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Abstract A La(OTf); catalyzed synthesis of tetrasubstituted pyrroles under microwave irradiation has been developed affording

various a-aryl tetrasubstituted pyrroles in acceptable to good yields (36-82% yield) through condensation/alkyne

azacyclization/isomerization sequence. Functionalized a-aryl pentasubstituted pyrroles could be prepared from tetrasubstituted

pyrroles through easy transformations.
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Pyrrole is an important structural motif that could be found in a large number of natural products, drug molecules and synthetic
bioactive molecules.* Among this class of heterocycles, a-aryl polysubstituted pyrroles are extremely attractive because of their
frequent occurrence in biological compounds (Figure 1).2 For example, Atorvastatin is an HMG-CoA inhibitor and used for the
treatment of dyslipidemia;?*® URB 447 is a selective FAAH inhibitor;** BM212 was found to be a potent antimycobacterial
agent.”® The development of efficient synthesis of ploysubstituted pyrroles has attracted tremendous attention in the fields of
medicinal chemistry and synthetic chemistry owing to their great importance. Very recently, many elegant methodologies have
been developed to construct highly substituted pyrroles®, such as multicomponent reactions*, C-H bond activation®, 1,3-dipolar
cycloaddition®, oxidative cross-coupling/cyclization’, and rearrangement cascade.® However, in spite of the existence of a wide

range of excellent synthetic methods, the construction of diversified libraries of pyrroles amenable to pharmaceutical research
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and for lead optimization is still chanlleging. Thus, development of more convenient methods to allow access to structurally

diversified pyrroles using readily accessible material is extremely desirable.
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Figure 1. Natural products and synthetic bioactive compounds bearing a-aryl tetrasubstituted pyrroles.

Recently, alkyne azacyclization-based [4+1] annulation has shown broad application in the synthesis of multisubstituted
pyrroles.® Bi, Zhang and co-workers developed a highly efficient iron-catalyzed [4C+1N] cyclization leading to the synthesis of
a variety of tetra- and fully-substituted pyrroles in good yields.®® The preparation of multisubstituted pyrroles via
propargylation/cycloisomerization sequence has been achieved by Roy group and Zheng group by employing Ir-Sn bimetallic
catalyst and AgSbFs respectively.” ® Tsuji and Nakamura reported their development of Indium-catalyzed synthesis of
ploysubstituted pyrroles via [4+1] annulation strategy.* Zhan group developed a facile chemoselective copper-promoted
synthesis of polysubstituted pyrroles through the formation of 1,4-diynes as key intermediates from propargyl alcohols and
terminal alkynes.® In our previous study, our group disclosed a tandem copper-catalyzed propargylation/alkyne

azacyclization/isomerization reaction to synthesize fully substituted pyrroles, especially a-aryl pentasubstituted pyrroles, from



B-enamino compounds and propargy! acetates.'® We hypothesized that 2-propynyl-1,3-dicarbonyl compounds would react with
amines in the presence of metal catalyst to deliver tetrasubstituted pyrroles through condensation/alkyne
azacyclization/isomerization sequence. As part of our continuing efforts to construct heterocycles through metal-catalyzed
tandem propargylation/alkyne cyclization cascade, we report here our work of microwave assisted and La(OTf); catalyzed

synthesis of tetrasubstituted pyrroles and their easy transformations to fully substituted pyrroles (Scheme 1).
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Scheme 1. Design of a-aryl tetrasubstituted and fully substituted pyrroles synthesis.

Our study centered on Lewis acid catalyzed condensation and subsequent alkyne azacyclization to yield tetrasubstituted pyrrole.
Accordingly, we evaluated the efficiency of Lewis acid, ligand, substrate ratio, and solvent. We chose propargylated p-ketoester
1a and amine 1b as model substrates. In order to avoid the competitive reaction of oxacyclization, excess amount of amine
was used at first.As shown in Table 1, screen of Lewis acid and solvents demonstrated that La(OTf)3; and PhCF3; are most
effective as catalyst and solvent respectively (entries 1-9). Surprisingly, copper salts only give poor yields and are not as
effective as that in the microwave assisted synthesis of pyrrole with p-enamino compounds and propargy! acetates.'® Ligands
were then tested in order to improve the yield and PPhs; was found to be the best choice (entries 10-13). Further optimization
demonstrates that the use of 2 equivalents of amine gives the best yield (entries 14-16). We also investigated if any positive
effect could be achieved on yield by lowering reaction temperature. However, poor yield and conversion were observed when

the reaction was carried out at 120 °C (entry 17). Decreased catalyst amount resulted in reduced yield too (entry 18).



Table 1

Optimization results®”

NH,

o O Catalyst, solvent EIOOCI\B?MS
Ph OEt + MW, 150 °C, 30 mirl_ Ph N
A OMe ©\OMQ
1a 2a 3a
Entry  Cat Additive Ea;:'ga) Sol Yield [%]
1 Ni(OTf), - 1:3 Toluene 12
2 La(OTf); - 1:3 Toluene 24
3 Yb(OTf)3 - 1:3 Toluene 12
4 Sc(0Tf); - 1:3 Toluene 5
5 Cu(OTf), - 1:3 Toluene 16
6 CuBr - 1:3 Toluene 12
7 La(OTf); - 1:3 Dioxane 11
8 La(OTf); - 1:3 PhCF; 39
9 La(OTf); - 1:3 DMF <5
10 La(OTf); PPh; 1:3 PhCF; 63
11 La(OTf)s TMEDA 1:3 PhCF; 11
12° La(OTH); DPPP 1:3 PhCF; 40
13° La(OTf), DPPE 1:3 PhCF; 37
14 La(OTH); PPh, 1:2 PhCF; 83
15 La(OTf)s PPhs 2:1 PhCF; 65
16 La(OTHs PPh; 1:2 PhCF; 81
179 La(OTf)s PPhs 1:2 PhCF; 14
18" La(OTf); PPhs 1:2 PhCFs3 67

& Unless otherwise noted, reaction was performed with 0.1 mmol of 1a, 0.3 mmol of 2a, 20 mol% of catalyst and 80 mol% of additive in 1.0 mL of
solvent irradiated by microwave at 150 °C for 30 minutes.

®Yield was determined by 14 NMR with CH,Br, as internal standard.

“With 40 mol% of additive.

4 With 0.2 mmol of 1a, 0.4 mmol of 2a, 20 mol% of La(OTf)z and 80 mol% of PPhs in 1.0 mL of PhCF.

¢ At 120 °C.

fwith 0.2 mmol of 1a, 0.4 mmol of 2a, 10 mol% of La(OTf)z and 40 mol% of PPhs in 1.0 mL of PhCF.

As we obtained the optimized reaction conditions, we then examined the substrate scope. As shown in Table 2, aliphatic amines
could be applied successfully in this catalytic system. 4-Methoxybenzylamine, 2-furylmethylamine, tryptamine, isobutylamine,
methoxyethylamine, 4-morpholinepropylamine, and cyclopropylamine gave corresponding tetrasubstituted pyrroles in

moderate to good yields (62-82%). The use of p-anisidine led to slightly decreased yield (57%) even with prolonged reaction



time probably due to its poor reactivity. Product 3i was failed to obtain probably because of methoxy group at 2-position
hindering condensation. Electron-donating groups at 3 and 4 positions of the aromatic ring of 2-propynyl-1,3-dicarbonyl
compounds have little influence on yields. Propargylated p-ketoester bearing bromo substituted ring delivered product 3m in 36%
yield. Decreased yield (39%) was also observed when methyl 2-(furan-2-carbonyl) pent-4-ynoate was submitted to this system.
Corresponding pyrrole 30 was not detected when substrate bearing internal alkyne was applied. It shows the limitation of this
catalytic system. Alkylated 2-propynyl-1,3-dicarbonyl compound could also be tolerant 'in this catalytic system affording

compound 3p in 70% yield.

Table 2

Examination of substrate scopea"b
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& Unless otherwise noted, reaction was performed with 0.2 mmol of 1a, 0.4 mmol of 2a, 20 mol% of La(OTf); and 80 mol% of PPhs in 1.0 mL of
PhCF; irradiated under microwave at 150 °C.

® Isolated yield.

¢With 0.4 mmol of 1a, 0.8 mmol of 2a.

4 With 0.4 mmol of 1a, 0.2 mmol of 2a.

In order to get more evidence for mechanism proposal, we performed control experiments (Scheme 2). In contrast to the
catalytic system with copper catalyst developed previously to synthesize dihydrofurans and furans, no reaction occurred in the

absence of amine under the current conditions. This indicates that La(OTf); is not an effective promoter for alkyne



oxacyclization as copper or indium salts.***

Without catalyst, no desired product or other intermediate was observed. When
compounds 1a and 2a were treated under the catalytic system in the presence of D0, the deuterium labelled product 3a-D was

isolated in 52% yield. 63% and 56% deuteriums at 4 position and 5-methyl group of pyrrole ring were observed respectively

indicating an allenyl intermediate may be involved and protonation/isomerization sequence occurred in this process.
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Scheme 2. Control experiments and deuterium labeling study.

On the basis of our resultsand previous reports, we proposed a possible mechanism for this [4+1] annulation. Firstly La(OTf)3
acts as a Lewis acid to promote the condensation of propargylated B-ketoester 1 and amine 2. Then 5-exo-dig cyclization occurs
through alkyne m-activation. The following protonation of intermediate C and isomerization of intermediate D give
tetrasubstituted pyrrole. As product 3a-D was obtained in deuterium labeling study (Scheme 3), equilibrium between

intermediate A bearing allenyl group and intermediate B bearing alkyne group may be involved in this catalytic cycle.
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Scheme 3. Proposed mechanism.

Fully substituted pyrroles show a wide range of bioactivities™*?, but there are few methods available for easy assembly of
functionalized fully substituted pyrroles, especially a-aryl pentasubstituted pyrroles.*® In order to demonstrate the utilization of
our method, we tried to realize easy preparation of fully substituted pyrroles from tetrasubstituted pyrrole through simple
chemical transformations. As shown in Scheme 4, compounds 5 and 6 could be obtained by Vilsmeier-Haack reaction and
Mannich reaction respectively in good yields (82% and 67%). Bromination of 3a with NBS and a following Suzuki coupling
gave o,y-diarylated pyrrole 8 in good yield (77% totally). Olefination of compound 3a could be achieved by Oxidative Heck

reactions leading to functionalized pyrroles 9 and 10 in 43% and 70% yields respectively.
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Scheme 4. Transformations to fully substituted pyrroles.

In conclusion, we have developed a La(OTf); catalyzed synthesis of tetrasubstituted pyrroles under microwave irradiation.
Various a-aryl tetrasubstituted pyrroles could be afforded in acceptable to good yields using readily available materials
(36-82%). Based on our results and previous reports we proposed that this reaction undergoes through condensation/alkyne
azacyclization/isomerization sequence. Functionalized a-aryl pentasubstituted pyrroles could be prepared from tetrasubstituted

pyrroles through-easy transformations.
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Highlights
* A La(OTf); catalyzed synthesis of tetrasubstituted pyrroles under microwave irradiation has been developed.

* Reaction undergoes through condensation/alkyne azacyclization/isomerization sequence.
* Functionalized a-aryl pentasubstituted pyrroles could be prepared easily.



