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inter-/intramolecular oxidative diamination of vinyl amino-
pyridines is a common gateway to access all four azaindoline R R NS N7
heterocycle families. 3-Amino azaindolines are formed by the | | A<\ I ~N
reaction of ortho-vinyl N-tosyl anilines with electron-rich amines " Phl(gqc) L Ys
using phenyliododiaceate (PIDA) and an iodide additive. _H ——<, N R S R,
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he indole and azaindole ring systems are among the most Our mechanistic constructs invoke the formation of an
ubiquitous and privileged heterocyclic structures found in electrophilic nitrogen source that coexists with a nucleophilic
both natural products and biologically active medicinal agents.1 amine. Although NIS alone can be effective in this capacity,16
Consequently, preparation of these fused [5,6] ring systems is a only a minimal amount of desired product was isolated when

. . . .2
highly explored area in organic synthesis.” In contrast, methods combining it with vinyl aminopyridine 1 (Table 1, entry 1). Yet

to construct .azaindoliine backbones are relatively scarce. The when an oxidant/halide additive combination (PIDA/KI) was
most accessible azaindoline backbone to date is the 7-

azaindoline core.” Methods to prepare the 7-azaindoline motif
include radical cyclizations,* as well as base- and metal-
mediated annulations.”~” However, only a limited number of
synthetic methods en route to 6-azaindolines,® S-azaindolines,”
and 4-azaindolines'® have been reported thus far. To the best of H

our knowledge, the carbolithiation of N,N-diallyl amino \N@
pyridine derivatives'' remains the only general synthetic |

used, the desired 3-amino-7-azaindoline 2a was furnished in

Table 1. Annulative Alkene Diamination Using 3-Vinyl 2-
Tosylaminopyridine

r T Ph-NH,

P H oxidant, additive A

approach reported that readily accesses all four isomeric N ril’ W’ | _
azaindolines, doing so by (aryl) carbon—carbon bond 1 Ts N NT TN o
formation."? Ts

We recently described a new method for the annulative " ) ) additive Conzeriion I
diamination of alkenes leading to 3-aminoindolines via a entry”  oxidant (equiv) G (%) 7l ()
hypervalent jodine-/iodide-mediated double carbon—nitrogen 1 NIS (12) - 100 11
bond formation with electron-rich, Bronsted basic amines.® 2 PhI(OAc), (1.5) :(I (1.0) 100 96
This approach provides direct entry to diverse 3-aminoindoline 3 PhI(OAc), (1.5) Bu,NI (1.0) 100 80
derivatives with both mono- and disubstituted amines,"* 4 PhI(OAc), (15)  NH,I (1.0) 77 29
without amine preactivation and protection. Its extension to S PhI(OAc), (15) - 0 -
azaindoline synthesis provided an opportunity to evaluate the 6 - "Bu,NI (1.0) 0 -
effect of nitrogen substitution, introducing concerns about the 7 - KI (1.0) 0 -
compatibility of a Lewis basic pyridine nitrogen with the 8 PhI(OAc), (15)  KI(03) 75 63
oxidative, electrophilic (“I*”) conditions. Indeed, this mod- 9  PhI(OAc), (15)  KI(05) 88 65
ification caused unusual behavior in Bailey’s work with 5- and 7- “All reactions were performed on a 0.2 mmol scale (0.1 M) with a

standard 18 h reaction time. “Conversion was determined by '"H NMR

azaindolines.'® In this report, a unified approach to the four ! ! ) !
using CH,Br, as an internal standard. “Isolated yield.

isomeric 3-aminoazaindoline ring systems is described.

Our initial optimization scheme paralleled previous studies in
which N-iodosuccinimide (NIS) or a PIDA/halide additive Received: June 19, 2015
combination was used in the presence of a primary amine." Published: July 17, 2015
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96% isolated yield (Table 1, entry 2). Use of tetrabutylammo-
nium iodide as the additive proved slightly inferior as
azaindoline 2a was afforded in 80% isolated yield, while
ammonium iodide showed a significant drop in both reactivity
and yield (Table 1, entries 3—4). Use of both components of
the oxidant/additive combination proved vital, as no conversion
to product was observed when starving the reaction of either
the oxidant or the halide additive (Table 1, entries 5—7). The
halide additive could be used catalytically, as 30 mol % and 50
mol % loadings of KI provided nearly full conversion and
moderate yields, respectively (Table 1, entries 8—9). However,
use of stoichiometric quantities of the additive provided the
most generally effective conditions.

With optimal conditions in hand, we then sought to expand
the 3-amino-7-azaindoline library and subsequently give rise to
a 3-amino-6-azaindoline library. After seeing how well aniline
performed under ideal reaction conditions en route to its
corresponding 7-azaindoline 2a (Table 2, entry 1), we turned

Table 2. Inter-/Intramolecular Diamination Route to 3-
Amino-7-azaindolines

R)H
200 mol % 0 \N’R
H (RH,
X, 150 mol % Phi(OAC), N—
I N/ N/H 100 mol % Ki | N
1 _,_s CH3CN, rt N/ N\ 2
Ts
entry® 2 R yield (%)°

1 a Ph 96
2 b CH,Ph (benzylamine) 73
3 c CH,CHCH, (allylamine) 62
4° d C,H,S (thiomorpholine) 39
S e C,HgO (morpholine) 57

“All reactions were performed on a 0.150 mmol scale (0.1 M) with a
standard 18 h reaction time. “Isolated yield. “2.0 equiv of PIDA, 1.2
equiv of KI, 3.0 equiv of amine used.

our attention to other aliphatic amines. Benzylamine and
allylamine engaged in diamination, as 3-amino-7-azaindoline
products 2b and 2c¢ were afforded in 73% and 62% yields,
respectively (Table 2, entries 2—3). Heterocyclic secondary
amines were also tolerated in this reaction system, as
thiomorpholine and morpholine were converted to their
desired 3-amino-7-azaindolines 2d and 2e, albeit in depressed
yields (Table 2, entries 4—5). Efforts then shifted toward
generating a 6-aza-3-aminoindoline library using aromatic,
primary, and secondary amines. Aniline and benzylamine
proved tolerant in the 6-azaindoline system, as diamines 4a
and 4b were furnished in 11% and 48% yields, respectively
(Table 3, entries 1—2). N-Protected piperazines led to 3-amino-
6-azaindoline products 4c—4e with good yields (Table 3,
entries 3—5), allowing for subsequent unmasking of the
piperazine under neutral, acidic, or basic conditions.

Our focus then centered upon successfully generating 5-
azaindoline and 4-azaindoline congeners in order to demon-
strate that all four isomeric azaindoline families could be readily
accessed. Vinyl aminopyridine S, the precursor to S-azaindoline
diamines, proved to be an effective substrate as it was
compatible with a wide array of amines. Aniline performed
well under optimal conditions, as its 3-amino-5-azaindoline 6a
was furnished in 81% yield (Table 4, entry 1). Benzylamine and
derivatives were converted to 3-amino-5-azaindolines 6b—6d in
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Table 3. Inter-/Intramolecular Diamination Route to 3-
Amino-6-azaindolines

R
200 mol % (R)H\N’
H (RH_
Xy 150 mol % Phi(CAc), N—R
[ 100 mol % KI
N P4 N/H > I A
| CH3CN, rt N
3 4 F N 4
Ts
; 7 yield
entry
(%)
1* a Ph 11"
25 b CH,Ph (benzylamine) 48
3 =N N 63
E N
R =Cbz
4 d R' = CO:Et 66
5 e R =Boc 74

“Reaction performed on a 0.040 mmol scale (0.1 M) with a standard
18 h reaction time. “Reactions performed on a 0.047 mmol scale.
“Reactions performed on a 0.050 mmol scale. “Reactions performed
on a 0.084 mmol scale. “Isolated yield. /83% Conversion estimated by
'"H NMR (CH,Br, internal standard).

Table 4. Inter-/Intramolecular Diamination Route to 3-
Amino-5-azaindolines

200 mol % (R)H\N/R
H (RMH,
XX 150mol % P?I(OAc)z N—R
| AN 100mol %Kl A
s L CHACN, rt A~ s
Ts
entry” 6 R yield (%)
1 a Ph 81
2 b CH,Ph (benzylamine) 43
3 c CH,C¢H,CH, (4-methylbenzylamine) 45
4 d FC¢H,CH, (4-fluorobenzylamine) S1
S e (CH,);0OMe (3-methoxypropylamine) 48
6 f CH,CH,C¢H; (phenethylamine) 48
7 g C;HyO (4-aminotetrahydropyran) 33
8¢ h 3CH,C{H,N (3-picolylamine) 64
9 i C,H,S (thiomorpholine) 34

“All reactions were performed on a 0.075 mmol scale (0.1 M) with a
standard 18 h reaction time. “Isolated yield. “Reaction performed on a
0.2 mmol scale.

43—51% yield (Table 4, entries 2—4). Alkyl amines including 3-
methoxypropylamine and phenethylamine performed similarly
(Table 4, entries 5—6). Other primary amines such as 4-
aminotetrahydropyran and 3-picolylamine gave rise to their
corresponding 3-amino-5S-azaindolines 6g and 6h in 33% and
64% yields respectively, when subjected to standard conditions
(Table 4, entries 7—8). Additionally, a secondary amine in
thiomorpholine proved tolerant as S-azaindoline 6i was
afforded, but in lower yield (Table 4, entry 9).

Development of the 4-azaindoline library was straightforward
and suitable with aromatic, primary, and secondary amines.
Aniline and 4-tert-butylaniline were successfully converted to
their corresponding 3-amino-4-azaindoline 8a and 8b in 70%
and 41% vyields, respectively (Table S, entries 1—2). Benzyl-
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Table S. Inter-/Intramolecular Diamination Route to 3-
Amino-4-azaindolines

R)H R
200 mol % ® \”/

(RIH,
NarXy 150 mol % PhI(QAc), N—
| 100 mol % KI N
= N/H > | N
| CH3CN, rt
7 1 Z =N 8
Ts
yield
en 8 R

7 (s
1 a Ph 70
2 b 4-'Bu-CsH, 41¢
3 c CH:Ph (benzylamine) 88
4 d CsHs (cyclopentylamine) 59

5 e CH:CH:CsH: (phenethylamine) 68

6 f CsHyo (piperidine) 63

7 g CsH140: (ethyl isonipecotate) 71

i
8 h = R 86
R’ = CO:Et

9 i R’ =Boc 74

10 i R' = CH.CHCHC:H; 66
“H,COOCHHCI (alyci
s i CH:COOCH;*HCl (glycine methyl 6

ester*HCI)

“All reactions were performed on a 0.150 mmol scale (0.1 M) with a
standard 18 h reaction time. “Isolated yield. “2.0 equiv of K,CO; used.
951% Conversion estimated by 'H NMR (CH,Br, internal standard).

amine performed well, as its 4-azaindoline (8c) was furnished
in good yield (Table S, entry 3). Other primary amines in the
form of cyclopentylamine and phenethylamine also proved
compatible under optimal conditions, as diamines 8d and 8e
were afforded in 59% and 68% yields, respectively (Table S,
entries 4—5). Secondary amines in piperidine and ethyl
isonipecotate were also tolerated in this reaction system, as 4-
azaindoline diamines 8f and 8g were isolated in modest to good
yields (Table S, entries 6—7). N-Protected piperazines led to 3-
amino-4-azaindolines 8h and 8i in good yields (Table S, entries
8—9), allowing for subsequent unmasking of the piperazine
under both acidic and basic conditions. Further success with
piperazines was demonstrated when N-cinnamyl piperazine
provided a 66% yield of 4-azaindoline 8j (Table S, entry 10).
Lastly, the HCI salt of glycine methyl ester delivered 3-amino-4-
azaindoline 8k (Table S, entry 11). For this particular case,
K,CO; was incorporated in the reaction system with the sole
purpose of liberating the free base of the glycine methyl ester.
This modification had little or no effect on reaction
progression, as azaindoline 8k was cleanly isolated in 63%
yield. This entry demonstrates that amino acid derivatives can
be readily incorporated into azaindoline motifs.

In summary, we have developed a hypervalent iodine(III)-
assisted direct diamination reaction to access all four of the 3-
amino azaindoline families. This unique approach provides
rapid, convergent access to a diverse range of vic-diamines using
commercially available amines.
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