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A novel method for the preparation of N-acylpyrrole is described. The method involves condensation of carboxylic acids with 2,4,4-trimethoxybutan-1-
amine, followed by acid-mediated cyclization to form the pyrrole ring. The preparative procedure is highly tolerant of a variety of functional groups.

The unique reactivities and usefulness of N-acylpyrroles
have been widely explored (Scheme 1). N-Acylpyrroles are
activated acid derivatives that can react with a variety of
nucleophiles, including alcohols or amines to generate the
corresponding esters or amides, respectively.' Reactions of
N-acylpyrroles with lithium borohydride or organometal-
lic reagents give tetrahedral pyrrolyl carbinols with sufficient
stability for isolation,? which could in turn be converted to
aldehydes and ketones.” In addition, N-acylpyrroles have
ketone-like reactivities because of the limited donation of
the lone pair electrons on the nitrogen atom to the carbonyl
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Scheme 1. Versatility of N-Acylpyrrole
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group. This property of N-acylpyrroles plays an important
role in organic synthesis* as well as in the field of asym-
metric synthesis.’

Typical methods for the preparation of the N-acylpyr-
rolesinclude direct acylation of a pyrrole and condensation



of primary amides with succinaldehyde equivalents.'®>%’

However, these methods have rather serious limitations.
The former requires activation of carboxylic acids as acid
chlorides and, in some cases, metalation of pyrrole. The
latter requires harsh conditions such as heating in acetic
acid or treatment with strong acids. These drawbacks
precluded the application of N-acylpyrroles to the synthesis
of complex molecules. Herein we report a novel method for
preparing N-acylpyrroles under mild conditions from read-
ily available 2,4,4-trimethoxybutan-1-amine.®

2.4,4-Trimethoxybutan-1-amine (1), a key reagent, was
prepared in two steps from inexpensive 1,1,3,3-tetra-
methoxypropane (2, Scheme 2). Treatment of 2 with
trimethylsilyl cyanide in the presence of boron trifluoride
etherate afforded nitrile 3 in 92% yield.” Reduction of 3
with LiAlH4 afforded, after distillation, the requisite amine
1in 73% yield.

Scheme 2. Preparation of 2,4,4-Trimethoxybutan-1-amine (1)
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Scheme 3. Typical Procedure for Preparation of N-Acylpyrrole
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Table 1. Substrate Scope of the N-Acylpyrrole Synthesis®
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R™ "OH  2) CsA, quinoline R @
toluene, reflux =
yield (%)°
entry carboxylic acid
amide  N-acylpyrrole
/©/002H
Rl
1 R’ =Me 90 91
2 R’ = OMe 78 95
3 R’ =Br 72 98
4 R’ = CO)Me 76 93
5 R’ =NO; 75 93
Me

6° C[ COH 65° 95
Me

Rl
O/COZH
8 R’=H 91 93
9¢ R’ =Me 46° 98
R'O\[(\/COQH
O
10 R’ =Bn 91 97
11 R’ = allyl 74 99
- COH
12 93 98
OR'
BocHN™ "CO,H
13 R’ = MOM 72¢ 86
14 R’ =TBS 86° 76
Ph
15 91¢ 80"
BocHN™ "CO,H

“Reaction conditions: (1) 1 (1.0 equiv), EDCI (1.5 equiv), Et;N
(1.35 equiv), CH,Cl,, 0 °C to rt, 1.5 h. (2) CSA (0.1 equiv), quinoline
(0.1 equiv), toluene, reflux, 0.5 h. * Isolated yield.  HOBT (1.0 equiv) was
added in the first step. ¢ >99% ee, determined by HPLC analysis.

Preparation of N-acylpyrroles involves condensation
of carboxylic acids with amine 1, followed by the
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acid-mediated cyclization. A typical procedure is illu-
strated in Scheme 3. Condensation of carboxylic acid 4
with amine 1 proceeded smoothly by means of EDCI
and Et;N. Treatment of the resulting amide S with CSA
(0.1 equiv) and quinoline (0.1 equiv) in refluxing
toluene'? afforded N-acylpyrrole 6 in good to excellent
yields.

The substrate scope of the N-acylpyrrole synthesis is
summarized in Table 1. A variety of aromatic carboxylic
acids with both electron donating and withdrawing sub-
stituents on the aromatic ring were compatible with the
reaction conditions, providing the corresponding products
in high yield (entries 1—5). Aliphatic and a.f-unsaturated
carboxylic acids could also be converted into N-acylpyr-
roles in good yields (entries 7, 8, and 10—12). Although
condensation of sterically crowded carboxylic acids with 1
gave the corresponding amides in relatively low yields,
formation of the pyrrole ring proceeded without difficul-
ties (entries 6 and 9). A variety of functional groups,
including Boc, MOM, and TBS groups, were compatible
with the mild reaction conditions (entries 13 and 14).
Furthermore, Boc-L-phenylalanine could be converted
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into the corresponding N-acylpyrrole without racemiza-
tion (entry 15).

In conclusion, we have demonstrated the utility of 2,4,4-
trimethoxybutan-1-amine for the preparation of N-acyl-
pyrroles. A variety of functional groups could survive the
mild conditions required for the transformation. Because
N-acylpyrroles can readily be converted to carbonyl com-
pounds such as aldehydes, ketones, esters, and amides, it is
safe to say that our novel method provides access to carbonyl
functionalities in the synthesis of complex molecules.
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