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Abstract—Catalytic hydrogenation of (2-nitrophenyl)acetonitriles bearing an electron-withdrawing substituent o to the nitrile, using
Pd/C and (Ph;P)4Pd, affords N-hydroxy-2-aminoindoles in good to excellent yields. (Phs;P),Pd decreases the reduction rate of the
intermediate hydroxylamine and acts as a catalyst during the cyclization onto the nitrile.

© 2005 Elsevier Ltd. All rights reserved.

The synthesis of N-hydroxyindoles has received consid-
erable attention in recent years and their biological roles
are still under investigation.!?> Some of them have been
isolated from natural sources and others have been pos-
tulated as intermediates in the enzymatic functionaliza-
tion of indoles. However, there are very few reports in
the literature on the formation of N-hydroxy-2-amino-
indoles® and their biological activity is unknown,
although they were used as intermediates in the synthesis
of potent anticonvulsant and antiarrhythmic agents.3®*

2-Cyano-2-(2-nitrophenyl)acetates 1 have been used
extensively as key intermediates in the synthesis of
indole derivatives (Scheme 1). Catalytic hydrogenation
of 1 over Pd/C in EtOAc affords indole-3-carboxylates
25 or, when R is a benzyl group, 2,3-unsubstituted
indoles 3. Hydrogenation of 1 (R = Et) over Pd/C in
toluene-EtOH yields the corresponding aniline, which
can then react with benzaldehyde to give the indoline
4.7 Reduction of 1 with zinc powder in acetic acid at
80—100 °C generates 2-aminoindole-3-carboxylates 5.3
However, when this reduction is performed at lower
temperature (or when SnCl, is used as the reducing
agent),>* N-hydroxy-2-aminoindoles 6 are obtained as
major products in 20-66% yields.°

During the course of our research, we found that catal-
ytic hydrogenation of 1 over Pd/C in the presence of
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Scheme 1.

(Ph;P)4Pd no longer affords indoles 2. Instead, N-hydro-
xy-2-aminoindoles 6 are obtained almost exclusively.
We wish to report herein this new and unprecedented
method for the synthesis of 6, along with its mechanism.
Results from experiments on the reactivity of N-hydro-
xy-2-aminoindoles 6 will also be discussed.

In order to explore the scope of this novel reductive
cyclization, several analogs of 1 were prepared from
the reaction of 2-nitrofluorobenzenes or 2-nitrochloro-
benzenes with the anions of ethyl cyanoacetate, cyano-
methyl sulfones or malononitrile, using either NaH in
DMF (1a-g)**° or NaOH and BuyNHSO, in toluene
(1h—).'%!" Catalytic hydrogenation of these (2-nitro-
phenyl)acetonitriles over Pd/C in the presence of
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Table 1. Reductive cyclization of (2-nitrophenyl)acetonitriles to N-
hydroxy-2-aminoindoles

Y Y
H, (1 atm.)
CN A\ NH,
10 % Pd/C X N
X NO, Pd(PPhy), OR
: EtOAc:AcOH 4:1 .
1a+j 6a-j R=H
rt. 3h 7acdeg R=Me 2 CH,N,
Substrate no X Y 6, Yield (%) 7, Yield (%)
1a CF; CO,Et 78 98
1b H CO.Et 86
1c MeO CO.Et 72 914
1d Cl CO,Et 75 94, 964
le MeSO, CO,Et 54 69°
1f AcNH  CO.Et  75¢
1g CF; SO,Me 72 55¢
1h CF; SO,Ph 90
1i F SO,Ph  94°
1 CF; CN 64°°

#Qverall yield from 1, without purification of 6.

®The tetrabutylammonium salt of the (2-nitrophenyl)malononitrile
was used as the starting material.

“Reaction time 5 h.

9 Methylation with Mel and DBU (3 equiv each) in THF at rt for
1.5h.

(Ph3P)4Pd gave N-hydroxy-2-aminoindoles 6a—j in good
to excellent yields (Table 1).'>!3 O-Methylation of 6,
with diazomethane (rt, 15 min) or Mel and DBU, affor-
ded N-methoxy-2-aminoindoles 7 as more stable deriva-
tives (vide infra).

The reductive cyclization proceeded well when the sub-
stituent o to the nitrile Y (Table 1) is an electron-with-
drawing group. However, when Y is a hydrogen or a
methyl group, the corresponding N-hydroxy-2-amino-
indoles were not detected. The cyclization leading to
the formation of indole did not occur and the major
products isolated were the anilines and/or the hydroxyl-
amines resulting from the reduction of the nitro group
(Scheme 2).

The presence of Pd(PPhs), is crucial for the reaction and
it serves two purposes. First, it acts as a poisoning agent
towards the Pd/C catalyst by modifying the chemoselec-
tivity of the reduction of the nitro functionality. When
3-nitrobenzotrifluoride 11 is hydrogenated over Pd/C,
the nitro group is completely reduced to the aniline 12
(Fig. 1). However, treatment of 11 with (Ph;P)4Pd under
the same reaction conditions afforded the hydroxyl-
amine 13 in 38% yield, along with some aniline 12.

H, (1 atm.)
/©\/\CN /@\CN
10 % Pd/C X NHR
X NO, Pd(PPh,),
EtOAc;AcOH 4:1

1k X =H y 8 X=R=H 24%
11" X = CF, rh 9 X=CF;R=H 31%
10 X = CF; R=OH 33%
Scheme 2.

Replacement of (Phs;P),Pd with PdCl,(dppf) did not
affect the course of the reaction since 6b could still be
obtained in 70% yield. On the other hand, only traces
of 6b were detected when (Phs;P),Pd was substituted
with Pd,(dba); for the reductive cyclization. This result
suggests that the palladium ligand is possibly poisoning
the Pd/C catalyst. Although addition of triphenylphos-
phine to Pd/C did not interfere with the reduction of
1b to the indole 2 (R = Et), heating Pd/C in a solution
of Ph;P in EtOAc for 15min at 75°C prior to the
hydrogenation produced the N-hydroxy-2-aminoindole
6b in 53% yield. The poisoning effect of (Ph3P)4Pd might
be due to a Pd(0) catalyzed PhsP transfer to the Pd/C
catalyst.

In addition, Pd(PPh;), catalyzes the ring closure of the
hydroxylamine intermediate onto the cyano group. This
second role was confirmed when the unstable reaction
intermediate 14 readily cyclized in the presence of
Pd(PPh;), to generate 6i (82% yield, Scheme 3). The
hydroxylamine 14, which decomposed in EtOAc and
AcOH solutions in the absence of catalyst, was synthe-
sized by reduction of the (nitrophenyl)acetonitrile 1i
with sodium hypophosphite.'*

N-Hydroxy-2-aminoindoles 6 are usually stable when
stored at 5 °C. However, derivatization or reduction of
N-hydroxy functionality has been found to increase
the stability of these compounds. For example, the
N-hydroxy-2-aminoindole 6b can be reduced to the
2-aminoindole 5b by catalytic hydrogenation in ethanol
under pressure!’ (Scheme 4). N-Hydroxy substituent can
also be alkylated with an alkyl or a benzyl bromide
(Scheme 4),* or methylated with diazomethane at room
temperature (Table 1). Finally, it can be acylated with
acetic anhydride in pyridine.’® However, the resulting
N-acylated compound 15¢ is not very stable and can
be hydrolyzed easily to afford 6a (in the refrigerator over
a period of weeks or by refluxing in methanol for
10 min).

The 2-amino functionality is fairly unreactive under
basic conditions. N-Alkylation does not occur when
the N-hydroxy substituent is alkylated, even in the pres-
ence of a large excess of alkylating agent at high temper-
atures. Furthermore, acylation of 7d proceeded only

CFs : NO, CF; : NH CFys : NHOH

3 2 3 2 3
11 12 13
Figure 1.
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Scheme 3.
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Scheme 5. Reagents and conditions: (a) Ph,CHOH, cat. H,SO,,
AcOH, rt, 16 h, 80%; (b) aq HCI, THF; (c) 2 N HCI, pyridine, rt,
4 days, 83%.

under forceful conditions (Scheme 4). These results sug-
gest that this amine reacts more like a vinylogous carba-
mate than like an arylamine.

Acid-catalyzed alkylation of amides, carbamates and
anilines with diarylcarbinols has been reported to occur
readily in acetic acid at room temperature.'® The result-
ing diarylmethyl substituents were used as protecting
groups in synthesis.'®® Reaction of 7d with diphenyl-
carbinol under these acid-catalyzed conditions yielded
a mixture of three inseparable compounds 17a—c (single
peak on HPLC, Scheme 5), which are in equilibrium
with each other in solution.!” These products could be
hydrolyzed back to the starting material with HCI in
THF or converted to the oxindole 18 with aqueous

HCl in pyridine.'® Moreover, reaction of 17a—c with ace-
tyl chloride in THF at rt for 3 days afforded the N-acyl-
ated derivative 16 in 53% unoptimized yield.

In summary, we have demonstrated that N-hydroxy-2-
aminoindoles bearing an electron-withdrawing substitu-
ent in position 3 can be prepared in good yields via hydro-
genation with a modified Pd/C catalyst. The addition of
Pd(PhsP), to the hydrogenation mixture was found to
alter the chemoselectivity of the reaction, an effect that,
to our knowledge, has not been reported previously.

New applications of this reaction towards the synthesis
of hydroxylamines and other N-hydroxyindoles are cur-
rently under investigation.
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