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Summary. The 2,3,5-tris(methyZene)norbomane adds to methy propynoate with "para" regioselecti, 
vity. This principZe is appZied to the regioselective synthesis of a daunomycinone precursor. 

The Diels-Alder reactivity of an exocyclic s-cis-butadiene moiety grafted onto norbornane' 

and bicyclo[2.2.2]octane2 skeletons can be affected by remote substitution of the bicyclic 

systems. For instance, 5,6-bis(methylene)-2-norbornanone (2) is less reactive than the parent 

diene 1 toward strong dienophiles3, perhaps because of the electron withdrawing effect of the 

homoconjugated carbonyl group (inductive effect). Nevertheless, the "para" regioselectivity of 

the cycloadditions of 1 to methyl vinyl ketone (MVK) and methyl propynoate suggested that the 

carbonyl may also act as an electron donating group4. This interpretation was confirmed by the 

regioselectivity of the electrophilic additions of the C-C double bonds in norborn-5-en-2-one 

and bicyclo[2.2.2]oct-5-en-2-one5, and was supported by MO calculations 4,6 . 

We have prepared the new trienes 2 and 4, and now present the results of our preliminary 

investigations of their Diels-Alder reactivity. The methylene group at C(5) in 4 was found to - 

induce a "para" orienting effect on the regioselectivity, and this result suggested a new 

approach to the regioselective synthesis of anthracyclines which is also reported. 

"para" "meta" E = COOCH3 

Z = (NC)2C : 5 (47 %) 5 (53 %) 7 8 _ - 

H2C : 2 (77 %) 10 (23 %) 

14 

- 11 - 12 

0: 13 (75 X) (25 %) 15 16 - - - - 
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The reaction of malodinitrile with ketone 1 (MeOH, piperidine, 60°, 5 h)7 gave triene 3 

(53 %)8. When heated with a 7-fold excess of methyl propynoate, an adduct mixture of 5/6 (47:53) -- 

was formed (99 %)8. Triene 4 was prepared from 2 following Nozaki's technique'(Zn, CH2Br2, _ - 

THF) in ca. 50 % yield8. 

TiC14, 

It added to methyl propynoate (C6H6, 80°, 1.5 h) and gave the adducts 

9/10 (77:23) in near quantitative yield8. The structures of the adducts 5/6 and 9/10 were esta- -- -- -_ 

blished by oxidation with dichlorodicyanobenzoquinone (DDQ, C6H6, 80°, 4 h) to yield the corres- 

ponding benzoates 7/8 and 11/12, whose structures were determined by a combination of 
13 

C- and 
1 

-- -- 

H-NMR spectroscopy. Alkaline hydrolyses of 7 and 8 (which were easily separated by chromatogra- - - 

phy) gave the known ketones 15 and E4, - 

CH2C12, 52', 

respectively. Oxidative cleavage (NaI04, Os04, tBuOH, 

3 h) of the methylene groups in 11/12 furnished 15/16 (76 %), respectively. -- -- 

The dicyanomethylene substituent effects have often been considered as analogous to those of 
10 

the carbonyl group . The absence of regioselectivity in the Diels-Alder additions of 3 
11 

con- 

trasts with the observed selectivity with dienone 24 _ . The latter was attributed to n(CO),aC(l,2) 

++ nC(5,6) hyperconjugative interaction in 2. Such an effect is obviously absent in the case of - 

the dicyanomethylene substituted system 3. The "para" regioselectivity in the cycloaddition of 

triene 4 suggests that the methylene group at C(5) can act as an electron donating group on the 

homoconjugated diene at C(2,3). This property is tentatively ascribed to a through-space inter- 

action which intervenes more strongly in the transition state of the reaction giving the "para" 

adduct than in that giving the "meta" isomer. This effect can be visualized by the diradicaloid 
12 

* charge-transfer-limiting-structure model , as depicted below. This model also "explains" the 

absence of any regioselectivity observed with 3: the cyano substituents destabilizing the - 

limiting structure 17 
13 . - 

Tetrakis(methylene)-7-oxanorbornane (18)14 adds - 

thus can generate in a simple way a wide variety of 

sequentially two different dienophiles and 
15 

reduction of the benzoquinone monoadduct of 18 gave - 17 

anthracycline precursors . The selective 

alcohol 1916, whose mesylate 20 (m.p. 110') - - 

furnished 21" upon treatment with 2 mol equiv of tBuOK (THF, O-20', 2 h) followed by reaction - 

with 3-fold excess of CH31 (20°, 12 h). Oxidation with DDQ (C6H6, 20°, 2 h) gave 22 l7 (62 % from 

19). The Diels-Alder additions of methyl vinyl ketone (MVK) and methyl propynoate to the dienes - 

21 and 22 were not regioselective. - - 

When 4-6 mol equiv of tBuOK were used to eliminate mesylic acid from 2J, a mixture of pheno- 

lates was obtained that gave the a-naphthoates 23/24 in a 7:3 ratio upon quenching with -- 

a-naphthoyl chloride. The double bond in the 7-oxanorborn-2-ene portion of 20 migrates and - 

becomes conjugated with the aromatic ring. The regioselectivity and the high stereoselectivity 



OH he 
18 R=H: 19 - 

R = 0S02CH3: 2 
21 - 

R'= cl-naphthoyl: 23 toluene, 90' - 258 (61) 25a (7)18 

R'= CH3 : 2 
BF3.Et20,CH2C12,-850 (86) (<2) II II ,-78O 308 (90) 3oa (<2) - - 

m: MVK - 
OR’ H w%+ 

R'= o-naphthoyl: 24 toluene, 100' - 
ZnCl2,CH2Cl2, -78' 

27B (65) 27a (7) 

BF3.Et20,CH2C12, -78' 

268 (19) 26a (13) - 
(14) - (cl) 

318 (10) 3Oa (cl) - - 

288 (18) 28~ (10) - 

(no trace of either the Hendo-C(5a) isomer of 23 or the Hendo-C(8a) isomer of 24 were observed) - - 

of this isomerization is not yet understood. The new trienes 23 and 2417 were separated by HPLC. -- 

In a manner analogous to that of 4, 23 and 24 added to MVK with "para" regioselectivity giving - - 

the adducts 25/26 and 27/28, respectively. The additions were also stereoselective in the sense -- _- 

that the adducts with the acetyl side chain in the B (or exco) position were the major products. 

The mixtures of B- and a-isomers were easily separated by column chromatography on Si02. 

The "para" regioselectivity (9:1), the B-acetyl stereoselectivity (>98 %), and the isolated 

yield (80 %) were best when the methoxy derivative 29 was employed and when the addition of MVK - 

(20 mol equiv) was carried out at - 78' in the presence of BF3*Et20 (6 mol equiv, CH2C12). The 

triene 2917 - was prepared in 96 % yield by saponification of 23 followed by treatment with NaH - 

and CH31. The structures of 23-31 were determined using 360 MHz 'H-NMR spectroscopy involving -- 

double irradiation experiments8. The mixture of adducts 30/31 (9:1) was transformed into the -- 

known (+)-7,9-dideoxydaunomycinone (32)(m.p. 243-4', lit. 243-5' ", 244-5' 20) according to the - 

scheme below. The minor isomer 33 was identical with the known (+)-7,9-dideoxyisodaunomycinone 

(m.p. 215-6', lit. 216-7' lga - ). Optimization of these reactions is underway. The transformation 

of 32 into (+)-daunomycinone has already been achieved. 
19,21 

- 

' 24 h. b) CF COOH in 
~~2~~~,i;,SRHfi~r~~C~.pyr,~CH C123; c) Zn 
CH30H, 70°, 12 h, then recry$tallization 

32 33 - - 

in AcpO; d) Jones' oxidation; e) 3 % HCl in 
from CH2C12/CH30H 
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Our results show that remote substituents can control the regioselectivity of the Diels- 

Alder additions of dienes grafted onto norbornane systems. The origin of the observed regiose- 

lectivities is not yet fully understood, nevertheless, our doubly-convergent synthesis of 

anthracyclinones starting from 18 is now capable of generating a wide variety of molecules of - 

biological interest in a regioselective fashion, including daunomycinone. 
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