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Abstract-The A/B ring synthon 13,previouslyconverted into daunomycinone(6) by Keay and Rodrigo,6 has 
been prepared in seven steps and 38% overall yield using tcnxamide dire&d ortho metalation strategy. 
Significant steps are : the incorporation of a fouraubon Grignard unit (10) into 9, dibal reduction of 11, and 
intramolecular aldol condensation of the resulting product 12 to give the dihydronaphthafene 13. 

The an&racy&none antibiotics,’ exemplified by the with the aim of providing test compounds 
key functionalized types 1 + 5, constitute a class of _._ . improved antitunror activity and selectivity 

with 
and 

natural products which is currently making a 
significant impact in the fields of cancer chemotherapy 

reduced toxicity.J As part of a synthetic approach to the 
anthracyclinones4 involving comprehensive use of the 

and, ipsofito, in organic synthesis. Since the seminal aromatic directed ortho metalation reaction,s we have 
work in 1963 describing the isolation ofdaunomycin (1) 
from Sheptomyces species,z the structures of over forty 

developed and report herein a short route for the 
construction of the A/B ring synthon 13 of 

members of this class of compounds have been daunomycinone (6). Since compound 13 has been 
elucidated. The isolation work continues to be actively recently synthesized by a totally different route and 
pursued stimulated by the highly promising broad converted into daunomycinone,6 our work constitutes 
spectrum antitumor activity coupled with the a formal total synthesis of this natural product. 
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Scheme 1. 

unprecedented therapeutic value.“ In the last decade, 
intense e&t has been devoted to develop synthetic 

According to the excellent synthetic analysis and 

routes to the aglycoae. daunomycinone (6) and more 
classification provided by KeIly,5’ the A/B ring 
synthons has been used in two moditlcations of a 

recently, aIkavinone0, as well as a variety of analogues D +BA + DCBA approach in the construction of 

7 This work was prcaented at the 186th ACS National 
anthracyclinones (Scheme 1) in which the impendent 
formation of ring C occurs by wuphng a bare B/A ring 

Meetin& Wsshington, D.C., Aug. 28-S+ 2, 19%3. Abstr. with a D ring wntaining two ortho related, 
ORGN 44. functionaliaed carbon subs&rents (type 1)77c’ or a 
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scheme 2. 

carbon-substituted B/A system with a one carbon- 
containing D fragment (type 2).‘“‘+Our synthetic route 
falls into the type 1 categorization. 

The 2$dimethoxybenzamide 8 (Scheme 2) was 
subjected to standard metalation conditions (s- 
BuLi/TMEDA/-78”/1 hr)s and quenched with an 
excess of DMF to tiord the contiguously tetrasubsti- 
tuted benzene derivative 9 in 80% yield. The four- 
carbon Grignard synthon 1O,9 constituting the 
complete requirement for ring A assemblage, was 
condensed with 9 to give, after toluene sulfonic acid 
cyclizations of the intermediate amide alcohol, the 
phthalide 11 in 90% overall yield. Careful Dibal 
reduction followed by mineral acid hydrolysis provided 
theintermediate keto hemiacetall2. Compound 12wa.9 
immediately subjected to sodium methoxide catalyzed 
intramolecular aldol condensation to afford the 
unsaturated ketone 13 in 70% yield. Compound 13 was 
shown to be identical by direct comparison of physical 
and spectral properties (Experimental) with an 
authentic sample prepared by Keay and Rodrigo6 at 
our institution. 

of 13 (Scheme 2) compares favorably with these 
syntheses of related A/B units. In addition, it represents 
one ofthe few wnstructions6*‘“of the A/B ring synthon 
which embodies a 7-hydroxy, a functionality usually 
introduced inefficiently at a terminal stage of the 
synthesis.3 In view of the conversion of 13 into 
daunomycinone(6). our route constitutes a formal total 
synthesis of this anthracyclinone. The utility of this 
chemistry in a comprehensive aromatic metalation 
approach to daunomycinone is in progress.4 

be 0 OMe 

I4 I6 

IS 9. D-double band 

Thus starting with benzamide 8, our synthesis 
provides the A/B ring synthon 13 regiospecifically in 
seven steps and 38% overall yield. By way of 
comparison, the route developed by Keay and Rodrigo 
from 2,5-dimethoxy benzyl alcohol affords 13 in five 
steps and 18% overall yield.6 Four other comparisons 
of recent A/B ring construction are relevant: 
compounds 14,16,and lSlackingC-7and C-13 oxygen 
substituents have been prepared by Wong and 
coworkers“’ (eight steps, 36% overall yield), by Kende 
and Rizzi’p (five steps, 29% overall yield”“), and by 
Russell and wworkers7d (five steps, 27% overall yield) 
respectively while compound 17, with complete oxygen 
functionalization, was assembled by Hassall and 
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ExPERIMENTlu 

Generalmet~.Elementalaaal~werrperformcdbythe 
analytical laboratories of the University of Waterloo and the 
Galbraith Laboratories, Knoxville, Tern.. M.ps were 
determined on a Biichi SMP-20 apparatus and are 
uncorrected. IR spectra were meamucd on a Be&man IR-10 

wworkers”(ten steps, 23% overall yield’““). Our route instrument in CHCl, unless othcrwisespa%ied. NMR spectra 
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were obtained using a Bruker WP-80 spectrometer in CDCI, 
withTMsasaninternal&andardmlledaothcrwisespeciJ% 
SpbctrPlirtad~tabulatsdintheorderchsmic); 
multiplicity ; coupling constant (J in Hz); number of protons ; 
ardgnment Maw speotra were determined on a VG 7070F 
instrumentat7OeVunkaso&erwiaespecilied.TLCwas 
performed using Memk voted silica gel sheets 6OF-254. 
M~silica~oftbc~7~~~wasuscdforcolumn 
chromatography. Prepa&ve HPLC was carried out on a 
Waters PREP-W)O using a xilica gel normal phase column. 
THF was dried by distillation under a nitrogen atmosphetz 
from sodium/benxophenonc ketyl radical. CH,Cl, was 
distilled from anhydrous C&l, and then from anhydrous 
P,O,. Tetramethylethylenediamindiamine (TMEDA) and dimethyl- 
formamide were both dried and dXUed from CaH, and were 
storedinamberecrrwcapbottleaovcr4Amol~arsicvesina 
dessicator. The cyclohexane soln of s_BuLi (Aldrich Chem. 
Co.) was stored in a serumcapped bottle under nitrogen in a 
container over anydrous calcium chloride. This base was 
regularly titrated according to a literature procedure.” 

N,N - fXethyl2 -firmyl - 3.6 - dimethoxybenzamide (9). To a 
stirred soln of s-B&i (18.2 ml, 23.2 mmol) and TMEDA (3.5 
ml, 23.2 mmol) in anhyd THF (400 ml) at - 78” under N, was 
added by syringe injection a soln of 2,5dimethoxy N,N- 
diethylhenzamide’ (5.0 B. 21 mmol) in THF (25 ml). After 1 hr, 
the yellow soln was treated with excess of DMF(25 ml) and the 
mixture was allowed to warm to room temp over 18 hr. 
Treatment with sat NH&l aq followed by evaporation to 
dryness in uacuo afforded a residue which was dissolved in 
Et,O. The organic soln was washed with brine, dried 
(Na,SO,) and evaporated to dryness to give, after 
rec&dktion (Et,@, 4.45 g (soo/ oicompound9, m.p. 97- 
98”;IR(CHCl,)v_ 1685,1620cm-‘;NMR(CDCl,)81.00(1, 
3H,J = 7.1),1.31(53H,J = 7.1),294-3.72@,4H),3.79@,3H), 
3.89(~,3H),6.95,7.14(ABq,2H, J = 9.1), 10.43(s, lH,CHO); 
MSm/elrelintensitvl265(M+.21.23611001.~Found:C.63.20: 
H, 7.19;‘N, 5.16. C& for’C,&,O,N: C; 63.38; H, 7.21; N; 
5.27). 

3 - (22 - Ethylenedioxybutyl) - 4,7 - dhethoxyphthulide (11). 
A literature method was adapted.* A mixture of l- 
bromobutan-3-one ethylene Led’* (0.95 g, 12.5 mmol) and 
Ma (0.72 % 30 mmol) in anhvd THF (20 ml) was treated with a 
f&&ops%f lfdibrbmoetdane at r&m &np and themixture 
was stirred for 2 hr in which time it turned gray. The soln of the 
thus formed Grignard reagent 10 was treated with a soln of 9 
(2.8 g, lOmmo1) in THF @ml). The resulting red mixture was 
stirred for 18 hr, treated with sat NH&l aq (30 ml), and then 
THF was removed in t~acw. The residue was extracted using 
CH,Cl, (6 x 25 ml). The combined CH,CI, layer was washed 
with brine (50 ml), dried over anhyd Na,SO, and evaporated 
to dryness to yield the intermediate amide alcohol (3.75 g) 
which without purification was dissolved in toluene (30 ml) 
and the resulting soln was treated with ptoluencsulfonic acid 
(20 mg) and refluxed with stirring for 24 hr. The mixture was 
cooled and washed successively with sat NaHCO, aq and 
brine. The organic layer was dried (Na,SO.) and evaporated 
to dryness to furnish, after recrystallization (CH&l,-hexane). 
2.75g(wA)ofll,m.p. 11112d”;lR(CHCl~)v~ l?50cm-i~ 
NMRICDCU6 1.301s. 3H1 1.57-2.6tmm.4H1 3.851s. 3Hh 3.92 
(s,38);3.93(s:;1H),5.<5.6& ~H,C-~I+,~.~~,~.OI$AB;;,~H, 
J = 8.7) ; MS m/e (rel intensity) 308 (M +, 8) 206 (86), 87 (100). 
(Found: C. 62.60; H, 6.44. Calcfor C,,H,,O,: C, 62.32; H, 
6.53). 

3 - (2 - Butmtoyf) - 4.7 - dimethoxyphthalal (12). The 
procedure of Keay and Rodrigo6 was adopted. A stirred soln 
bf ll(l.0 g, 3.2 n&01) in anh$rous CH,&, (50 ml) at -65” 
(MeOHdrv ia bath) was treated with Dibal il.52 M in 
~oluene,4.8~ml,7.3&ol)over 1Omin.T’hemixt1&wasstirred 
for an additional 70 min, quenched with MeOH (2 ml), and 
allowed to warm to room temp over 14 hr. The mixture was 
shaken with aqueous saturated brine soln for 15 min and the 
organic layer was separated, dried &CO,), and evaporated 
to dryness to give a solid Rtcrystallixation (C&Cl,-hexane) 
alTorded 805 mg (81%) of 3-(2-butunoy&4,7&nethxy- 

phthalcll erhykme k&al, m.p. 109-l 10” ; IR (CHCI,), v, Moo 
cm-L;NMR(CDC13dl~(s,3HX1.6U(~4H).33(d,1H, 
J = 6.4 C-1 a) 3.78 & 3H, dMeh_3.82 (a, 4k ke&l2 x.CH,), 
3.90 (s.3H) 5.1-5.3 (m. 1H. C3 m 6.45 fd. 1H. J = 69. OH). 
6.75 (i 26; MS a& (rei &u&y) 31b &‘. 2), ti (38j: 
(Found: C, 61.70; H, 6.99. Cak for C,,Hs,O,: C, 61.92; H, 
7.15). 

Asolnoftheaboveketal(100mg,0.32mmd)inamixtureof 
dimethoxyethane-H,O (5 ml, 4: 1) was treated with 2M HCI 
(10 drops) and the mixture was stirred under N, for 24 hr. The 
mixture was poured into water (100 ml) and extracted with 
CH,Cl,(Sx 15ml).ThecombinadCH,CI,cx~wcrcdricd 
(K,COs)andevaporatedtodrynusinuocuotogiveacolorlcss 
solid which, upon recrystallization (CH#&/hexane) alforded 
78.4 mg (92%) of 12, m.p. 123”-124”; IR (CHCls) v, 3397, 
1710 cm-‘; NMR (CD&) 6 1.82-2.72 (m, 4H), 2.10 (s, 3H), 
3.64(4 lH, J = 6.7,OH), 3.78(s,3H), 3.83(a,3H), 5.18-5.3O(m, 
lH,C-3H),6.46(d, lH,J = 6.7,C-1 H),6.76(s,2H);MSm/e(rel 
intensity) 265(M+ - 1,5)250(34),248(100), 231(41).(Found: 
C,63.31;H,6.61.CalcforC,,H,,O,:C;63.15;H,6.81). 

1 - Hydroxy - 3 - aceryl - 3,4 - dehydro - 5,8 - dimethoxy- 
nuphthalene (13). A mixture of 12 (60 mg, 0.22 mmol) and 
NaOMe(lOmg)indryMeGH(5ml)wasstir&atroomtemp 
underN,for24hr.Themixturewa.spouredintowater(lOOml) 
and the resulting aqueous soln was neutralized to pH 7 with 
gaseousCO,.Themixturewasdilutedwithwater(100ml)and 
extracted with CH,Cl, (5 x 10 ml). The combined CH,Cl, 
extracts were dried (K&O,) and evaporated to dryness in 
uacuotogiv~asolidwhichwasrecrystallized(Et,O-CH,Cl,) 
to afford 33.4 mg (70%) of 13 : m.p. 115-l 16”. Iit6 m.p. 114- 
115”;IR(CHCl,)v,3592,1656cm-‘;NMR(CDCI,)G 1.98 
(br,lH),2.21-3.2(m,2H),2.48(~.3H),3.84(q6H),5.12-5.23Cbr, 
1H. C-l H1.6.76-7.22 (m. 2H). 7.9 Id. 1H. J = 2.6. C-4 H1. 

Compo;hd 13 was .&o&n t&be&t&l (m.p. I& NMR) by 
direct comparison with a sample obtained from Dr. B.A. Keay 
and Professor R. Rodrigo.6 
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