Synthesis of Oxindolyl Pyrazolines
and 3-Amino Oxindole Building Blocks
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The [3 + 2] dipolar cycloaddition reaction of nitrile imines with 3-alkylidene oxindoles is described. The pyrazoline spiroadducts were obtained in
high yields and with excellent regio- and diastereoselectivities. These spirocyclic intermediates have been elaborated to synthetically versatile
3-amino oxindole building blocks such as S-amino nitrile, 1,3-diamine, and pyrrolo[2,3-blindoline derivatives.

Substituted oxindole-based scaffolds represent a large
family of compounds that have been the subject of syn-
thetic interest owing to their medicinal promise and overall
versatility as natural product building blocks.' Our labora-
tory has been involved in the synthesis of oxindole-based
spirocyclic molecules generated via a [3 + 2] cycloaddition
reaction using nitrile oxide dipoles.>* Herein, we present
results from our ongoing method development program
highlighting the first reported cycloaddition of nitrile
imines with 3-alkylidene-oxindole dienophiles. We were
interested in exploring the isosteric equivalency of nitrile
oxides to nitrile imines as an opportunity to establish
efficient synthesis of novel pyrazolines and studying their
synthetic applications. The prevalence of the pyrazoline
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scaffold in bioactive molecules has also sparked interest.*
Our objective was to demonstrate the efficient synthesis of
novel oxindole-based spirocyclic derivatives with subse-
quent elaboration to 3,3-amino-disubstituted oxindole and
pyrrolo[2,3-blindoline-based scaffolds.

Having established a convenient, practical, and scalable
cycloaddition toward 3-hydroxy-disubstituted oxindoles
using nitrile oxides,” we next explored the application of
nitrile imines as the dipole component of the cycloaddition
reaction.” We envisioned a conceptually distinct synthesis
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of the 3-amino-oxindole moiety wherein a nucleophilic
nitrogen equivalent is employed. Although the 3-amino-
oxindole substructure is found in natural products and
non-natural small molecules of therapeutic interest, a
limited number of methods exist for their synthesis. More-
over, reported methods for the 3-amination of oxindoles
employ an electrophilic vs a nucleophilic nitrogen source
(Figure 1).°
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Figure 1. Approaches to 3-amino oxindoles.

Preliminary investigations revealed that the nature of the
nitrile imine precursor had a profound effect on the reac-
tion outcome (Table 1). When the chloro substrate 2a was
employed with Et;N as the base, modest yields of the
desired product were obtained albeit in a regioselective
manner. The use of biphasic conditions using NaHCO; or
K,COj failed to induce reactivity due to the inability of
these bases to generate the nitrile imine. This result in-
dicated that the dehydrohalogenation of hydrazonoyl
chlorides is less facile than hydroxyiminoyl chlorides
(precursors to nitrile oxides). In order to facilitate the
generation of the nitrile imine, we evaluated the corre-
sponding bromo substrate 2b and were pleased to observe
that the pyrazoline products were obtained in high yield.’
The N-benzyl nitrile imine also displayed a similar reactiv-
ity profile (Table 1, entries 5 and 6). As shown in Table 1,
only 2 equiv of the nitrile imine are needed to achieve an
efficient cycloaddition.

The nitrile-imine cycloadditions were found to be very
general as depicted in Table 2. A variety of electronically
distinct 3-methylene-oxindoles underwent efficient cyclo-
addition to afford spiro-pyrazolines in excellent yields and
regioselectivities. Substitutions at all possible positions
of the oxindole were well tolerated. An experiment per-
formed on a 1 g scale to prepare pyrazoline 3a resulted in
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Table 1. Nitrile Imine Cycloaddition: Reaction Optimization

EtO,C
NHR! N
N base NR
(@] | —_— o
N EtO.C X CHJCl, rt N
H H
1a 2ad R'= Ph (3a); R" = Bn (3i)
dipole yield®
entry equiv X R! base (%)
1 2 Cl Ph (2a) EtsN 58
2 2 Cl Ph (2a) NaHCO; no reaction
3 2,3 Br Ph (2b) EtsN 93,94
4 2,3 Br Ph (2b) NaHCO3 81,86
5 2 Cl Bn (2¢) EtsN 23
6 2 Br Bn (2d) EtsN 85

“Isolated yields.

an 87% yield. The ability to use N-Bn nitrile imine (Table 2
entry 10) will allow the generation of orthogonally pro-
tected diamines.

Table 2. [3 + 2] Dipolar Cycloadditions of Nitrile Imines to
3-Methylene Oxindoles: Reaction Scope

EtO,C
R'HN EtsN 2 =N 1
D= CH,Cl, @Sﬂi
/F N Br” “CO,Et rt,15h >
R H ! 25t T /F N
1 2b R 3H
entry R R! product yield® (%) rr?
1 H Ph 3a 93 >20:1
2 4-Br Ph 3b 89 >20:1
3 5-F Ph 3c 82 >20:1
4 5-OMe Ph 3d 85 >20:1
5 5-OCF, Ph 3e 36 >20:1
6 6-Br Ph 3f 90 >20:1
7 6-Cl Ph 3g 89 >20:1
8 7-F Ph 3h 94 >20:1
9 4,6-di-Br  Ph 3i 81 >20:1
10 H Bn 3j 36 >20:1

“Tsolated yields. ® Regioisomer ratios (rr) were measured using 'H
NMR.

Extending this reaction to substituted alkenyl oxindoles
will provide access to more densely functionalized pyrazo-
lines and also afford insight into the regio- and stereo-
selectivity of the cycloaddition reaction.® As shown in
Table 3, it was found that a variety of substituted 3-alkenyl

(8) Sharp, J. T. Nitrile Ylides and Nitrile Imines. In Synthetic
Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Hetero-
cycles and Natural Products; Padwa, A., Pearson, W. H., Eds.; John Wiley
and Sons, Inc.: 2002; p 473.
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oxindoles (4) underwent smooth cycloaddition with nitrile
imine precursor 2b. The regioselectivity of the reaction was
maintained, and the resulting adducts were obtained as
single diastereomers. The identity of the stereoisomer
obtained was confirmed by X-ray diffraction analysis of
derivative 5g (Table 3).

Table 3. [3 + 2] Cycloadditions of Nitrile Imines to 3-Alkylidene
Oxindoles: Reaction Scope

EtO,C
] PhHN. Et;N

= CH20|2
| ° A
R H

4
entry R product yield® (%) rr?

1 H 5a 91 >20:1
2 5-Br 5b 83 >20:1
3 5-F 5¢ 86 >20:1
4 5-Cl 5d 84 >20:1
5 6-Br 5e 90 >20:1
6 6-Cl 5f 81 >20:1
7 7-F 5g 84 >20:1
8 7-Cl 5h 88 >20:1

“Isolated yields. ® Regioisomer ratios (rr) were measured using 'H
NMR.

Crystal structure of derivative 5g
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Compared to our previous studies with analogous isoxa-
zolines, the ring opening of pyrazolines proceeded at
significantly higher temperatures. We observed that pyr-
azolines with a N-Bn group (6b and 6¢) could be success-
fully cleaved at lower temperatures than 6a which contains
a N-Ph moiety.

Scheme 1. Decarboxylative Ring Opening of Pyrazolines to
Aminonitriles 6a—c

E
tO,C /CN
SN /. NHR'
NR"  1.KOH, H,0-MeOH @I\/gzo
N ° DMF, 140/170°C N
R? MW, 60 min R?

R'=Ph,R?>=H 3a R'=Ph,R?>=H 6a (49%)
R'=Bn,R2=H 3b R'=Bn,R°=H 6b (51%)
R'=Bn,R?=Bn 3¢ R'=Bn, R? = Bn 6¢ (56%)

Scheme 2. Elaboration of Amino Nitriles to 1,3-Diamine 7 and
Pyrrolo[2,3-b]indoline 8

Synthesis of oxindole-based diamine 7

BocHN
CN
NHBn  NiCl,, NaBH, NHEn
—_—
N % (Boc),0, MeOH " o
H 0°Ctort H
6b (74%) 7

One-pot reduction-cyclization to pyrrolo[2,3-b]indoline 8

BnHN
NHBn _ LiAH,
THF, f| NH
retiux
(79%) B o
6¢ 8

Having established convenient methods for the synthesis
of novel oxindolyl pyrazolines, we sought to functionalize
these spirocycles to generate molecular building blocks.
Although pyrazolines have similar bonding attributes to
isoxazolines, the use of pyrazolines as synthetic intermedi-
ates is rare, primarily owing to the significantly stronger
N—N bond (compared to the N—O bond in isoxazolines).’
We planned to demonstrate that access to pyrazolines
could also be leveraged for the generation of useful oxin-
dole building blocks.

As shown in Scheme 1, pyrazolines 3a—c¢ can be cleaved
to afford substituted aminonitriles after ester hydrolysis
and subsequent thermal elimination of carbon dioxide.

(9) (a) Bach, K. K.; El-Seedi, H. R.; Jensen, H. M.; Nielsen, H. B.;
Thomsen, I.; Torssell, K. B. G. Tetrahedron 1994, 50, 1543. (b) Kos-
tyuchenko, I. V.; Shulishov, E. V.; Korolev, V. A.; Dokichev, V. A.;
Tomilov, Y. V. Russ. Chem. Bull. Int. Ed. 2005, 54, 2562. (c) Carter,
H. E.; Van Abeele, F. R.; Rothrock, J. W. J. Biol. Chem. 1949, 178, 325.
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The nitrile moiety offers opportunities to employ step-
wise reduction to generate 3-amino-3-alkyl oxindole deriv-
atives.'” In order to access orthogonally protected 1,3-
diamines, the f-amino nitrile derivative 6b was subjected to
a NiCl,/NaBH, reduction protocol (Scheme 2). The re-
sulting primary amine could be concomitantly protected
as the carbamate by performing the reaction in the pre-
sence of (Boc),0. By employing more aggressive reduction
conditions, the generation of amino substituted pyrrolo-
[2,3-blindoline derivative 8 was accomplished by perform-
ing a one-pot reductive cyclization. Treatment of amino
nitrile 6¢ with lithium aluminum hydride in refluxing
THEF afforded the tricyclic derivative in 79% yield. These
3-amino oxindole derivatives generated from spirocyclic

(10) (a) Ochi, M.; Kawasaki, K.; Kataoka, H.; Uchio, Y. Biochem.
Biophys. Res. Commun. 2001, 283, 1118. (b) Bernard, K.; Bogliolo, S.;
Ehrenfeld, J. Br. J. Pharmacol. 2005, 144, 1037. (c) Gilles, G.; Claudine,
S. L. Stress 2003, 6, 199.
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pyrazolines represent substructures of natural products
and bioactive synthetic molecules that are of current interest
to the scientific community.!" Additionally, they are versa-
tile synthetic building blocks that can be transformed into a
plethora of motifs that will enrich the chemical space
relevant to medicinal chemistry research.

In summary, nitrile imines were employed in a [3 + 2]
cycloaddition reaction with 3-alkylidene oxindoles to
generate novel oxindole-based spiro-pyrazolines. The
cycloadditions were regio- and diastereoselective, affording

(11) (a) Takayama, H.; Mori, I; Kitajima, M.; Aimi, N.; Lajis, N. H.
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Baran, P. S. J. Am. Chem. Soc. 2010, 132, 7119. (f) Schallenberger,
M. A.; Newhouse, T.; Baran, P. S.; Romesberg, F. E. J. Antibiot. 2010,
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P.S. Angew. Chem., Int. Ed. 2011, 50, 2716.
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adducts in high yields. Application of these heterocycles
toward generating a variety of 3-amino oxindole-
derived synthetic building blocks was demonstrated.
Studies are underway to expand the utility of this
method for the efficient synthesis of complex molecu-
lar architectures.
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