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ABSTRACT

(Hetero)aryl-, alkenyl-, and selected alkyl-substituted acid chlorides can be efficiently coupled with N-Boc-protected propargylamine to produce
ynones which are converted in a one-pot fashion to 2-substituted N-Boc-4-iodopyrroles. Upon addition of a further alkyne, another Sonogashira
coupling can be carried out in a one-pot fashion. This sequentially Pd/Cu-catalyzed process represents a very mild and efficient entry to
2,4-disubstituted N-Boc-pyrroles.

Among five-membered heterocycles, pyrroles are the most
prominent ones1 since they constitute important classes of
natural products,2 synthetic pharmaceuticals,3 and electrically
conducting materials such as polypyrroles.4 Therefore, the
development of new pyrrole syntheses and synthetic strate-

gies has remained an ongoing challenge.5 In particular,
multicomponent approaches have inevitably become increas-
ingly important due to their elegance and practicability.6

Furthermore, the quest for mild synthetic methods for
compounds with unusual substitution patterns such as 2,4-
disubstituted pyrroles has turned out to be nontrivial.7 As
part of our program to develop multicomponent syntheses
of heterocycles initiated by transition-metal catalysis,8 a
strategy based upon alkynones via Sonogashira coupling9

becomes apparent. Here, we communicate a concise, one-
pot synthesis of Boc-protected 2-substituted 4-iodopyrroles
and first examples of sequentially Pd/Cu-catalyzed subse-
quent alkynylations, also in a one-pot fashion.

In the past years, the Sonogashira coupling of acid
chlorides with terminal alkynes using only 1 equiv of
triethylamine has proven to be a very effective tool for the
formation of ynones,10 which can be further reacted with
various nucleophiles in a one-pot fashion,11 opening an entry
to many consecutive multicomponent syntheses of hetero-
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cycles.8,9 Most interestingly, the subsequent additions to
alkynones are restricted to not only Brønsted basic conditions
but also Brønsted acid mediated transformations for the one-
pot synthesis of halofurans,12 and oxazoles13 via the inter-
mediacy of propargyl ketone derivatives can be easily
realized as a consequence of the mild reaction conditions of
the Sonogashira coupling (Scheme 1).

Halopyrroles14,15 are valuable synthetic building blocks
for synthetic transformations, and therefore, a multicompo-

nent access would be highly desirable. For the three-
component synthesis of the 4-iodopyrroles with a nitrogen
protecting group, propargyl amides appear to be the most
suitable starting materials. Since the cycloisomerization to
an oxazole under acidic conditions could jeopardize this
endeavor, the choice of the right nitrogen protecting group
plays a key role. The Boc group is a versatile carbamate
protecting group for the pyrrole nitrogen atom, useful for
many transformations on the pyrrole core and easily remov-
able. Therefore, upon reacting toluoyl chloride (1a) and
N-Boc-protected propargylamine (2) under modified Sono-
gashira conditions, the intermediate alkynone 3a16 was
obtained. Without isolation, the concluding addition-cyclo-
condensation furnishes the N-Boc-4-iodo-2-p-tolylpyrrole
(4a) (Scheme 2). The final addition-cyclocondensation step

was optimized for the sequence by variation of the amount
of PTSA · H2O, the added cosolvent, and the reaction time
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Scheme 1. Switching Conditions from Brønsted Basic to Brønsted
Acidic Conditions Leading to Coupling-Addition-Cyclocondensation

and Coupling-Cycloisomerization Sequences via Propargyl Ketone
Derivatives

Scheme 2. Optimization of the One-Pot
Coupling-Addition-Cyclocondensation Synthesis of

4-Iodopyrrole 4a
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(Table 1). The best conditions smoothly provided the desired
product 4a in 69% isolated yield within 1 h upon applying
2 equiv of PTSA·H2O and t-BuOH as the alcoholic additive
(entry 4). Interestingly, the yields of 4a were higher than
that of the isolated intermediate ynone 3a.16

With this mild, quick and practical protocol in hand we
set out to screen the scope of this reaction (Scheme 3, Table

2). Upon upscaling to a 5 mmol level, an even higher yield
of the 4-iodopyrrole 4a can be obtained (Table 2, entry 1 vs
Table 1, entry 4). Further upscaling to 30 mmol furnished
compound 4d in 77% isolated yield (73% yield on the 5
mmol scale, Table 2, entry 4). The structures of the
4-iodopyrroles 4 were unambiguously assigned by spectro-
scopic characterization and combustion analysis and later
corroborated by an X-ray crystal structure analysis for
compound 4d (Figure 1).17

The sequence starts with easily accessible starting materials
and gives good yields of 4-iodopyrroles 4, and it is easy to
perform with a simple catalyst system and under mild
conditions.18 It was found to be quite general with respect
to the underlying acid chlorides 1. Aromatic substituents
bearing electroneutral (entry 5), electron-withdrawing (entries
6 and 7), and electron-donating (entries 1-4) substituents
even in the ortho-position (entry 3) are tolerated. Further-
more, heteroaryl (entry 8), alkenyl (entry 9), cyclopropyl
(entry 10), and sterically demanding adamantyl (entry 11)
substituents can be effectively carried through the sequence.

However, for nonaromatic acid chlorides, the reaction times
of coupling were slightly longer than 1 h.
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80, 702.

(8) D’Souza, D. M.; Müller, T. J. J. Chem. Soc. ReV. 2007, 36, 1095.

(9) (a) Willy, B.; Müller, T. J. J. ARKIVOC 2008, 1, 195. (b) Müller,
T. J. J. Chim. Oggi/Chem. Today 2007, 25, 70. (c) Müller, T. J. J. Targets
Heterocycl. Systems 2006, 10, 54.
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Table 1. Optimization of the Final Addition-Cyclocondensation
Step within the One-Pot Three-Component Synthesis of
4-Iodopyrrole 4a

entry
PTSA · H2O

(equiv)
added

cosolvent
reaction
time (h)

4-iodopyrrole 4a
(isolated yield, %)

1 1.0 MeOH 22a 60
2 1.0 t-BuOH 19a 65
3 2.0 t-BuOH 19 70
4 2.0 t-BuOH 1 69
a After 1 h the reaction was not complete according to TLC monitoring.

Scheme 3. One-Pot Three-Component Synthesis of
4-Iodopyrroles 4

Table 2. One-Pot Three-Component Synthesis of 4-Iodopyrroles
4

a All reactions were performed on 5 mmol scale. b The reaction time
for the coupling step was 21 h. c The reaction time for the coupling step
was 3 h.
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The obtained 4-iodopyrroles 4 are highly useful synthetic
building blocks,19 and the first scouting experiments were

performed in the sense of a sequentially Pd/Cu-catalyzed
reaction20 since the catalyst system should be still operative
after the coupling-addition-cyclocondensation sequence.
Therefore, just upon addition of another terminal alkyne 5
to the reaction mixture, N-Boc-2-aryl-4-alkynylpyrroles 6
were obtained in good yields (Scheme 4). The conditions

are sufficiently mild to leave the Boc group uncleaved. In
comparison to the coupling-addition-cyclocondensation-
coupling one-pot synthesis (58% yield), the two-step syn-
thesis of the alkynyl pyrrole 6a furnishes a comparable
overall yield (61%).

In conclusion, we disclose an efficient one-pot three-
component synthesis of 2-substituted N-Boc-4-iodopyrroles
that can easily be upscaled to multigrams, and we also show
preliminary examples of a coupling-addition-cycloconden-
sation-coupling sequence to 4-alkynyl-N-Boc-pyrroles in
good yields. This latter principle appears to be quite general
and further terminating cross-coupling reactions can be easily
envisioned. Studies taking advantage of this versatile one-
pot multicomponent strategy to iodopyrroles as valuable
building blocks for the synthesis of 2,4-disubstituted pyrrole
derivatives are currently underway.
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Figure 1. ORTEP plot of compound 4d.

Scheme 4. Coupling-Addition-Cyclocondensation-Coupling
Sequence to 4-Alkynyl-N-Boc-pyrroles 6
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