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ABSTRACT
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A very efficient method for the synthesis of benz[flindenone derivatives was developed. This method allows the introduction of a variety of
substituents to a molecule. The first zirconocene compound of benz[flindene was synthesized.

Benzflindenones and berfljhdenes are potentially useful
building blocks in organic and organometallic synthesis.
However, their chemistry has not been much explored.
Recently, benZ[indenones were used as important starting
materials in the synthesis of kinamycin antibiotics, which
showed excellent activity against gram-positive bacfefiae
use of ben#]indene as a cyclopentadienyl ligand attracted

[flindenes might help to increase the stability of the product
and that it would be possible to isolate the product. However,
no general procedures to synthesize substituted fienz[
indenes are knowhWe herein report a general methodology
of the synthesis of multisubstituted befjiz{denones and
benzflindenes by combination of well-known reactions,
Pauson-Khand and Diels-Alder reactions, and their use in

much attention because an annulated benzo ring mightthe synthesis of zirconium complexes.

increase both the stereocontrol and productivity of the
catalytic systemd.However, the use of berffihdene as a

Transition metal-catalyzed cycloaddition reactions are very
efficient and highly indispensable tools in organic synthesis.

cyclopentadienyl ligand in the synthesis of group IV metal In particular, a carbocyclization of alkene, alkyne, and
complexes was not successful. For example, attempts to usearbonyl mediated by cobalt(0), known as the Pauson
benzflindene and 2-methylberffindene in the synthesis of Khand (P-K) reaction, has been recognized as one of the
group IV metal complexes was unsuccessful, presumably duemost powerful methods for the construction of five-
to the instability of the productinstead, a late transition = membered ring&Similarly, the Diels-Alder (D—A) reaction
metal complex, benffindenyldicarbonylrhodium, was has been one of the most popular reactions for the construc-
reported®We had envisioned that the substituents in benz-
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tion of six-membered ringsOur strategy for the synthesis ||| EGcTcTcNGNGE

of benz[]md_enones is based on a combmauon of these two 1 pje 1. Synthesis of Benfindenones Using Various
representative reactions: the- reaction and PK reac- Substrates
tions (Scheme 1).

entry X Y Rs Re byielda(%) —

PKR® | dehydration

1 H H H Ph 98(1a)° 84(2a)°
Scheme 1. Synthetic Strategy for Synthesis of 2 H H H Si(CHs) 95(1b) 71(2b)
Benzflindenones 3 H H H (CH,)sCH, 98(1c) 59(2c)
X COH 4 H H H (CHp)sCH;3 97(1d) 63(2d)
X]@NH + isoamylnitrite | o Y 5 H H H (CHp):0H 67(1e) 75(2e)

| ALERSS )
or —— 6
X

H H H —@ 95(1f) 61(2f)

X Br
I:[ + n-Buli Y 7 H H CH; CHs 88(1g) | 58(20)
X Br R e 8 H H CH,CH, CH,CH, 89(1h) 43(2h)

L — 'S
cat. Coy(CO), | CHCte 9 H H  (CH)CHs  (CH)CHs |  86(1i) 46(2i)
18h

CO 30atm 10 H H Ph Ph 90(1j) 73(2)
11 H CH, H Ph 92(1k) 90(2k)

Y
O 12 H CH CH. CH 85(1l 9221
X MeOH / HCI ° * * A1 (b

R -—_—
OO’ L p——— 13 H Ph H Ph 96(1m) | 99(2m)
X 1 day 14 F H H Ph 93(1n) 47(2n)
Y R 15 OCHs H H Ph 82(10) 35(20)
2 1 a|solated yield.? Reaction conditions: 1.0 mmol of alkynes, 2.0 mmol

of oxabenzonorbornadienes, &®ol of Ca(CO), 130°C, dichloromethane,
30 atm of CO pressuré.Reaction conditions: MeOH/hydrochloric acid
(15:1 v/v), reflux.d Compound synthesized is shown in parentheses.

Our novel method for the synthesis of beffindenones
consists of the B-A reaction, P-K reaction, and dehydration
(Scheme 1 and Table 1). The2 reactions were success- expectation, they turned out to be good substrates and
fully carried out with good yields (see Supporting Informa- resulted in excellent yields (entries-70).
tion). The P-K reaction is well-known for its stereo- and Next we conducted dehydration oK reaction products
regioselectivity: the PK reaction products of alkyne, to obtain benZ]indenones. The dehydration yields were very
norbornene, and carbon monoxide have an exo conformationdependent upon Y and Rs. When Y and Rs were H, the
and a bulky substituent of an alkyne is located at the dehydration yields were good. However, when Y was H and
a-position to the ketone of the reaction product. When Rs was not H, the products were isolated in moderate yields,
oxabenzonorbornadienes were used as alkenes, the reactiopresumably due to a steric effect. Surprisingly, the substituent
products showed an excellent exo regioselectivity, which was Y dramatically improved the yield (entries +13), presum-
confirmed by single-crystal X-ray analysis dfb (see ably by enhancing aromatization. One of the dehydration
Supporting Information). products was analyzed by a single-crystal X-ray diffraction

Monosubstituted alkynes were excellent substrates (entriesstudy (see Supporting Information).

1-4 and 6 in Table 1). However, an alkyne having a  Thus, we can introduce a variety of substituents to a
hydroxyl group showed a moderate yield, presumably due molecule in (a) specific position(s) through-a and P-K

to the sensitivity of Cg{CO) to the hydroxyl group (entry ~ reactions from available materials. The substituents X and
5 in Table 1). Disubstituted alkynes were anticipated to be Y can be introduced to berfiihpdenone in the B-A reaction
poor substrates due to their bulkiness. Contrary to our step, and various Rs and Ran be introduced in the-FK
reaction step.
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Scheme 2. Synthesis of Benf]indenes from BenZJindenones
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Figure 1. ORTEP drawing oba.

R =Me 4a
=Ph 4b bond distance of C(3)C(12) is shorter than other-& bond
distances of the Cp ring. This special pattern may originate
) from an enhanced aromaticity of naphthalene ring compared
al. attempted to synthesize group IV metallocenes of benz- i, qther indenyl rings. Thus, the zirconium metal makes
[flindenes: They used 2-methylberffindene to synthesize  roqyjar honds with three carbon atoms as injahonding
a zirconocene derivative. However, none of their trials were ,04e and relatively weak bonds with the remaining two
successful because of the instability of the product. Instead .5pons as in an?-bonding mode. This bonding situation
of 2-methylbenz]indene, we used 2-phenylbeffaidene. 5y explain the instability of zirconocene compounds of
Unfortunately, we obtained a result similar to that of Rausch. benzflindenes. From a catalytic point of view, this bonding
However, when we used befiaidene having a substituent  gjy,ation may help an olefin to approach an active site and
R, we could obtain the first zirconocene compound of benz- gyentyally to enhance catalytic activity in olefin polymeri-
[flindene (Scheme 3). zation. Catalytic activity in olefin polymerization will be
discussed in due cour8e.

_ In conclusion, we developed a very efficient method for

Scheme 3. Synthesis of Zirconocene Compounds the synthesis of benflindenone derivatives by using Pau-
R son—Khand and Diels-Alder reactions. Our method allows
) the introduction of a variety of substituents to a molecule.
1. n-BuLi, THF OO@ Ph . : ;
4 — - Using the prepared berflihdenes, we could synthesize the
2 Cpr2rCly toluene R 2r<ccl' first zirconocene compound of beflaidenes and use them

as catalysts in the ethylene polymerization. Further investiga-
tions involving broadening the scope of the synthesis of
transition metal complexes of befipidenes are currently

in progress.

R =Me 5a
=Ph 5b
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As with other methods, there could be a problem in the
purification of the reaction product. When R was a phenyl
group, we failed to obtain a purified product. However, when
R was a methyl group, a purified product was obtained by
recrystallization and its structure was confirmed by a single- Supporting Information Available: Synthetic procedures
crystal X-ray diffraction study (Figure 1). and spectral and analytical data. This material is available

Figure 1 shows an interesting bonding pattern betweenfree of charge via the Internet at http://pubs.acs.org.
Zr and the Cp ring. The Zr is significantly closer to carbons

C(1), C(2), and C(13) than carbons C(3) and C(12){Zr

C(l) =2.576 A’ ZI‘—C(Z) =2.572 A’ ZI‘—C(3) =2.643 A' (9) Preliminary results show a high activity in ethylene polymerization.
Zr—C(12)= 2.592 A, and Z+C(13) = 2.465 A}, and the Kim, D. H.; Son, S. U.; Lee, B. Y.; Chung, Y. K. Manuscript in preparation.
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