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Synthesis of a Condensed Nonbenzenoid Aromatic
System. An Annulenoannulene Consisting of Two
187-Electron Systems

Sir:
In spite of fascinating developments in the chemistry of

nonbenzenoid aromatic compounds, condensed systems of
aromatic annulenes corresponding to naphthalene still re-

main unknown. In view of the strong diatropicity and high
conformational stability of symmetrical tetradehydro- or di-
dehydro[4n + 2]annulenes containing formal acetylenic
and cumulenic linkages in the cyclic system,! it seemed of
considerable interest to synthesize a fused dehydroannulene
system of this type. We now describe the preparation of an
annulenoannulene (VIII) consisting of two tetradehydro-
[18]annulene nuclei.

The ethynyl ketone (11, pale yellow liquid, 56%) obtained
by the aldol condensation of I? with acetone (NaOH-
H,O-EtOH, room temperature, 8 min) was oxidatively
coupled by cupric acetate in pyridine to give III (yellow
crystals, mp 121.5-123.5°, 71%; Anal. (C24H3003) C, H).2
Treatment of III in benzene with an excess of I in the pres-
ence of sodium ethoxide (4°, 2 hr) yielded 1V (yellow crys-
tals, mp 128.5-129.0°, 92%: Anal. (Cs;Hs002) C. H; ir
(KBr) 1659 cm™! (C=0)). Oxidative coupling of IV by cu-
pric acetate in pyridine-ether-methanol under high dilution
conditions (46°, 16 hr) resulted in the 26-membered cyclic
diketone (V, yellow crystals: mp ca. 183° dec, 97%: Anal.
(C42H4307) C. H; ir (KBr) 1666 cm™! (C=0)). Bisethyn-
ylation of V (2°, 2 hr) using the lithium acetylide-ethylene-
diamine complex in THF saturated with acetylene gave a
mixture (VI, and VI,) which, upon chromatography on alu-
mina, yielded a high melting isomer (pale yellow crystals:
mp 167-170° dec; Anal. (C4¢Hs,0,) C, H) and a low melt-
ing isomer (light brown crystals, mp 162-165° dec; Anal.
(C46Hs5202) C, H) in ca. 4:1 ratio (total yield 88%). The
isomerism can be reasonably ascribed to the differing dispo-
sition of the ethynyl and hydroxyl groups. Treatment of the
high melting isomer with cupric acetate in pyridine-metha-
nol-ether under high dilution conditions (46°, 6 hr) yielded
the bicyclic glycol (VII, yellow crystals, mp 168-170° dec:
61%; Anal. (CacHs00,) C, H: m/e 634 (M1)).4
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Glycol (VII) in ether was mixed at —60° with a solution
of stannous chloride dihydrate in the same solvent saturated
with hydrogen chloride. After 10 min, the resulting deep
green reaction mixture was quenched with water and
worked up in the usual way, and the product was recrystal-
lized from THF to yield 5,10,18,23-tetra-tert-butyl-
6.8,19,21,27,29-hexadehydro[26]bi[12.12.4]annulene
(VIII: dark green crystals; mp 230° dec; 79%: Anal.
(CasHas) C. H; m/e 600 (M¥)).> VIII gave a 1:1 CT com-
plex with 2.4,7-trinitrofluorenone (dark green crystals; mp
ca. 250° dec; Anal. (CsgHs3N3O5) C, H, N). VIII was
found to be a fairly stable and sparingly soluble compaound,
whose electronic spectrum consists of three main absorption
bands (Amax'HF 446 nm (e 630.000), 641 (88,900), 855
(2200)) clearly showing features characteristic of [4n +
2]annulenes; i.e., the spectrum of VIII was found to be
closely related with that of tetra-tert-butyltetradehydro-
[18]annulene (IX) except for bathochromic shift and hy-
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perchromism in VIII. The 100-MHz 'H FT NMR spec-
trum in CDCl; of VIII exhibits inner proton (H®) signals at
7 12.85 (dd, J = 13-14 Hz) and outer proton (H? and H¢)
signals at 7 —0.64 (d, J = 14 Hz) and 7 —0.06 (d, J = 13
Hz), respectively. An appreciable downfield shift of the
tert-butyl signal (7 7.81, s) was also observed. (The elec-
tronic spectrum of VIII and IX and the 100-MHz 'H FT
NMR spectrum of VIII in CDCl;3 will appear in the micro-
film edition of the journal: see paragraph at end of paper re-
garding supplementary material.) The assignment of the
outer protons was made using the tetradeuterio derivative
of VIII which was prepared from I and acetone-d¢ by an
analogous reaction sequence. The NMR spectrum indicates
clearly that VIII sustains a strong diamagnetic ring current.
Consequently, whether VIII is a perturbed peripheral
[26]annulene or an annulenoannulene consisting of two
187-electron systems becomes the most interesting prob-
lem.

The magnitude of a diamagnetic ring current, estimated
approximately by the difference in chemical shifts (A7 = 7
— 71,) between inner (7;) and outer (7,) proton signals, in a
series of conformationally stable tetra-fert-butyldidehy-
dro[4n + 2]annulenes decreases markedly with increase of
ring size (n = 3, A1 =13.76; n= 4, Ar = 1329, n = 4, Ar
=999 n=6,Ar = 6.28; n = 7, A7 = 4.0).% In view of the
same trend observed in the tetradehydro[18]- (IX) (A7 =
14.93)2 and the tetradehydro[22]annulenes (X) (Ar =
13.11-13.60),7 the value found for VIII (Ar = 12.91-
13.49) seems to be larger than that anticipated for tetra-
dehydro[26]annulene as well as for VIII as regarded as a
perturbed peripheral [26] ]annulene, in which the central
diacetylene behaves only as a bridging chain. The downfield
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shifts of all signals of VIII compared with IX and X can be
reasonably ascribed to an additive diatropicity effect of
both 18-membered rings; i.e., the protons H2, HP, and H¢ in
the ring A suffer a deshielding effect of the diamagnetic
ring current of the ring B and vice versa. The 'H NMR
spectral behavior of VIII indicates that the bicyclic annu-
lene (VIII) is a fused aromatic compound consisting of two
18-electron systems being a hybrid of structures, VIII,,
VIIl,, and VIII.. In other words, the annulenoannulene
(VIII) can be represented most properly by the symmetrical
formula, VII1y.

Supplementary Material Available. The electronic spectrum of
VIII together with that of IX and the 100 MHz 'H-FT-nmr spec-
trum of VIII in CDCl; at 36° will appear following these pages in
the microfilm edition of this volume of the journal. Photocopies of
the supplementary material from this paper only or microfiche
(105 X 148 mm, 24X reduction, negatives) containing all of the
supplementary material for the papers in this issue may be ob-
tained from the Journals Department, American Chemical Soci-
ety, 1155 16th St., N.W., Washington, D.C. 20036. Remit check
or money order for $4.00 for photocopy or $2.50 for microfiche, re-
ferring to code number JACS-75-4424,
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Regiospecific Total Synthesis of
(£)-9-Deoxydaunomycinone
Sir:

The anthracycline antibiotics daunomycin (1) and adri-
amycin (2) are antineoplastic agents of established clinical
utility.! Their scarcity has led to continuing efforts toward
their total synthesis, and recent progress in that direction
has been reported.2 We wish to describe a short, mild, and
completely regiospecific approach to antibiotics of this class

which has resulted in the first total synthesis of (4)-9-de-
oxydaunomycinone (3).
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The reaction which maintains regiospecificity in our syn-
thetic sequence is the photochemical Fries rearrangement
of the o-cyanobenzoate ester 9. This crystalline intermedi-
ate was prepared in 54% overall yield by a five-step route
from the dihydroxytetralone (5). itself available in 76%
yield by BBr3 demethylation (CH,Cl,, —78° to 0°, 25 min)
of the known? dimethyl ether 4. The corresponding ketal 6
(ethylene glycol, p-TSA, C¢Hg, 4 hr reflux, 91%) was re-
duced by sodium borohydride in dry tetrahydrofuran (re-
flux, 16 hr) to give 83% of trihydroxy ketal 7, which was
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