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Adriamycin and its analogs2 are among the most premising anticancer agents under investigatio 

Tbls fact, coupledwith aneed to prepare new analogs ofLwi.thlWr toxicity,has stimulated 

1: hdriamycin 
R=CH3, R1=S, R2=OB 

2: Daunorubfcin - 
R=CH3, R =S, R2=H 

2: CarTinomy in 
2b 

R-R =H, E R =S 

s- 

OH 

intense activity directed toward the development of practical and versatile syntheses of l-3 and _- 
their derivatives. Particular attition has focused on the synthesis of the aglycones l-3 

(R1=B)_3r4a 
-- 

One of the potentially mxt direct and flexible approaches to the aglyames is outlined in 

Equation 1,where R" can be either a partially or fully elaborated sidechain. Consideration of 

the initial Diels-Alder reaction evokes, h-vex-, two imnediate questlons (Scheme 1): 1) will 

the reactlon between 2 and 6 produce the desired, terminally annulated products 1, 7' (addition - 
at bond a), or the internally annulated adducts 8, 8' (addition at tid b), and 2) if linear 

annulatron occurs, 9~111 regioselectivity also be obtained to give 7, or will 2 be produced 

concurrently in substantial amounts? In this cunm_mic+ation we address the first question: the 

adlo-g paper provides a partial answer to the second guestion. 

Frevious workers4 have shown that the Diels-Alder reactlon between quinizarin diquinone (%I5 

and butadxne or terminally substituted butadienes usually-but not always 
4b 
-proceeds to give 

adducts analogous to 1 or 7' - (R~=H) as the principal pmducts. Hmever, when 5a6 was reacted with - 
g7at 25OC in Ethylene chloride. only the internal adduct corresponding to S or 8' was produced. 

Analogous adducts were obtained upon reaction of 6a with g9 and with 2. 
- 

- Asaconsequenceof 

3869 



3870 No. 43 

2. R==0H s 

2, R=OAc a, R1=CCH3, 

c, R=H R2=Et, R3=H 

Scheme 1 

L and/or 

R 0 0 R3 

these untc~ard results, we have exam&-& the reaction of 5a as well as of 5c wrth a wide variety 

of dienes.~l 
- 

The results are outlined in Table 1.12 
- 

The results delmeated mTable1are characterizedby few general trends and are perhaps 

mxtresnxkable for their inmnsistency. The stark contrast U-I regloselectivity in the cases of 

10 and 13 and 9 and I&, and the difference between the site of reactlcn of 17 and other 1,4,- - - - - 
disubstituted dienes are particularly noteworthy. while there 1s some correlation between diene 

substitution pattern and site of reactron, thismaybedue simply tothenatureof the dxnes 

exammed; l-e., only one of the dienes listed in Table 1 (11) contarns an electron with&-awing - 

group* In this context, results (at 25O C) with two additional dienes, 21 I.3 and 2214 - , arenote- - 
XX-thy. Reaction of 21with SC produces no signrficant amount of Diels-Alder adduct of any - - 

type, while reaction of Gtith &gives little if any of the S adduct. In the latter case, 

hcwwer, a small amxnt (10%) of the taubxnarized te rminal adduct 20 is pro%&. Whether this - 

resultcanbs isproved upcnandextendedhas yet tobe detemuned. 
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Table la 

I. Dienes Which Add Primarily at the Terminal Double Rondof 5aand/or~toGive~or 7 ,b - L 

OAc OAc 

9 10 - 

II. Dienes Which Add Primarily 

1 

\ 

/ 

> 

OCR3 

15 - 

III. 

awith 

\ 
OH CooCR3 

11 12 13 14 - - - - 

at the Internal Double BMld ofzanuor SctoGive8or 8 ,=b . - - 

$ r 7 f To pT.sis x”r > ,,i.j*t 
O"3 O"3 

6a 16 17 - - - 

DienesNhichGive Substantial Amounts of Roth Terminal and lntemalpdducts. 

trans-1,3-pentadiene f,u trans-1,3-hexadiene f,v 

the exoeption of reactions reported by others Crd'e'i, all reactions recorded in this Table 
were carried out at room terqxrature in CH2Cl2or cDc13 with excess diene. bIhe hitid ac!ldud of 
2, l2_, 13, and 14~1th 2 underwent substantial tautceErization to the corresprmding orange-to-red 
an&rac$&nes (e.q. g-and 191 and were characterized as such. The adduct of z.and Enas 
isolated as 7 (l+R =H, Rl=R3=CH3), np 213-215°. cReaction carried Out at 45-500 in benzene 
(ref. 4a). -see ref. 4b; these authors 
eReaction carried out at 50° in benzene. 

port that reaction of 5c with 9 gives a double adduct. 
4Ee fpurchased frcmCheiniZl San-pies Co. gUsedas amix- 

ture of gean&rical isomers. 
ly,lO 

Itwas ass-d that the trans-transi~r~~dreactpreferential- 
hprepamd from sorbic acid (Aldrich) and diazese. i?he internal adductis c&ained at 

250. ~&en this adduct is heated at 1000 in El3 it isu@+zes to the terminal adduct. ~0 other 
adductsvr~lre &served to undergo similar rearrangements. 
1000 darkens at 240° and r&ts at 258-60° (rapid heatmg); 

Y&e tautarrerized adduct frun13 + 5c at 
T note t. kTautcxtsri&adiis 

frcan 14 + 5c: w 212-216O (deccrrp). lReaction run in benzene. %ee ref. 7. "prepared in 3 
30% yzld&pttized) as a cis-transrmxture fran d-ethylacrolein8 andtetrahydropyranyloxytri- 
ph~ylphosphorane in ether: 

-- 

OAdduct with 5c (i.e., 
H. Schlude, Tetrahedron&, 89 (1975) ;bp. u80-120°/2arn (Kugelrahr). 

2, I+Rl=R3=H,R2=CH3): mp 154.5-1570. 
J. Amer. ChemTSoc., 96, 7807 (1974). 

pS. Danishefsky and T. Kitihara, 
We thank Prof. Danishefsky and Mr. P.F. Schuda for a generous 

saaple Of this diene.~repared from oc-ethylacroleti8 and 2-lithio-2-trimethylsilyl-1,3-dithiane: 
D. Seebach, M. Kolb and B-T. Gr&el, s., 106, 2277 (1973): =l'!&ucttith 5c: np ZOO-ZOZ". 
sPrepared as a 1:l cis-trans:trans-trans r&&-e frcan crotonaldehyde and $43i%H(Xx3, bp. 100°/760mn. --- 
It was assunad that the trans-transXr reacted preferential1 
twice with identical results. sts with SC: mp 183.5-185O. 
obtained frcun 5c + 13 at 25O is placed in a ~qil1ar-y tube and inserted in a n?elting point a&pax-a- 
tus preheatedEY21~, it relts to give a transiently dark green liquid which turns red and solid- 
ifies as red crystals. Continued heating (rapid) causes darkening at 240° follcwed by melting at 
260~61° (me note 7). %&action of 5c gives substantial amounts of both possible adducta, 
reaction with 5a gives predmxinantly t*z, 8' adducts. vUsed 
it was ass-?&at the trans-ismer would react preferentially. 
investigated. 

- 
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