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Pyrroles are important heterocycles broadly used in material
sciencé and found in naturally occurring and biologically
important molecule3Accordingly, substantial attention has been
paid to develop efficient methods for the synthesis of pyrroles.
Most known methods for the construction of the pyrrole ring
proceed via various types of cycloaddition or cycloisomerization
of acyclic precursofg23and are most effective for forming 2,5-
di- or polysubstituted pyrroles. To the best of our knowledge,
there are no convenient methods for the formation of a mono-
substituted pyrrole ring.Herein we wish to report a novel,
general, and efficient method for the construction of 2-monosub-
stituted and 2,5-disubstituted pyrroles, as well as fused aromatic
heterocycles containing a pyrrole ring, via the Cu-assisted
cycloisomerization of readily available alkynyl imines.

First, it was found thaN-butyl-substituted alkynyl imind.a®
in the presence of Cul (30 mol %) ind&/DMA (1:7) at 110°C
underwent cycloisomerization to give pyrra®a in 50% yield
(eq 1, Table 1, entry 1). Replacement of thidutyl group at
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; Et;N/DMA (1:7), 110°C y o
R

nitrogen with thetert-butyl group dramatically increased the
efficiency of cycloisomerization providing the pyrrd® in 86%
yield (entry 2). Encouraged by this finding, we searched for
another, potentially deprotectable group. This would allow access
to synthetically more attractive N-unsubstituted pyrroles. We
found that the triti and the 3-(ethylbutyryl) (EB) groups
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Table 1. Cu-Assisted Synthesis of Pyrrol@s

entry alkynyl imine 1 pyrrole 2 yield (%)
R1 R2 R3
1 n-Bu H #-Bua) rrBu/Q 50
n-Bu
I\
2  n-Bu H #Bu() BuTNN 86
t—E’lu
0
3  n-Bu H Tr (¢) BuT NN 91
|
Tr
4 p-Bu H -\ COoEt BUQ 93
(EB) (d) e
/\/\/ﬂ
5 A~~~ H rBuf & N 83
t—B:u
I\
6 NCTT H EB (f) NG N 51
EB
/
T8BSO._~ H  EB(p TBSOVQ 52
EB
I\
8 TBSO H EB (h) TBSO/A;> 79
EB
9 H n-Pr EB (i) Q\n-Pr 71
EB
7\
10 H Ph Ph () Q\Ph 86
Ph
I\
11 nPr Me EB (k) n-Pr N7 Me 87
|
EB

a|solated yields.

were performed with easily deprotectableEB-substituted alky-
nyl imines. This method was found to be rather general with
respect to functional group compatibility: 5-pentenyle)

perfectly serve these purposes: the corresponding alkynyl imines2-cyanoethyl- {f), OTBS-methyl- {g), and OTBS- {h) substi-

underwent smooth cycloisomerization to give the pyrr@eand
2d® in 91% and 93% yields, respectively (entries 3 and 4).
Naturally, most of our further cycloisomerization experiments
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tuted imines readily cycloisomerized to afford the corresponding
pyrroles2e—h in reasonable to good yields (Table 1, entries8h

In all of the above examples, the monosubstituted pyrroles were
synthesized from the alkynyl aldiminés—h. Alternatively, the
monosubstituted pyrrole&,j can be efficiently synthesized from
the corresponding propynyl ketiminds,j (entries 9 and 10).
Finally, the 2,5-disubstituted pyrroBk was prepared in 87% yield
from the ketiminelk (entry 11).

Inspired by the successful cycloisomerization of acyclic alkynyl
imines to pyrroles, we attempted the cycloisomerization of the
cyclic alkynyl imines3.° We were pleased to find that 2-hexynyl
pyridine 3a in the presence of CuCl (50 mol %) at 13C
underwent smooth cycloisomerization to give the indolifd&

)jn 91% vyield (Table 2, entry 1). This approach proved to be
general for the synthesis of various types of fused N-containing
heteroaromatic compounds (eq 2, Table 2). Thus, a number of

= n-Pr X
X A~ CuCl (50 mol %) =
| N @
N NEt3-DMA (1:7), 130°C nbr
3 X=CHNS

heterocyclic alkynyl substrates, such as pyridines (entrie3),1
quinoline (entry 4), isoquinoline (entry 5), pyrimidine (entry 6),
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Table 2. Cu-Assisted Synthesis of Fused Heterocydes Scheme 1
entry alkynyl imine 3 product 4 yield (%) H\ = ®1%D) D D (74%D)
~ P R = N Cul/NEty-DMA R/Z/—\S\H
1 2 s N/ 91 5o ) 110°C, 59% N
~_N (@ 5 R=CoHg, R'=t-C,H, 10 g
n-Pr
2 " JCQ 73 .
vem SN (b) Me D . P cu_ P DL D
e n-Pr _ Cu- .+~ H —
“%‘J\WH—- Y )\'V — RQ — Rﬁ
~ A P D N‘R1 R D\/ :N‘Fﬂ D ,Tl: . cut ~ |\||+) H
= 1
\ 6 7 R' 8 9 R
3 N (© /@l/\/} 73 . . . )
FsC FsC not conflict with the proposed base-induced deprotonation
n-Pr protonation sequence (Scheme 1). Furthermore, the cycloisomer-
Ve . M ization of 1j in the presence of decanal provid2dalong with
Z A= 17% of the trapping produdtl (eq 3), thus supporting possible
4 N (@) s N/ 78 involvement of an anionic intermediate of tyPen the above
n-Pr cycloisomerization reaction (Scheme'1ps a further demonstra-
i -C. 7\
1 = " 9H19ﬁ/é_ﬁl>\Ph _»n_CBH”/\/Q\Ph +2 3)
A "o e 7% 11 Ph
= o 57%
5 . ‘N (&) s N/ 74 i: -CgH1g-CHO (3 equiv.), CUl/NEt;-DMA, 110°C
n-Pr tion of the synthetic utility of this novel cycloisomerization
N P N methodology, we describe its application for an expeditious
7 E/ // synthesis of ££) monomorinel5 (eq 4) The shortest synthesis
6 N N 57 of (£)15 known involves six steps from noncommercially
n-Pr available starting materiaf®> We found that £)15 can now be
/ synthesized efficiently in three steps, in 47% overall yield, from
s. 7~ S = the commercially available bromopyridine2. Thus, 12 was
7 &‘N © i\/@ 57 quantitatively conv_erted i_nto_ the a!kynylpyridir)és,_which
pbr underwent the cycloisomerization to give the indolizidén 63%

a|solated yields.

yield. Catalytic hydrogenation df4 gave () monomorinel5in
74% vyield (eq 4).

4 (eq 2, Table 2).

As a working hypothesis, we propose the following mecha-
nism: first,5 would undergo a base-induced proparggllenyl
isomerization to form6; next, coordination of copper to the
terminal double bond of the allene (intermedi@jevould make ) .
it subject to intramolecular nucleophilic attack to produce a  Inconclusion, a novel, general, and efficient method, the Cu-
zwitterion 8.1 The latter would isomerize into the more stable assisted cycloisomerization of alkynyl imines into the pyrrole ring,
zwitterionic intermediat®, which would transform to the pyrrole ~ has been developed. The generality and synthetic usefulness of
10 (Scheme 1). In fact, the following observations provide certain this methodology was demonstrated in the efficient synthesis of
support for the proposed mechanism. Significant deuterium loss, PYrroles, various types of fused heteroaromatic compounds, and
which occurred during the cycloisomerization ®fnto pyrrole the expeditious synthesis atf monomorinel5.
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and thiazole (entry 7), effectively participated in the cycloisomer- i i 1 N i, 7 PR i
ization to give the corresponding fused heteroaromatic compounds SN G, SN N
Me Me Me Bun Me Bun
4
12 13 14 (#) Monomorine 15 @
i Pd(PPh3),Cl; (1 mol %), Cul (1 mol %), NEt;, 1-heptyne, 60°C, 100%
ii: CuCl (2 equiv.), NEty -DMA (1:7), 130°C, 63% (17% of 13 was recovered)

iti: Hy (5 atm)/PtO, (10 %), HBr (1 equiv), MeOH, 74%




