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ABSTRACT

o Ar = "aromatic' o

CF3S03H
&N—R i - Ar)J\/\NHR

1,2-dichloroethane

0°Ctorit.
R = H, CO.Me, COoCHoCCl5

The first intermolecular Friedel—Crafts acylation of a variety of aromatic substrates with azetidinones is described. The Friedel-Crafts acylations
are performed under very mild conditions, using trifluoromethanesulfonic acid to produce f-amino aromatic ketones in excellent yields.

Friedel—Crafts reactions are among the most common andreaction with various aromatic compounds (both electron-
important transformations in organic chemistry for electro- rich and electron-poor) produced benzophenone derivatives
philic aromatic alkylations and acylatioAsA significant in good yields? In light of these results, we envisioned that
number of Lewis acid catalysts, including AKCENCL, and under similar superacid activating conditions the strained
BFs-OEt, have been shown to be very successful for the g-lactam was anticipated to be a good substrate for acylating
acylation of aromatic substrates with acid chlorides or aromatics to produce th@-amino aromatic ketone deriva-
anhydrideg. Surprisingly, to our knowledge, no intermo- tives. Herein we report a very mild procedure for the
lecular Friedel—Crafts acylations utilizing-lactams as acylation of aromatic substrates with 2-azetidinones and
substrates have been reported to date. The highly strainedN-substituted azetidinones with trifluoromethanesulfonic acid
B-lactam was anticipated to be a good substrate for acylatingto give the correspondingramino aromatic ketones in good
aromatics to producf-amino aromatic ketone derivatives. to excellent yields (Table 1).

Considering the proven generality and usefulness of Friedel The efficacy of 2-azetidinone as a Fried€lrafts substrate
Crafts acylations in organic synthesis, as well as the easyfor a variety of aromatic compounds, including toluene,
access to a wide range of substitufgthctams, we herein  chlorobenzene, anisole, and nitrobenzene, is illustrated in
report a significant expansion of the arsenal of Fried&lafts Table 1. With the exception of nitrobenzene, all reactions
reactions with the use of azetidinones as substrates (Figureprovided thes-amino aromatic ketone derivativ@sas the

1). triflate salt in excellent yields (Table 1). By contrast, the

_ less straine@-butyrolactans failed to undergo the Friedel—
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Recently, it was reported that aromatic esters can be (3) Hwang, J. P.. Prakash, G. K. S.: Olah, G Ttrahedror2000, 56,
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Table 1. Friedel—Crafts Acylation with
Trifluoromethanesulfonic Acid on Various Aromatic Substrates
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CF3S03H (1.0 eq)
_oreeEenine

1,2-dichloroethane
"Nucleophile”

1 0°Ctort., 15 min
substrate 1 R nucleophile yield (%) of 2
1 H benzene 98
1 Me toluene 93
1 Cl chlorobenzene 92
1 MeO anisole 95
12 Br bromobenzene 92
1 NO; nitrobenezene 0
3b H benzene 0

aOptimal yields obtained when heated to ®Dfor 2 h.? Reaction was
heated to reflux in benzene with no desired product isolated.

NH

Crafts reaction even under more vigorous conditions. A

possible mechanism consistent with previous reported studies

could involve N-protonation of the3-lactam, followed by
C—N bond fission resulting in the relief of ring strefithe
highly reactive acyl carbonium ion then further reacts with

the aromatic substrate, providing the acylated product (Figure

1).

The Friedet-Crafts acylation of varioubl-acylated 2-aze-
tidinones4 with benzene in 1,2-dichloroethane was subse-
quently investigated (Table 2). Treatment of 2-azetidinone

Table 2. Friedel—Crafts Acylation with
Trifluoromethanesulfonic Acid

]
OENR CF3S03H (1.0 eq) NHR
1,2-dichloroethane
Benzene
4 0°Ctort., 15 min 5
substrate 4 R acid yield (%) of 5
4a COz2Me CF3SO3H 65
4b CO,CH,CCl3 CF3SO3H 85
4b COzCHzCCle, A|C|3 npa
4b C02CH2CC|3 BFg'OEtz npa
4b C02CH2CC|3 SI’IC|4 npa

aNo products isolated.

4aor 4b with 1.0 equiv of trifluoromethanesulfonic acid at
0 °C in a 1:1 mixture of benzene and 1,2-dichloroethane
provided the corresponding productsin good yields.
Treatment of the 2-azetidinond® with traditional Lewis
acids did not result in any Friedel—Crafts acylation of
benzene.

460

Treatment of theN-Troc (2,2,2-trichloroethoxycarbonyl)-
protecteds-lactam4b with 1.1 equiv of trifluoromethane-
sulfonic acid at 0°C in the presence of an excess of
naphthalene (10 equiv) for 15 min afQ provided a 1:0.78
mixture of the 1- and 2-substituted naphthalene isomers in
good yields (Table 3). Thés-lactams also proved to be

Table 3. Friedel—Crafts Acylation of Naphthalene and

Pyrroles
R CF3803H (1.0 eq) e
tN-Troc _CFesOsfidoeq )K/\
1,2-dichloroethane Ar NHTroc
“Nucleophile"
e 0°Ctort.
nucleophile Products % yield
NHTroc o
“ NHTroc 84%2
(o 78)
Z S NHTroc
NHTroc 65%
()
SOzPh SOzF’h SOzPh 1
{ \ NHTroc
/) <—f‘\/\ NHTroc
N 35%
Tips Tlps Tlps

a|solated as an inseparable mixture of 1- and 2-substituted naphthalene
derivatives.

substrates for the acylation of aromatic heterocycles, il-
lustrated here with the phenylsulfonyl- and triisopropyl-
protected pyrroles (Table 3). The phenylsulfonyl- and the
silyl-protected pyrroles provided the 2- and 3-acylated
substrates, respectively.

In addition, we examined thBl-aryl 2-azetidinones (p-
NO,, p-Cl, p-F, H, p-OMe) 6a—e under the same mild
condition because of their high propensity to suffer-&xD
bond cleavage under both acidic and basic conditiortse
N-aryl 2-azetidinones were prepared by standard protécols.
N-Aryl 2-azetidinones have previously been shown to
undergo a Fries-type rearrangement, resulting in the corre-
sponding 2,3-dihydro-4@)-quinolones 7 under forcing
conditions (reflux in trifluoroacetic acid for 2 K)\We report
here a significantly milder method for the preparation of
quinolones? by trifluoromethanesulfonic acid (1.0 equiv)
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Table 4. Fries-Type Rearrangement of ArgtLactams

0]
R
/©/ _CF3SO3H (1.0 60) _ ﬁ%l@/
t 1 2-dichloroethane N
0°C tor.t., 15 min. H 7
substrate 6 R time yield (%) of 7
6a NO; 15 min 0
6b Cl 15 min 97
6¢C F 15 min 98
6d? H 15 min 96
6e2 OMe 15 min 97

aTwo equivalents of trifluoromethanesulfonic acid were required for
optimal yields.

in 1,2-dichloroethane (8C to room temperature over 15 min)
in excellent yields (Table 4).
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In summary, we report the first Friedel—Crafts acylations
of aromatic substrates usifiglactams with trifluoromethane-
sulfonic acid. Further studies of this methodology and the
potential applications to the total synthesis of natural products
are currently under investigation in these laboratories and
will be reported in due course.
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