(lH,d)and3.83(lH,d)(ABsignal,J=9,2’-H);4.12(lH,dd) 
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basepeak),373,254,238.(Found:C,62.02;H,5.17;0,32.80. 
Calc for C,,HzOO, (388.27): C, 61.85; H. 5.18; 0,32.94%). 

(a) &aration fi& the di-isoproiylidene ‘derivative 24. A 
soln of 24 (4 9;, 8.3 mmol) in AcOH 1200 ml) was diluted with . -- 
water (45 ml) and s&d for 1 ir at room temp. TLC 
examination (hexan+acetone, 2 : 1) revealed nearly complete 
disappearance of starting material and emergence of one new 
product corresponding to 2S. The reaction was quenched by 
careful addition of sat NaHCO, aq. Extraction with EtOAc 
followed by column chromatography on silica gel (CH,Cl,- 
MeOH 99 : 1) afforded successively starting material 24 (0.5 g, 
12% yield) and U(3.5 g, 880/, yield). For analytical purpose, a 
sample of 25 was rtcrystailti from acetone : m.p. 165-l WC, 
lzlo+W(c l,CHCl,);IR(CHCl,)v,, : 3620(dH), 1625 and 
1590 cm- ’ (chelated quinone) ; ‘H-NMR (CDCI,, 270 MHz) : 
13.42(1H,s)and12.69(1H,s)(chelatedOHphenoliquts);8.17 
(2H,m)and7.74(2H,m)(AA’andBB’signal,aromat.4H);7.31 
/IH.s3-H):4.08(1H.m.4’-H~:4.00(2H.s.5’-H):3.5811H.d~ 
~nd3.~3(lfi,d)(AB&n&J =~ll,H:2”)~j.l6(1’fi,d)&d2~9dl 
(lH,d)(ABsignal,J = 14,1’-H);1.76(1H,m.3’-H); 1.41(3H,s) 
and 1.33 (3H, s) (CMe,). MS (DCI/NH,): m/z: 429 (M+ 1, 
loo”/.), 371 (M+l-58, la”/,), 353 (M+l-58-18, 17%). 
(Found: C, 64.59; H, 5.77; 0, 29.97. Calc for Cz,Hz*Os 
(428.42): C, 64.48; H, 5.65; 0.29.88x). 

(b) frepurarion+om 26. To a soln of 26 (800 mg, 1.46 mmol) 
in a mixture of CH,CN (50 ml) and Hz0 (10 ml) were added 
HgCl, (2.3 g. 8 mmol) and yellow HgO (1.95 g, 7.4 mmol). The 
suspension was stirred overnight at room temp and then 
diluted with water. The mixture was filtered on cclite and the 
filtrate extracted with a mixture of ether-EtOAc (2: 1). The 
organic layer was washed with water, dried (Na,S04) and 
evaporated in uacuo to give a crude product (800 mg) which 
was purified by dash chromatography (hexane-EtOAc 2 : 1). 
This led to 462 mg (74% yield) of pure 25. 

1,6Dihydroxy-2.(2,2’-O-isopropylidene+.di-O- 
methyltkiomethyl-2-hydroxyme~hyl-penryf)-9,lG 
anthraquinone (26) 

Using the procedure described for the preparation of 24 
(piperidinium acetate) and starting from 23, 26 was ob- 
tained as a red-brown syrup (1.8 g, 50% yield) purified by 
flash chromatography (hexane-CH,Clz then CHzCl,): &, 
-168”(c0.O9,THF);IR(CHCl,)v,:159Oand1625cm-’ 
(chelated quinone); ‘H-NMR (CDCI,, 400 MHz): 13.47 (lH, 
s) and 12.78 (1 H, s) (chelated OH) ; 8.26 (2H, m) and 7.78 (2H, 
m) (AA’ BB’ signal, aromat. 4H) ; 7.40 (1 H, s, 3-H) 4.8 1(2H, s) 
and4.63 (2H, s)(2 CH,S);4.19(1H.m,4’-H): 3.98(1H.d)and 
3.87 (lH, d) (AB signal; J = 8.5,.2”&); 3.66 iiH, dd, J = i0.5; 
J’ = 4) and 3.56(1 H. dd) (ABX si.wtaL 5’-H) : 3.24 (1H. d) and 
3.lO(iH,d)(ABsign&,J~~ 14,l’-ti);i.26(3ti,s)anh2.j(jH.s) 
(2 SMe); 1.94(2H, d, J = 7,3’-H); 1.37 (3H, s) and 1.24(3H, s) 
(CMez). 

4-(2~1,4-Dihydroxy-9,1Cknthraquinyl))-~S~hydroxy- 
3.hydroxymethyl butanal (27) 

Toastirredsolnof6(2.4g,6.18mmol)inTHF(1OOml)and 
MeOH (100 ml) at room temp. were added a soln of sodium 
periodate (1.4 g, 6.5 mmol) in water (15 ml) and AcOH (8 ml). 
After 3 hr, the mixture was filtered and the tiltrate was 
concentrated under reduced pressure to ca 50 ml. Extraction 
with EtOAc gave a syrup which solidified when re-evaporated 
twicewithtoluene(2 x 5Oml).Compound27(2.16g,9P/,yield) 
was pure enough for the following step but an analytical 
sample was obtained by crystallization from hexane-acetone 
m.p. 95-100”; lal,,+ 78” (~0.05, dioxane); IR (Nujol) v, 3400 
(OH), 1640 and 1600 cm-’ (chelated quinone); ‘H-NMR 
(CDCl,,400MHz)(mixtureofanomers):8.33(2fi,m)and 7.85 
(2H, m) (AA’ BB’ signal, aromat. 4H); 5.73 (lH, dd, J = 5, J 
= 3.5)and5.53(1H,dd,J’ = l)(l’-H);4.18-3.93(2H,m.3”-H); 
3.78(1H,d,OH);3.23(1H,s)and3.14(1H,s)(A,signal,l’-H); 
2.16(1H,m)and2.O5(lH,m)(2’-H);l.69(1H,s,OH).MS(E.I.): 

m/z356(M+,5%),338(M-18,4%);32O(M-18-18,W~), 
312 (M-CHKHO. 30% 253 f1OOW. (Found: C. 64.25: H. 
4.50~0,31.25.Caldfor’~;,H,,b,(%6.~2):C,64.64;H,4:53f 
0,31.43X). 

4-[2-(1,4-Dihydroxy-9,1Ckanthraquinyl)]-3(S)hydroxy-3- 
hydroxymethyl-3,3’-0.isopropylidene-6ucanal(28) 

The derivative 25 (1.4 g, 3.27 mmol) was treated in a similar 
manner(100mlMeOH,5OmlTHF,14gIO,Na(6.5mmol),15 
ml Hz0 and 16 ml AcOH) to that used for the preparation of 
27. This gave 28 (1.3 g, quantitative) homogeneous on TLC 
(hexane-acetone, 2: 1). For analytical purpose sample was 
recrystallized from hexane: m.p. 186189”; la[o+51” (c 0.07, 
CHCI,); IR (CHCI,) v_: 172O(CHO), 1625and 159Ocm-* 
(chelated quinone); ‘H-NMR (CDCl,, 270 MHz): 13.24 (lH, 
s)and 12.64(1H,s)(chelatedOH);9.6~(lH,s,CHO);8.30~2H, 
m) and 7.72 (2H. m) (AA’ BB’ signal. aromat. 4H): 7.18 (1 H. s. 
3-H); 4.10 (iH, d) id 3.97 (lh, d) (AB signal, j’= 9, +‘-I$; 
3.21(1H,d)and2.99(1H,d)(ABsignal,J = 13.4’.H);2.85(1H, 
d)and2.58(1H,d)(ABsignal,J=17,2’-H);1.40(6H,s,CMez). 
MS(DC1/NH,):m/z:414(M+18,2%),397(M+1,100”/,381 
(M - 15, WA),), 356 (2%). 339 (M + 1 - 58,15x), 323 (7%) and 
321 (7%). (Found: C, 66.80; H, 5.12; 0, 28.33. Calc for 
CzzHz,,O, (396.38): C, 66.66; H, 5.09; 0,28.25x). 

1,~3,4,6,1l-Hexahydro-l(R),~S),5,12-tenohydroxy-3- 
hydroxymethyl-6.1 I-naphthacene dione (29) and its isomer 
www (5) 

Similar procedureasdescribed(cf. preparationof 19from 27 
but at -10” and then at 0” for 1.5 hr after addition of the 
reactants) afforded crude product (840 mg from 1.2 g of 27). As 
shown by TLC examination it was a mixture of two 
diastereoisomers which can be separated by chromatography 
on silica gel either directly, or after protection of the 13-C 
hydroxyl as a gmethoxytriphenyl ether (or panisyl). Direct 
chromatography (84 g silica gel) (CH,CI,-MeOH, 999: 1) 
allowed us to isolate first the Irons derivative l(R),3(S), 29 (82 
mg), a mixture of 29 and 5 and then the corresponding cis 
derivative, l(s),3(S), S (76 mg). 

Compound29:m.p.210-212”;lalo- 108c(~0.05,THF);IR 
(CHCI,) v,: 3250 (OH), 1620 and 1590 cm-’ (chelated 
quinone); ‘H-NMR(pyridined,,4 MHz): 8.39(2H.m) and 
7.75 (2H, m) (AA’ BB’ signal aromat. 4H); 5.86 (1 H, t, J = J 
= 6,1-H);4.28(1H,d)and4.21(1H,d)(ABsignal,J = 10.5,13- 
H);3.6O(lH,d)and3.39(1H,d)(ABsignalJ = 18.4.H);2.77 
(lH,m,J = 13.5,J’ = 6.J” = 1,2-H)and2.67(1H,dd,J’ = 6.5, 
2-H); MS (E.I.): m/z 356(M+, 20”/, 338(M- 18,27x), 320 
(M-18-18, 13%). 307 (M-18-31, 100%) and 279 (32%). 
(Found: C, 64.16; H, 4.48; 0, 31.50. Calc for C,gH,,O, 
(356.32): C, 64.04; H, 4.53; 0, 31.43%). 

Compound 5: m.p. 230” la(,+95” (c 0.05, THF); IR (cj29); 
‘H-NMR (pyridined,, 400 MHz): 8.37 (ZH, m) and 7.73 (2H, 
m)(AA’ BB’, signal aromat. 4H); 5.69(1H, broad s, 1-H); 4.11 
(lH,d)and4.06(1H,d)(ABsyst.J = 11,13-H);3.67(1H,dd,J 
= 18.5,J’ = 2,4-H)and3.24(1H,d,4-H);2.72(1H,m,J = 14; 
J’ = J” = 2.2.H)and 23O(lH,dd, J = 14,J’ = 4.5,2-H). MS 
(E.I.): m/z 356 (M+, 55x), 338 (M-18, looo/.). 320 (M - 18 
- 18,68x), 307 (88%) and 279 (WA). (Found: C, 64.12; H, 
4.55;0,31.40.CalcforC,,H1,0,(356.52):C,64.04;H,4.53; 
0.31.43X). 

1,2,3,4,6,1 I-Hexahydro-l(R),3(S),5,12-tetrahydroxy-3. 
hydroxymethyl-13-pmethoxytriphenylmethyL6,l l- 
naphrhacene dione (30) and its isomer-l(S),3(S) (31) 

To a stirred soln ofcrudemixtureof29and S(resultingfrom 
theMarschalkcyclizationofZ7)(1 g,28mmol)inpyridine(lO 
ml) at - 10” was added pmethoxytriphenyhnethyl chloride 
(3.3 g, 11.3 mmol). After addition the mixture was allowed to 
warm at room temp for 24 hr. Dilution with MeOH (5 ml) was 
followed by stirring for 15 min. dilution with water and then 
extractionwithCH,Cl,. UsualworkupatTordedaresidue(1.1 
g) which was chromatographed on 150 g of silica gel (CHICI,- 
MeOH 999/l). This allowed to isolate first the buns isomer 30 
and then the cis isomer 31 in a 1: 1 ratio. 
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Compound 30: NMR (CDCI,, 400 MHz): 8.28 (2H. m) and 
7.80 (2I$ m) (AA’ BB’ s&al, a&mat. 4H);‘7.52 (iH. d, J’- 9) 
and 6.82(2H,d, J = S)(AA’ BB’signal,panisyl); 7.37-7.18(10 
H,m,Ar);533(lH,dd,J = 8,J’ = 6.5,1-H);4.06(1H.mOH); 
3.74 (3H, s, OMe anisyl); 3.27 (2H, s, 13-H); 2.92 (IH, d) a& 
2.81 (lH, d) (AB signal, J = 18,4-H); 2.49 (1H. m, J = 14, J 
= 6.5, J” = 1.5) and 1.83 (lH, m) (2-H). 

Compound31 : NMR (dDCl,, 400 MHz): 8.25 (2H, m) and 
7.79 (2H. m) (AA’ BB’ signal, aromat. 4H) ; 7.50 (2H, d, J = 9) 
and 6.87 (2H, d, J = 9) (AA’ BB’ signal, panisyl); 7.47-7.15 
(lOH,m,Ar);S.l6(lH,dd,J = 4,J’ =l,l-H);3.?9(3H,s,OMe 
anisyl): 3.24 (2H. s. 13-H); 270 (1H. d) and 2.32 (1H. d) (AB _ .- 
signal, J = Id, 4-H); 2.0ei.82 (iH, &.2-H). ’ 

Due to their instability these compounds have not been 
more described but were hydrolyzed to give the corresponding 
anthracyclinones 29 and 5. 

Res. Reviews (Edited by G. De Stevens), Vol. 1, p. 23. Wiley, 
New York (1981); ‘*See also: H. S. El Khadun, 
Atihracycline Antibiotics. Academic Press, New York 
(1982). 

ZF. Aicamone, L. Bemardi, P. Giardino, B. Patelli, A. 
DiMarco, A. M. Casaza, G. Pratesi and R. Reggiani, 
Cancer Treat. Rep. 60,829 (1976); A. M. Casaza, Ibid. 63, 
835 (1979); D. w. Henry; Ibid. 63, 845 (1979); M. J. 
Broadhurst. G. H. Hassall and G. J. Thomas. J. Chem. Sot. 
Perkin T&s I, 2249 (1982). 

‘?S. Terashima, S.-s. Jew and K. Koga, Tetrahedron Letters 
49-37 (1978): S. Terashima Yuki Gosei Kaoaku Kvokai shi 

1,2,3,4,6,1 I-Jfexahydro-l(S),3@),5,12-tetrahydroxy-3- 
hydroxymethyl-3,13-0-isopropylidene-6,l l- 
naphthacene dione (32) 

To a stirred soln of 28 (250 mg, 0.63 mmol) in THF (20 ml) 
and MeOH (20 ml) at - 10” was added dropwise under argon 
atm NaOH aq (10 ml) (120 mg of Na; 3 mmol) and sodium 
dithionite (150 mg, 0.86 mmol). After 15 min the reaction was 
quenched at -10” by bubbling air through it for 5 min. 
Addition of N HCl aq dropwise until the purple mixture 
became yellow-brown was followed by dilution with water 
and extraction with EtOAc. This provided a crude crystalline 
product (240 mg) which was almost homogeneous on TLC 
examination (toluene-acetone, 95 : 5) (R, 0.25) while starting 
material (R, 0.47) was completely disappeared. This crude 
product was crystallized from THF-MeOH to give 185 mg 
(75%yie1d)of~ure32:m.p.270-274”l&+96”(c0.1,CHCI,); 
iR @-HCl;) Y,. : 3500 (OH), 1625 and-1590 cm-l (chelat&l 
auinone): ‘H-NMR (CDCI.. 270 MHz): 13.32 IlH. s) and 

40,2Oi198ij; F. Arcamone, L. Bemardi, i. Patelii and A. 
DiMarw, Ger. Offen. 2,601.785 (1978); A. S. Ken&, J. E. 
Mills and Y. Tsay, U.S. Patent 4,021,457(1977); J. E. Mills, 
PhD Thesis University of Rochester (1977); F. Arcamone, 
L. Bemardi, B. Patelli, P. Giardino, A. DiMarw. A. M. 
Casazza, C. Soranzo and G. Pratesi, Experientia 34.1255 
(1978) ; R. N. Warrener, P. S. Gee and R A. Russell, J. Chem 
Sot. Chem. Commun. 1100 (1981); D. J. Mincher and G. 
Shaw, Ibid. 508 (1981); M. J. Broadhurst, G. H. Hassal and 

BB’&nai,&omat.4H);j.l4(lfi,m,J’= lO.J’=5,J” =‘2,1- 
H):4.08(lH.d.J = lO.OH):3.%(2H.s.13-H):3.21(1H.dd.J 
=‘i8.5,r =‘l.j,4-H)&d2:;O(lti,d,j = 18&l-H)f2.4j(liI, 
IQ J = 14, J’ = 2, J” = 1.5) and 1.98 (lH, dd, J’ = 5) (ABX 
signal, 2-H); 1.48 (3H. s) and 1.43 (3H, s) &Me,); MS 
(DCI/NH,): m/z: 414 (M+ 18). 396 (base peak = M+), 379, 
j38 i&d CO; (DCI/Ni&): m/z: 42i (M’+ND:), 4Ol’(base 
peak = M’+D),385,370and325.(Found:C,66.79;H,5.15; 
0, 28.18. CaIc for C 22 H 20 0 7 (396.38): C, 66.66; H, 5.09; 0, 
28.25%). 

Acknowledgements-We are grateful to C.N.R.S. and to 
Laboratories Hoechst (Paris) for financial support. We thank 
J. IJghetteMonfrin for the preparation of some of the starting 
materials and Dr. S. Kan (Institut d’Electronique d’orsay, 
Paris-Sud) for amass to NMR data at 400 MHz. Thanks are 
due also to J. Belleney for 270 MHz NMR and Dr. N. Sellier for 
mass spectra measurements. 

G. J. Thomas, ibid. i58 (1982); J. M. h&Namara and Y. 
Kishi, J. Am. Chem. Sot. 104,7371(1982); H. S&z&i, M. 
Jung, J. M. McNamara and Y. Khishi, Ibid. 104, 7372 
(1982); S. Terashima and K. Tamoto, Tetrahedron Letters 
Xi,3715 (1982) ; S. Teraahima, K. Tamoto and M. Sugimori, 
Ibid. 23,4107 (1982); R. C. Gupta, P. A. Harland and R. J. 
Stoodley, J. &em. Sot. Chem.Commun. 754 (1983); R. A. 
Russell. G. J. CoIlin. P. S. Gee and R N. Warrener, Ibid. 994 
(1983);D. J. Minchkr, G. Shaw and E. De Cle& J. Chem. 
$0~. PerkinTransI,613(1983);D. Dominguezaid P.Cava, 
J. Org. Chem. 48,220 (1983) ; R. A. Russell, A. S. Krauss, R. 
N. Warrener and R. W. Irvine, Tetrahedron Letters 25,1517 
(1984); “D. Dominguez, R. J. Ardecky and M. P. Cava, J. 
Am. Chem. Sot. 10!5,1608 (1983) and refs cited ; 3’N. Tanno 
andS.Terashima,Chem.Phurm.Bul1.31,811and821(1983). 

4 S. Neidle, Notwe London t68, 195 (1977). 
’ M. B. NalT. J. Plowman and V. L. Naranavan in ref. 1 b. D. 1: 

S. Penco..F. Angelucci and F. Arca&ne, Ger. &en: 
2757,057 (1978). 

6M. J. Broadhurst, C. H. Hassal and G. J. Thomas, Eur. 
Patent 44954. 

‘C. E. Lewis, J. Org. Chem. 35,293s (1970). 
s C. Marschalk, J. Koenig and N. Ouroussoff, Bull. Sot. Chim. 

Fr. 1545 (1936) ; C. Marschalk, Ibid. 655 (1939). 
9 R. L. Whistler and J. N. BeMiller. Methods in Carbohydr. 

Chem. Vol. 2, p. 477. Academic Press, New York (1963) and 
refs cite4l. 

REFERENCES 

“For general reviews see: D. W. Henry, Cancer 
Chemotherapy, ACS symposium, series 34 p. 15. ACS, 
Washington DC (1976); F. Arcamone, Topics in Antibiotic 
Chemistry (Edited by P. G. Sammes) Vol. 2, p. 99. Ellis 
Horwoo& Chicheste;, England (1978); W. A. Rcmers, The 
Chemistrv of Anticancer Antibiotics. Vol. 1, p. 63. Wiley, 
New Yori (i979); T. R. Kelly, Ann. Rep. Med. them. 14,288 
(1979); F. Arcamone, Anticancer Agents based on natural 
products mode/s (Edited by J. M. Casaady and J. D. Douros) 
p. 1. Academic Press, New York (1980); F. Arcamone, 
Doxorubicine, Anticancer Antibiotic, Academic Press, New 
York (1981); T. Kametani and K. Fukomoto, Medicinal 

lo R. L. Whistler and J. N. &Miller,J. Org. Chem. 26,2886(19- 
61); S. Hanessian and R. Roy, Tetrahedron Letters 22,1005 
(1981). 

I1 L. M. Braun, R. A. Braun, H. R. Crissmann, M. Opperman 
and R. M. Adams, J. Org. Chem. 36,238s (1971). 

“J. D. Albright and I. Goldman, J. Am. Chem. Sot. 87,4214 
(1965). 

I3 S. I. Huang, K. Omura and D. Swem, J. Org. Chem. 41,2329 
(1976). 

‘*S. Hanessian, Synthesis 395 (1981). 
I5 E. J. Corey and C. U. Kim, J. Am. Chem. Sot. 94,7586 (1972). 
l6 K. E. Pf&ner and G. J. MoKatt, J. Am. Chem. Sot. &7,5661 

and 5670 (1965). 
I7 H. C. Brown and A. Tsukamoto, J. Am. Chem. Sot. 86,1089 

(1964) and refs cited. 
laE. Mosettig, Org. Reactions 8,218 (1954). 
19P. M. Pojer and S. J. Angyal, Tetrahedron Letters 3067 

584. Wiley, intersclence, New York (IYW). 

(1976). 
*OE. J. Corey and M. G. Bock, Tetrahedron Letters 2643 

(1975). 
I* L. F. Fieser and M. Fieser, Reagents-for OrganicSynthesis, p. _. _ ..^_.. 


