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ABSTRACT

Thermal cyclization of 1-[2-(trimethylsilylethynyl)phenyl]-3-arylpropinones was expected to give benzo[b]fluorenones. However, benzo[a]-
fluorenones were also formed as a result of a new rearrangement. These tetracycles possess the core structure of the fluostatins and

isoprekinamycin.

Kinafluorenone (1) and stealthin A (2 are representative
benzo[b]fluorene natural products structurally related to the
kinamycins? a group of naturally occurring quinones that
display a variety of interesting antibiotic activitiés.
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Recently, we reported a concise approach for construction
of the tetracyclic nucleus of the benbifluorene antibiotic
based on application of the [4 2] cycloaddition of
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arylalkyne-allenes developed by Schmiftél.Since the
thermal reaction of enynes with alkynes also leads to
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annulatior? we decided to explore the cyclization of 1-[2-
(trimethylsilylethynyl)phenyl]-3-arylpropinones)((Scheme
1).
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derived from5a—d! followed by oxidation of the alcohols
6a—d with BaMnQ, (Scheme 2).
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The cyclizations oBa—c were best carried out by heating
0.06-0.2 M solutions in 1,2-dichlorobenzene under refluxing
conditions (18C0C) (method A). Alternatively, the reactions
could also be carried out in the solid state as a dispersion in
Celite (method B) or in toluene in a sealed tube (method

The reaction was expected to proceed through diradical C) 14 We first studied the cyclization &awith ano-methoxy

Il and strained cyclic allendl as intermediates to give
benzop]fluorenonedV. =% The alternative thermal cycliza-
tion of 1-[(2-phenylethynyl)phenyl]propynoneg) has been
recently shown to proceed through diradivdl and allene
VIl to give benzdp]fluorenesvill (X = H, Ph, SiMg).%11
Ynones3a—d were readily synthesized in two steps by
reaction of benzaldehyd4'? with the lithium acetylides
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substituent, which surprisingly led to the formation of benzo-
[alfluorenones7a—e and of benzaf]fluorenone7a as the
major product under method A (Table 1, entries 1 antP 3).
Desilylated tetracycl®a, with the regiochemistry of naturally
occurring benzo[b]fluorenones, was obtained in 25% yield
under conditions B (entry 2). Mixtures of benad{ and
benzo[b]fluorenones were also obtained from ynoBles

d, although in these cases the later were the major products
(entries 4—9)6
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(14) (a)y-Terpinene was added, as a high boiling 1,4-cyclohexadiene,
to facilitate hydrogen migration (stép — IV, Scheme 1). (b) Benzylated
derivatives were obtained as byproducts under these conditions as a result
hydrogen abstraction from toluene followed by radical coupling.

(15) Benzo[a]fluorenone§ show downfield signals in théH NMR
spectra at 9.068.84 and 8.397.95 (s) corresponding to H-1 and H-5,
respectively. The carbonyl signal dfappears ab 196.1—196.7 in théC
NMR spectra, while benzo[b]fluorenon8sind9 show this resonance ét
193.8—193.1. The structures o4, 7e,8e, anddewere confirmed byH—
1H (COSY or NOESY) andH—13C (HMBC and HMQC) correlation2b
showed'H and*3C NMR data identical with those describ&.
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Table 1. Thermal Cyclization of Arylynone8

time products ratio
entry ynone method? (h) (%)° 7:(8+9)

1 3a A 48 7a (63), 8a (17)° 3.7:1
2 3a B 24 7a(25), 9a (25) 1:1
3 3a C 16 7a(30), 8a (9)¢ 3.3:1
4 3b A 96 7b (8), 8b (25), 9b (18) 1:5.3
5 3b B 14 7b (24), 8b (20), 9b (32) 1:2.2
6 3b C 79 7b (18), 8b (11), 9b (37) 1:2.7
7 3c A 216 7c (38), 8¢ (13), 9c (45) 1:1.5
8 3d A 48 7d (8), 8d (30), 9d (9) 1:4.9
9 3e A 48 7e (14), 8e (41), 9e (7) 1:34

aA = 1,2-dichlorobenzene under reflux (180); B = Celite, 180°C;
C = toluene,y-terpinene, 180C, sealed tube’ Isolated yields® Based
on 71% conversiorf Based on 79% conversion.

Addition of an alcohol was expected to trap intermediates
of typelll , leading to benzdjfluorenonedV (Scheme 152
However, no effect on the product selectivity was observed
upon addition of ethylenglycol, a high boiling proton donor,
to the reaction mixtures. On the other hand, treatment of
ynones3 with Lewis acids such as zZngbr Y(OTf); led
only to unchanged starting materials.

The remarkable formation of benzjdfluorenones in the
cyclization of ynones3 unveils a new rearrangement. A
rationale for this transformation is presented in Scheme 3.

Scheme 3

7a-d

Ring closure of a diradical of typé (Scheme 1) would give
intermediatelX, ” which would yield benzd{lfluorenones
8a—d by a formal [1,5]-hydrogen migratiorf® Strained
allenelX could also rearrange to a carbedewhich may

(16) Chromatography (gravity column, 30:1 hexane/EtOAc) allowed for
the separation of the benzjf and benzo[b]fluorenones.
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evolve to give allene&Xl. The transformation oX to Xl is
somewhat reminiscent of that proposed in the benzene ring
contraction rearrangement, which occurs in skeletal reorga-
nizations of polycyclic aromatic hydrocarbons under pyroly-
sis1® Alternatively, IX might suffer ring opening to form
cyclodeca-1,3,5,7-tetraen-9-yne intermediad, which
could electrocyclize to giveI.°

The unexpected formation of benatijuorenones’ in the
thermal cyclizations of ynoneéssuggests a simple approach
for the synthesis of fluostatins A10) and B (1) In
particular,10, a selective inhibitor of the enzyme dipeptidyl
peptidase IIE°2shows a core structure that is related to that
of 7d. Interestingly, isoprekinamycin, a metabolite isolated
from Streptomyces murayaenseveral years ago, which was
originally named prekinamycifh,has been very recently
demonstrated to be diazobenzo[a]fluorendi2e!

The approach described in this paper allows for the
synthesis of benza]- and benzdjjfluorenone¥ from
readily available starting materials. Efforts at controlling the
selectivity in the thermal closure of more substituted ynones
of type 3 for the synthesis of kinafluorenoné&)( fluostatin
A (10), and isoprekinamycin (12) are in progress.
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