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Abstract: In a convenient one-pot process, the easily
accessible 1,2-diaza-1,3-butadienes and 1,3-bis(silyl
enol ethers) are converted into the previously un-
known functionalized 1-aminopyrroles and 1-amino-
4,5,6,7-tetrahydroindoles. The domino reaction pro-

ceeds through a zinc chloride-catalyzed Econjugate
addition/cyclizationG sequence.
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Introduction

Pyrroles and pyrrolidines are present in many biologi-
cally active natural products, such as the porphyrins,
phthalocyanines, various alkaloids, or vitamin B12. A
variety of synthetic compounds are of pharmacologi-
cal relevance and are used in the clinic. This includes,
for example, triprolidine, piracetam, anirolac, pyrvini-
um, fenpiclonil, pyrrolnitrin, stallimycin, tolmetin, zo-
mepirac, clemizole, dextromoramide, prostaglandin
PGF2a, vinblastine, vincristine, vincamine, reserpine,
and perfluoroalkylpyrroles.[1] Oligo- and polypyrroles
also represent important electronic materials, due to
their high electroconductivity.[1,2] 1-Aminopyrroles
also represent pharmacologically important heterocy-
cles. Recently, 1-aminopyrroles have been employed
as intermediates during the synthesis of analgesic[3]

and NMDA receptor antagonists.[4] Whereas a variety
of pyrrole syntheses are known, methods for the
direct preparation of functionalized 1-aminopyrroles
are rare.[5] Moreover, these approaches usually pres-
ent significant limitations in terms of substitutent
groups that can be introduced, the substitution pat-
tern and/or the regioselectivity. Therefore, the devel-
opment of new methods for the synthesis of these

compounds is of considerable interest. The base-medi-
ated conjugate addition of nucleophiles to a,b-unsatu-
rated carbonyl compounds is of great synthetic utili-
ty.[6] Mukaiyama and co-workers were the first to
report a Lewis acid-catalyzed variant of this reaction.
These transformations, which proceed under mild
conditions, rely on the use of silyl enol ethers as the
nucleophiles.[7,8]

Recently, some of us reported[9] the synthesis of 1-
aminopyrroles and 1-aminoindoles by one-pot Econju-
gate addition/cyclizationG reactions of simple silyl enol
ethers with 1,2-diaza-1,3-butadienes.[10,11] 1,3-Bis(silyl
enol ethers) represent electroneutral equivalents of
1,3-dicarbonyl dianions.[12] Like dianions, they gener-
ally react with electrophiles at their terminal carbon
atom. One-pot cyclizations of 1,3-bis(silyl enol ethers)
with oxalyl chloride,[13] 1,3-dielectrophiles,[14] pyryl-
ACHTUNGTRENNUNGium[15] and iminium salts,[16] and other electrophiles[12]

have been reported. The Lewis acid-catalyzed con-
densation of 1,3-bis(silyl enol ethers) with 1,1-dime-
thoxy-2-azidoethane and subsequent cyclization
allows a convenient synthesis of functionalized pyr-
roles.[17] Recently, we have reported a catalytic one-
pot cyclization of 1,3-bis(silyl enol ethers) with 1,2-
diaza-1,3-butadienes which provides a convenient and
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direct approach to a variety of functionalized 1-ami-
nopyrroles.[18] Herein, we report full details of these
studies. With regard to our preliminary communica-
tion,[18] the scope has been considerably extended.
This synthetic strategy can be regarded as domino
Econjugate addition/cyclizationG reactions, allowing the
construction of 1-aminopyrrole rings in an efficient
manner from easily available intermediates (see
Figure 1).

It is noteworthy that these products are not readily
available by other methods. Moreover, the presence
of different groups in these systems confer an inter-
esting contribution to this work, making them suitable
as intermediates for more complex compounds.

Results and Discussion

The 1,3-bis(silyl enol ether) 2a was prepared from
methyl acetoacetate in two steps.[19] The ZnCl2-cata-
lyzed reaction of 2a with 1,2-diaza-1,3-butadiene 1a
and subsequent addition of trifluoroacetic acid (TFA)
afforded the 1-aminopyrrole 3a (Scheme 1). The best
yields were obtained when ZnCl2 and TFA were used
as the catalyst and for protonation, respectively. The
reaction was carried out following the protocol as pre-
viously reported for simple silyl enol ethers.[9]

The generally accepted mechanism for the Lewis
acid-catalyzed conjugate addition of silyl enol ethers
to Michael acceptors involves an activation of the
latter by the Lewis acid.[20] Some of us earlier report-
ed[9] mechanistic studies related to the reaction of
simple silyl enol ethers (such as 1-methoxy-1-tri-
ACHTUNGTRENNUNGmethylsilyloxyethene or 2,2-dimethyl-1-methoxy-1-tri-

methylsilyloxyethene) with 1,2-diaza-1,3-butadienes.
In these studies, the progress of the reaction of 1a
with 1-methoxy-2-methyl-1-(trimethylsiloxy)-propene
was directly monitored by NMR. In addition, a silylat-
ed open-chain intermediate could be successfully iso-
lated and structurally characterized when the reaction
was stopped immediately after the disappearance of
the starting material (TLC control).[9] In fact, our pre-
vious studies suggested that the silyl enol ether rather
than the diazadiene is activated by the Lewis acid.
Accordingly, we assume that the regioselective forma-

Figure 1. Retrosynthetic approach of pyrroles and tetrahy-
droindoles.

Scheme 1. Possible mechanism of the formation of 1-amino-
pyrrole 3a ; i : 1) ZnCl2 (0.2 equiv.), CH2Cl2, 20 8C, 12 h; 2)
TFA.
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tion of 3a can be explained by ZnCl2-catalyzed attack
of the terminal carbon atom of 2a at the terminal
carbon of the azo-ene system of 1a (Mukaiyama–Mi-
chael addition) to give intermediate B. In analogy to
our previous studies,[9] the short-lived silylhydrazonic
intermediate A is also hypothesized. The addition of
TFA subsequently results in the cleavage of the silyl
groups to give intermediate C. The latter undergoes
an acid-catalyzed cyclization (by attack of the nitro-
gen atom to the carbonyl group) to give intermediate
D. Subsequently, the acid-catalyzed elimination of a
water molecule affords the final product 3a
(Scheme 1).

The addition/cyclization of various 1,3-bis(silyl enol
ethers) 2a–ab with 1,2-diaza-1,3-butadienes 1a–e af-
forded the novel 1-aminopyrroles 3a–aq (Scheme 2,
Table 1). 1-Aminopyrroles were successfully prepared
from 1,3-bis(silyl enol ethers) derived from b-keto
esters (products 3a–d, 3i–k, 3m–ak) or 1,3-diketones
(3e–h, 3l), from open-chained (3a–w, 3aj, 3ak, 3ao,
3ap) or cyclic 1,3-dicarbonyl compounds (3x–3ai), and
from non-substituted (3a–g, 3j–n, 3s) or substituted
1,3-dicarbonyl compounds (3h, i, 3o–r, 3t–w, 3aj, 3ak,
3ao, 3ap). The cyclizations generally proceeded in
moderate to excellent yield (except for 3aj, 3ak). The
employment of the 7-membered cyclic bis(silyl enol
ether) 2x, of 1,1,1-trifluoro-2,4-bis(trimethylsilyloxy)-
pentane-2,4-diene 2y, and of methoxy-substituted
diene 2z proved to be unsuccessful. The failure of 2y
can be explained by its low reactivity. The failure of
2z might be explained by compe-ting chelation of the
Lewis acid by the additional methoxy group. Note-
worthy, the employment of the amide 1e failed.

The cyclization of 1,2-diaza-1,3-butadienes 1a and
1d with 1,3-bis(silyl enol ether) 2ac, prepared from cy-
clohexane-1,3-dione, afforded the 1-amino-4,5,6,7-tet-
rahydroindol-6-ones 3ar and 3as, respectively
(Scheme 3).

The structures of all products were established by
spectroscopic methods. The structure of 3ai was inde-
pendently confirmed by X-ray crystal structure analy-
sis (Figure 2).[21]

Conclusions

In conclusion, we have reported the regioselective
synthesis of functionalized 1-aminopyrroles by ZnCl2-
catalyzed one-pot Econjugate addition/cyclizationG re-
actions of 1,3-bis(silyl enol ethers) with 1,2-diaza-1,3-
butadienes. These reactions are easy to carry out, pro-
ceed under mild conditions and with high yields. It is
noteworthy that the products are not directly avail-
able from the b-dicarbonyl compounds. In fact, previ-
ous investigations[5b,10a] have shown that the reactions
between 1,2-diaza-1,3-butadiene and b-keto esters or
1,3-diketones proceed by base-catalyzed nucleophilic
attack of the activated methylene group at the hetero-
diene system leading to regioisomeric 1-aminopyr-
roles. The 1-aminopyrroles prepared represent useful
synthetic building blocks. For example, it has been re-
ported previously that 1-aminopyrroles, including de-
rivatives containing a urea moiety (similar to products
3a–as), can be transformed into the corresponding
pyrroles by reaction with Cr2ACHTUNGTRENNUNG(OAc)4,

[22] KO-t-Bu/
DMF,[23] or H2/Raney Ni,[24] or by diazotation.[25]

Scheme 2. Synthesis of 1-aminopyrroles 3a–3aq ; i : 1) ZnCl2

(0.2 equiv.), CH2Cl2, 20 8C, 12 h; 2) TFA.

Scheme 3. Synthesis of 3ar and 3as ; i : 1) ZnCl2 (0.2 equiv.),
CH2Cl2, 20 8C, 12 h; 2) TFA.

Figure 2. Ortep plot of 3ai.
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Experimental Section

General Comments

The spectroscopic data of all compounds are given in the
supporting information.

General Procedure for the Synthesis of 1-Aminopyr-
roles 3 by Mukaiyama–Michael-Type Reactions of
1,3-Bis(silyl enol ethers) with 1,2-Diaza-1,3-
butadienes

To a CH2Cl2 solution (12 mL) of 1,2-diaza-1,3-butadiene 1
(2.0 mmol) were added 1,3-bis(silyl enol ether) 2 (2.4 mmol)
and freshly dried ZnCl2 (0.055 g, 0.4 mmol) at 20 8C. The so-
lution was stirred for 12 h at room temperature and subse-
quently TFA (0.3 mL) was added. The solvent was removed

Table 1. Synthesis of 1-aminopyrroles 3a–aq.

1 2 3 R1 R2 R3 R4 R5 Yield [%] of 3[a]

a a a OEt Me H H OMe 64
a b b OEt Me H H OEt 92
a c c OEt Me H H O-i-Bu 80
a d d OEt Me H H O-t-Bu 81
a e e OEt Me H H Me 56
a f f OEt Me H H t-Bu 82
a g g OEt Me H H Ph 60
a h h OEt Me Me H Et 86
a i i OEt Me Et H OMe 71
b b j OMe Et H H OEt 60
c b k O-t-Bu Me H H OEt 61
b e l OMe Et H H Me 72
c j m O-t-Bu Me H H O ACHTUNGTRENNUNG(CH2)2OMe 60
d j n OMe Me H H O ACHTUNGTRENNUNG(CH2)2OMe 52
d k o OMe Me n-Hex H OMe 65
c k p O-t-Bu Me n-Hex H OMe 63
a l q OEt Me Allyl H OMe 44
a m r OEt Me n-Oct H OEt 47
a n s OEt Me H H OBn 60
d o t OMe Me n-Hept H OEt 75
a o u OEt Me n-Hept H OEt 74
d p v OMe Me n-Pr H OMe 97
a p w OEt Me n-Pr H OMe 63
a q x OEt Me H -(CH2)2O- 50
d q y OMe Me H -(CH2)2O- 53
a r z OEt Me -(CH2)2- OMe 40
d r aa OMe Me -(CH2)2- OMe 35
a s ab OEt Me -(CH2)3- OEt 97
d s ac OMe Me -(CH2)3- OEt 87
a t ad OEt Me -CH2CHMeCH2- OMe 79
d t ae OMe Me -CH2CHMeCH2- OMe 61
a u af OEt Me -CHMeCH2CH2- OEt 49
d u ag OMe Me -CHMeCH2CH2- OEt 37
a v ah OEt Me -(CH2)9- OMe 42
d v ai OMe Me -(CH2)9- OMe 46
a w aj OEt Me CH2CH2Cl H OEt 20
d w ak OMe Me CH2CH2Cl H OEt 20
a x al OEt Me -(CH2)4- OMe 0
a y am OEt Me H H CF3 0
a z an OEt Me OMe H OMe 0
a aa ao OEt Me H Me OEt 45
a ab ap OEt Me H Et OMe 40
e a aq NMe2 Me H H OMe 0

[a] Isolated yields.
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under vacuum and the residue was purified by column chro-
matography (silica gel, heptane!heptane/EtOAc=1:2).
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