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Abstract: Manganese(Ill)-catalyzed formal [3+2] annnulation of
vinyl azides and B-keto acids has been developed for the synthesis
of substituted NH pyrroles with a wide range of substituents.

Key words: manganese(II) catalysts, radical reactions, vinyl
azides, fB-keto acids, pyrroles

Pyrroles are one of the most prevalent heterocyclic com-
pounds, being present as the basic cores in a lot of natural
products,' potent pharmaceutical compounds,? and vari-
ous kinds of functional materials.® Although diverse ap-
proaches toward the synthesis of pyrroles have been
developed,*’ versatile and flexible methodologies to con-
struct pyrroles with selective control of substitution pat-
terns using readily accessible building blocks are still
needed.

We have recently been interested in the application of vi-
nyl azides as a three-atom unit including one nitrogen to
synthesize azaheterocycles. One of our reaction designs
involves the addition of a carbon radical to the C=C bond
of a vinyl azide to provide a new C-C bond with genera-
tion of an iminyl radical.® The iminyl radical then in-
tramolecularly forms a C—N bond by the cyclization with
an unsaturated bond (Scheme 1).”® Our current study has
focused on the use of 1,3-dicarbonyl compounds as a pre-
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cursor/equivalent of a-carbonyl radicals and on the inves-
tigation of their addition reactions toward vinyl azides.
We recently succeeded in the manganese(Ill)-catalyzed
formal [3+2] annulation by the combined use of vinyl
azides and 1,3-dicarbonyl compounds such as B-keto es-
ters and 1,3-diketones, where manganese(IIl) acetate
[Mn(OAc);-2H,0] and manganese(I1I) tris(2-pyridinecar-
boxylate) [Mn(pic);] were respectively utilized to prepare
densely functionalized pyrroles.®®

B-Keto acids have been utilized as an equivalent of either
a-carbonyl anions’ or radicals'® with elimination of car-
bon dioxide. As it was found that vinyl azides exhibited
good reactivity toward the a-carbonyl radicals derived
from B-keto esters and 1,3-diketones with manganese(I1I)
catalysts, we intended to study the reaction of vinyl azides
and B-keto acids. In this communication, we report a reac-
tion of vinyl azides and B-keto acids for the synthesis of
substituted pyrroles catalyzed by manganese(Ill) acetyl-
acetonate [Mn(acac);].

Firstly, a suitable catalytic system was explored using a-
azidostyrene (1a) and B-keto acid 2a with manganese(III)
complexes (Table 1). The reaction with 10 mol% of
Mn(OAc);-2H,0 required long reaction time (30 h) to
consume vinyl azide la, affording the desired bicyclic
pyrrole (4,5,6,7-tetrahydro-1H-indole) 3aa in 51% yield
(Table 1, entry 1). Although utilization of Mn(pic); accel-

Table 1 Reactions of Vinyl Azide 1a with f-Keto Acid 2a Using
Manganese(III) Complexes®

(0] (0]
HO cat. Mn(lll) 1\
+ N
solvent, r.t. H
N3 conditions
1a 2a 3aa
(3.0 equiv)
Entry Mn(III) (equiv) Solvent Time (h) Yield (%)°
1 Mn(OAc);2H,0 (0.1)  DMF 30 51
2 Mn(pic); (0.2) DMF 1 59
3 Mn(acac); (0.1) DMF 5 83
4 Mn(acac); (0.1) MeOH 17 0
5 Mn(acac); (0.1) MeCN 36 76
* Reactions were performed under N, atmosphere using 0.3 mmol of
1a.
® Isolated yield.
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erated the reaction (entry 2), the yield of 3aa was compa-
rable with that obtained with Mn(OAc);-2H,O (entry 1).
The yield of pyrrole 3aa was further improved to 83% by
employing Mn(acac); (entry 3).!' It was noted that the
choice of solvent was crucial to this reaction. No reaction
was observed in methanol, which gave the best results in
the Mn(OAc);-2H,0- and Mn(pic),-catalyzed pyrrole for-
mation with B-keto esters and 1,3-diketones, respectively
(entry 4).%° The reaction in acetonitrile needed longer re-
action time, while providing the desired pyrrole 3aa in
good yield (entry 5).

With the optimized reaction conditions in hand, the gen-
erality of this reaction was investigated by employing a
range of vinyl azides 1 and B-keto acids 2 with Mn(acac),
as a catalyst. The reactions of various vinyl azides 1 with
B-keto acid 2a are summarized in Table 2. The reaction of
a-aryl vinyl azides with 2a provided the desired bicyclic

Table 2 Substrate Scope on Vinyl Azides*"

O O
1 2 R?
R R OH cat. Mn(acac)s /Z—Q
el +
> DMF, rt. R
NG N
1 2a 3
(1.5-3 equiv)
Entry Vinyl azide 1 Pyrrole 3/yield (%)
l ) O/@
R—r
=
N3
1 la(R=H) 3aa (83)°
2 1b (R = 4-Br) 3ba (92)°
3 1c (R =4-CO,Me) 3ca (68)¢
4 1d (R = 2-MeO) 3da (91)¢
5 le (R = 4-MeO) 3ea (87)¢
: | =10
N N N
Ts Ts H
Na 3fa (76)°
1f
EtO,C
;e @,
N3 EtO.C N
1 H
g 3ga (68)°
0.C EtO,C,
EtO,
=
g \l/\cozEt /Z_Q
Na EtO,C
1h
3ha (74)€

* Reactions were performed in DMF at r.t. with 1.5-3.0 equiv of
B-keto acids 2 under N, atmosphere.

® Isolated yields were noted above.

¢ Mn(acac); used: 10 mol%.

4 Mn(acac); used: 20 mol%.
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pyrroles in good yields (entries 1-5). Notably, the reaction
of vinyl azide 1f possessing an a-indole substituent led to
the formation of an interesting 2,2’-bisindole derivative
3fa (entry 6). Moreover, a-ethoxycarbonyl vinyl azides 1g
and 1h also could be applied to this reaction, giving the
corresponding bicyclic pyrroles 3ga and 3ha in good
yields (entries 7 and 8). In the case of vinyl azide 1h, the
presence of ethoxycarbonyl at the B-position did not re-
tard the reaction, providing tetrasubstituted pyrrole 3ha in
74% yield (entry 8).

Table 3 Substrate Scope on B-Keto Acids®®

R4
(0] (0]
cat. Mn(acac)s / \
TR OH DMF, r.t. N R
R* H
N3
1a 2 3
(1.5-3 equiv)
Entry B-Keto acid 2 Pyrrole 3/yield (%)
O O (0]
1 on B
N
o H
2b 3ab (70)°
I ()
ol o'as
N
H
2c 3ac (65)¢
o (0]
OH /B )
) N
3 2d(n=1) 3ad (81)°
4 2e(n=2) 3ae (82)°
0 0 Me
I \
F{MOH R
Me H
5 2f (R = Et) 3af (84)°
6 2g (R =Ph) 3ag (82)°
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* Reactions were performed in DMF at r.t. with 1.5-3.0 equiv of
B-keto acid 2 under N,.

® Isolated yields were noted above.

¢ Mn(acac); used: 30 mol%.

4 Mn(acac); used: 40 mol%; B-keto acid 2¢ was added through a
syringe pump over 1 h.

¢ Mn(acac); used: 20 mol%.

f Mn(pic); used: 1 equiv. Utilization of Mn(acac), (1 equiv) afforded
pyrrole 3ah in only 10% yield.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



LETTER Formal [3+2] Annulation of Vinyl Azides and -Keto Acids 785
(@)
(0]

)\\/ J

ph R ﬁ[Mn'”]

= o [Mn'Y
2 N7 N3, CO,
+,l| 1
1l
H* N
1a

R* R*

Mn'(acac)s

(0] [Mn'] A
Ph ~—— Ph R o
) R3 path b

ath a
QD S
Ph N Ph N

e ]
PRy [Mn'"

OH
Vi

N

H,0 3

Scheme 2 A proposed catalytic cycle.

Next, the scope of B-keto acids 2 was investigated with vi-
nyl azide la (Table 3). Tetrahydropyrano[4,3-b]pyrrole
3ab and 4,5-dihydro-1H-benzo[g]indole 3ac were assem-
bled in good yields by employing B-keto acids 2b and 2c,
respectively (entries 1 and 2). As the B-keto acid 2¢ was
labile in such oxidative conditions, the slow addition of 2¢
through a syringe pump was required (entry 2). Bicyclic
pyrroles bearing larger carbocycles 3ad and 3ae could be
obtained by treatment with -keto acids 2d and 2e (entries
3 and 4). In addition, the reactions of linear -keto acids
2f and 2g proceeded, affording the trisubstituted pyrroles
3af and 3ag, respectively, in good yields, (entries 5 and 6).
However, B-keto acid 2h, which could generate a primary
a-carbonyl radical, was not viable for the reaction, deliv-
ering only 23% yield of the desired pyrrole 3ah even by
using a stoichiometric amount of the manganese(III) com-
plexes (entry 7).

This catalytic reaction may be initiated by addition of
manganese(IIl) carboxylate I to vinyl azide 1a via a radi-
cal pathway,'? giving iminyl radical II with release of
manganese(Il) species, N,, and CO, (Scheme 2). The re-
sulting iminyl radical II undergoes intramolecular addi-
tion to a carbonyl group to give alkoxy radical III.
Reduction of this alkoxy radical III by manganese(II) spe-
cies gives manganese(IIl) alkoxide IV (path a). Alterna-
tively, the reaction of iminyl radical II with
manganese(Il) species affords iminylmanganese(Ill) V,
which attacks a carbonyl group to yield the addition inter-
mediate IV (path b).!3 Finally, protonation of IV followed
by dehydration produces pyrrole 3 along with regenera-
tion of manganese(III).

In summary, Mn(acac);-catalyzed formal [3+2] annula-
tion of vinyl azides and B-keto acids was successfully de-
veloped for the synthesis of N—H pyrroles with a variety
of substituents.'* Further investigation to explore other
modes of annulation reactions of vinyl azides to prepare
azaheterocycles is in progress.
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