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FRIEDEL~CRAFTS COORDINATED PROCESSES:
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SELECTIVE CYCLOOLIGOMERIZATION OF ACYL CHLORID
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{ Summary - Adducts AlCl,.RCOC1 undergo highly regioselective self- and
cross-condensation., 4-HydTroxy-2-pyrones and 2-acetyl-indan~1,3-diones are
synthesized in good yields.

Aliphatic acid chlorides and anhydrides undergo condensation with different carbonyl
compounds affording polymeric materialsl as well as oligomers, including cyclic
derivatives2 and polyhydric phenols.3 Despite the intensive studies in this area the
selective oligomerization of acyl chlorides remains a still open problem, particularly
vwhen the cross-condensation of different substrates is involved.

During our studies on the ortho-coordinated acylation of phenol saltsa our attention
turned to the evaluation of the relative stability of adducts between AlCl3 and various
acyl chlorides, and the reactivity of these complexes toward different carbonyl
derivatives.s Now we found that AlCla.RCH2COCl adducts are able to promote strictly
controlled dehydrohalogenative cross- as well as self-condensation of acyl chlorides. This
study make it possible to evidence the regiochemical behaviour of the reaction solely as a
function of R in RCHchCI.

SCHEME
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As depicted in the Scheme, 2-acetyl-indan~1,3-diones 7 (route a) or
4-hydroxy-2-pyrones 9 (route b) are obtained in high yields and complete regiochemical
control.

All reactions were carried ocut by adding the aliphatic acid chloride 1 (0.02 mol) to
a solution of AICI3 (0.03 mol) and aromatic acid chloride 5 (0,01 mol) in dry nitrobenzene

and heating the mixture at 100°C for 5 bh.

Table 1. Preparation of 2-acetyl-indan-1,3-diones 7 (see Scheme) by sequence

cross—condensation of acetyl chloride and aroyl chlorides

Entry R Yield(%)? M.p.,*C
(solvent)
1 H 87 109
(EtOH)
2 5-cH, - 80 79-81
(CH2C;2)
3 - 5-0cH, 75 90
4 5-N0, 45 110°

a Represents yields of products after extraction with 20% Na2003. treatment of the aqueous
layer with 10% HCl, extraction with ether and drying with Nazsoa. followed by
chromatography on Siozleluant hexane-ethyl acetate.

b Decomposition point.
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Table 2. Preparation of 4-hydroxy-2-pyrones 9 (see Scheme) by cyclotrimerization of acyl

chlorides

Entry R Yield(%)a M.p., °C
(solvent)

1 CH3 75 151-2
(EtOH-Tol.)

2 CH3CH2 70 78-80
(EtOH-Tol.)

3 CH3(CH2)2 30 81-2

{Tol.)

4 CHJ(CHZJ3 75 (foam)

2 See note a) Table 1.

On the basis of reports from literature6 and our previous results7 we can hypothesize
the following reaction pathway: an aldol-type condensation of the enol acyl chloride 3
with the starting matierial 1 produces the P-ketoacid chloride 4, as Aluminum chelate.a At
this point, the intermediate 4 could react with the aromatic acyl chloride 5 (route a,
cross~condensation) or the aliphatic one (route b, self-condensation). Our results
demonstrate there is a fine balance between the two chemical pathways solely depending on
the nature of R in RCHZCOCI. Indeed, when R = H the intermediate 4 reacts at the active
methylene carbon with the aromatic acyl chloride 5 affording the highly enolized
tricarbonyl derivative 6. The successive chemical evolution of 6 merits comment, Recent lﬂ
NMR studies suggest that the major part of the enolization of compounds 1like 6 may be
ascribed to the B-dicarbonyl structural wunit involving the benzoyl group, with the
consequent loss of the electronwithdrawing effect of the aromatic C=0.9 Moreover the
chlorocarbonyl functional group lies in the proximate ortho-position with respect the
aromatic C=0. As a consequence the intramolecular electrophilic acylation occurs very
quickly affording 2-acetyl-indan-1,3-diones 7. It is noteworthy that the synergism of the
B-dicarbonylic group enolization and the proximity effect promotes also extremely
unfavored electrophilic reactions as in the case of 4-nitrobenzoyl chloride (Table 1,
Entry 4).

As we anticipated in the first part of the present communication, the reactivity of
the intermediate 4 strictly depends on the nature of R in RCHZCOCI. When R = CH3, C2H5 or
CaHg, a dramatic change in the chemical behaviour of 4 was observed. Indeed, in all these
cases, compound 4 reacts with a third molecule of the aliphatic acyl chloride 1 affording
the enol ester 8 which is extremely reactive toward cyclizat:ion]0 and 4-hydroxy-2-pyrones

9 are obtained as final reaction products.ll



2156

In conclusion we found that acyl chlorides-AlCl, complexes promote regiochemical

control in the oligomerization of acyl chlorides gncluding cross~-condensation., The
reaction opens a direct and selective route to indandiones and a~pyrones, two classes of
substances playing an important role in organic synthesis12 and occurring in several types
of natural and biologically active compounds.s'6 More detailed studies concerning this
reaction are necessary to determine the mechanism which seems more complex than can be
solved by the simplified hypotheses here described. However these first results indicate
the large possibilities of controlling specific reaction pathways by using peculiar Lewis

acids in Friedel-Crafts like processes.13

ACKNOWLEDGEMENTS ~ This work was supported by the '"Progetto Finalizzato del CNR Chimica
Fine e Secondaria II",
REFERENCES AND NOTES
1.,- G.A, Olah, E. Zadok, R. Edler, D.H. Adamson, W. Kasha, G.K. Surya Prakash, J. Am.
Chem, Soc., 111, 9123 (1989) and references therein,
2,- G.A. Olah, Friedel-Crafts and Related Reactions, Interscience, N.,Y. Vol, III, part 2,
pp. 1093-1102, (1964); C.L. Mao, F.C. Frostick, E.H. Man, R.M. Manyik, R.L. Wells,
C.R. Hauser, J. Org. Chem,, 34, 1425 (1969).
3.~ F. Effemberger, K.H. Shonwdlder, Chem, Ber,, 117, 3270 (1984); K.H. ShUnwdlder, P.
Kollat, J.J. Stezowski, F. Effemberger, ibid., 117, 3280 (1984); F. Effemberger, T.
Ziegler, K.H. ShoUnwilder, ibid., 118, 741 (1985); T.H. Harris, C.M. Harris, Pure &

Appl, Chem., 58, 283 (1986).
4,- F, Bigi, G. Casiraghi, G. Casnati, G. Sartori, J. Chem. Soc,, Perkin Trans. I, 2655

(1984); G. Sartori, G. Casnati, F. Bigi, P. Robles, Tetrahedron Lett., 1533 (1987);

G. Sartori, G. Casnati, F. Bigi, G. Bonini, Synthesis, 10, 763 (1988); G. Sartori, G.
Casnati, F. Bigi, F. Foglio, Gazz, Chim, Ital., 120, 13 (1990).

5.- Umpublished results from cur laboratories.

6.~ R.W. Spencer, L.J. Copp, J.R. Pfister, J. Med, Chem,, 28, 1828 (1985); G. Koster,
R.W. Hoffmann, Liebigs Ann. Chem,, 987 (1987).

7.- G. Sartori, G. Casnati, F. Bigi, G. Predieri, J. Org. Chem., 55, 4371 (1990).

8.- Even if the enolate 3 is a model not totally adequate to explain the reaction, this

hypothesis may be adopted to account for self-acylation of acyl chlorides: see Ref.
2.

9.~ D, Sicker, G, Mann, Coll. Czech. Chem. Commun., 53, 839 (1988).

10,- E. Suzuki, M. Sekizaki, S. Inoue, Synthesis, 652 (1975).

11.- M.A. Osman, J. Seibl, E. Pretsch, Helv, Chim, Acta, 60, 3007 (1977).

12.- P.V. Padmanabhan, D.V. Ramana, S.R. Ramdas, Indian J. Chem., 27B, 726 (1988).

13.- Preliminary results evidenced the great importance of the Lewis acid and the solvent

in this specific reaction. For instance, 4-propionyloxy-3,5-dimethyl-6-ethyl-2-pyrone
represents the unique product (65% yield) when propionyl chloride was cyclotrimerized

in 1,2-dichloroethane instead of nitrobenzene in the presence of AlCl3.

(Received in UK 18 February 1991)



