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The cationic N-heterocyclic carbene—gold(l) complex catalyzes the formation of tri- and tetrasubstituted pyrroles via the amino—Claisen
rearrangement of N-propargyl f-enaminone derivatives and the cyclization of a-allenyl f-enaminone intermediates.

The pyrrole compound is not only prevalent in a wide variety
of biologically and medicinally important compounds' but
also used as a building block in organic synthesis.”> The
preparation of the pyrrole compound generally depends on
the classical condensation such as the Paal—Knorr method?
or the Hantzsch method,”* albeit multistep synthetic operation.
Although many studies have been reported on the synthesis
of pyrroles through metal-catalyzed hydroamination or
cycloisomerization of alkyne compounds possessing a ni-
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trogen functional group,”® a novel and efficient synthetic
method remains an attractive goal.

The [-enaminone derivative is a versatile synthetic
intermediate, and its utilities have received considerable
attention in the field of heterocyclic synthesis.” In particular,
the regioselective cyclization of N-propargyl -enaminones
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is a divergent construction of highly substituted pyridines
or pyrroles (6-endodig or 5-exo-dig, Scheme 1).® Although

Scheme 1. Formation of Heterocycles from N-Propargyl
B-Enaminone Derivatives
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the catalytic synthesis of pyridines via 6-endodig cyclization
of the propargyl enaminone (path a) has been achieved,
5-exo-dig cyclization (path b) requires an excess amount of
base.®® We recently developed the catalytic approach to the
synthesis of indole compounds through amino—Claisen rear-
rangement of N-propargyl anilines.” As a part of our studies
on the heterocyclic synthesis, we focused on the metal-catalyzed
formation of pyrroles through the sequential reaction of
amino—Claisen rearrangement and heterocyclization (path c).
A similar approach such as the preparation of furan compounds
from propargyl vinyl ethers was accomplished by cationic
gold(T) catalyst,'®™'! which encourages us to examine the
present project for the preparation of pyrroles. We herein
describe the Au(I)-catalyzed formation of highly substituted
pyrroles from N-propargyl f-enaminone derivatives.

In the preliminary studies on the formation of pyrrole from
N-propargyl f-enaminone la in the presence of Rh(I)-
catalysts (10 mol %) in HFIP (hexafluoroisopropanol), which
are the optimal conditions for the preparation of indole from
N-propargyl anilines,” the formation of pyrrole was not
observed (entries 1 and 2, Table 1). As our next efforts, the
evaluation of Au catalysts was conducted for the reaction
of 1a in CH,Cl, (entries 3—12). Although (Ph;P)AuCl/AgBF,
or PtCl, showed good results for the Claisen rearrangement
of propargyl vinyl ethers,'® 3a was obtained through the
6-endo-dig cyclization of 1a (entries 3 and 4). However,
(IPr)AuCl (IPr = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene) with Ag salts or AuCl; was found to give the pyrrole
2a as a main product after the basic workup (KOH/MeOH-
THF), which brought about the hydrolysis of 4a (entries
7—11)."%3 1In particular, by the use of 5 mol % (IPr)AuCl/
AgBF,, 1a was consumed at rt within 1 h giving rise to 2a
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Table 1. Evaluation of Catalysts for the Formation of 2a from la
Ph

| catalyst KOH o
Ph J\ and/or
CHyCly, 1t MeOH THE L
1a (E/Z = 67/33) Tsoﬁ_)\
\
PhY,

N Ph” °N
4a 3a

bx
Q
ol

yield (%)*
time (h) 2a 3a 1la

entry catalyst (mol %)°
1° [Rh(COD),]OTf (10) 6 - - 7
26 RhH(CO)(Ph3P); (10) 3 - - 61
3 PtCl, (10) 5 — 40 48
4 (PhsP)AuCl (5)/AgBF (5) 20 - 6 -
5 AgBF, (10) 20 - - 7
6 (IPr)AuCl (5) 20 - - 87
7 (IPr)AuCl (5)/AgBF; (5) 1 83 1 -
8 (IPr)AuCl (5)/AgSbFs (5) 1 73 2 -
9 (IPr)AuCl (5)/AgNTf; (5) 1 57 19 -
10 (IPr)AuCl (5)/AgOTf (5) 1 65 21—
11 AuCls (5) 3 60 13 7
12 [(IPr)Au(MeCN)]|BF4 (5) 1 857  — -

“The yield was determined by '"H NMR analysis using toluene as internal
standard. ® Solvent: HFIP (hexafluoroisopropanol). ¢ IPr =N,N’-bis(2,6-di-
isopropylphenyl)-imidazol-2-ylidene. ¢ Isolated yield: 85%.

in 83% vyield (entry 7). [(IPr)Au(MeCN)]BF,,'* which is
generated by the mixture of (IPr)AuCl and AgBF, in CH,Cl,-
MeCN, yielded a similar result to entry 7 (entry 12). It should
be mentioned that other solvents instead of CH,Cl, showed
inferior results (HFIP—CH,Cl,(1:3):2a 20%, 1 h; HFIP:2a
4%, 1 h; MeCN: 3a 40%, 18 h; THF: 3a 40%, 18 h).

The scope of the Au(I)-catalyzed formation of various
substituted pyrroles is summarized in Tables 2 and 3. The

Table 2. Formation of Pyrroles 2 from Enaminones 1¢

(o] o Y Me
1) Au(l) / CH,Cly, t
v | | ) Au(l) 2Clo & o X
| 2) KOH/ MeOH-THF y |
1
R !F'ls H !I\‘ls
1 2 3f
1 Y R! E/Z time (h)  yield (%)°
la Ph Ph 67/33 1 2a 85
1b 2-furyl Ph 52/48 1 2b 61
1c p-MeO-Ph Ph 84/16 2 2c 61
1d p-NOy-Ph Ph 74/26 4 2d 72
le tBu Ph 55/45 1 2e 76
1f Me H 100/0 4 (3£ 38)

@ Au(I): 5 mol % [(IP)Au(MeCN)]BF,. ® Isolated yield.

efficiency of [(IPr)Au(MeCN)]BF, showed in the reactions
of enaminone la—e, and the corresponding pyrroles were
obtained in good yields after the basic workup. In all cases,
the dihydropyridines 3a—e were not detected. On the other
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Table 3. Formation of Pyrroles 6 from Enaminoesters 5¢

o R? OEt OEt
o R?
" % R3CH(2§:2) IHrtFIP R N E0,07 N
5 6 7a
1 R! R? R? E/Z time (h)  yield (%)°

5a COEt H H 69/31 22 (7a 86)°
5a 22 6a 387
5a 22 6a 68°
5b Ph H 76/24 2 6b 81
5¢ Me H H 100/0 1 6¢c 93
5d Me Me H 100/0 2 6d 89
5e Me Ph H 100/0 2 6e 85
5f Me H n-CsH;;  100/0 1 6f 87

“Au(l): 5 mol % [(IP)Au(MeCN)]BF,. ®Isolated yield. ¢ Solvent:
CH,Cl,. ¢ Solvent: CH,Cl,—HFIP (1:1), 7a: 58%. ¢ Solvent: HFIP, 7a: 13%.

hand, 1f (R! = H) yielded 3f as a main product (Table 2).
Although the reaction of enaminoester Sa in CH,Cl, under
the Au-catalyzed conditions afforded the dihydropyridine 7a
in 86% yield, the increase in the ratio of HFIP as a cosolvent
improved the yield of pyrrole 6a (Table 3). Thus, the effect
of the employed solvent is very important for the formation
of 6a. In HFIP, the yield of 6a was increased up to 68%."
Other esters 5Sb—f (R' = H and CO,Et) in CH,Cl,—HFIP
(3:1) were converted into the pyrroles 6b—f in good yields
without the formation of 7b—f, respectively (Table 3).'°
The present Au(I) catalyst could be applied to the
formation of furan compounds 10 from vinyl ethers 8 (Table
4). On the basis of the previous report about the preparation

Table 4. Formation of Furans 10 from Vinyl Ethers 8“

R? Y
o 0O R?
I Au o R?
Y — |Y —_— J\
| CH,yCly R
R0 . 1h R o o
8 9 10
1 Y R! R2 E/Z yield (%)°
8a Ph Ph Me 67/33 10a 89
8b OEt Me H 100/0 10b 92
8c OEt Me Me 100/0 10c 97
8d OEt Me Ph 100/0 10d 99

“ Au(I): 5 mol % [(IP)Au(MeCN)]BF,. ® Isolated yield.

of 10 from 8 catalyzed by (Ph;P)AuCl/AgBF,,'° a plausible
mechanism for such a furan formation would consist of (1)
Au-catalyzed Claisen rearrangement of vinyl ethers 8, which
may proceed through a cyclization-induced rearrange-
ment' "' (a 6-endo-dig cyclization of 8 through Au(I)—alkyne
complex, followed by the collapse of a six-membered
intermediate into 9), and (ii) the 5-exo-dig cyclization of
allenyl ketone 9 (or its tautomeric enol forms).
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The present pyrrole formation would take part in a process
similar to the furan formation. This is supported by the formation
of deuterated pyrrole 6d-D as shown in Scheme 2. Although 6d-D

Scheme 2. Formation of Heterocycles from N-Propargyl

B-Enaminone Derivatives
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was not formed by the treatment of undeuterated 6d with the
present Au(l) catalyst in CH,Cl,—HFIP-d; [(CF;),CHOD], the
Au(I)-catalyzed reaction of 5d in CH,Cl,—HFIP-d, yielded 6d-D
(50% D) quantitatively. The deuterium incorporation into 6d-D
from Sd would be due to the cyclization of intermediate 11-D,
which was generated by the deuterium exchange between HFIP-
d, and Claisen rearrangement intermediate 11.

In conclusion, we have demonstrated the facile and mild
preparation of tri- and tetrasubstituted pyrrole compounds from
N-propargyl 3-enaminone derivatives by the [(IPr)Au(MeCN)]-
BF, catalyst. The present catalyst also promoted the formation
of furans from propargyl vinyl ethers efficiently. Since the
propargyl enaminone derivatives or propargyl vinyl ethers as
starting materials are easily available by the reactions of the
corresponding propargyl p-tosylamides or propargyl alcohols
with 2-propynoic acid derivatives (see Supporting Information),
the present procedure would shed new light on the convenient
approach for the preparation of pyrroles and furans. Synthetic
applications and detailed mechanistic studies of the present
reaction are underway.
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