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Adriamycin and its analogs2 are among the most pronising anticancer agents under investigatio
This fact, coupled with a need toO prepare new analogs of 1 with lower toxicity, has stimulated
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intense activity directed toward the development of practical and versatile syntheses of 1-3 and

their derivatives. Particular attention has focused on the synthesis of the aglycones 1-3
(R1=H) _3,4a
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One of the potentially most direct and flexible approaches to the aglycones is outlined in
Equation 1, where R" can be either a partially or fully elaborated sidechain. Consideration of
the initial Diels-Alder reaction evokes, however, two immediate questions (Scheme 1): 1) will
the reacticn between 5 and 6 produce the desired, terminally annulated products 7, 7' (addition
at bond a), or the internally amnulated adducts 8, B' (addition at bond b), and 2) if linear
annulation occurs, will regioselectivity also be obtained to give 7, or will 7' be produced
concurrently in substantial amounts? In this commmication we address the first question; the
adjoining paper provides a partial answer to the second question.

Frevious workers4 have shown that the Diels-Alder reaction between qumlzarln diquinone (5C)
and butadiene or terminally substituted butadienes usually-but not always -—proceeds to give
adducts analogous to 7 or 7' (R2=H) as the principal products. However, when S_a6 was reacted with
§g7at 25°C in methylene chloride, only the internal adduct corresponding to 8 or 8' was produced.
Analogous adducts were obtained upon reaction of 6a with §_1_39 and with 5c. As a consequence of
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Scheme 1
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these untoward results, we have examined the reaction of 5a as well as of 5¢ with a wide variety
of dlenes.ll The results are outlined in Table 1.]'2
The results delineated in Table 1 are characterized by few general trends and are perhaps
most remarkable for their inconsistency. The stark contrast in regioselectivity in the cases of
10 and 13 and 9 and 12, and the difference between the site of reaction of 17 and other 1,4,-
disubstituted dienes are particularly noteworthy. While there 1S some correlation between diene
substitution pattern and site of reaction, this may be due simply to the nature of the dienes
examined; i.e., only one of the dienes listed in Table 1 (11) contains an electron withdrawing
group. In this context, results (at 25° C) with two additional dienes, 21%3 and 221¢, are note-
worthy. Reaction of 21 with 5c produces no significant amount of Diels~Alder adduct of any
type, while reaction of 22with 5¢ gives little if any of the 8 adduct. In the latter case,

3
R 18, R'=cH,0H, RZ=H,

R3=CHZ. mp 219 21°
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however, a small amount (10%) of the tautomerized terminal adduct 20 is produced. Whether this
result can be improved upon and extended has yet to be determined.
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Table 12

I. Dienes Which Add Primarily at the Terminal Double Bond of 5a and/or 5c to Give 7 or 7'b.

5 3T asdiogy

OAc on COOCH,

ho

lo 11 12 13 14

II. Dienes Which Add Primarily at the Internal Double Bond of 5a and/or 5c to Give 8§ or 8'

>gr7rrgﬂﬁwm

15 6a 16 17
III. Dienes Which Give Substantial Amounts of Both Terminal and Internal Adducts.

f,u f,v

trans-1, 3-pentadiene trans-1,3=-hexadiene

%1th the exception of reactions reported by othersc'd'e' 1, all reactions recorded in this Table

were carried out at room temperature in CHoCljor CDCl; with excess diene. bThe initial adducts of
11, 12, 13, and 14 with 5¢c underwent substantial tautcxnerlzatlon to the corresponding orange—to-red
anthI‘Equuzones (e.g. 18 and 19} and were characterized as such. The adduct of 5c and 10 was
isolated as 7 (R=RZ=H, Rl=R3=CH;), mp 213-2150. CReaction carried out at 45-505 in behzene

(ref. 4a). “Ugee ref. 4b; thesé authors geport that reaction of 5¢c with 3 gives a double adduct.
Creaction carried out at 500 in benzene.4® fpurchased from Chemical Samples Co. 9Used as a mix-
ture of geometrical isomers. It was assumed that the trans-trans isomer would react preferential-
1y.10 bhprepared from sorbic acid (Aldrich) and diazomethane., IThe internal adduct is cbtained at
252, when this adduct is heated at 1000 in CDCly it isomerizes to the teminal adduct. No other
adducts were obsexved to undergo similar rea.rrangenents. IThe tautomerized adduct from 13 + 5c at
100° darkens at 240° and melts at 258-60° (rapid heating); ccxrggre note t. Krautomerized adduct
from 14 + 5c: mp 212-216° (decomp). lReaction run in benzene.?” Msee ref. 7. PPrepared in ca,
30% yield Tﬁnopt:.mlzed) as a cis-trans mixture fram ot~athylacrolein® and tetrahydropyranyloxytri-
phenylphosphorane in ether: H, Schiuge, Tetrahedron, 31, 89 (1975);:bp. ~80-1209/2mm (Kugelrchr}.
OAdduct with 5¢ (i.e., 8, R=Rl=R3=H,RZ =cn{‘5 “mp 154.5-157°. PS, Danishefsky and T. Kitihara,

. Amer. Chem, Soc., 96, 7807 {(1974). We thank Prof. Danishefsky and Mr. P.F. Schuda for a generous
sample of this diene. _—‘—IPrepared from eat—ethylacr::ale:.n8 and 2-lithio-2-trimethylsilyl-1,3~dithiane:
D. Seebach, M. Kolb and B-T. Grobel, Ber., 106, 2277 (1973). T‘Adduct with 5c: mp 200-202°.
Sprepared as a 1:1 cis-trans:trans-trans mixture from crotonaldehyde and ¢3P=G{OCH3, bp. 100°/760mn.
It was assumed that the trans-trans isamer reacted preferentially. This reaction was carried out
twice with identical results. Adducts with 5¢: mp 183.5~1859, en the pale vellow adduct
obtained fram 5c + 13 at 25° is placed in a c:aplllary tube and inserted in a melting point appara-
tus preheated to 210°, it melts to give a transiently dark green liquid which turns red and solid-
ifies as red crystals. Continued heating (rapld) causes darkening at 240° followed by melting at
260-61° (compare note j). “Reaction of 5¢ gives substantial amounts of both possible adducts,
reaction with 5a gives predominantly type—B, 8' adducts. VUsed i\g a mixture of cis-trans isamers;
it was assumed that the trans—isomer would react preferentially. Only reaction with 5c was
investigated.
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