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A Dichotomy in the Friedel-Crafts Reactions of Lactones
Provides a Convenient New Route to 2-Acylated Pyrroles

and Tetrahydroindolones.
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Abstract: In Slriking contrasl 10 arenes, N·mt!lhylpyrrole Imdergoes Friedel·Cra/ls~
wilh /aCtoMS. The reaction is mLJSI efficient wilh ,.. and 6-ltJctontS; t·lacloMs proceed wilh poor
overall conversion while !J-lacloMs display poor seleclivity. ,..Alkyl·,..laclones readily yield
4S,6,7-letrahydroindol-7-ones Ihrough a sequence analogous to the Truct-Olson QII1Iulalion.

The Lewis acid mediated union of arenes with lactones was first described by Eijkmann in 1904.1 In

the subsequent years several extensions have been reponed and melhod has become widely used for the
preparation of arylalkanoic acids.2-6 While much effon has focused on delineating lhe scope of this
reaction wilh respect to lhe lactone,2 the arene3 and the Lewis acid•• scant attention has been paid to its use
as a means of elaborating heteroaromatic compounds.s We lherefore decided to extend our current study to
address this omission.6 In this letter we wish to repon some of our preliminary findings which have
revealed a striking dichotomy between lhe Friedel·Crafts reactions of pyrroles and arenes wilh lactones.7
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We fust examined the coupling of N·methylpyrrole and 'Y-bulyrolactone.8 Unexpectedly, heating a

chlorofonn solution of these materials at 6O"C for 3h provided the acylated product 2 (80%) rather than the
anticipated carboxylic acid 3 (Scheme 1).9 Two minor components, the tetrahydroindolones 4 (8%) and 5
(9%) were also isolated.to
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To explore funher the scope of this method, we next examined the effect of the lactone ring size upon
the outcome of the reaction. With ~-propiolactone the reaction was found to be much less selective; the
aforementioned conditions giving rise to a 5:2 mixture of the 2- and 3-acylated pyrroles 6 and 10 in a
disappointing 28% yield. The overall yield was substantially improved when the reaction was conducted at
-30°C with TiC4, however the pyrrole 6 was now accompanied by the alkylation products 9 and 11 (67%,
6:9:11,4:3:1). With 8-valerolactone (60°C, CHCb, 3h) the reaction was cleaner, furnishing the ketone 7
in reasonable yield (58%) together with some recovered lactone (20%). Similarly, the homologous ketone
8 could be accessed from e-capriolactone (60°C, CHCl3, 4h), albeit with poor overall conversion (26% +

65% recovered lactone). Prolonged reaction times with the lactones were found to be deleterious. Esters
failed to give any substitution products.
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We then examined the possibility of effecting a reversed Truce - Olson annulation of N-methyl•
pyrrole using this methodology (viz. Scheme 2).11 Initial attempts to optimise production of 4 and 5 from
y-butyrolactone met with limited success. However, simply refluxing a chlorofonn solution containing "t
valerolactone, N-methylpyrrole and aluminium trichloride for Ih furnished, in 65% yield, the
tetrahydroindolone 12. This was accompanied by lesser quantities of the regioisomer 13 (26%).
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Scheme 2

Similarly, treatment of N-methylpyrrole in an analogous fashion with the cis-lactone 14 produced a
mixture of the trans-diastereoisomers 15 (45%) and 16 (22%). When this reaction was perfonned using a
1:1 mixture of the cis- and trans- lactones 14 and 17, this ratio was reflected in the resulting mixture of
tetrahydroindolones. This suggests that the ring closure step proceeds with almost complete inversion of
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configuration at the stereogenic centre. By way of comparison, the corresponding annulation of arenes

gives c.a. 50% net inversion,12

'¢r;
0

'¢r;
0

0

···0 ~~ ..··CD..~o i N,
o I I o I .: Ii.

14 15 16 17 18 19

23

~H
N
I

22

o OH

~
N
I

~ --. ~OH
'f T 1

21

~I 0 OH
20

Attempts to effect a pentannulation of N-methylpyrrole with ~-butyrolactone were unsuccessful. 13

Indeed, in all cases studied a mixture of mono-acylated and alkylated products resulted. A summary of
some key experiments is presented in Table 1. Terminally substituted 8- and t-lactones were similarly

disappointing in this regard.

Table 1: On the Lewis acid mediated union ofN-methylpyrrole with !3-butyrolactone

Conditions 20 21 22 23

Seq. AlCI3, CRCI3, 6Q°C 21% 24% . S%

Seq. TiC14, CRCl), 20°C 21% 24% 13% 14%

Seq. TiCI4, CRCI3, -20°C 3% 45% S% 45%

At this time we are uncertain why arenes should undergo alkylation with lactones while pyrroles

provide the products of acylation. It is our assumption that electronic factors playa critical role. Current
effort is aimed at further delineating the scope of this methodology and exploiting the annulation sequence

in target oriented synthesis.6
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